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Analog Devices designs, manufactures and sells worldwide so
phisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred standard 
products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including several embodiments of CMOS, BiMOS, 
bipolar and hybrid integrated circuits, each optimized for spe
cific attributes-and assembled products in the form of poned 
modules, printed-circuit boards and instrument packages. 

State-of-the-art technologies (including surface micromachining) 
have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount technology to reduce 
manufacturing costs and overall size. A quarter-century of suc
cessful applications experience and continuing vertical integra
tion insure that these products are oriented to user needs. The 
ongoing application of today's state-of-the-art and the invention 
of tomorrow's state-of-the-art processes strengthen the leader
ship position of Analog Devices in standard data-acquisition and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 

MAJOR PROGRESS 
Since publication of the selection guides in the 1990 Databook 
Series, more than 120 signfficant new products have been intro
duced by Analog Devices; they run the gamut from brand new 
product categories and technologies to new standard products 
(with improvements in price, performance or design) to aug
mented second-source products. In addition, the Analog Devices 
line of IC products now includes the products of Precision 
Monolithics, Inc., which was acquired by Analog Devices in 
1990. The new products are all classilled and summarized in 
these volumes, along with existing products that are desirable 
for use in new designs. 

Examples of the variety and innovation content of outstanding 
new ICs to be found in these two volumes include: 

• the ADV7141/46I48 Edsun CEGIDAC'" family of monolithic 
RAM-DACs, designed to eliminate "jaggies" and improve 
color resolution in VGA displays (Vol. I) 

• the AD28msp02 16-bit codec, a complete analog front end for 
high-performance voiceband DSP applications (Vol. I) 

• the DAC-8800 and -8840 TrimDACs", which eliminate pots 
and permit automatic trimming of offsets and gains in elec
tronic circuits and systems (Vol. I) 

• the AD771O/llI12 family of 21-bit sigma-delta aid converters 
with complete on-chip signal conditioning (Vol. II) 

• the AD9100 wideband low-distortion monolithic track-hold 
amplifier with 13 ns acquisition time to 0.1% (Vol. II) 

• the ADl674 12-bit sampling aid converter, a "faster, better, 
cheaper" upgrade for AD57416741774 aid converter sockets 
(Vol. II) 

• the AD9020/9060 10-bit TTLlECL flash aid converters with 
sampling rates to 75 MSPS (Vol. II) 

• the AD671 12-bit, 500 ns aid converter (Vol. II). 

Many more could have been added to this list. 

CEGIDAC, TrimDAC and DSPatch are trademarks of AoaIot!: Devices, Inc. 

Introduction 
2-VOLUME DATA CONVERTER REFERENCE MANUAL 
This two-volume set provides comprehensive technical data on 
Analog Devices data-conversion products, which are involved in 
spanning the interface between analog and digital worlds. It is a 
companion to the Linear Products Databook, which provides sim
ilar data for analog-to-analog products. Both volumes 
contain: 

• comprehensive data sheets and package information on a total 
of more than 350 signillcant product families 

• orientation material and selection guides for finding products 
rapidly 

• a representative list of available Analog Devices technical pub
lications on real-world analog and digital signal processing 

• our Worldwide Sales Directory 
• the complete Product Index to all data-conversion and DSP 

products listed in these two volumes and all products listed in 
the Linear Products Databook. 

Division of Product Groups between the Two Books 
Volume I contains information on 

Digital-to-analog converters 
Synchro/resolver-to-digital converters 
Communications products 
Digital panel meters 
Digital signal processing products 
Bus interface and serial 110 products 
Application specific ICs 
Power supplies. 

Volume II contains information on: 
Analog-to-digital converters 
Voltage-to-frequency and frequency-to-voltage converters 
Sample/track-hold amplifiers 
Switches and multiplexers 
Voltage references 
Data acquisition subsystems 
Analog I/O ports 
Application-specillc ICs 
Power supplies. 

The product data in this book are intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available separately
but they are not published in this book. 

TECHNICAL SUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Databooks, we offer Application Notes, 
Application Guides, Technical Handbooks (at reasonable prices), 
and several free serial publications; for example, Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue, our technical magazine, pro
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch'" is a quarterly newslet
ter that brings its readers up-to-date applications information on 
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our DSP products and the general field of digital signal process
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. In addition 
to Databook catalogs-'and general short-form selection 
guides-we also publish several short-form catalOgs on specific 
product families. You will find typical publications described on 
pages 12-8 to 12-11 at the back of the book. 

SALES AND SERVICE 
Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the Unite4 States 
and most of the world, staffed by experienced sales and applica
tions engineers. Our Worldwide Sales Directory, as of the publi
cation date, appears on pages 12-12 and 12-13 at the back of 
the book. 

RELIABIUTY 
The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is the companywide Quality 
Improvement Process (QIP). In addition, we maintain facilities 
that have been qualified under such standards as MIL-M-38SI0 
(Class B and Class S) for ICs in the U.S. and MIL~STD-I772 
for hybrids. Many of our product -both proprietary and 
second-source-have qualified for JAN part numbers; others are 
in the process. A larger number of products-including many of 

. the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drswings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with Class 
S. We publish a Military Products Databook for designers who 
specify ICs and hybrids for military contracts. The 1990 issue 
consists of two volumes with data on 343 product families; the 
120 entries in the second of those volumes describe qualified 
products manufactured by our PMI Division. A newsletter, An
alog Briefings", provides current information about the status of 
reliability at ADI. 

Our PLUS program makes available standard devices (commer
cial and industrial grades, plastic or ceramic packaging) for IIIU' 
user with demanding application environments, at a small pre
mium. Subjected to stringent screening, similar to MIL-STD-
883 test methods, these devices are suffIXed "/+" and are 
available from stock. 

AaalOI Briefiqs is a repterecl trademark of AaaIog De\'ic:es, IDe. 

1-4 GENERAL INFORM A TION 

PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 
For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod
ucts most likely to be used for the design of new circuits and 
systems. If the model number of a product you are interested in 
is not in the Index, turn to page 12-4 at the back of this voliune 
where you will find a list of older products for which data sheets 
are available upon request. Onp8ge 12-5 you will fmd a guide 
to substitutions (where possible) for products no longer 
available. 

ICs embodying combinstions of functions that yoil need but 
cannot find among our standard offerings may be available to 
meet your specific requirements as custom designs. Consult the 
section in this book on Application Specific ICs-and/or get in 
touch with Analog Devices. 

PRICES 
Accurste, up-to-date prices are an important consideration in 
making'a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and . 
distributors . 
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Selection Tree 
AID Converters 

AID CONVERTERS 
I 

I 
fS ~1 MSPS 100 kSPS ::; fS < 1 MSPS 10 kSPS ::; fS < 100 kSPS fS < 10 kSPS 
t CONV ::; Ills Ills < tCONV ::; 10 Ils 10 Ils < tCONV ::; 100 Ils tCONV > 100 Ils 

(see page 2-4) (see page 2-5) (see page 2-6) 

I I 
I with T/H I I without T/H* I 

I 
-{ 8-Bit J 

ri 6-Bit I H 10-Bit I AD7821 
AD9006 (Flash/470 MSPS) AD90 

ri 10-Bit I AD9016 (Flash/470 MSPS) AD90 

AD9040 
8-Bit I H 12-Bit I AD773 ( 

H 12-Bit J 
AD9032 
AD9034 
AD9005, 
AD1671 
AD9003 

H 14-Bit I 

SPS) 
SPS) 

AD90l4 (10 MSPS) *Flash ADCs generally do not require a T/H 

• 
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~ AID Converters 
c 
'il 
d 
~ 
~ ,.... 

~ 
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::Q 

ill 
::Q 
CI) 

AD7820 (500 kSPS) 
AD7569 (I/O Portl400 kSPS) 
AD7669 (I/O Portl400 kSPS) 
AD7769 (2 Ch I/O Portl400 kSPS) 
AD7824 (4 Chl400 kSPS) 
AD7828 (8 Chl400 kSPS) 
AD7575 (190 kSPS) 

AD7776 (450 kSPS) 
AD7777 (4 Ch/450 kSPS) 
AD7778 (8 Ch/450 kSPS) 

SS - Single Supply 

100 kSPS ~ fs < 1 MSPS 1 

1 Jls < tCONV ~ 10 Jls 

AD7886 (750 kSPS) 
AD678 (200 kSPS) 
AD1341 (8-16 ChlFIFO/150 kSPS) 
AD7892 (SS/14O kSPS) 
AD7893 (SS/8-Pinl140 kSPS) 
AD1332 (FIFO/125 kSPS) 
AD7870 (100 kSPS) 
AD7875 (100 kSPS) 
AD7876 (100 kSPS) 
AD7878 (FIFO/I00 kSPS) 
AD1674 (100 kSPS) 
AD7890 (SS/8 Ch/l00 kSPS) 
AD7891 (SS/8 Ch/l00 kSPS) 

1 - Primary selection of ~ ADCs is by output data rate in kSPS 
.. ~ ADCs generally do not require a T/H 

AD679 (128 kSPS) 
AD779 (128 kSPS) 

AD1382 (500 kSPS) 
AD1385 (500 kSPS) 
AD7884 (200 kSPS) 
AD7885 (100 kSPS) 
AD1876 (100 kSPS) 
AD675 (100 kSPS) 
AD676 (100 kSPS) 

ADC-908 (6 /ls) 
AD670(10 /ls) 
AD7576 (10 /ls) 

AD579 (1.8 /ls) 
ADC-910 (6 /ls) 

AD578 (3 /ls) 
AD7572A (3 /ls) 
AD7672 (3 /ls) 
ADC-170 (5.6 /ls) 
AD774B (8 /ls) 
ADC-912A (10 /ls) 

AD776 (WSO kHz 
3dB BW/I00 kSPS) 

AD1377 (10 /ls) 
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10 kSPS :5 fS < 100 kSPSl 
10 f..ls < tCONV :5 100 f..ls 

AD7579 (SS/50 kSPS) 
AD7580 (SS/50 kSPS) 

AD7868 (IIO Portl83 kSPS) 
AD1334 (4 ChlFIFO/67 kSPS) 
AD7874 (4 Chl29 kSPS) 

AD7869 (110 Portl83 kSPS) 
AD7871 (83 kSPS) 
AD7872 (Seria1l83 kSPS) 

AD1380 (50 kSPS) 

SS - Single Supply 

AD/PM-7574 (15 Ils) 
AD570 (25Ils) 
AD673 (30 Ils) 

AD571 (25Ils) 
AD573 (30 Ils) 
AD575 (Seria1l30 Ils) 

AD674B (15 Ils) 
AD574A (35 Ils) 
AD7578 (100 Ils) 
AD7582 (4 ChlI00 Ils) 

AD1376 (17 Ils) 
AD1378 (17 Ils) 
AD1878 (Dual ~M24 kHz 3dB BW/50 kSPS) 

AD1879 (Dual ~M24 kHz 3dB BW/50 kSPS) 

1 - Primary selection of ~d ADCs is by output data rate in kSPS 
*U ADCs generally do not require a TIH 

II 
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fS < 10 kSPS1 

tCONV > 100 ~s 

AD28mspOl (~ 110 Portl3.4 kHz 3dB BW/8 kSPS) 
AD28msp02 (~ 110 Portl4 kHz 3dB BW/8 kSPS) 
AD7701 (IoNI0 Hz 3dB BW/4 kSPS) 

AD7703 (WIO Hz 3dB BW/4 kSPS) 
AD79024 (Quad W300 Hz BW/l.14 kSPS) 

AD7710 fEMThermocouple Inputl262 Hz 3dB BW/l kSPS) 
AD7711 (IoNRTD Inputl262 Hz 3dB BW/l kSPS) 
AD7712 (W262 Hz 3dB BW/l kSPS) 
AD7713 (I.LVLow Power/52.4 Hz 3dB BW/l kSPS) 

1- Primary selection of ~ ADCs is by output data rate in kSPS 
*~ ADCs generally do not require a T/H 
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Selection Guide 
Analog-to-Digital Converters 
Sampling Converters 

Through- SHA 
put Rate BW Reference 

Res kSPS kHz Volt Bus Interface Package Temp 
Model Bits max typl IntIExt' Bits' Options' Ranges Page Comments 

AD7821 8 1000 100 o-s V, Ext 8,pl' 2,3,4,5,6 I,M C 0 2-521 CMOS, Bipolar or Unipolar Operation 
AD7820 8 500 14 0-5 V, Ext 8, j1l' 2, 3, 4, 5, 6 I, M C II 2-511 CMOS, 8-Bit Sampling ADC 
AD7569 8 400 200 Int 8, p.P 2, 3, 4, 5, 6 C, I, M C 0 8-7 CMOS, Complete 110 Port with DAC, ADC, 

SHA, Amps and Reference 
AD7669 8 400 200 Int 8,pl' 2,5,6 C,I,M C08-7 CMOS, Complete 110 Port with 2 DACs, 

ADC, SHA, Amps and Reference 
AD7769 8 400 200 Ext 8, p.P 2,5 C C08-27 CMOS, Complete 2-Channel 110 Port with 

Input/Output Signal Conditioning 
AD7824 8 400 10 0-5 V, Ext 8,pl' 2,3,6 C, I, M C 0 2-533 CMOS, 4-Channel, 8-Bit Sampling ADC 
AD7828 8 400 10 0-5 V, Ext 8,pl' 2,3,4,5 C, I, M C 0 2-533 CMOS, 8-Channel, 8-Bit Sampling ADC 
AD7575 8 190 50 1.23 V, Ext 8, ILP 2,3,4,5 C,I,M C II 2-323 CMOS, Low Cost 

*AD7776 10 500 50 2.0 V, IntlExt 10, p.P 2,6 C,I C 0 2-509 CMOS, Single Channel Complete Sampling ADC, 
Single Supply, Twos Complement Output Code 

*AD7777 10 500 50 2.0 V, IntlExt 10, p.P 2,6 C,I C 0 2-509 CMOS, 4-Channel Complete ADC for Single or 
Sinlultaneous Dual Channel Sampling, Single Supply 

*AD7778 10 500 50 2.0 V, IntlExt 10, p.P 10 C, I C 0 2-509 CMOS, 8-Channel Complete ADC for Single or 
Sinlultaneous Dual Channel SampHng, Single Supply 

AD7579 10 50 25 2.5 V, Ext 8, p.P 2,3,4,5 C, I, M C 0 2-347 CMOS, Low Cost 100Bit Sampling ADC 
AD7580 10 50 25 2.5 V, Ext 10, pl' 2,3,4,5 C, I, M C 0 2-347 CMOS, Low Cost 100Bit Sampling ADC 
AD9003 12 1000 10000 Int 12 8 C CD 2-689 12-Bit, 1 MSPS ADC, Single 4O-Pin DIP 

*AD1671 12 1250 2000 2.5 V, Int 12 1,2,4,5 C, I, M C 0 2-259 Complete, Monolithic 12-Bit, 1.25 MSPS ADC 
*AD7886 12 750 1000 5 V, Ext 12, p.P 2,3,5 C,I C 0 2-{;37 CMOS, 12-Bit 750 kSPS Sampling ADC 
AD678 12 200 1000 5 V, Int 8Il2,p.P 1,2,14 C, I, M C 0 2-137 BiMOS, High Impedance High Bandwidth 

Sampling Input, 10 V Range, AC/DC Tested 
*AD1341 12 150 150 10 V, Int 16, p.P 12 C,M C07-25 High Speed 8116 Channel DAS 
*AD7893 12 140 70 2.5 V, Ext Serial 2,3,6 I,M C 0 2-{;69 CMOS, Single Supply Sampling ADC in 8-Pin Package 
*AD7892 12 140 70 2.5 V, Ext 8I121SeriaI, pl' 2, 3, 6 I,M C02-{;63 ±10 V Input, Single Supply Sampling ADC 
AD1332 12 125 125 -5 V, Int 12, pl' 1 I,M CO 7-17 Complete 12-Bit 125 kHz Sampling ADC for 

Digital Signal Processing, On-Chip FIFO 

IX indicates that the internal SHA bandwidth is not specified in kHz. 
'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'This column lists the data format for the bus with "ILP" indicating microprocessor capability-i.e., for a 13-bit converter 8/12, ILP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

'Package Options: I ~ Hermetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOlC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack; II ~ Single-In-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ N onhermetic Ceramid 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92. 

'Temperarure Ranges: C ~ Commercial, 0 to +70"C; I ~ Industrial, -40"C to +85"C (Some older products -25"C to +85"C); M ~ Military, -55"C to + 125"C. 
Boldface Type: Product recommended for new desigB.. 
'New product since the publication of the most recent Databooks. • 
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S2 Through- SHA 
S? put Rate BW Reference 
~ 
t"- Res kSPS kHz Volt Bus Interface Package Temp 

8 Model Bits max typl IntJExf Bits' Options" Ranges Page Comments 

~ *AD7874 12 29 500 Int (+3 V), Ext U, .... p 2,3,4,6 C, I, M C 0 2-579 CMOS, Simultaueous Sampting 4-Channel ADC 
~ for ±10 V Input Signals 
::J:j 

AD7870 12 100 SOO 3 V, Int 81121Serial, JLP 2, 3, 4, 5 C, I, M C 0 2-S45 CMOS, 100 kHz Throughput, ±3 V Input ii1 
~ 

*AD7875 12 100 SOO 3 V, Int 81121Serial, .... P 2, 3, 5 C, I, M C 0 2-S45 CMOS 100 kHz Throughput, 0-5 V Input 
*AD7876 12 100 500 3 V, Int 81121Serial, .... P 2, 3, 6 I,M C 02-S45 CMOS, 100 kHz Throughput, ±10 V Input 
AD7878 12 100 SOO 3 V, Int 12, .... p 2,3,4,5 C, I, M C II 2-595 CMOS, 100 kHz Throughput, ±3 V Input, On-Chip FIFO 

*AD1674 12 100 SOO 10 V, Int 8112, .... p 1,2,6 C, I, M C II 2-269 Complete AD574A Pinout Compatible, Sampting Input, 
ACIDC Tested 

*AD7890 U 100 SO 2.5 V, Ext Serial 2,3,6 I,M C II 2-653 ±10 V Input 8-Channel Single Supply Sampting ADC 
*AD7891 U 100 SO 2.5 V, Ext 12, JLP 10 I,M CO 2-659 ±10 V Input 8-Channel Single Supply Sampling ADC 
*AD7868 12 83 SOO 3 V, Int Serial, JLP 2,3,6 I,M C II 8-79 CMOS, Complete 110 Port with 12-Bit ADe and 

U-BitDAC 
ADB34 12 67 235 -5 V, Int 12, .... p 1 I,M C II 7-21 Four- Channel 67 kHz 12-Bit Sampting ADC, On-Chip FIFO 

*AD7880 12 66 33 5 V, Ext 12, .... p 2,3,6 I C II 2-611 Single +5 V Supply, Low Power Shutdown 
AD368 12 SO 40-1000 6.3 V, Int 12 1 I,M C II 12-4 Complete 12-Bit ADC, PGA with Gains of 1,8,64,512 
AD369 12 SO 40-1000 6.3 V, Int 12 1 I,M C II 12-4 Complete 12-Bit ADC, PGA with Gains of 1, 10, 100, 500 
AD363R 12 25 10 V, Int 12, fLP 1 C,M C II 7-5 16-Channel, 12-Bit DAS 
AD364R 12 20 10 V, Int 12, fLP 1 C,M C II 7-5 High Speed, 16-Channel, 12-Bit DAS with 

Three-State Buffered Output 
AD679 14 128 1000 5 V, Int 8, .... p 1,2, 14 C, I, M C II 2-149 BiMOS, High Impedance, High Bandwidth 

Sampling Input, 10 V Input Range, ACIDC Tested 
AD779 14 128 1000 5 V, Int 14, .... p 1,2, 14 C, I, M C II 2-191 BiMOS, High Impedance, High Bandwidth 

Sampting Input, 10 V Input Range, ACIDC Tested 
*AD7869 14 83 SOO 3 V, Int Serial 2,3,6 C, I C II 8-95 CMOS, Complete 110 Port with 14-Bit DAC and 

14-BitADC 
AD7871 14 83 SOO 3 V, Int 81141Serial, JLP 2,3,5 C, I, M C II 2-563 CMOS, Complete Sampling ADC, ±3 V Input 
AD7872 14 83 500 3 V, Int SeriaI, .... p 2,3,6 C, I, M C 0 2-563 CMOS, Complete, Serial Interface, 16-Pin DIP/SOIC 
DAS1l52 14 25 X 10 V, Int 14 Module I GIl 7-65 14-Bit High Accuracy Sampling ADC 
DAS1l57 14 18 X 10 V, Int 14 Module I C II 7-69 Low Power Sampling ADC 
DAS1l53 IS 20 X 10 V, Int IS Module I C II 7-65 IS-Bit High Accuracy Sampling ADC 
DAS1l58 IS 18 X 10 V, Int IS Module I Gil 7-69 Low Power, IS-Bit Sampling ADC 

*ADB82 16 500 2200 10 V, Int 8, JLP 1 C C II 2-239 High Speed, Guaranteed Dynamic Performance 
*ADB85 16 500 2200 10 V, Int 8, .... p 1 C,M C II 2-255 Similar to ADB82 with Autocalibration Ability, 

Guaranteed Dynamic Performance 
*AD7884 16 166 83 3 V, Ext 16, .... p 2,3,5 I,M C II 2-625 CMOS, Low Power (250 mW), 5.3 .... s Conversion 
*AD7885 16 166 83 3 V, Ext 8, .... P 2,3,5 I,M C II 2-625 Similar to AD7884, 28-Pin Package, Byte Output 
*AD1876 16 100 1000 3-7 V, Ext Serial 2 C C II 2-283 Autocalibrating, 16-Pin DIP ADC, AC Tested 
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Through- SHA 
put Rate BW Reference 

Res lISPS kHz Volt Bns Interface Package Temp 
Model Bits max typl IntlExf Bits' Options4 Ranges Page Comments 
*AD675 16 100 1000 ~IOV,Ext 8ISeriaI, pi' 1,2 C, I, M C 0 2-121 AutocaIibratiDg, 24-Pin DIP ADC, ACJDC Tested 
*AD676 16 100 1000 ~IOV,Ext 16, pi' 1,2 C, I, M CO 2-123 Similar to AD675 but in 28-Pin DIP, Parallel Output 
ADl380 16 50 900 Int 16ISeriai I C C 0 2-231 Low Cost, 16-Bit Sampling ADC 
DAS1l59 16 18 X 10 V, Int 16 Module I C II 7-fJ9 Low Power, 16-Bit Sampling ADC 

Nonsampling Converters 
Conv 
Rate Reference Bus 

Res p,s Voltage Interface Package Temp 
Model Bits max IntlExr Bits' Options4 Ranges Page Comments 

ADC-908 8 6.0 -10 V, Ext 8, ",p 2, 3, 4, 6 C, I, M C II 12-4 CMOS, +5 V Operation, Fast 
AD670 8 10 Int 8, !LP 1, 2, 4, 5 C, I, M C II 2-fJ9 Single +5 V Supply, Including In-Amp and 

Reference 
AD7576 8 10 1.23 V, Ext 8, !LP 2, 3, 4, 5 C, I, M C II 12-4 CMOS, Low Cost, Single Supply 
PM-7574 8 15.0 -10 V, Ext 8, !LP 2, 3, 4, 6 C, I, M C II 12-4 CMOS, +5 V Operation 
AD7574 8 IS -10 V, Ext 8, pi' 2,3,4 C, I, M C 0 2-315 CMOS, +5 V Operation 
AD570 8 25 Int 8 I C,M C II 2-25 
AD673 8 30 Int 8, ",p 1,2,5 C,M C II 2-97 
AD7581 8 66.7 -5 V to (-IS V), Ext 8,!LP 2,3,5 C, I C II 2-363 CMOS 8-Bit ADC 
AD579 10 1.8 10 V, Int 10/Seriai I C,M C II 2-fJl High Speed with Low Power 
ADC-910 10 6.0 2.5 V, Int 8,10, pi' 3 C, I, M CO 2-819 Bipolar, Fast with Byte Output 
AD571 10 25 Int 10 1 C,M C II 2-25 Complete IO-Bit ADC 
AD573 10 30 Int 8110, pi' 1,2,5 C,M CO 2-33 Complete 10-Bit ADC, Byte or Parallel Interface 
AD575 10 30 Int Serial 1,2 C,M C II 2-53 Complete 10-Bit ADC with Serial Interface 
AD671-500 12 0.5 5 V, Ext 12 1,2 C,M C02-81 12-Bit 500 ns Monolithic ADC 
AD671-750 12 0.75 5 V, Ext 12 1,2 C,M C02-81 12-Bit 750 ns Monolithic ADC 

*AD7586 12 I -4V,Ext 12, pi' 1,2,5 C,I C 0 2-383 CMOS 12-Bit, I MHz ADC 
ADS78 12 3 10 V, Int 12 1 C,M C II 2-fJI Complete, 3 "'s, 12-Bit ADC 

*AD7572A 12 3 Int 8112, pi' 2, 3, 4, 6 C, I, M C 0 2-303 Improved Version of Industry Standard 
AD7672 12 3 -5 V, Ext 12, ",p 2, 3, 4, 5 C, I, M CII2-391 CMOS, Unipolar or Bipolar, -12 V, +5 V 

Supply 
AD5240 12 5 6.3 V, Int 12 C,M C II 2-809 Industry Standard 
AD7572 12 5 -5.25 V, Int 8/12, !LP 2, 3, 4, 5 C, I, M C II 2-299 CMOS 12-Bit ADC 

*ADC-170 12 5.6 -5.25 V, Ext Serial 2,3,6 I, M C 0 2-817 Complete, 3 p,s, 12-Bit ADC in 8-Pin Mini-DIP 
*AD774B 12 8 10 V, Int 8I12,pI' 1,2,6 C, I, M CO 2-109 Faster Version of AD674B with 8 ILS Conversion 

'X indicates that the internal SHA bandwidth is not specified in kHz. 
'Ext indicates external reference with the range of voltageS listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'This columo lists the data format for the bus With "JIl'" indicating microprocessor capability-i.e., for a l3-bit converter 8112, .,P indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) aod is microprocessor compatible. 

'Package Options: I = Hermetic DIP, Ceramic or Metsl; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic.Metai Can; 8 = Hermetic Metsl Can DIP; 9 = Ceramic F1atpack; 10 = Plastic Quad F1atpack; II = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic CeramicI 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92. 

'Temperature Ranses: C = Commercial, 0 to +7O"C; I = Industrial, -4O"C to +85OC (Some older products -25OC to +85OC); M = Militaty, -55OC to + 125OC. 
Boldface Type: Product recommended for new design. 
"New product since the publication of the most recent Databooks. • 
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r- Model Bits max IntlExt1 Bits2 Options' Range4 Page Comments 
8 ADADCS4/S5 12 10 6.3 V, 1m 12 C,I,M C II 2-S09 Industry Standard <: 
~ *ADC-912A 12 10 -5 V, Ext 12, ",p 2,3,6 I,M C II 2-831 CMOS, Improved Version of ADC-912 
JJ ADC-912 12 12.5 -5 V, Ext 12, ",p 2,3,6 C C II 12-4 CMOS, Low Transition Noise 

~ AD5210 12 13 -10 V, IntlExt 12 1 I,M C II 12-4 Industry Standard (AD5211112/14/15) 
JJ AD674A 12 15 10 V, Int S/12, ",p 1 C,M C II 2-105 Complete 12-Bit ADC, Industry Standard 
(J) Pinout 

*AD674B 12 15 10 V, Int Sl12, ",p 1,2,6 C,I,M CII 2-109 Improved Monolithic Version of AD674A 
andAD574A 

AD572 12 25 10 V, Int :12 I,M C II 2-31 12-Bit Successive Approxintation ADC 
ADADCSO 12 30 6.3 V, lnt 12 I C II 2-S03 Industry Standard 
AD574A 12 35 10 V, Int Sl12, ",p 1,2,4,5 C,M C II 2-41 Complete ADC with Reference and Clock 
AD5200 12 50 -10 V, IntlExt 12 1 I,M C II 12-4 Industry Standard (AD5201/02/04/05) 
AD7578 12 100 5 V, Ext S, ",p 1,2 C,I,M C II 2-335 CMOS, 1 LSB Total Unadjusted Error 
AD7582 12 100 5 V, Ext 8, ",p 1,2,5 C,I,M C II 2-371 CMOS, 4 Channel, 1 LSB Total 

Unadjusted Error 
AD1377 16 10 1m 16, Serial C C II 2-215 Complete, High Speed 16-Bit ADC 

Operation over - 25°C to + S5°C 
AD1376 16 17 1m 16, Serial C C II 2-215 Complete 16-Bit Converter; Industry 

Standard Pinout 
*AD1378 16 17 Int 16, Serial M C II 2-223 Complete 16-Bit Converter; MIL Temp 

Range; Industry Standard Pinout 

ADC1l40 16 35 10 V, 1m 16 Module C C II 2-843 16-Bit ADC, Operates over -25°C 
to +S5°C Temperature Range 

ADADC71 16 50 6.3 V, Int 16 1 C C II 2-S01 Industry Standard 
ADADC72 16 50 6.3 V, Int 16 1 C,l C II 2-S01 Industry Standard 
AD1l70 18 1000 5 V, Int 8 2 C C II 2-203 7 to 22-Bit Programmable Integrating ADC 



High Speed ADCs 
Through- Full Power Reference Bus 

Res put Rate BW Voltage Interface Package Temp 
Model Bits MSPS min MHztyp IntlExt1 Bits' Options3 Range4 Page Comments 

AD9006 6 470 550 ±IV, Ext 6, J.lP 4,12 C,M C II 2-705 470 MSPS, 6-Bit ADC; 8.0 pF Input Capacitance 
AD9016 6 550 ±1 V, Ext Dual 6, p,P 4,12 C,M C II 2-705 AD9006 with 1:2 Demultiplexed Data Output 

Demultiplexing Circuitry 
AD9000 6 50 20 0.5-2 V, Ext 6 1,3 C,M C II 2-673 MIL-STD-883, Rev. C, Devices Available; 

Low Error Rate 
AD9028 8 300 250 -2 V, Ext 8 4 C,M C II 2-753 300 MSPS, 8-Bit ADC, Guaranteed Dynamic 

Performance 
AD9038 8 300 250 -2 V, Ext Dual 8 4 C,M C II 2-753 AD9028 with On-Board 1:2 Demultiplexed 

Data Outputs 
AD770 8 200 250 ±2 V, Ext 8 1 C,M C II 2-161 High Bandwidth, Error Correction 
AD9002 8 125 160 0.1-(-2.1) Ext 8 1,4 I,M C II 2-681 Single Supply, Low Power, Low Input 

Capacitance, MIL-STD-883, Rev. C 
Device Available 

AD9012 8 75 160 -2 V, Ext 8 3,4 I,M C II 2-721 TTL Outputs, Low Power, Low Input Cap 
*AD9058 8 50 175 +2 V, Int 8 1,5,14 C,M C II 2-781 Dual 8-Bit, TTL Output 
AD9048 8 35 15 -2 V, Ext 8, J.lP 2,3,5,12 C,M C II 2-773 35 MSPS, 8-Bit Video ADC, 16 pF Input 

Capacitance 
*AD9020 10 60 175 ±1.75 V, Ext 10 4,12 C,M C II 2-741 Fastest 10-Bit TTL Monolithic ADC 
*AD9060 10 75 175 ±1.75 V, Ext 10 4,12 C,M C II 2-789 Fastest 10-Bit ECL Monolithic ADC 
*AD904O 10 40 50 +1.2 V 10 3,4,5 C,M C II 2-769 Low Cost, High Performance 10-Bit TTL 

Monolithic 
*AD773 10 18 75 +2.5, Ext 10 1,2 C,M C II 2-173 Low Power, lO-Bit 18 MSPS with On-Chip Till 
*AD9032 12 25 150 Int 12 8 C,M C II 2-765 World's Fastest Complete 12-Bit ADC 
*AD9034 12 20 150 Int 12 8 C,M C II 2-765 20Ms 
*AD9005A 12 10 38 Int 12 8 C,M C II 2-697 Complete 12-Bit ADC with Till, Reference 

),. 
and Tinting Circuitry 

~ 
*ADI671 12 1.25 2 2.5 V, Int 12 1,2,4,5 C,I,M C II 2-259 Complete, Monolithic 12-Bit, 1.25 MSPS ADC 

..... AD9003 12 1 10 Int 12 8 C C II 2-689 12-Bit, 1 MSPS ADC, Single 4O-Pin DIP 
0 *AD7886 12 .75 1 +5 V, Ext 12, J.lP 1,2,5 C,I,M C II 2-637 CMOS, 12-Bit 750 kSPS Sampling ADC 
'il *AD9014 14 10 60 Int 14 Board C C II 2-729 Wide Spurious Free Dynamic Range 

9 'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
S2 reference is pinned out. e 2This column lists the data fonnat for the bus with uJl.P" indicating microprocessor capability-i.e., for a 12-bit converter 8/12, J1.P indicates that the data can be formatted for an 8-bit bus or can be in parallel 

~ (12 bits) and is nticroprocessor compatible. 
..... 'Package Options: I ~ Hermetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Cerantic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SoIC" Package; 

§ 7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Cerantic Flatpack; 10 ~ Plastic Quad Flatpack; II ~ Single-In-Line "SIP" Package; 12 ~ Cerantic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramid 
Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 ~ Cerantic Pin Grid Array; 16 ~ TO-92. 

~ 'Temperature Ranges: C ~ Commercial, 0 to +70'C; I ~ Industrial, -40"C to +85"C (Some older products -25"C to +85"C); M ~ Military, -55"C to +125"C. 

:J:j Boldface Type: Product recommended for new design. 

i;:I 'New product since the publication of .the most recent Databooks. 

Vl 
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'il Sigma-Delta ADCs C! 
S2 Input Through- Reference Bus 

8 Res BW put Rate Voltage Interface Package Temp 

i! Model Bits kHz kHz IntlExtl Bits2 Options' Range" Page Comments 
r-
C) *AD776 16 50 100 to 400 2 V, Int Serial 1,2 C,I,M C 112-189 16-Bit 100 kSPS Oversampling ADC, Single Supply 
0 *AD1878 16 24 2.5 to 50 3 V, Int Serial 2 C C 112-295 Similar to AD1879 with 16-Bit Resolution <: *AD7701 16 10Hz 4 2.5 V, Ext Serial, ",p 2,3,6 I,M C 112-403 Iii-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth tii 
~ *AD28msp02 16 4 8 2.5, Ext Serial, ",p 6 C C 14-25 Complete Voice Band Linear Codec with On-Chip 

tTl Filtering, Single Supply 
~ *AD28mspOl 16 3.4 7.2/8.0/9.6 2.5, Ext Serial, ",p 6 C CI4-9 Complete Analog Front End for High Performance, (/) 

DSP-Based Modems, Single Supply 
*AD1879 18 24 2.5 to 50 3 V, Int Serial 2 C C 112-297 Dual Channel, High Performance Stereo 18-Bit 

Oversampled ADC 
*AD79024 20 18.5 to 0.075 2.5 V, Int Serial 2,6 C C 117-57 Quad 20-Bit Sigma Delta ADC, Low Power 

300Hz to 1.145 with BW up to 300 Hz 
*AD7703 20 10Hz 4 2.5 V, Ext Serial, jLP 2,3,6 I,M C 112-419 20-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
*AD7710 21 DC to 0.01 to 2.5 V, Int Serial, jLP 2,3,6 I,M C 112-435 21-Bit Sigma-Delta Signal Conditioning ADC 

262Hz 1.0 for Thermocouple or m V Input 
*AD7711 21 DC to 0.01 to 2.5 V, Int Serial, jLP 2,3,6 I,M C 112-457 Similar to AD7710 but for RTD or m V Input 

262Hz 1.0 
*AD7712 21 OCto 0.01 to 2.5 V, Int Serial, ",p 2,3,6 I,M C 112-479 Similar to AD7710 with Higher Input Voltage Range, 

262Hz 1.0 More General Purpose 
*AD7713 21 DC to 2.0 to 2.5 V, Ext Serial, ",p 2,3,6 I,M C 112-501 Loop Powered 21-Bit Sigma-Delta Signal 

52.4 Hz 200Hz Conditioning ADC 
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MuHiplexed ADCs 
Cony SHA Reference Bus 

Res # Time BW Volt Interface Package Temp 
Model Bits Chan ,..S kHz IntlExt1 Bits2 Options' Range' Page Comments 

AD7769 8 2 2.5 200 Ext 8, ,..p 2,5 C C II 8-27 CMOS, Complete 2-Channel I/O Port with 
Input/Output Signal Conditioning 

AD7824 8 4 2.5 10 0-5 V, Ext 8, ,..p 2,3,6 C,I,M C II 2-533 CMOS, On-Chip Track-Hold 
AD7828 8 8 2.5 10 0-5 V, Ext 8, ,..p 2,3,4,5 C,I,M C II 2-533 CMOS, On-Chip Track-Hold 
AD7581 8 8 66.7 -10 V, Ext 8, fLP 2,3,5 C, I C II 2-363 CMOS, 8-Channel DAS 

*AD1341 12 8/16 6.67 10 V, Int 16, ,..p 12 C,M C II 7-25 High Speed, 16-Channel Programmable 
12-Bit DAS with 25 ns Bus Interface 

AD1334 12 4 15 235 -5 V, Int 12, ,..p 1 I,M C II 7-21 Four-Channel 65 kHz 12-Bit Sampling ADC 
for Digital Signal Processing, On-Chip FIFO 

*AD7874 12 4 32.5 500 3 V Int 12, ,..p 2,3,6 C,I,M C 112-579 CMOS, Simultaneous Sampling Four-Channel 
(for 4 Channels) 29 kHz ADC for ±1O V Input Signals 

AD363R 12 8/16 40 10 V, Int 12, fLP C,M C II 7-5 High Speed, 16-Channel, 12-Bit DAS 
AD364R 12 8/16 50 lO V, Int 12, fLP C,M C II 7-5 16-Channel, 12-Bit DAS with Three-State Buffers 
AD7582 12 4 100 4 V-6 V, Ext 12, ,..p 1,2,5 C,I,M C II 2-371 CMOS, 1 LSB Total Unadjusted Error 

*AD7890 12 8 10 500 2.5 V, Ext Serial, ,..p 2,3,6 I,M C II 2-653 CMOS, 8-Channel Multiplexed ADC 
for ± 10 V Input Signals 

*AD7891 12 8 10 500 2.5 V, Ext 12, ,..p 10 I,M C II 2-659 CMOS, 8-Channel Multiplexed ADC 
for ± 10 V Input Signals 

lExt indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2This column lists the data format for the bus with "j.1P" indicating microprocessor capability-i.e., for a 12-bit converter 8/12, J.LP indicates that the data can be fonnatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92. 

"Temperature Ranges: C = Commercial, 0 to + 70·C; I = Industrial, -40·C to +85·C (Some older products -25·C to +85·C); M = Military, -55·C to + 12SOC. 
Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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Orientation 
Analog-to-Oigital Converters 
FACTORS IN CHOOSING AN AID CONVERTER 
This section contains technical data and selection guides for 
stand-alone general- and special-purpose analog-to-digital converters 
(ADCs), including many sampling types. Devices and sub
systems that perform analog-to-digital conversion functions are 
also to be found in many other sections of this reference man
ual; they include ICs (general purpose and application specific), 
multichip modules, and larger packages: 

• VIF and FN Converters (for low noise, high resolution con
version applications) 

• Synchro- and Resolver-to-Digital Converters (for position- and 
motion-control applications) 

• Data Acquisition Subsystems (for applications requiring signal 
conditioning combined with conversion) 

• 110 Ports (for applications requiring both AID & D/A 
conversion) 

• Bus Interface and Serial 110 Products (subsystems) 

• Digital Panel Meters 

• ASICs (systems-on-a-chip for custom applications) 

• Communications Products (codecs for modems, DSP periph-
erals, etc.) 

The devices in this section include approximately 80 different 
families of analog-to-digital converters (ADCs) constructed using 
elements of a few basic architectures. If one were to consider all 
the variations, there would be hundreds of different types among 
which to choose. Why so many? 

The answer is found in the diversity of real-world applications. 
Besides the key parameters, resolution and speed, many other 
considerations influence the choice of converter for a given ap
plication. Among the degrees of freedom are static and dynamic 
accuracy, digital data interface, control interface and timing, 
sample-and-hold capability, the analog signal, reference require
ments, calibration capability, number of channels, power con
sumption, environmental requirements, package constraints, and 
software-related issues. 

In this section, we discuss the various types of converter archi
tectures that have evolved to deal with these considerations, fol
lowed by a glossary that includes definitions of the most
important specifications and many additional terms. Much 
additional information can be found in books listed in the Tech
nical Publications section, starting on page 12-8, particularly the 
Analog Devices High-Speed Design Seminar (1990) and Mixed
Signal Design Seminar (1991) and the classic Analog-Digital Con
version Handbook from Prentice Hall (1986); all of these can be 
purchased from Analog Devices at reasonable cost. 

FUNCTIONAL CHARACTERISTICS 
Direct Conversion 
In concept, the simplest-and fastest-AID converter is one that 
performs a conversion directly. The basic architectural element 
of all AID converters is a I-bit converter, the comparator. If the 
input signal, applied to the + input (for example), is greater 
than a reference, applied to the - input, the output goes high 
("I"); if the input signal is less, the output goes low ("0"). 
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A ''flash''-or direct-converter provides the fastest multibit 
conversion. The basic n-bit flash converter typically consists of 
2" - I comparators* connected in parallel, with references 
spaced V ps/2" (i.e., 1 LSB) apart; if the input signal increases, 
more comparators go high. The latched comparator outputs are 
combined by a priority encoder to form parallel n-bit digital 
words. An example of flash converter is the lO-bit AD9060, 
which can convert at a rate of 75 megasamples per second. 

+v,. . 
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The space, input capacitance, and power required by large 
numbers of comparators have historically limited the resolution 
available with direct conversion. For this reason, most of the 
converters in use today perform a sequence of partial direct 
conversions andlor rely on an indirect method involving time 
integrations. 

Partial Conversions in Sequence 
Converters in this class perform several conversions involving 
one or more bits to arrive at the complete n-bit conversion. 

• Subranging Converters use two or more steps of lower
resolution flash conversion to convert an analog signal at high 
speeds with resolutions of up to 14 bits (e.g., the 14-bit, 
10 MSPS hybrid AD9014, and the 12-bit, 500 ns monolithic 
AD671). For example, in performing an n-bit conversion 
using two steps of subranging, first a coarse m-bit conversion 
is performed, then the result is converted back to one of 2m 

levels-using a D/A converter with at least n-bit accuracy-and 
compared with the input. The difference is then converted 
with a k-bit converter (where k + m ;,: n) and the two outputs 
are combined. If k + m > n, digital correction may be used 
to eliminate overlap errors. 

* An efficient variation of the flash converter, invented at Analog Devices 
(U.S. Patent 4,928,103) uses one-half as many input compatators. 
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• Successive Approximations. In this popular technique, a single 
comparator is used to compare the input with the output of 
an n-bit DAC as a reference, and n single-bit conversions are 
performed-in a manner similar to weighing an object on a 
chemist's balance with binary weights. Using a successive
approximations (shift) register (SAR), the MSB of the DAC 
is asserted and the input is compared with the MSB alone 
(one-half the DAC's span). The choice (lor 0) is latched in 
and-applied to the DAC-flXes the DAC output (at 0 or 112). 

IOOH IIBIOLUllON 
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CONVERSION 
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The register is clocked, the second bit is asserted, and the input is 
now compared with the fIrst result plus the second bit, (0 + 114) 
or (1/2 + 114). The result of the second-bit test (I or 0) is 
latched in; the DAC's output is either 0, 114, 112, or 3/4; the 
third bit is asserted; and the process continues until the LSB 
has been tried, the DAC output is within 112 LSB of the input, 
and all n bits have been latched into the corresponding states. 
Successive-approximation converters are widely used because 
they are capable of speeds approaching 1 MHz and resolutions 
up to 16 bits and more. A typical example is the industry
standard l2.-bit AD574A, plus its variants and successors. 

Integrating Converters 
Integrating converters have two main sections, a measuring sec
tion-that converts the analog information to a time interval or a 
train of pulses-and a counter or fIlter to quantify the result as a 
digital number . 

• Dual-Slope. Typically, a dual-slope converter consists of an • 
analog integrator with switched inputs, a comparator, and a 
counter. Starting from an initial value and computing for a 
fIxed interval (number of counts), Ntu, with the analog input 
signal applied, the output of the integrator traverses a range 
proportional to the average value of the analog signal, VIN• 

At the end of the N counts, a fIXed reference voltage of oppo
site sense to the signal is applied, and the integrator ramps 
linearly in the opposite direction until the comparator detects 
that the integrator output has reached the original starting 
point-after n counts. Since n is proportional to the voltage 
range traversed (which in turn is proportional to the average 
value of the input signal), n = N (VINIV REF). Between con
versions, a calibration cycle can be used to zero out offsets . 
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The inherent -6-dB-per-octave low-pass characteristic of the 
integrator in dual-slope converters tends to reject high frequency 
noise; in addition, noise components having periods that are 
submultiples of the signal-integration interval (N) will integrate 
to zero. at may therefore be chosen to reject noise at power fre
quency (e.g., 50 or 60 Hz) and its harmonics. Because of the 
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time required for integration, these types of converters tend to 
be used for signals having relatively low bandwidths (compared 
to the types discussed above). They are especially useful where 
noisy signals'are to be converted and relatively infrequent updat
ing is necessary, for example in numeric display of voltage (e.g., 
digital panel meters). 

Charge-Balance. This architecture is used by voltage-to'frequency 
converters and is similar to architectures used for'l:-/l types. 
Employing a free-running integrator in a feedback loop, it con
tinually seeks to null its inpiIt by subtracting precisely deter
mined packets of charge When the accumulated charge exceeds a 
reference value. The number of charge packets per second (or 
frequency) required to balance a given input is proportional to 
the input. A counter may be used to convert the serial pulse 
train to a digital word. The fIgure shows a synchronous charge
balance voltage-to-frequency converter. 

c 

1-BIT 

Oversampling, or Sigma-Delta 
A sigma-delta converter quantizes an analog signal with very low 
resolution (1 bit) and a very high sampling rate (in the mega
hertz). With the use of oversampling techniques and digital ill
tering, the sampling rate is reduced and the resolution can be 
increased to as many as 20 or more bits. Since oversampling 
converters employ digital signal processing, they" can work hand
in-glove with DSP systems to optimize the processing burden. 

The basic oversampling converter consists of a sigma-delta mod
ulator, which produces a stream of bits, and a digital illter, to 
interpret the bit stream as an n-bit word. The basic form uses a 
tracking loop, consisting (in the simplest confIguration) of a one
bit ADC (latched comparator), a one-bit DAC (two-level 
switched reference), and an integrator; The DAC's output is 
subtracted from the input and the result is integrated,* com
pared to zero, and latched at a megahertz rate; the DAC feeds 
back a one-bit analog representation oCthe ADC's output, a se
rial stream of bits-Is and Os. The bit stream is illtered digitally 
to trade speed for resolution. 

Because sigma-delta converters latch on a high sPeed clock 
pulse, they do not require sample-holds. Since the bit stream is 
a train of Is and zerOs, there are no missing codes. The digital 
illtering is essentially another sampling operation; it produces 
data at a rate less than one-half the fast clock rate but substan
tially higher than twice the maximum signal bandwidth. The 
ratio of the output data rate to the input's Nyquist rate is the 

*The name, sigma-delta, is a consequence of the iutegrsl, or summation over 
time (l:), applied to the difference (d). 
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O'Versampling ratio. The sigma-delta modulation process permits 
noise to be shaped so as to move most of the quantization noise 
energy into higher frequencies that are more easily illtered out. 

Sigma-delta converters are especially useful for high resolution 
conversion of low-frequency signals as well as low-distortion 
conversion of signals containing audio frequencies. Their high 
proPortion of digital circuitry makes them excellent candidates 
for high yield manufacture in IC form. 

APPUCATION CONSTRAINTS 
The many factors that call for large numbers of different devices 
are summarized briefly here. Defmitions and discussions of 
terms used, will be found in the glossary. 

• Static and Dynamic Accuracy. Examples of static accuracy 
specifIcations, required in many precision low-frequency ap
plications, include differential and integral noulinearity, 
missing-code specs, gain error, offset error and drift, as well 
as conversion time (or rate). Dynamic accuracy is important 
in ac applications such as audio, video, and with digital signal 
processors; such applications call for sampling-type ADCs (or 
ADCs and sample-holds specified together). Important speci
fIcations include bandwidth, signal-to-noise ratio, distortion 
(total harmonic and 2-tone intermodulation), sampling (or 
throughput) rate, aperture jitter. How much error is allowed 
for the converter in the system error budget? 

• Digital Data Interface. Considerations here include code (bi
nary, offset binary, twos complement, BCD) and the format 
of the signal to be interfaced-n-bit parallel (or "broadside"), 
with on-chip or off-chip registers, byte-serial (e.g., to inter
face 12-bit data to an 8-bit bus), n-bit-serial, or serial bit 
stream. Byte-serial considerations include the choice of left or 
right justiflcation. Overrange error indication may also be 
provided. Some processor-friendly ADCs include one or more 
words (FIFO) of buffer memory; less-friendly ADCs may rely 
on interrupts to indicate when conversions have been com
pleted. What logic compatibility is required (TIL, low
voltageCMOS,high voltage CMOS, ECL)? 

• ContrOl Interface and Timing. These specify modes of chip 
selection and enabling, starting conversions, status indication 
(busy, data ready, end of conversion), data format, short cy
cle, conversion clocking, repetitive (continuous) conversions, 
sample-hold control, serial clock, synchronization, reset, and 
"sleep" mode (to mit)imize dissipation). They may also con
trol analog functions, such as bipolar offset, gam, self
calibration modes, and selection of multiplexer channel. 



• Sampling Capability. An ADC requires a low-jitter sampleJ 
hold (or tracklhold) function to maintain a constant input 
value during conversion, to establish precisely the instant of 
time associated with the converted data, and-in consequence 
-to obtain a train of regularly spaced conversions for digital 
signal-processing applications. For applications where a 
sample-hold function is needed, sampling ADCs (SADCs) 
eliminate the need for an external sample-hold function. 
Where all other considerations are met, this has the key ad
vantages of compactness, combined tested specifications (usu
ally better than for separate devices), and lower cost. Some 
sampling converters are ready for another sample well before 
a multiple-step conversion has been completed; this pipelining 
makes it possible to speed up the conversion rate for mUltiple 
conversions; but for an isolated data point one must consider 
latency, the time required for a complete single conversion. 

• The Analog Signal. Elements of choice include range, 
whether unipolar or bipolar, and bandwidth. What resolution 
is desired? Is it single-ended or differential? Is signal condi
tioning needed (isolation, fixed or programmable gain or at
tenuation, I-to-V conversion, offsetting, noise filtering, 
multiplexing)? Is it already sampled? Is the output low 
enough in dynamic impedance to drive a proposed ADC's 
input? (If not, a buffer amplifier may be needed.) Is imped
ance matching necessary to avoid reflections? What sort of 
ground management will be necessary? 

• Reference Requirements. What reference range and polarity 
are needed? Is an internal reference desired, or will a system 
reference be used? (Or will the converter's internal reference 
provide the system reference?) Is the converter to be used 
ratiometrically (because the variable actually converted is the 
ratio of signal to reference, accuracy can be gained by using 
for the converter the same reference that provides excitation 
for an input source, e.g., bridge excitation voltage). What 
current load must it supply? Is one end grounded, or must its 
output be differential? Are Kelvin connections necessary? de
sirable? available? Are the gains and/or the bipolar offset jum
pered externally or switched by software. 

• Calibration Capability. How are the offset and gain trimmed? 
Are zeroing and/or gain adjustment terminals available? Are 
trim DACs provided on chip for digital adjustment? Is cali
bration performed automatically on the device? Periodically or 
on request? 

• Number of Channels. Does the application call for more than 
one input? Is multiplexing to be provided on- or off-chip? Is 
more than one AID conversion at a time needed simulta
neously in the same device? Is a multiple sample-hold needed 
for simultaneous sampling of input channels? Can conversion 
of a single channel be speeded up by "ping-ponging" pairs of 
sampling converters? Does a fast converter have a pair of al
ternately updated output registers so that its output can be 
distributed to two slow memory channels? 

• Clock. Considerations include: speed range, drive required, 
edge rate, allowable overshoot, internaVexternai system clock, 
duty cycle, rising/fa1ling-edge reference. 

• Power Supply. What supply voltage levels are available? Is 
the supply a switching or a linear type? What are the power 
supply's regulation and noise characteristics? What sort of 
bypassing will be needed? Is there a limitation on available 
current drain or power dissipation? What are the supply's 
power-up characteristics? Is operation continuous or intermit
tent? Is a reference voltage to be derived from the power sup
ply? Where is the supply located physically in relation to the 
converter and analog signals? Are electrical or magnetic fields 
associated with the supply likely to cause problems? Are re
mote devices powered centrally or locally? What is the best 
grounding scheme? Is isolation desirable? 

• Environmental Requirements. What is the specifled operat
ing temperature range: O°C to +700C (commercial), -25°C to 
+85°C (industrial), -40°C to +85°C (extended industrial), or 
-55°C to + 125°C (military)? What other environmental as
pects are of importance (humidity, barometric pressure, dust, 
moisture, shock, vibration, ionizing radiation)? What behavior 
is expected in worst-case environmental conditions (survival, 
reliable operation, performance within specifications)? Is the 
environment electrically noisy? What is the character of the 
noise (amplitude, frequency, waveshape)? 

• Package Constraints. What level of physical protection is 
required (chip, multichip reel, plastic package, hermetic pack
age)? What kind of package and interconnections does your 
customer specify? What is the assembly method (automated, 
surface-mount, chip-and-wire, manually board-mounted)? 
How much space is available? Is a completely self-contained 
device desirable? What terminals or functions must be 
accessible? 

• Software- and Control-Related Issues. Is conversion to occur 
at a regular rate or on the occurrence of an event? How much 
latency is permissible? How much time is available for con
version? For bus access? Must the conversion results be used 
immediately? If not, must buffer capacity be available to store 
more than one result? Must a new conversion start as soon as 
the last one ended? Is glue logic undesirable? 

SPECIFICATIONS AND TERMS 
Deflnitions of performance specifications and other frequently 
used terms will be found below in alphabetical order. Since they 
tend to be broad and genera1ly applicable, specific data sheets 
and application notes should be consulted for details as they ap
ply to specific products and applications. 

Accuracy, Absolute 
The error of an AID converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
uncertainty), the "input required to produce that code" is de
fmed as the midpoint of the band of inputs that will produce the 
code. For example, if 5 volts (± 1.2 m V) will theoretically pro
duce a 12-bit half-scale code of 100000000000, then a converter 
for which any voltage from 4.997 V to 4.999 V will produce that 
code will have an absolute error of (4.997 + 4.999)/2 - 5 volts 
= -2mV. 
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Absolute error comprises gain error, zero error and nonlinearity, 
together with noise. Absolute-accuracy measurements should be 
made under a set of standard conditions with sources and meters 
traceable to an internationally accepted standard. 

Accuracy, Re18tive 
Rehitive accuracy error, expressed in percerit, parts per million, 
or fractions of an LSB (full-scale range/2n), is the deviation of 
the analog value at any code, (relative to the full analog range of 
the device transfer characteristic) from its theoretical value (rehi
tive to the same range) after the full-scale range (FSR) has been 
calibrated. 

Since the discrete points on the theoretical transfer characteristic 
lie on a straight line, this deviation can also be interpreted as a 
measure of nonlinearilY. 

The "discrete points" of an AID transfer characteristic are the 
midpoints of the quantization bands at each code (see Accuracy, 
absolute). However, since transitions between codes are easier to 
fmd than the midpoints, this characteristic is often defined in 
terms of an adjacent transition, usually the low-side transition. 

Aliasing 
A signal within a bandwidth, fA' must be sampled' at a rate, 
fs > 2 fA in order to avoid loss. of information. If the number of 
samples of a signal, f, is inadequate, i.e., fs < 2 f, a phenome
non called aliasing, inherent in the spectrum of the sampled sig
nal, will cause a frequency equal to fs - f, callectan "alias" to 
appear in the signa1 band (of frequencies below fsl2). For exam
ple, iffs = 4 kHz andf = 3 kHz, a 1 kHz alias'will appear. 
Note also that, for a 1 kHz signa1 (which is within the band, 
f sl2), the alias will be at 3 kHz, outside the band. Since noise is 
also aliased, it is essential to provide low-pass filtering prior to 
the sampling stage to prevent high frequency noise on the signal 
line from being aliased into the signal range. 

Analog-to-Digital Converter (ADC) 
An analog-to-digital converter quantizes an analog input voltage 
(i.e., measures and assigns it .to one of 2" equal ranges, or 
quanta, within the expected span) and interprets the quantUm as 
a digital number. . . 

Aperture Jitter 
Aperture jitter is the sample-to-sample variation.in the space in 
time between the effective points at which the samples are actu
ally taken. It is often due to phase jitter .on the input sine wave 
or unwanted phase-modulation of the sampling clock by sources 
such as random noise, power line noise, or digital noise stem
ming from poor layout, bypassing, or grounding. The res1llting 
error can be expressed in terms of an rms time jitter, which pro~ 
duces a corresponding rms voltage error, decreasing the overall 
ADC signal-to-noise ratio. . . 

When a sample-hold is used ahead of a nonsampling AID con
verter (typically successive-approximation and flash), the timing 
uncertainty of the conversion process is reduced. by the ratio of 
aperture jitter to the conversion time. Expressed another way, 
the maximum frequency that can be handled with less than 
1 LSB error due to timing is 2-"/(=J, instead of 2-"I('fr'TJ, 
where T a is the aperture uncertainty and T c is the conversion 
time. 
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Aperture Time (Delay) 
Aperture time (sometimes called aperture delay time~a1though 
it may be either a delay or an advance) is a measure of the inter
val between the leading edge .of the sampling clock and the .in
stant at which the sample~hold or sampling ADC actually takes 
the sample. The variation or tolerance placed on this parameter 
from part to part is important in simultaneous sampling applica
tions or other applications where ADCs are required to traCk 
each other. when processing dynamic signals. Timing can be ad
vanced or delayed to improve accuracy, but precision is ulti
mately limited by aperture jitter. 

Bandwidth, Full-Linear 
The fulI-linelit bandwidth is the input frequency at which the 
slew-rate limit 'of the sample-hold amplifier (SHA) is reached. 
Up to this point, the aniplitude of the reconstructed fundamen
tal will have been attenuated by less than 0.1 dB. Beyond this 
frequency, distortion of the sampled input signal increases . 
significantly. 

Bandwidth; Full-Power (FPBW) 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental (usingFFTs) is re
duced by' 3 dB for a full-scale input. In order to be meaningful, 
the FPBW must be examined in conjunction with the signal-to
noise ratio (SNR), effective number of bits (ENOB), and har
monic distortion in order to ascertain the true dynamic 
performance of the ADC at the FPBW frequency.' 

Binary Coding 
The digital output of an ADC is considered binary-coded when 
outputs start at all-zeros for a zero-scale (unipolar) analog input, 
increasing to all-ones for FSR (1 - Z-"), in binary sequence. For 
a bipolar analog range, all-zeros starts at negative full-scale, in
creasing in binary sequence to FSR (1-2-"+1) for all ones; this 
coding is called offset binary, which is easy for converters but 
not useful for computers; however, it is easily converted to twos 
complement by complementing the MSB. 

Bipolar Mode 
A configuration that ~ AID converter uses to handle signal 
spans containing both positive and negative signals. Usually it 
means offsetting half-scale to become analog zero, and either 
accepting the resulting offset binary code or changing it to twos 
complement by complementing the most-significant bit (see 
Binary Coding). 

Bipolar Negative Full-Scale Error 
In bipolar Converters, for the first step of code (from 
0000 . . • 00 to 0000 . . . Olin offset binary, or 1000 . . . 00 
to 1000 ••. 01 in twos complement), the ideal transition occurs 
at 112 LSB above - V REp. Bipolar negative-full-scale error is the 
deviation of the first code transition from the ideal when operat
ing in the bipolar mode. 

Bipolar zero Error (Offset) and !>rift 
In the bipolar mode, this is the deviation of the midscale 
transition (011 •.. 111 to 100 ... 000 in offset binary, 
111 •.. III to 000 ..• 000 in twos complement) from the 
ideal (AoND - 05 LSB). 



Bus 
A parallel path of binary information signals-usually 8, 16, or 
32 bits wide. Three common types of information usually found 
on buses are data, addresses, and control signals. 3-state output 
switches (inactive, high, and low) permit many sources-such 
as ADCs-to be connected to a bus, while only one is active at 
any time. 

Byte 
A byte is a binary digital word, usually 8 bits wide. A byte is 
often part of a longer word that must be placed on an 8-bit bus 
in two stages. The byte containing the MSB is called the high 
byte; that containing the LSB is called the low byte. A four-bit 
byte is called a nybble. 

Byte, High 
When a 12- or 16-bit word is placed on an 8-bit bus in two 
stages, the high byte contains the 4- or 8 most-significant bits. 
If 8, a 12-bit word is said to be left-justified; if 4 (plus filled-in 
leading sign bits), the word is said to be right justified. 

Byte, Low 
When a 12- or 16-bit word is placed on an 8-bit bus in two 
stages, the low byte contains the 4- or 8 least-significant bits. 
If 8, a 12-bit word is said to be right justified; if 4 (plus trailing 
zeros), the word is said to be left-justified. 

Capacitance, Input (CrN) 
The capacitance measured between the analog input and all sup
ply pins (including grounds) of an AID converter. Input capaci
tance often varies with input voltage, so it should be measured 
at worst-case input voltage. This parameter is important at high 
input frequencies because an amplifier or track-and-hold must 
drive it witliout introducing unacceptable levels of distortion. 

Chip Select (CS) 
A logic input signal activating data or control information trans
fer between the ADC and the digital circuitry. This signal is 
usually active-low, as designated by the overbar. CS is used in 
conjunction with additional qualifying logic signals to determine 
the exact activities to take place. 

Clock (CLK) 
The operation of many common AID conversion processes re
quires a clock to order events in the process. A system clock is 
also present to time the interfacing between the converter and 
the system. Operations may depend on clock levels or clock 
edges, either ascending or descending. 

Code, Missing 
In practice, the 2"-2 inner codes (excluding zero and full scale) 
are always wider or narrower than the ideal I LSB, especially in 
flash, subranging, and successive-approximation converters. If 
code-width errors (see Nonlinearity, Differential) exceed I LSB, 
one or more codes may have zero width; as the input increases, 
the output will jump between the adjacent codes, e.g., from 
11 .•• 011 to 11 ... 101, skipping 11 ... 010. A specification 
that guarantees no misSing codes requires that every code com
bination appear in a monotonically increasing sequence as the 
analog input level is increased. 

Code Repetition 
The ability of the ADC to continuously provide the same digital 
output for a stable analog input voltage in the middle of a code. 

Code Width and Uncertainty 
Code width is the amount of input voltage change between out
put code transitions, expressed in LSBs of full scale (FSRl2"). 
The ideal code width is 1 LSB. Since transition voltage is sensi
tive to noise and jitter, there is always a degree of uncertainty 
associated with code-width measurements. 

Coding • 
This term refers to the code and format employed to express an 
ADC's digital output data. Codes include binary, binary-coded 
decimal (BCD), offset binary, twos complement, and comple-
mentary (negative-true) versions of these codes. The codes may 
be expressed in parallel, byte-serial, and bit-serial formats. Some 
converters, (e.g., V/Fs) have uncoded (i.e., bit-stream) outputs. 

Command Register 
An internal register of the ADC that can be programmed by the 
user to select various modes of operation; examples of selection 
choices include unipolar or bipolar conversion, range, data out
put format. 

Common-Mode Rejection 
The ability of a device to reject the effect of voltage applied to 
both input terminals simultaneously-often through variation of 
a ground level-is specified as a common-mode rejection ratio 
(CMRR, or in logarithmic form, CMR = 20 log CMRR). 
CMRR is the ratio of gain for the differential, or normal-mode, 
signal to the gain for the common-mode signal. 

Conformance, Straight Line 
This term describes how closely the ADC transfer characteristic 
confonns to a reference straight line. Nonconformance can be 
described in tenns of integral nonlinearity (the difference be
tween the actual code centers and a straight line), or dynami
cally in terms of wavefonn distortion. For many applications, 
this property is far more important than calibration errors 
and drifts. 

Control Lines 
Digital input/output pins that activate or monitor and control 
ADC operation. Examples include chip select, low byte, high 
byte, start convert, end of conversion, conversion complete, 
busy, read, etc. 

Conversion Complete (CC) 
This digital output signal indicates the end of conversions. 
When this signal is in the opposite state, the ADC is considered 
to be "busy." Also called end of conversion, or EOC. 

Conversion Time (tc) and Conversion Rate 
The time required for a complete measurement by an ADC is 
called conversion time. For most converters (assuming no signifi
cant additional delays), this is the same as the inverse of conver
sion rate. For simple sampling ADCs, however, the conversion 
rate is the inverse of the conversion-time-plus-the-sample-hold's 
acquisition-time. However, in some high speed sampling con
verters, because of pipelining, new conversions are initiated be
fore a prior conversion has been completed. Once a train of 
conversions has been initiated, as in signal-processing applica
tions, the conversion rate can be much faster than the conver
sion time would imply. 
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Cycle Time 
The time required for the converter clock to fInish a complete 
conversion cycle and be ready to start the next cycle. This. can 
be longer than the conversion time because of a cycle required 
to reset the successive-approximation register or several cycles 
longer to perform a calibration. Sometimes known as latency. 

Delta-Sigma, see Sigma-Delta 

Differential Nonlinearity (DNL), see Nonlinearity 

Distortion, (Total) Harmonic 
THD is usually measured as the ratio of the rms sum of the 
next five harmonic components to th~ rms value of a full-scale 
fundamental input signa1 and is expressed as a percentage or .in 
decibels: 

THD = 10 log [CV/ + vl + vl+ vl+ Vl)/V,2]. 

where VI is the rms amplitude of the fundamental and v2 , V., 
V4, Vs, and V6 are the rms amplitudes of the second through 
the sixth harmonic. The THD can be derived from the mea
sured FFf plot of the device's output spectrum. For input$ig
nals or harmonics that are above the Nyquist frequency, the 
a1iased component is used. 

Distortion, Intermodulation (IMD) 
With inputs consisting of sine waves at two frequencies,IA and 
IB' any device with non1inearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mlA :tnIB' 
where m,n = 0, 1, 2, 3 .... Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second
order terms are (fA + IB) and (fA - IB), and the third-order 
terms are (21A + IB), (21A - IB), (fA + 2IB)' and (fA - 2IB)' 

The IMD products are expressed as the decibel ratio of the rms 
sum of the distortion terms to the rms sum of the measured in
put $igna1s. 

Drift, Temperature 
The temperature drifts for full-scale (or gain) error, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (2S·C).value to the value at TMIN orTi\lAx. 

Dual-Slope Conversion 
A form of integrating conversion. See the FUNCTIONAL 
CHARACTERISTICS section. 

Effective Number of Bits 
For a sine wave, signal-to-noise ratio (SNR) can be expressed in 
terms of the number of bits. Rewriting the SNR formula, it is 
possible to get a measure of performance expressed as N, the 
effective number 01 bits (ENOB). 

N = (SNR - 1.76)16.02 

Thus, effective number of bits for a device. for sine wave inputs 
at a given inPUt frequency can be calculated directly from its 
measured SNR. 

End of Conversion (EOC) 
This digital output signal flags the conversion complete and 
data-ready condition of an AID converter. 

Feedthroush 
Undesirable signal coupling around switches of other devices 
that are supposed to be turned off or provide isolation, e.g., 
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leedthrough error in a multiplexer. It is variously specifIed in per
cent, ppm, fractions of 1 LSB, or fractions of 1. volt, with a 
given set of inputs at a specified frequency. 

FIFO (Firat-In, First-Out Memory) 
This is best defmed by an example. The AD7878 12-bit sam
pling ADC, designed to interface with signal processors, .has 
eight words of fIrst-in, fIrst-out (FIFO) memory on-chip. This 
permits up to 8 data samples to be acquired and stored before 
the processor is required to read; the benefIt is that the software 
overhead associated with servicing processor interrupts is greatly 
reduced. The 8 words that were stored can then be read out of 
the FIFO at maximum processor speed. 

''Flash'' Converter 
A converter providing direct (hence the most rapid) conversion. 
See the FUNCTIONAL CHARACTERISTICS section. 

Frequency·Dolllliin Testing 
In one approach, a device is tested dynamically using a sine
wave input and a 2,048-point fast Fourier transform (FFf) to 
analyze the resulting output. Coherent sampling is used, 
wherein the ADC sampling frequency and the analog input fre
quency are related to each other by a ratio of int~. This en-· 
sures that an integral multiple of input cycles is captured; 
allowing direct FFf processing without windowing or digital 
filtering, which could mask some of the dynamic characteristics 
of the device. In addition, the frequencies are chosen to be "reI
atively prime" (no common factors) to maximize.the number of 
different ADC. codes that are present in a sample sequence. The 
result, called prime coherent sampling, is a highly accurate and 
repeatable measure of the actual frequency-domain response of 
the converter. 

Full-Scale Calibration Range 
For self-calibrating l:-A converters in the system calibration 
mode, the range of voltages the device can accept and still cali
brate full-scale accUrately. 

Full-Scale Error, see also Gain Error 
The last transition (from 111 . . . 10 to 111 . • • 11) should oc
cur for an analog magnitude 1 1/2 LSB (i.e., 1.5 FSRl2n ) below 
the nominal full scale. The full-scale error is .the deviation of the 
actua11evel of the last transition from the ideal level at 2S"C 
without adjusting the offset. The full-scale error can be adjusted 
to zero. 

Full-Scale Range (Span) 
The difference between the maximum and minimum analog val
ues for inputto an AID converter. 

Gain Drift, see Drift 

Gain Error 
The hist transition should Occur at an analog value 1 112 LSB 
below the nominal full scale: The fIrst transition is 112 LSB 
above the low end of the scale (zero in unipolar converters, - FS 
in bipolar converters). The gsin error is the deviation of the ac
tual difference between the first and last code transitions from 
the ideal difference between the fIrst and last code transitions. 
This error can be adjusted. 



Half-Step Offset (Low-Side Transition) 
In designing an ADC, since comparisons establish transition 
points, a half-step offset is necessary to center the analog input 
voltages halfway between the output code transition points. For 
example, the successive-approximation converter architecture 
inherently has a 1 LSB transition voltage (instead of 112 LSB) 
for the first code change if a half-step offset is not inserted. 

Impedance, Input 
The dynamic load presented by a converter to its input source. 
In unbuffered successive-approximation converters employing 
current-summing at the comparator input, the presence of cur
rent pulses at the converter's clock frequency mandates that the 
converter be driven from a low impedance (at the clock fre
quency) in order to maintain an accurate voltage input. 

Input Range (Span) 
See FuJI-Scale Range. See also individual data sheets, especially 
for devices that provide self-calibration. 

Integral Nonlinearity, see Nonlinearity 

Least-Significant Bit (LSB) 
In a digital word, the binary digit with the smallest numerical 
weighting-or its voltage equivalent. Normally, one LSB is 
equal to the full-scale range divided by 2ft , where n is the num
ber of bits provided by the converter. 

Left-Justified Data 
When a 12-bit word is placed on an 8-bit bus in two stages, the 
high byte contains the 4- or 8 most-significant bits. If 8, the 
word is said to be left justified; if 4 (Plus filled-in leading sign 
bits), the word is said to be right justified. 

Linearity Error, see Nonlinearity 

Major Tranaition 
The digital output code change at one-half the full span, from 
Oll ... III to 100 ... 000. 

Missing Codes, see Code 

Most-Significant Bit 
The binary digit with the largest numerical weighting. Nor
mally, the MSB of a digital word has a weighting of 112 the full
scale range. In bipolar-input converters, the MSB is also used as 
a sign bit (representing the upper or lower half of the fuJI-scale 
range). IT placed on a right justified bus wider than the data 
word, all bits to the left of the MSB should be filled with the 
same bit. 

Noise, Quantization 
As the input to an AID converter increases smoothly, the output 
moves up in a series of steps. When the analog input is summed 
with an ideal DAC reconstruction, these steps produce an error 
waveform shaped like an irregular sawtooth as each bit transi
tion is crossed. This waveform can be considered as a type of 
white noise. In sigma-delta converter design, the quantization
noise spectrum is shaped so as to move most of its energy out of 
the baseband, a key to the low noise and high resolution avail
able in these converters. 

Noise, Transition 
As repeated conversions are made in the vicinity of a transition, 
the transition will be found to occur at somewhat differing values 
of input. Transition noise is the rms value of the variation in the 
transition region. 

Nonlinearity, AC (Histogram Method) 
A full-scale sine wave is applied to the ADC and a large number 
of samples are taken (several million for a l2-bit converter, to 
achieve statistically satisfactory results). The number of occur
rences of each code is recorded on a histogram plot. The data is 
normalized by comparison with the U -shaped ideal probability 
density distribution of a sine wave. From it, DNL can be plot
ted, and integral nonlinearity can be determined by compiling a 
cumulative histogram, in which the bin widths are the transition 
levels. (An example of the results can be found in the AD7870 
technical data.) 

Nonlinearity, Differential (DNL) 
In an ideal ADC, code transitions are 1 LSB apart. Differential 
nonlinearity is the maximum deviation, expressed in LSBs, 
from this ideal value. It is often specified in terms of the maxi
mum number of bits for which no miSsing codes (NMC) are 
guaranteed. 

Nonlinearity, Integral (INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "fuJI scale." The point used as "zero" oc
curs 112 LSB before the first code transition. "Full scale" is de
fmed as a level 1 112 LSB beyond the last code transition. 
Integral nonlinearity is the worst-case deviation of a code from 
the straight line. The deviation of each code is measured from 
the middle of that code. In some cases, integral nonlinearity is 
defmed with respect to a best-fit straight line, which is typically 
calculated using the least-squares method. 

Nyquist Frequency, Sampling Rate 
According to the sampling theorem, a signal within a band
width, lA' must be sampled at a rate, Is > 21A in order to 
avoid loss of information (see Aliasing). The "Nyquist (input) 
frequency" of a converter sampling at Is is I sl2; alternatively, 
the "Nyquist (sampling) rate" is 21A-
Offset Binary Code 
A digital binary code used to represent bipolar analog voltages. 
Negative full-scale voltage is assigned all-zeros (000 .•• 00), 
zero voltage is at MSB high-all other bits zero (100 ... 00), 
and positive ''fuJI-scale'' (from a transition 1 112 LSB below fuJI
scale) is assigned all-ones (lll .•. ll). The more useful twos
complement code is similar to offset binary, except that the 
MSB is complemented. 

Offset, Bipolar (also Bipolar Zero Error) 
In the bipolar mode the major carry transition (Olllllllllll to 
100000000000) should occur for an analog v8J.ue 112 LSB below 
analog common. The bipolar offset error specifies the maximum 
deviation of the actual transition point at 25"C. This offset is 
usually adjustable. The bipolar offset error and temperature c0-

efficient respectively specify the initial deviation and maximum 
change in the error over temperature. 

Offset Calibration Range 
For self-calibrating I-A converters in the system calibration 
mode, this is the range of voltages the device can accept and still 
calibrate offset accurately. 

Offset, Unipolar 
The first tr~tion should occur at a level 112 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
transition from that point at 25°C. This offset can be adjusted. 
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The unipolar offset temperature coeffident specifies the lllIiXimum 
change of the transition' point over temperature, with or withotw 
external adjustments. ' 

Overrange . 
When analog inpilt. voltageS.exceed the input range, an over
range condition is in effeCt. Normally, the digital output code' 
stays at all-ones for positive oveiTange and all-zeros for negative 
overrange, with binary cOcihig. Some converters have a digital 
output flag to signal overrange: . 

Overrange, Negative Full-Scale 
In I-4 converters, negative full-scale overrange is the amount of 
overhead available to handle input valtagesbelow -VREF(for 
example, noise )leaks or excess voltages due to system ~ er
rors in system c8libratton routines) without introducing errors 
due to overloading the analog modulator of I-4 converters or 
overflowing the digital filter. Note that the analog input will 
accept negative voltage peaks, even in the unipolar mode. 

Overrange, Positive Full-Scale 
In I-4 cOnverters, positive full-scale overrange is the amount of 
overhesd avsilable to handle input voltages grester than + V REF 

(for example, noise peaks or excess voltages due to system gain 
errors in system c8libration routines) without introducing errors 
due to overloading the analog modulator or overflowing the digi
tal filter of I-4 converters. 

Oversampling 
Sampling at a rate grester than Nyquist is OfIersampling. If the 
degree of oversampling is substantial, the noise-filtering problem 
is ameliorated. Oversampling is the key to the advantageS of 
sigma-delta cOnversion. 

Overvoltage Recovery 
Overvoltage recovery time is defmed .as that. amount of time 
required for the ADC to achieve a specified accuracy after 
an overvoltage (usually 50% grester than full-scale range), 
measured from the time the overvoltage signal reenters the 
converter's range. The ADC Should act as an ideal limiter for 
out-of-range signals, producing a positive or negative full-SCale 
code during the overvoltage' condition. Some converters provide 
over- and underrange flags to allow gain-adjustment circuits to 
be activated. 

Peak Spurious (peak Harmonic Component) 
In the FFT spectrum of a, converter output for a given sinusoi
dal input signal, the peak "spur" is the largest individual 
spectral Component, excluding the input signal and de. Its mag
nitude is expressed in dB relatiVe to the rms value of a full-scale 
input signal. The dB difference in amplitUde between it and'the 
signal is the spurious-free dynamic range (SFDR). 

Pipelining 
A pipelined converter is a multistage converter whjch is capable 
of accepting a new signal before it has completed the conversiQn 
of one or more previous ones. A new signal arrives while others 
are still "in the pipeline." This is a technique used where a fast 
conversion rite ishjghly deSirable and the latency of individUal 
conversions is relatively unimportant. 

Power Supply Rejection, Sensitivity 
For many converters, variations in power ,§upply will affect 
the scale factor, but not the converter's linearity. PQwer supply 
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rejection is the lllIiXimum change in the full-scale transition 
point due' to a change in power supply \'oltage from the 
nominal value. 

Quantizing Uncertainty (Error)' 
The analog cOntinuUm is partitioned into. 2" discrete ranges for 
n-bit conversion. All analog values Within a given range are 
represented by the same digital ebde, whjch is assigned to the 
nominal midrange value. There is, therefore, an inherent quanti-· 
zation uncertaintY of ± 1/2 LSB, in addition to the actual con
version errors. In integrating conVerters, this "error" is often 
expressed as "±1 count." 

R-2RLadder 
A resistor network providing the basic. binary-current division 
used in many successive-approximation AID converters. . 

Ratiometric Converter 
The output of an 'AID converter is a digital number proportional 
to the ratio of (some messure of) the input to a reference. Many 
requirements for conversions·call for an absolute messurernent, 
i.e., against a fixed reference. In some cases, where the mes-. 
surernent is affected by a changing referencevoltage (e.g., the 
voltage applied to a bridge); it is advantageous to use ~t same 
reference as the reference for the conversion, to eliminate the . 
effect of variation. " 

Reference 
The reference voltage establishes an AID conversion system's 
accuracy at full scale. A~ other voltages, the integral nonlinearitY 
and reference determine absolute accuracy. References may be 
furnished either exterually or internally. 

Resolution 
Resolution of an ADC is the number of states (2") that the ana
log input voltage is resolved-or divided-into, where n is equal 
to the number of bits. .. 

Right Justified Data 
When a 12-bit word is placed on an 8-bit bus in two stages, the 
hjgh byte contains the 4- or 8 most-significant bits. If 8, the 
word is said to be'left-justified; if 4 (plus filled-in lesding sign 
bits), the word is said to be right justified. 

Sampling AID Converter 
A sampling AID converter includes a sample-hold whjch ac
quires the input value at a given. mstant and holds it throughout 
the conversion (or until the convener is ready' for the next data ' 
point). (See Aperture Time.) 

Sampling Frequency 
The rate at whjch an ADC cari continuously convert analog in
putS into digii:aJ outputs. In successive-approximation convert
ers,' clock frequency and data-transfer overhead determine the 
sampllD.g frequency. 

Serial Output '. .. 
A bit-serial output consists of a serlesof bits clocked out .on a 
single line. There must bea means ofjdentifying the beginning 
and end of words; this can be furnished via an additional clock 
line, by using synchronized clocks, andlor by providing a consis
tent identifying signature for the beginning of a word. Byte serial 
consists of a series of bytes transmitted in sequence ona bus 
(su Byte). . , 



Settling Time, see also Transient Response 
Settling time is a function of the sample-hold's (SHA) ability to 

track fast -slewing signals. This is specified as the maximum time 
required in track mode after a full-scale step input to guarantee 
rated conversion accuracy. 

Short Cycling 
An n-bit successive-approximation converter takes at least n 
clock cycles to complete a conversion. Some converters have the 
capability of stopping the conversion at an arbitrary point, thus 
shortening the cycle. Speeding up the conversion by such an 
approach is useful for maximizing infortnation transfer when 
the full n bit accuracy or resolution is not needed for a given 
conversion. 

Sigma-Delta Converter 
An AID converter that uses a one-bit or other low-resolution 
quantizer and very high oversampling rate, combined with a 
one-bit or low-resolution DAC in a feedback loop. The digital 
quantizer output is then followed by a low-pass digital filter to 
remove the noise and output an n-bit digital representation of 
the input signal. 

Signal-to-Noise and Distortion (SIN + D) Ratio 
S/(N + D) is the logarithmic expression (decibels) of the ratio of 
the rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ
ing harmonics but excluding dc. This is actually the generally 
accepted definition for signal-to-noise ratio (SNR); in this case, 
the "+ D" is intended to emphasize the inclusion of harmonic 
distortion for audio applications. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of an 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the RMS sum of all the nonfundamental signals up to 
half the sampling frequency (fsAMPLE/2) excluding DC. SNR is 
dependent on the number of levels used in the quantization pro
cess; the more levels, the smaller the quantization noise. The 
theoretical signal-to-noise ratio for a sine wave input is given by: 

SNR = (6.02 N + 1.76) dB 

where N is the number of bits. Thus, for an ideal 14-bit con
verter, SNR = 86 dB. 

Slew Rate 
Slew rate is the maximum rate of change allowed at the input 
such that the a digitized recreation of the output will track the 
input without increased error. 

Span 
The full-scale analog input range. Some ADCs have resistor- or 
software-selectable analog input ranges. 

Spurious-Free Dynamic Range (SFDR) 
The difference, in dB (log scale) between the rms amplitude of 
the input signal and the peak spurious signal (see Peak Spurious). 

Status Register 
A register indicating current status of the analog-to-digital con
version by means of a Busy or Conversion Complete signal. 

Subranging 
High-resolution fast conversion using flash converters to per
form partial conversions. See the FUNCTIONAL CHARAC
TERISTICS section. 

Successive Approximation Conversion 
A popular conversion method in which an n-bit conversion is 2 
performed by n successively fmer approximations. See the 
FUNCTIONAL CHARACTERISTICS section. 

Successive Approximation Register (SAR) 
A digital circuit that controls the operation of a successive
approximation ADC and accumulates the digital output word in 
its register. 

Temperature Coefficients 
The temperature coefficients for unipolar offset, bipolar zero, 
and gain error specify the maximum change from the initial 
(+2S°C) value to the value at TMIN or TMAx' 

Three-State (Output Buffer), see Bus 

Transient Response 
The transient response (or settling time) of an ADC is the time 
required for the ADC to settle to rated accuracy after the appli
cation of a full-scale step input. 

Transition, see Accuracy, Relative 

Transition, Major; see Major Transition 

Undersampling 
Sampling at a rate below Nyquist. Ordinarily this results in loss 
of information. However, the aliasing it produces can be used to 
translate the sidebands of a high frequency carrier down to a 
lower frequency for detection and demodulation, provided that 
the ADC has sufficient analog bandwidth. 

Unipolar Mode 
Operation of an ADC with zero-to-full-scale voltage inputs of 
one polarity only. 

Zero- and Gain Adjustment Principles 
The zero adjustment of a unipolar ADC is set so that the transi
tion from all-bits-off to LSB-on occurs at 112 x Z-' of nominal 
full scale. The gain is set for the fmal transition to all-bits-on to 
occur at FS (1 - [3/2 x 2-']). 

The "zero" of an offset-binary bipolar ADC is set so that the 
first transition occurs at - FS (1 - Z-') and the last transition 
at FS (1 - [3 x 2-"]). The data sheet instructions should be 
followed. 

Zero-Code Error 
The difference between the ideal 112-LSB offset at zero of an 
ADC and the actual value of input required to produce the first 
transition. 

Zero Drift 
The change with temperature of analog zero for an ADC operat
ing in the unipolar mode. It is generally expressed in ppm of 
FSrC, or LSBs. 
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11IIIIIIII ANALOG 
L.III DEVICES 

FEATURES 
Complete AID Converters with Reference and Clock 

AD570: 8 Bit 
AD571: 10 Bit 

Fast Successive Approximation Conversion - 25,.,s 
No Missing Codes Over Temperature 
Digital Multiplexing - 3 State Outputs 
18-Pin Ceramic DIP 
Low Cost Monolithic Construction 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTIONS 
The AD570/AD571 are successive approximation AID converters 
consisting of a DAC, voltage reference, clock, comparator, 
successive approximation register and output buffers - all fabri
cated on a single chip. No external components are required to 
perform full accuracy conversions in 25 .... s. 

The AD570/AD571 incorporate advanced integrated circuit 
design and processing technologies. They employ I2L (integrated 
logic) processing in the fabrication of the SAR function. Laser 
trimming of the high stability SiCr thin-flim resistor ladder 
network insures high accuracy, which is maintained with a 
temperature compensated, subsurface Zener reference. 

Operating on supplies of + 5V to + 15V and -15V, the AD5701 
AD571 will accept analog inputs of 0 to + lOY, unipolar or 
±5V bipolar, externally selectable. As the BLANK and CON
VERT input is driven low, the three-state outputs will be open 
and a conversion will commence. Upon completion of the con
version, the DATA READY line will go low and the data will 
appear at the output. Pulling the BLANK and CONVERT high 
blanks the outputs and readies the device for the next 
conversion. 

The devices are available in two versions: the "J" and "K" 
specified for the 0 to + 70°C temperature range. The "S" guaran
tees the specified accuracy and no missing codes from - 55°C to 
+ 125OC. 

*Coverecl by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 

REV. A 

8- and 10-Bit 
Analog -to-Digital Converters 

BIPOLAR 
OFFSET 
CONTROL 

AD570/AD571* I 
FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
COMMON 

BIT 
OUTPUTS 

L_~=======~~ ___ ..J·ADS710NLV. 

PRODUCT HIGHLIGHTS 
1. The AD571 is a complete lO-bit AID converter. The AD570 

is an 8-bit version which employs the same architecture. No 
external components are required to perform a conversion. 

2. The AD570/AD571 are single chip devices employing advanced 
IC processing techniques. Thus, the user has at his disposal 
a truly precision component with the reliability and low cost 
inherent in monolithic construction. 

3. The converters accept either uuipolar (0 to + lOY) or bipolar 
( - 5V to + 5V) analog inputs by simply grounding or opening 
a single pin. 

4. Each device offers the specified accuracy with no missing 
codes over its entire operating temperature range. 

S. Operation is guaranteed with -ISV and + 5V to + ISV 
supplies. The devices will also operate with a -12V supply. 

6. The AD570 and ADS71 are available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current 1883B data sheet for detailed 
specifications. 
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AD570 /AD571 SPECIFICA'JIONS (TA = +25°C, V+ = +5V, V- = -12Vor -15V, all voltages mea-
I K - K sured with respect to digital common, unless otherwise indicated) 

AD570J ADS70S 

Model MiD Typ Mas MiD Typ Mu: Vails 

RESOLUTION! 8 8 Bits 

RELATlVEACCUMCY 
T min to T max. ±11l ±11l LSB 

FULL-SCALE CAUBRA TION ±2 ±2 LSB 

UNIPOLAR OFFSET ±112 ±112 LSB 

BIPOLAR ZERO ±11l ±l12 LSB 

DIFFERENTIAL NONUNEARITY 

TmiD10Tmax 8 8 Bits 

TEMPERATURE RANGE 0 +70 -55 +125 "C 

TEMPERATURE COEFFICIENTS 
Unipolar Offset ±1 ±l LSB 

Bipolar Offset ±1 ±1 LSB 

Full·Scale Calibration ±2 ±2 LSB 

POWER SUPPLY REJECTION 
CMOS Positive Supply 

+ I3.5VsV + S; + 16.5V - - - - - - LSB 

TTL Positive Supply 
+4.5VsV+s;+5.5V ±2 ±2 LSB 

Negative Supply 
-16.0VsV - s; -13.5V ±2 ±2 LSB 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 ill 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 V 

Bipolar -5 +5 -5 +5 V 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 

Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Curreot 
(VoUT~0.4Vrnax, T..,;ntoTma.) 3.2 3.2 rnA 

Output Source Current 
(VoUT~2.4Vrna:, T..,;nto Tmoxl 0.5 0.5 rnA 

Output Leakage ±40 ±40 .. A 

LOGIC INPUTS 
Input Curreot ±100 ±100 .. A 

Logic"l" 2.0 2.0 V 

Logic "0" 0.8 0.8 V 

CONVERSION TIME 
Tmin to Tmax 15 25 40 IS 25 40 ... 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +5.0 +7.0 V 

V- -U.O -15 -16.5 -12.0 -15 -16.5 V 

OPERATING CURRENT 
V+ 7 10 7 10 rnA 

V- 9 IS 9 IS rnA 

PACKAGEOPTION2" 
Ceramic (D·18) AD570JD AD570SD 

NOTES 
!The AD570 is a seIec:ted version of the AD571 IO-bit A-to-D oonverter. Only TTL logic inputs should be connected to Pins I and 18 
(or no connection made) or damage may result. 

2D ~ Ceramic DIP. For outline information see Package Ioformation section. 
'For details on grade and package offerinss for SD-grade in accordance with MIL-STD-883, refer to Analog Devk:es Military 
Products databook or current 1883B data sheet. 

Specifications subject to cbange without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to ca1cuIate outgOing quality 
1eve1a. All min and rna: specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD570/AD571 
ADS71J ADS71K ADS71S 

Model Mill Typ Mal< Mill Typ Mu Mill Typ Mal< Ullita 

RESOLUTION 10 10 10 HilS 

RELATTVE ACCURACY, TA :1:1 :1:112 :1:1 LSB 
TmintoTmu: :1:1 :1:112 :1:1 LSB 

FULL·SCALECALIBRATION ±2 ±2 ±2 LSB 

UNIPOLAR OFFSET :1:1 :1:112 :1:1 LSB 

BIPOLAR ZERO :1:1 :1:1/2 :1:1 LSB 

DIFFERENTIAL NONLINEARITY, TA 10 10 10 HilS 
TmintoTmu: 9 10 10 Bits 

TEMPERA TURERANGE 0 +70 0 +70 -55 +125 'C 

TEMPERATURE COEFFICIENTS 
Unipolar Offset :1:2 :1:1 :1:2 LSB 
Bipolar Offset :1:2 :1:1 :1:2 LSB 
Full·Salle Calibration :1:4 :1:2 :1:5 LSB 

POWER SUPPLY REJECTION 
CMOS Positive Supply 

+ 13.SVsV + s + 16.SV - - - :1:1 - - - LSB 
TTL Positive Supply 

+4.SVsV+s+5.sV :1:2 :1:1 :1:2 LSB 
Negative Supply 

-16.0VsV - s - 13.SV :1:2 :1:1 :1:2 LSB 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 3.0 5.0 7.0 ill 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 0 +10 V 
Bipolar -5 +5 -5 +5 -5 +5 V 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
OutpUt Sink Current 

(VOUT = 0.4Vmax, Tml.toT..,.,J 3.2 3.2 
OutpUt Source Current l 

(VOUT = 2.4Vmax, Tmlnto T_) 0.5 0.5 
Output Leskage :1:40 :1:40 

LOGIC INPUTS 
Input Current :1:100 :1:100 
Logic"!" 2.0 2.0 
Logic "0" 0.8 0.8 

CONVERSION TIME 
TmintoTmu: IS 25 40 IS 25 40 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.S +5.0 +16.5 
V- -12.0 -IS -16.5 -12.0 -IS -16.5 

OPERATING CURRENT 
V+ 7 10 7 10 
v- 9 IS 9 IS 

PACKAGE OPTION2" 

Ceramic (D-18) AD571JD AD571KD 

NOTES 
IThe data outpUt lines have active pull·ups to source 0.5mA. The DATA READY line is open collector with 
a nomiDal6kO intemal pull-up resiator. 

2D = Ceramic DIP. For outline information see Packase Information section. 

3.2 

0.5 

2.0 

IS 

+4.5 
-12.0 

'For details on grade and packase offeringa for SD-srade in acc:ordance with MIL-STD-883, refer to Aoalos Devices Military 
Products databook or current 1883B data sheet. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production unita at fiDal 
electrical teat. ReaulIS from those teslS are used to calculate outgOins qualiry 
levels. All min and max specific:ations are guaranteed, although only those 
shown in boldface are tested on all production unilS. 

mA 

rnA 
:1:40 fIoA 

:1:100 tJA 
V 

0.8 V 

25 40 flo· 

+5.0 +7.0 V 
-IS -16.5 V 

7 10 mA 
9 IS mA 

AD571SD 
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AD570{AD571 
ABSOLUTE MAXIMUM RATINGS 

V+ to DigitalCommon AD570j, S/AD571j, S 
AD571K 

V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common 
Control Inputs ....... . 
Digital Outputs (Blank Mode) 
Power Dissipation ..... . 

CIRCUIT DESCRIPTION 

· . Oto +7V 
· 0 to + 16.5V 
· 0 to -16.0V 

.. ±IV 

. ±15V 
o to V+ 
o to V+ 
800mW 

The AD571 is a complete 10-bit AID converter which requires 
no external components to provide the complete successive 
approximation analog~to-digital conversion function. The AD570 
is an 8-bit version. A functional block diagram of the AD5701 
AD571 is shown below. Upon receipt of the CONVERT command, 
the internal 10-bit (AD571) current output DAC is sequenced 
by the I2L successive approximation register (SAR) from its 
most-siguificant bit (MSB) to leasrcsiguificiant bit (LSB) to 
provide an output current which accurately balances the input 
signal current through the SkU input resistor. The comparator 
determines whether the addition of each successively weighted 
bit current causes the DAC current sum to be greater or less 
than the input current. If the sum is less, the bit is left on; if 
more, the bit is mrned off. After testing all the bits, the SAR 
contains a lO-bit binary code which accurately represents the 
input signal to within ± 1I2LSB (0.05%). 

Upon completion of the sequences, the SAR sends out a DATA 
READY signal (active low), which also brings the three-state 
buffers out of their "open" state, making the bit output lines 
become active high or low, depending on the code in the SAR. 
When the BLANK and CONVERT line is brought high, the 
output buffers again go "open", and the SAR is prepared for 
another conversion cycle. Details of the timing are given further 
on. 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperamre. The bipolar offset 
input controls a switch which allows a positive bipolar offset 
current to be injected into the summing ( + ) node of the comparator 
to offset the DAC output. The nominal 0 to + lOY unipolar 
input range now becomes a - 5V to + 5V range. The SkU thin
flim input resistor is trimmed so that with a full-scale input 
signal, an input current will be generated which exactly matches 
the DAC output with all bits on. (The input resistor is trimmed 
slightly low to facilitate user trimming, as discussed on the next 
page.) 

POWER SUPPLY SELECTION 
The AD570/AD571 are designed for optimum performance 
using a + SV and -15V supply, for which the j and S grades 

CHIP BONDING DIAGRAM 

-AD671 ONLY. 

are specified. AD571K will also operate with up to a + ISV 
supply, which allows direct interface to CMOS logic. 

'" OUTPUTS 

AD5701AD571 Functional Block Diagram 

CONNECTING THE ADS70/ADS71 FOR STANDARD 
OPERATION 
The AD570/AD571 contain all the active components required 
to perform a complete AID conversion. Thus, for most situations, 
all that is necessary is connection of the power supply ( + 5 and 
-IS), the analog input, and the conversion start pulse. The 
functional pin oUts are shown below. 

AD570 Pin Connections > AD571 Pin Connections 
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FULL-SCALE CALIBRATION 
The 5kO thin-film input resistor is laser trimmed to produce a 
current which matches the full-scale current of the internal 
DAC when a full-scale analog input voltage of 10 volts - ILSB 
is applied at the input. The input resistor is trimmed in this 
way so that if a fine-trimming potentiometer is inserted in series 
with the input signal, the input current at the full-scale input 
voltage can be trimmed down to match the DAC full-scale current 
as precisely as desired. However, for many applications the 
nominal 9.990 (9.961 for the AD570) volt full scale can be achieved 
to sufficient accuracy by simply inserting a ISO resistor in series 
with the analog input to Pin 13. Typical full-scale calibration 
error will then be about ± 2LSB. If the more precise calibration 
is desired, a trimmer should be used instead. A 500 potentiometer 
should be used with the AD571 and a 2000 with the AD570. 
Set the analog input at full scale and set the trimmer so that the 
output code is just at the transition between 1111111110 and 
1111111111. Each LSB will then have a weight of IOV/2N (where 
N = number of bits). 

BIPOLAR OPERATION 
The standard unipolar 0 to + IOV range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a - 5V to + 5V range with 
an offset binary code. The bipolar offset control input is not 
directly TTL compatible, but a TTL interface for logic control 
can be constructed as shown in Figure I. 

110. DR 

Aco .. ADS71 

'EP--~~~~-------r;g~~~R 
CONTROL 

-16V 

Figure 1. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ± 5V Input Range 

COMMON-MODE RANGE 
The AD570/AD571 provide separate analog and digital common 
connections. The circuit will operate properly with as much as 
±200mV of common-mode range between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog return. 

In normal operation the analog common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into analog common in 
the unipolar mode after a conversion is complete. An additional 
lmA will flow in during a blank interval with zero analog input. 
The analog common current will be modulated by the variations 
in input signal. 

The absolute maximum voltage rating between the two commons 
is ± I volt. We recommend the connection of a parallel pair of 

REV. A 

AD570/AD571 
back-to-back protection diodes between the commons if they are 
not connected locally. 

ZERO OFFSET 
The apparent zero point of the AD570/AD571 can be adjusted 
by inserting an offset voltage between the analog common of the 
device and the actual signal return or signal common. Figure 2 
illustrates two methods of providing this offset for the AD571. 
Figure 2a shows how the converter zero may be offset by up to 
± 3 bits to correct the device iuitial offset andlor input signal • 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 

r-------------IA'N 

+15V -15V 

ZERO OFFSET ADJ 
:l:381T RANGE 

Figure 2a. 

AD5701 
AD571 

RESISTOR VALUES 

AD570 AD572 
RT 39n Ton 
R2 10n 2.7n 

AD5701 
AD571 

AcoM 

lS: BIT ZERO OFFSET 

Figure 2b. 

Figure 3 shows the nominal transfer curve near zero for an 
AD571 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transiti!lns so that they fall between the nominal 
bit weights, as shown in the offset characteristics_ This offset 
can easily be accomplished as shown in Figure 2b. At balance 

OUTPUT 
CODE 

0000000100 

0000000011 

0000000010 

0000000001 

~oomro ~~~~~-+_+-__ 
ov ,OmV 30mV 50mV 

INPUT VOLTAGE 

NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 

r--
I 

OV ,OmV 30mV 50mV 
INPUT VOLTAGE 

OFFSET CHARACTERISTICS WITH 
2.70 IN SERIES WITH ANALOG COMMON 

Figure 3_ AD571 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights-9.755mV) , 

(after a conversion) approximately 2mA flows into the analog 
common terminal_ A 2.70 resistor in series with this terminal 
will result in approximately the desired 112 bit offset of the 
transfer characteristics. The nominal2mA analog common current 
is not closely controlled in manufacture. If high accuracy is 
required, a 50 potentiometer (connected as a rheostat) can be 
used as Rl. Additional negative offset range may be obtained by 
using larger values of Rl. Of course, if the zero transition point 
is changed, the full-scale transition point will also move. Thus, 
if an offset of 1I2LSB is introduced, full-scale trimming as pre
viously described should be done with an analog input of 9.985 
volts. 

NOTE: During a conversion transient currents from the analog 
common terminal will disturb the offset voltage. Capacitive 
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AD5701AD571 
decoupling should not be used around the offset network. These 
transients will settle as appropriate during a conversion. Capacitive 
decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive' 
offset network. 

BIPOLAR CONNECTION 
To obtain the bipolar - SV to + SV range with an offset binary 
output code the bipolar offset control pin is left open. 

A - 5.0 volt signal will give a lO-bit code of 00000000 00; an 
input of 0.00 volts results in an output code of 10000000 00 and 
+4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve for the ADS71 is shown in Fignre 4. 
The MSB transition for both the ADS70 and the ADS71 occurs 
at a -4.88mV input. 

OUTPUT 
CODE 

1000000010 

1000000001 

1000000000 

01111 11111 

01111 11110 
I __ .J 

r--
I 

-30 -20 -10 0 +10: +20 +30 

INPUT VOLTAGE - mV ' 

Figure 4. AD571 Transfer Curve - Bipolar Operatio'n 

CONTROL AND TIMING OF THE AD570/AD571 
There are several important timing and control features on the 
ADS70/ADS71 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of control 
systems. All of these features are shown in the timing diagram 
in Figure 5. 

Bille 
INPUT 

]iii 
OUT 

DATA 
OUT 

Figure 5. AD5701AD571 Timing and Control Sequences 

The normal standby situation is shown at the left ,end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be "open", and the DATA READY 
(DR) line will be high. This mode is the lowest power state of 
the device (typically lS0mW). When the (B & C) line is brought 
low, the conversion cycle is initiated; but the DR and data lines 
do not change state. When the conversion cycle is complete 
(typically 2SlJ.s), the DR line goes low, and within SOOns, the 
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data lines become active with the new data. 

About 1.5IJ.S after the B & C line is again brought high, the DR 
will go high and the data lines will go open. When the B & C 
line is again brought low, a new conversion will begin. The 
mininiuttr pulse width for the B & C line to blank previous data 
and starl II new converSion is 21J.s; If the the B & C line is brought 
high'during a conversion, the conversion will stop, and the DR 
and data lines will not change. If a 2IJ.s or longer p'Ulse is applied 
to the B & C line during a conversion, The converter will clear 
and start"a new conversion cycle. 

CONTROL MODES WITH BLANK AND CONVERT 
The timing sequence of the ADS70/ADS71 discussed above 
allows the devices to be easily operated in a variety of systems 
with differing' control modes. The two most common control 
modes, the convert pUlse mode and the multiplex mode, are 
illustrated here. 

Convert Pulse Mode - In this mode, data: is presen~ at the output 
of the converter at all times except when conversion is taking 
place. Figure 6 illustrates the timing of this mode. The BLANK 
and CONVERT line is normally low and conversions are triggered 
by a positive pulse. 

CONVERT 
PULSE 

ea.c ~_-' ____ -,---,-, __ _ 

CONVERT 

DR ___ --In INTERVAL 

PREVIOUS ~LA"N'kW NEW 
OUTPUTS DATA 9,!~NJQO_..;D:::A:.:T.:::A ___ _ 

Figure 6. Convert Pulse Mode 

Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 7. 

CONVERSION 
B&C I~STARTS 

CONVERSION 
ENDS 

DR --------.1' 10;;: END DATA 
L--.J READOUT 

OUTPUTS 

Figure 7. Multiplex Mode 

This operating mode allows multiple converters to drive common 
data lines. All BLANK and CONVERT lines are held high to 
keep the outputs blanked. A single ADS71 is selected, its BLANK 
and CONVERT line is driven low and at the end of conversion, 
which is indicated by DATA READY going low, the conversion 
result will be present at the outputs. When this data has been 
read froill the IO-bit bus, BLANK and CONVERT is restored 
to the blank mode to clear the data bus for other converters. 
When several converters are multiplexed in sequence,a new 
conversion may be started in one ADS70/ADS71 while data is 
being read (rom another. As ,long a~ the data is read and the 
first ADS70/ADS71 is cleared Within lSlJ.s after the start of 
conversion of the second ADS70/ADS71, no data overiap will 
occur. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
PERFORMANCE 
True 12-Bit Operation: Max Nonlinearity <±0.012% 
Low Gain T.C.: < ±1S ppm/"C (ADS72B) 
Low Power: 900 mW 
Fast Conversion Time: < 2S ,...s 
Monotonic Feedback DAC Guarantees No Missing 

Codes 

VERSATILITY 
Aerospace Temperature Range: 

-SS·C to +12S·C (ADS72S) 
Positive-True Serial or Parallel Logic Outputs 
Short-Cycle Capability 

VALUE 
Precision + 1 0 V Reference for External Application 
Internal Buffer Amplifier 
High Reliability Package 

GENERAL DESCRIPTION 
The ADS72 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence, comparator, and buffer amplifier. Its hybrid IC design 
utilizes MSI digital and linear monolithic chips and active laser 
trimming of high-stability thin-film resistors to provide superior 
performance, flexibility and ease of use, combined with IC size, 
price, and reliability. 

Important performance characteristics of the ADSn include a 
maximum linearity error at 2S·C of ±0.012%, gain T.C. below 
IS ppmrc, typical power dissipation of 900 mW, and conver
sion time of less than 2S ILS. Of considerable significance in 
aerospace applications is the guaranteed performance from 
-SS·C to + 12S·C of the ADS72S. Monotonic operation of the 
feedback DI A converter guarantees no missing output codes 
over temperature ranges of O·C to +70·C, -2S·C to +8S·C, and 
-SS·C to + 12S·C. 

The design of the ADS72 includes scaling resistors that provide 
analog input signal ranges of ±2.S, ±S.O, ± 10, 0 to +S, or 0 to 
+ 10 volts. Adding flexibility and value are the + 10 V precision 
reference, which also can be used for extenial applications, and 

12-Bit Successive Approximation 
Integrated Circuit AID Converter 

AD572* I 
FUNCTIONAL 8LOCK DIAGRAM 

the input buffer amplifier. All digital signals are fully TTL com
patible, and the data output is positive-true and available in ei
ther serial or parallel form. 

The ADS72 is available in three versions with differing guaran
teed performance characteristics and operating temperature 
ranges; the "A" and "8" are specified from -2S·C to +SsoC, 
and the "S" from -SsoC to +12SoC. 

PRODUCT DESCRIPTION 
The ADSn functional diagram and pinout are shown above. 
The device consists of the following monolithic bipolar circuit 
elements: 

1. Twelve-bit successive-approximation register 

2. Twelve-bit DAC 

3. Low-drift comparator 

4. Temperature-compensated precision + to V reference 

5. High-impedance buffer follower 

6. Gated clock and digital control circuits 

ORDERING GUIDE 

Specification Max Max Guaranteed Temp Range Package 
Model Temp Range Gain TC Reference TC No Missing Codes Option* 

AD572AD -25°C to +S5°C ±30 ppmrc ±20 ppmrc O°C to +70°C DH-32C 
AD572BD - 2SoC to + SsoC ±IS ppmrc ±10 ppmrc - 250C to + SsoC DH-32C 
AD572SD -55°C to + 125°C ±15 ppmrc (-25°C to +S5°C) ±20ppmrC -S5°C to + 125°C DH-32C 

±2S ppmrc (-5S0C to +12S0C) 
AD572SD/S83B Meets all specifications after processing to the requirements of MIL-STD-8S3, Method SOOS, Class B. 

Refer to Analog Devices Military Databook for details. 

*DH·32C = Size Brazed Ceramic Dip for Hybrid (Medium Cavity). For outline information see Package Information section. 

*Protected by U.S. Patent Nos. 3,961.326; 3,803,590; and 3,747,088. 
This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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AD572 ~SPECIFICATIONS (typical @ + 25°C, ± 15 V and + 5 V unless otherwise noted) 

Model 

RESOLUTION 

ANALOG INPU'I:S 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
o to +S V, ±2.5 V 
o to + 10 V, ±s V 
±IOV 

Buffet Amplifier 
Impedance (min) 
Bias Current 
Settling Time 

to 0.01% ofFSR for 20 V Step 

DIGITAL INPUTS 
Convett Command 
Logic Losding 

TRANSFER CHARACTERISTICS 
Gain Error (Note 2) 
Unipolar Offset Eftor 
BipOlar Offset ErtOr 
Unearity ErtOr (max) 
Inherent Quantization ErtOr 
Differential Lineatity Error 

No Missing Codes 
Power Supply Sensitivity 

±Is V 
±SV 

TEMPERATURE COEFFICIENTS 
Gain (max) 

Unipolar Offset 
Bipolar Offset (max) 
Linearity 

CONVERSION TIME (max) 

DIGITAL OUTPUTS (All Codes Positive-True) 
Parallel Data 

Unipolar Code 
Bipolar Code 
Ootput Drive 

Serial Data (NRZ format) 
Unipolar Code 
Bipolar Code 
OotpUt Drive 

Status 
Status 

Ootput Drive 
Internal Clock 

Ootput Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max Extetnal Curtent 
Voltage Temperature Coefficient (max) 

POWER REQUIREMENTS 
Supply VoltagesiCurtents 

Total Power Dissipation 

TEMPERATURE RANGE 
Specification 
Operaring 
Storage 

NOTES 
·Same specification as ADS72AD. 

··Same specifications as AD572BD. 

AD572AD AD572BD AD572SD 

12 Bits • · 
±2.S, ±S.O, ± 10.0 V · · Oto +5,Oto +IOV · · 
2.S ill · · s.Okn · • 
lOill · .• 
looMn • • 
SOnA • · 
21-'s • · 
Note I • · I TTL Load • · 
±O.OS% FSR (Adj to Zero) • · ±O.OS% FSR (Adj to Zeta) • · ±O.I % FSR (Adj to ZetO) • · ±0.012% FSR • • 
±112 LSB · • 
±112 LSB · • 
Guaranteed: O"C to + 7O"C Guaranteed: - 25"C to + S5"C Guaranteed: -ss·C to + 125"C 

±0.002% FSRI%Ll.Vs · • 
±O.ool% FSRI%.<i.Vs · • 

±30 ppmf'C (-2S"C to +8s"C) ±Is ppmf'C (-2S·C to +SS"C) ±15 ppmf'C (-2S"C to +SS"C) 
±2s ppmf'C (-ss"C to + 125"C) 

±3 ppm FSRI"C ± 5 ppm FSRI"C (max) .. 
±IS ppm FSRI"C ±7 ppm FSRI"C .. 
±3 ppm FSRI"C ±2 ppm FSRI"C .. 
2sI-'s · • 

Binary • · Offset Binaryrrwos Complement • · 2 TTL Loads • · 
Binary • · Offset Binary • · 2 TTL Loads • · Logic "I" during Conversion • • 
Logic "0" during Conversion · • 
2 TTL Loads · • 
2 TTL Loads · • 
SookHz • • 
+10.00 V, ±IO mV typ · • 
±lmA · • 
±20 ppmf'C ±IO ppmf'C • 

+15 V, ±S% @ +2S mA (40 max) · · -15 V, ±S% @ -20 mA (35 max) · • 
+S V, ±S% @ +80 mA (ISO max) · • 
92SmW · • 

- 2S·C to + SS"C · - SS·C to +l2S"C 
-sS"C to +l2S·C · · -SS"C to + ISO"C • · 

Note I Positive pulse 200 ns wide (min). Leading edge ("0" to "I") resets registers. Trailing edge ("I" to "0") initiates conversion. 
Note 2 With SO n. 1% fixed resistor in place of Gain Adjust pot. 

Specificatiuns subject to change without notice. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 10-Bit AJD Converter with Reference, Clock 

and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20IJ.S 

typ 
No Missing Codes Over Temperature 
Operates on +5Vand -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS73 is a complete 10-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy lO-bit con
version in 20,...s. 

The ADS73 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I2L (integrated injection logic). Laser trim
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of + SV and -12V to - ISV, the ADS73 
will accept analog inputs of 0 to + lOY or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20,...s conversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 

The ADS73 is available in two versions for the 0 to + 70°C 
temperature range, the ADS73J and ADS73K. The ADS73S 
guarantees ± 1 LSB relative accuracy and no missing codes from 
- 55°C to + 125°C. 

Three package confIgurations are offered. All versions are offered 
in a 20-pin hermetically sealed ceramic DIP. The ADS73J and 
AD573K are also available in a 20-pin plastic DIP or 20-pin 
leaded chip carrier. 

"Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
aad 4,400,690 
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PRODUCT HIGHLIGHTS 
1. The ADS73 is a complete lO-bit AID converter. No external 

components are required to perform a conversion. 

2. The ADS73 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a lO-bit word or as 8-
and 2-bit words. 

3. The device offers true IO-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The ADS73 adapts to either unipolar (0 to + lOY) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and - l2V or -ISV 
supplies. 

6. The ADS73 is available in a version compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current 1883B datasheet for detailed specifications. 
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AD573 -SPECIFICA'JIONS (TA = 25V, V+ = +5V, V- = -12V or -15V, all Yoltages measured with respect 
" to digital common, unless otherwise indicated.) 

AD573J AD573K 
Model Min Typ Max Min Typ Max 

RESOLUTION 10 10 

RELATIVE ACCURACY' ±1 ±112 
TA = TmmtoTmu. ±1 ±112 

FULL SCALECALIBRATION2 :!:2 :!:2 

UNIPOLAR OFFSET ±1 ±112 

BIPOLAR OFFSET ±1 ±112 

DIFFERENTIAL NONLINEARITY' 10 10 
TA = TmintoTmax 9 10 

TEMPERATURE RANGE 0 +70 0 +70 

TEMPERATURE COEFFICIENTS' 
Unipolar Offset ±2 ±1 
Bipolar Offset ±2' ±1 
Full Scale Calibration2 :0:4 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+4.5"V+,,+5.5V ±2 ±1 
Negative Suppiy 

-15.75V"V - s -14.25V :0:2 ±1 
-12.6VsV-s-IL4V ±2 ±1 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 
Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 
(VoUT~0.4Vmax, Tmin to Tmaxl 3.2 3.2 

Output Source Current' 
(VOVT ~ 2AV min, Tminto T maxl 0.5 0.5 

Output Leakage :0:40 

LOGIC INPUTS 
Input Current ±100 
Logic"l" 2.0 2.0 
Logic "0" 0.8 

CONVERSION TIME 
TA = TmmtoTmu: 10 20 30 10 20 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +5.0 
V- -11.4 -15 -16.5 +11.4 -IS 

OPERATING CURRENT 
V+ IS 20 IS 
V- 9 15 9 

NOTES 
IRelative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

:0:40 

±100 

0.8 

30 

+7.0 
-16.5 

20 
15 

2Pull--scale calibration is guaranteed trimmable to zero with an external son potentiometer in place of the ISO 
f.xed resistor. Full scale is defined as 10 volts minus lLSBJ or 9.990 volts. 

3Defmed. as the resol~tion for which no missing codes will occur. 
4Change from +2S"C value from +2S"C to Tmin or T mall• 

sThe data output lines have active pull·ups to source O.5mA. The DATA READY line is open collector with 
a nominal 6kO internal pull-up resistor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested. on all production units. 
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. AD573S 
'Min Typ Max Units 

10 Bits 

±1 LSB 
±1 LSB 

±2 LSB 

:0:1 LSB 

±1 LSB 

10 Bits 
10 Bits 

-55 + 125 "C 

±2 LSB 
:0:2 LSB 
±5 LSB 

±2 LSB 

±2 LSB 
±2 LSB 

3.0 5.0 7.0 kl1 

0 +10 V 
-5 +5 V 

Positive True Binary 
Positive True Offset Binary 

3.2 rnA 

0.5 rnA 
:0:40 fJA 

±100 fJA 
2.0 V 

0.8 V 

10 20 30 ,.... 

+4.5 +5.0 +7.0 V 
-11.4 -IS -16.5 V 

IS 20 rnA 
9 IS rnA 
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Model 

AD573JN 
AD573KN 
AD573JP 
AD573KP 
AD573JD 
AD573KD 
AD573SD 

NOTES 

ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common .. 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) . 
Power Dissipation . . . . . . . . . . . . 

o to +7V 
o to -16.5V 

±lV 
±15V 

o to V+ 
o to V+ 
800mW 

ORDERING GUIDE' 

Temperature Relative 
Package Option2 Range Accuracy 

20-Pin Plastic DIP (N-20) Oto + 70°C ± lLSBmax 
20-Pin Plastic DIP (N -20) Oto + 70°C ± 1I2LSBmax 
20-Pin Leaded Chip Carrier (P-20A) Oto + 70°C ± lLSBmax 
20-Pin Leaded Chip Carrier (P-20A) Oto + 70°C ±1I2LSBmax 
20-Pin Ceramic DIP (D-20) Oto + 70°C ± lLSBmax 
20-Pin Ceramic DIP (D-20) Oto + 70°C ± 1I2LSBmax 
20-Pin Ceramic DIP (D-20) - 55°C to + 125°C ± lLSBmax 

'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices 
Military Products Databook. 
'0 = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. 

AD573 
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AD573 
FUNCTIONAL DESCRIPTION 
A block diagram of the ADS73 is shown in Figure 1. The positive 
CONVERT pulse must be at least SOOns wide. DR goes high 
within l.5fLs after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 10-bit 
current output DAC is sequenced by the integrated injection 
logic (l2L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the SkO resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 10-bit binary code which accurately represents the input signal 
to within ~LSB (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the outpUt buffers. HBE and 
LBE can then be activated to enable the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. 

BIPOLAR 
OFFSET -

CONTROL 

DtGITAL c_ 

10·BIT 
CURRENT 
OUTPUT 

DAC 

,....,. 
SAR 

r--' 
I om I 

:CLOCKf 
L. __ .J 

CONYERT 

MS8 
D .. 

DBI 

DB7 

DBO 
110. 

Das 
BYTE 

DBO 

D03 

D82 

L.....f>-+---i-l-:} ~ 
LBB 

Figure 1. AD573 Functional Block Diagram 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less IhLSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a - SV to + SV range. The Skn thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 
The ,l\DS73 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + SV 
and - 12V to -lSV), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 
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The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 

LOW BYTE ENABLE 

DATA READY 

ANALOG COMMON 

Figure 2. AD573 Pin Connections 

Full Scale Calibration 
The SkU thin film input resistor is laser trimmed to produce a 
current which matches the full sca1e current of the interna1 
DAC-plus about 0.3%-when an analog input voltage of 9.990 
volts (10 volts - 1LSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ± 2LSB or ± 0.2%. If more precise 
calibration is desired, a SOO trimmer should be used instead. 
Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 11111111 10 
and 11111111 11. Each LSB will then have a weight of 9. 766mV. 
If a nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 10.00mV), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be 8rranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be comprotnised if the externa1 resistor becomes 
a sizeable percentage of Skn. Figure 3 illustrates the connections 
required for full sca1e calibration. 

Figure 3. Standard AD573 Connections 

Unipolar Offset Calibration 
Since the Unipolar Offset is less than ± ILSB for all versions of 
the ADS73, most applications will not require trimming. Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 
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Figure 4a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. 

A .. 

AD573 

r-~~"""-~Ac... 
R2 R3 
7.5k 4.7k 

A,. 

AD573 

SIGNAL COMMON 
R' 
'Ok 

+15V -15V 

ZERO OFFSET ADJ 
±3 BIT RANGE 

SIGNAL COMMON 

'h BIT ZERO OFfSET 

Figure 4a. Figure 4b. 
Figure 4. Offset Trims 

Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 

OUTPUT 
COOE _ .. 
-" -,. _., 

~--
I 
I 

.......... I-4--+-+-t-+--
OV 10mV 30mV 60mV 

.twUT VOLTAGE 

NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 

OUTPUT r--
CODE I ....... , .. 

00000000 11 ........ ,. 
......... , 
"""""I-l+--+-+--<-+--

OV 10mV 30mV 50mV 
INPUT VOLTAGE 

OFfSET CHARACTERISTICS WITH 
2.7n IN SERIES WITH ANALOG COMMON 

Figure 5. AD573 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights - 9.766mVj 

This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.70 resistor in series with 
this terminal will result in approximately the desired Vz bit 
offset of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
high accuracy is required, a 50 potentiometer (connected as a 
rheostat) can be used as Rl. Additional negative offset range 
may be obtained by using larger values of Rl. Of course, if the 
zero transition point is changed, the full scale transition point 
will also move. Thus, if an offset of 'hLSB is introduced, full 
scale trimming as described on the previous page should be 
done with an analog input of 9.985 volts. 

NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupJing should not be used around the offset network .. These 
transients will setde appropriately during a conversion. Capacitive 
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decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 

BIPOLAR CONNECTION 
To obtain the bipolar - 5V to + 5V range with an offset binary 
output code, the bipolar offset control pin is left open. 

A - 5.000 volt signal will give a 10-bit code of 00000000 00; an 
input of 0.000 volts results in an output code of 10000000 00 
and + 4. 99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 6. 

OUTPUT 
COD< 

1000a000 '0 

, ....... ., 
10000000 00· 

01111'1' 11 

0111111110 
1 __ ..J 

-30 -20 -10 

~--
1 

+10 +20 +30 

INPUT VOLTAGE -mV 

Figure 6. AD573 Transfer Curve - Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
'hLSB such that an input voltage of 0 volts ± 5m V yields the 
code representing zero (10000000 00). Each output code is then 
centered on its nominal input voltage . 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is + 4.985 
volts. 

Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - 5V) which results in the 
00000000 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 

-l&V 

Figure 7. Bipolar Offset Controlled bV Logic Gate 
Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar:to 5V Input Range 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
ADS73 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
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AD573 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time,at which the signal is sampled. For the AD573, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD573 connected to the AD582 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
AD582 will acquire a 10 volt signal in less than lOlLS with a 
droop rate less than 10011 V/ms. 

-15V 15 VOLT 
COM 

Figure 8. Sample-Hold Interface to the AD573 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the AD582 into the hold mode while the AD573 begins its 
conversion cycle. (The AD582 settles to fmal vallie well in advance 
of the fl1"St comparator decision inside the AD573). 

DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a lOlLS delay to allow for 
signal acquisition by the AD582. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

GROUNDING CONSIDERATIONS 
The AD573 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200m V of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminaI may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE ADS73 
The operation of the AD573 is controlled by three inputs: CON
VERT, HBE and LBE. 
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Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 5000s wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The faIling edge of CONVERT begins the 
conversion cycle. When conversion is completed DR returns 
low. During the conversion cycle, HBE and LBEshouid be 
held high. If HBE or LBE goes low during a conversion, the 
data output buffers will be enabled and intermediate conversion 
results will be present on the data output pins. This may cause 
bus conflicts if other devices in a system are trying to use the 
bus. 

-~-4 '=:=t-
DR ~~voc ~~ 

-r-
Figure 9. Convert Timing 

Reading the Data 
The three-state data output buffers are enabled by HBE and 
LBE. Access time of these buffers is typically 150ns (250 
maximum). The Data outputs remain valid until SOns after the 
enable signal returns high, and are completely into the high-im
pedance state lOOns later. 

_~;HI~GH~ __ ~~::~~~==~ DBO-DB7 IMPEDANCE 
OR 

DBB-DBt 

figure 10. Read Timing 

TIMING SPECIFICATIONS (All grades, TA = TmJD - T....,J 

Parameter Symbol Min Typ Max Units 

CONVERT Pulse Width tcs 500 ns 
DR Delay from CONVERT tnsc 1 1.5 I1S 
Conversion Time tc 10 20 30 I1S 
Data Access Time too 0 150 250 ns 
Data Valid after HBE/LBE 

High tHD 50 ns 
Output Float Delay tHL 100 200 ns 

MICROPROCESSOR INTERFACE CONSIDERATIONS -
GENERAL 
When an anaIog-to-digital converter like the ADS 73 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD573 can interface to a microprocessor system with little or no 
external logic. 

The most popuIaf ,control signal configuration consists of decoding 
the address assigned to the AD573, then gating this signal with 
the system's WR signaI to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The)lse of a 
memory address and memory WR and RD signals denotes 
"memory-mapped" 110 interfacing, while the use of a separate 
110 address space denotes "isolated 110" interfacing. In 8-bit 
bus systems, the 10-bit AD573 will occupy two locations when 
data is to be read;thi:refore, two (usually consecutive) addresses 
must be decoded. One of the addresses can also be used as 
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the address which produces the CONVERT signal during WR 
operations. 

Figure 11 shows a generalized diagram of the control logic for 
an ADS73 interfaced to an 8-bit data bus, where two addresses 
(ADC ADDR and ADC ADDR + 1) have been decoded. ADC 
ADDR starts the converter when written to (the actual data 
being written to the converter does not matter) and contains the 
high byte data during read operations. ADC ADDR+ 1 performs 
no function during write operations, but contains the low byte 
data during read operations. 

"p 

OB7 

OBO 

Wii 

A"_A'{ 

RD 

1-----------...,....., OB9 
DB. 

8-BIT DATA BUS 

I----------H....., OB2 
OBI 
DB. 

Figure ". General AD573 Interface to 8-Bit 
Microprocessor 

AD573 

In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 

ADDRESS 
BUS 

ADCADOR 

~ ,--------., 

Wii-U 

~""--
CONVERT ~tc ===~.tL--_-_-_-_-_-

DR -==-.~-=--=-------1L 

Figure 12. Typical AD573 Interface Timing Diagram 

CONVERT Pulse Generation 
The ADS73 is tested with a CONVERT pulse width of SOOns 
and will typically operate with a pulse as short as 3OOns. However, 
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Interfacing to the AD573 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the ADS73. 

In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that tDse is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 2 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 

~_._--_t CONVERT Wii----, 
AD573 

AD573 

Figure 13a. Using 74LSOO Figure 13b. Using 11274LS74 

Output Data Format 
The ADS73 output data is presented in a left-justified format. 
The 8 MSBs (DB9-DB2, pins 10 through 3) are enabled by 
HBE (pin 20) and the 2 LSBs (DBI, DBO - pins 2 and 1) are 
enabled by LBE (pin 19). This allows simple interface to 8-bit 
system buses by overlapping the 2 MSBs and the 2 LSBs. The 
organization of the data is shown in Figure 14. 

When the least siguificant bits are read (LBE brought low), the 
six remaining bits of the byte will contain meaningless data. 
These unwanted bits can be masked by logically ANDing the 
byte with 11000000 (CO hex), which forces the 6 lower bits to 
logic 0 while preserving the two most significant bits of the 
byte. 

Note that it is not possible to reconfigure the ADS73 for right 
justified data. 

LBE I DB1 I DBD I x I x I x I x I x I x I 
Figure 14. AD573 Output Data Format 

In systems where all 10 bits are desired at the same time, HBE 
and LBE may be tied together. This is useful in interfacing to 
16-bit bus systems. The resulting IO-bit word can then be placed 
at the high end of the 16-bit bus for left justification or at the 
low elid for right justification. 

It is also possible to use the ADS73 in a "stand-alone" mode, 
where the output data buffers are automatically enabled at the 
end of a conversion cycle. In this mode, the DR output is wired 
to the HBE and LBE inputs. The outputs thus are forced into 
the high-impedance state during the conversion period, and 
valid data becomes available approximati:ly SOOns after the DR 
signal goes low at the end of the conversion. The SOOns delay 
allows propagation of the least significant bit through the internal 
logic. 

This mode is particularly useful for bench-testing of the ADS73, 
and in applications where dedicated 110 ports of peripheral 
interface adapter chips are available. 
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CONVERT 
PULSE 

Figure 15. AD573in "Stand-Alone " Mode 
(Output Data Valid 500ns After DR Goes Low) 

Apple II Microcomputer Interface 
The AD573 can provide a flexible, low-cost analog interface for 
the popular Apple II microcomputer. The Apple II, based on a 
IMHz 6502 microprocessor, meets all timing requirements for 
the ADS73. Only a few TIL gates are required to decode the 
signals available on the Apple II's peripheral connector. The 
recommended connections are shown in Fignre 16. 

APPLEU 
AD573 PERiPHERAL 

CONNECTOR 

Figure 16. AD573 Interface to Apple II 

The BASIC routine listed here will operate the AD573 circuit 
shown in Figure 16. The conversion is started by POKEing to 
the location which contains the ADS73. The relatively slow 
execution speed of BASIC eliminates the. need for a delay routine 
between starting and reading the converter. This routine assumes 
that the ADS73 is connected for a ± 5 volt input range. Variable 
I represents the integer value (from 0 to 1023) read from the 
ADS73. Variable V represents the actual value of the input 
signal (in volts). 

100 PRINT "WHICH SLOT IS THE AID IN";:INPUT S 
110 A= 49280+ 16*S 
120 POKE A,O 
130 L=PEEK(A) :H = PEEK(A + 1) 
140 1=(4*H)+INT(U64) 
150 V = (111024)*10-5 
160 PRINT "THE INPUT SIGNAL IS ";V;"VOLTS." 
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It is also possible to write a faster-executing assembly-language 
routine to control the AD573. Such a routine will require a 
delay between starting and reading the converter. This can be· 
easily implemented by clllling the Apple's WAIT subroutine 
(which resides at location $FCA8) after loading the accumulator 
with a number greater than or equal to two. 

SOSS-Series Microprocessor Interface 
The AD573 can also be used with 8085-series microprocessors. 
These processors use separate control signals for RD and WR, 
as opposed to the single RIW control signal used in the 6800/6500 
series processors. 

There are two constraints related to operation of the AD573 
with 8085-series processors. The first problem is the width of 
the CONVERT pulse. The circuit shown in Figure 17 (essentially 
the same as that shown in Figure 13) will produce a wide enough 
CONVERT pulse when the 8085 is running at SMHz. For 8085 
systems running at slower clock rates (3MHz), the flip-flop-based 
circuit can be eliminated since the WR pu1se will be approximately 
500ns wide. 

The other consideration is the access time of the AD573's three
state output data buffers, which is 250ns maximum. It may be 
necessary to insert wait states during RD operations from the 
ADS73. This will not be a problem in systems using memories 
with comparable access times, since wait states will have already 
been provided in the basic system design. 

BOSSA DB' ... ADS73 
DB8 

DB. DB2 
DB. 

liiii 
DBO 

CONVERT 

A •• 
M 

A. 

AD iiiE 

m 
Rii 

Figure 17. AD573-8085A Interface Connections 

The following assembly-language subroutine can be used to 
control an AD573 residing at memory locations 3000H and 3OO1H. 
The 10 bits of data are returned (left-justified) in the DE register 
pair. 

ADC: 

LOOP: 

LXI H,3000 
MOVM,A 
MVI B,06 
DCRB 
JNZLOOP 
MOVA,M 
ANI CO 
MOVE,A 
INR L 
MOVD,M 
RET 

; LOAD HL WITH AD573 ADDRESS 
; START CONVERSION 
; LOAD DELAY PERIOD 
; DELAY LOOP 

; READ LOW BYTE 
; MASK LOWER 6 BITS 
; STORE CLEAN LOW BYTE IN E 
; LOAD mGH BYTE ADDRESS 
; MOVE HIGH BYTE TO D 
; EXIT 
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FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
8- and 16-Bit Microprocessor Bus Interface 
Guaranteed Linearity Over Temperature 

o to + 70"C - ADS74AJ. K. L 
-SS"C to + 12SoC - ADS74AS. T. U 

No Missing Codes Over Temperature 
3S .... s Maximum Conversion Time 
Buried Zener Reference for Long-Term Stability 

and Low Gain T.C. 10ppmfC max ADS74AL 
12.SppmfC max ADS74AU 

Ceramic DIP. Plastic DIP or PLCC Package 
Available in Higher Speed. Pinout-Compatible Versions 

(1S .... s AD674B. 8 .... s AD774B; 10 .... s (with SHA) ADt674) 
Available in Versions Compliant with MIL-STD-883 

and JAN QPL. 

PRODUCT DESCRIPTION 
The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8- or 16-bit microprocessor bus. A 
high-precision voltage reference and clock are included on-chip, 
and the circuit guarantees full-rated performance without external 
circuitry or clock siguals. 

The AD574A design is implemented using Analog Devices' 
Bipolar/I2L process, and integrates all analog and digital functions 
on one chip. Offset, linearity and scaling errors are minimi2ed 
by active laser-trimming of thin-ftIm resistors at the wafer stage. 
The voltage reference uses an implanted buried Zener for low 
noise and low drift. On the digital side, I2L logic is used for the 
successive-approximation register, control circuitry and 3-state 
output buffers. 

The AD574A is available in six different grades. The AD574AJ, 
K, and L grades are specified for operation over the 0 to + 70·C 
temperature range. The AD574AS, T, and U are specified for 
the - 55·C to + 125·C range. All grades are available in a 28-pin 
hermetically-sealed ceramic DIP. Also, the J, K, and L grades 
are available in a 28-pin plastic DIP and PLCC, and the J and 
K grades are available in ceramic LCC. 

The S, T, and U grades in ceramic DIP or LCC are available 
with optional processing to MIL-STD-883C Class B; the T and 
U grades are available as JAN QPL. The Analog Devices' Military 
Products Databook should be consulted for details on /883B 
testing of the AD574A. 

"Protected by u.s. Pateot Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 
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PRODUCT HIGHLIGHTS 
1. The AD574A interfaces to most 8- or 16-bit microprocessors. 

Multiple-mode three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 

2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to + 10 and 0 to + 20 volts 
unipolar, - 5 to + 5 and - 10 to + 10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of ± 0.1 % can 
be trimmed to zero with one external component each. 

3. The internal buried Zener reference is trimmed to 10.00 
volts with 0.2% maximum error and 15ppmfC typical T.C. 
The reference is available externally and can drive up to 
1.5mA beyond the requirements of the reference and bipolar 
offset resistors. 

4. AD674B (15,,"s) and AD774B (8,,"s) provide higher speed, 
pin compatibility; ADI674 (IO,,"s) includes on-chip Sample
Hold Amplifier (SHA). 
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AD574A ~ SPECIFICATIONS (@ + 25"& with Vee = + 15V or + 12V, VLDile = + 5V, VfI = -l5Vor -12V. 
IIIIess otherwise indicallld) 

AD574AJ 
Model Min Typ Max 

RESOLUTION 12 

LINEARITYERROR@+25"C ±I 
Tminto Tmax ±I 

DIFFERENTIAL LINEARITY ERRoR 
(Minimum resolution for which no 
missing codes are guaranteed) 

TmintoTrnu: 11 

UNIPOLAR OFFSET (Adjustable to zero) . ±2 

BIPOLAR OFFSET (Adjustable to zero) ±4 

FULL-SCALE CALIBRATION ERROR 
(with fIXed 500 resistor froID REF OUT to REF IN) 
(Adjustable to zero) 0.25 

TEMPERATURE RANGE 0 +70 

TEMPERATURE COEFFICIENTS 
(Usiog internal reference) 

TmintoTmax 
Unipolar Offset ±2(1O) 
Bipolar Offset ±2(10) 
Full-Scale Calibration ±9(50) 

POWER SUPPLY REJECTION 
Max cbange in Full Scale Calibration 
Vcc~15V ±1.5Vor12V ±0.6V ±2 
VLOGIC~5V ±0.5V rl/2 
VEE ~ -15V ± 1.5V or -12V +0.6V ±2 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 
-10 +10 

Unipolar 0 +10 
0 +20 

Input Impedance 
10 Volt Span 3 5. 7 
20 Volt Span 6 10 14 

DIGITAL CHARACTERISTICS' (Tmm-T...,.) 
InputS' (CE,CS,RlC,Ao) 

Logic "I" Voltage +2.0 +5.5 
Logic "0" Voltage -0.5 +O.S 
Current -20 +20 
Capacitance 5 

Outputs (DBII-DBO, STS) 
Logic "I" Voltage (ISOURCE",5OO ... A) +2.4 
Logic "0" Voltage (ls1NK'" 1.6mA) +0.4 
Leakage (DBII-DBO, Higb-Z Staie) -20 +20 
Capacitance 5 

POWER SUPPLIES 
Operating Range 

VUXItC +4.5 +5.5 
Vee +11.4 +16.5 
VEE -11.4 -16.5 

Operatins Current 
lLOGIC 30 40 
lee 2 5 
lEE IS 30 

POWER DISSIPATION 390 725 

INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 
Output current (available for externalloada)' 1.5 
(External load should not changedurins conversion) 

PACKAGE OPTIONS' 
Ceramic (D-2S) AD574ASD 
Plastic (N-2S) AD574AJN 
PLCC(P-2SA) AD514AJP 
LCC(E-2M) AD574AJE 

NOTES 
IDetailed Timing Specifications appear in the Timing Section. 
21m Inputis not TTL-compatible and must be hard wired to VLOGIC or Digital Common. 
3The reference should be buffered for operation on ± 12V supplies. 
4D = CeramicDIP;N = Plastic DIPj P = Plastic Leaded ChipCarrier. For outline 

information see Package Information section. 
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AD574AK AD574AL 
Min Typ Max Min Typ Max Uaits 

,12 12 Bits 

±112 ±112 LSB 
±112 ':112 LSB 

12 12 Bits 

±I ±I LSB 

±4 ±2 LSB 

0.25 0.125 %ofF.S. 

0 +70 0 +70 "C 

±l(5) ±1(5) LSB (ppmI"C) 
±1(5) ±1(5) LSB (ppml"C) 
±5(27) ±2(10) LSB (ppml"C) 

±I ±I LSB 
±112 ±112 LSB 
±I ±I LSB 

-5 +5 -5 +5 Volts 
-10 +10 -10 +10 Volts 
0 +10 0 +10 Volts 
0 +20 0 +20 Volts 

3 5 7 3 5 7 ldl 
6 10 14 6 10 14 ldl 

+2.0 +5.5 +2.0 +5.5 Volts 
-0.5 +O.S -0.5 +O.S Volts 
-20 +20 -20 +20 pA 

5 5 pF 

+2.4 +2.4 Volts· 
+0.4 +0.4 Volts 

-20 +20 -20 +20 pA 
5 5 pF 

+4.5 +5.5 +4.5 +5.5 Volts 
+11.4 +16.5 +11.4 + 16.5 Volts 
-11.4 -16.5 -11.4 -16.5 Volts 

30 40 30 40 mA 
2 5 2 5 mA 
IS 30 IS 30 mA 

390 725 390 725 mW 

9.98 10.0 10.02 9.99 10.0 10.01 Volts 
1.5 1.5 mA 

AD574AKD AD574ALD 
AD574AKN AD514ALN 
AD574AKP AD574ALP 
AD574AKE 

Specifications shown in boldface are tested on all production units at final electri-: 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
Specifications subject to change without notice. 
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AD574AS AD574AT AD574AU 

Model MiD Typ Max MiD Typ Max Min Typ Max 

RESOLUTION 12 12 12 

LINEARITY ERROR@ + 2S"C ±1 :t:112 :1:112 

TmintoTmax :1:1 :1:1 ±1 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

TmintoTmax 11 12 12 

UNIPOLAR OFFSET (Adjustable to zero) :1:2 :1:1 :1:1 

BIPOLAR OFFSET (Adjustable to zero) :1:4 :1:4 ±2 

FULL·SCALECALIBRATION ERROR 
(with fIXed SOil resistor from REF OUT to REF IN) 
(Adjustable to zero) 0.25 0.25 0.125 

TEMPERATURE RANGE -55 +125 -55 +125 -55 +125 

TEMPERA TURECOEFFICIENTS 
(Using internal reference) 

TmintoTmax 

Unipolar Offset :1:2(5) ±1(2.5) :1:1(2.5) 

Bipolar Offset :1:4(10) :1:2(5) ±1(2.S) 

Full-Scale Calibration :1:20(50) ±10(2S) :1:5(12.5) 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 
Vcc~ISV ±1.5Vor12V ±0.6V ±2 ±1 :1:1 

VLOGIC = SV ± O.SV :1:112 ±112 ±112 

VEE = -15V ± 1.5Vor -12V ± O.6V ±2 :1:1 :1:1 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 +5 -5 +5 

-10 +10 -10 +10 -10 +10 

Unipolar 0 +10 0 +10 0 +10 

0 +20 0 +20 0 +20 

Input Impedance 
10 Volt Span 3 5 7 3 5 7 3 5 7 

20 Volt Span 6 10 14 6 10 14 6 \0 14 

DIGITAL CHARACTERISTICS' (Tntin-T m",) 

Inputs'(CE,Cs,RlC,Ao) 
Logic "I" Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 

Logic "0" Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 

Current -20 +20 -20 +20 -20 +20 

Capacitance 5 5 5 

Outputs (DBII-D8O, STS) 

Logic "I" Voltage (IsoURCE"'SOO"A) +2.4 +2.4 +2.4 

Logic "0" Voltage (ISlNK'"1.6rnA) +0.4 +0.4 +0.4 

Leokage (DBII-DBO, High·Z State) -20 +20 -20 +20 -20 +20 

Capacitance 5 5 5 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.5 +5.5 +4.5 +5.5 +4.5 +5-.5 

Vee +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 

V •• -11.4 -16.5 -11.4 -16.5 -11.4 -16.5 

OperatingCurrent 
I LOGIC 30 40 30 40 30 40 

Icc 2 5 2 5 2 5 

lEE 18 30 18 30 18 30 

POWER DISSIPATION 390 725 390 725 390 725 

INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 9.98 10.0 10.02 9.99 10.0 10.01 

Output current (available for externalloads)3 1.5 1.5 1.5 

(Extemalload should not change during conversion) 

PACKAGE OPTIONS' 
Ceramic (D.28) ADS74ASD ADS74ATD ADS74AUD 

NOTES 
ID~ Timing Specifications appear in tbe Timing Section. 
212/8 Input is not TTL-compatible and must be hard wired to V LOGIC or Digital Common. 
3The reference should be buffered foroperationon ± 12V supplies. 
4D = Ceramic DIP. Foroutline information see Package Information section. 

SpeciflClltions subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgOing quality levels. AU 
min and max specifications are guaranteed, although only tbose shown in 
boldface are tested on all production units. 

AD574A 

Units 

Bits 

LSB 

LSB 

Bits 

LSB 

LSB 

%ofF.S. 

"C 

LSB (ppm/°C) 
LSB (ppm/0C) 

LSB(ppml"C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

k!l 
k!l 

Volts 
Volls 

...a 
pF 

Volts 
Volts 

"A 
pF 

Volts 
Volts 
Volts 

rna 
rna 
rna 
mW 

Volts 
rna 
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AD574A Block Diagram and Pin Configuration 

ABSOLUTE MAXIMUM RATINGS· 
(Specifications apply to all grades, except where noted) 

Vex: to Digital Common .. 
VEE to Digital Common .. 
VLOGIC to Digital Common 
Analog Common to Digital Common 
ControlInpulS (CE, CS, Ao, 12/8, RIC) to 

.0 to + 16.5V 

.0 to -16.5V 
. Oto +7V 

.•..... ±IV 

Chip Temperature . • . . . • 
Power Dissipation . • . . . . 
Lead Temperature, Soldering 
Storage Temperature (Ceramic) 

(Plastic) . 

. • . .. 175"(; 

.•.• 825mW 
+ 300"C, 10 sec. 

- 65·C to + 1500c 
- 25"(; to + l000c 

Digital Common .. -0.5V to VLOGIC +0.5V 
Analog InpulS (REF IN, BIP OFF, 10V IN) to 

Analog Common ....••.. VEE to Vex: 
20VIN to Analog Common. . .•........ ±24V 
REF OUT ........... Indefinite short to common 

Momentary short to Vex: 

·StresSeS above those listed UDder "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

Temperature Linearity Error 
Modell Range Max{T ..... toT....,.) 

AD574A](X) Oto +70·C ±ILSB 
ADS74AK(X) Oto +70·C ± 1I2LSB 
AD574AL(X) Oto +70"C ±1I2LSB 
AD574AS(Xi - SS·C to +12S·C ±ILSB 
AD574AT(Xi - SSOC to + 12SoC ±ILSB 
AD574AU(Xi - 55°C to + 125°C ±ILSB 

NOTES 
'X = Package designator. A vaiI.ble packages are: 

D (D-28) for all grades. 
E (E-28A) (or J .ndKgrsdesand/883B processedS, Tand U grades. 
N(N-28)for J, K,and Lgrsdes. 
P(P-28A)for PLCC in J, Kgrsdes. 

Example: AD574AKN is KgrsdeinpJasticDIP. 

Resolution Max 
No Missing Codes Full Scale 
{T ..... to T....,.) T.C.(ppmIOC} 

11BilS 50.0 
12BilS 27.0 
12 Bits 10.0 
11 Bits SO.O 
12BilS 2S.0 
12 Bits 12:5 

'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Device. Military 
Products Databook. 
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AD574A 

THE ADS74A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE RANGE 

DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale". The point 
used as "zero" occurs 1I2LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB "on"). "Full 
scale" is defmed as a level I 1I2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 

The AD574AK, L, T, and U grades are guaranteed for maximum 
nonlinearity of ± 1I2LSB. For these grades, this means that an 
analog value which falls exacdy in the center of a given code 
width will result in the correct digital output code. Values nearer 
the upper or lower transition of the code width may produce the 
next upper or lower digital output code. The AD574AJ and S 
grades are guaranteed to ± ILSB max error. For these grades, 
an analog value which falls within a given code width will result 
in either the correct code for that region or either adjacent one. 

Note that the linearity error is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the AD574AK, L, T, and U grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The AD574AJ and S grades guarantee no missing codes 
to ll-bit resolution over temperature; this means that all code 
combinations of the upper II bits must be present; in practice 
very few of the 12-bit codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 1I2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition point 
over temperature, with or without external adjustment. 

BIPOLAR OFFSET 
In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 1/2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 

REV. A 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ± 1I2LSB. This unCertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the AD574A is left-justified. This 
means that the data represents the analog input as a fraction of 

full-scale, ranging from 0 to :g:. This implies a binary point 
to the left of the MSB. 

FULL-SCALE CALIBRATION ERROR 
The last transition (from IlIl IlIl IIlO to IlIl IIlI lIIl) 
should occur for an analog value I 1I2LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is the deviation of the actual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figures 3 and 4. 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum clwige from the 
initial (25OC) value to the value at T miD or T max. 

POWER SUPPLY REJECTION 
The standard specifications for the AD574A assume use of 
+ 5.00 and ± 15.00 or ± 12.00V supplies. The only effect of 
power supply error on the performance of the device will be a 
stna1l change in the full-scale calibration. This will result in a 
linear change in alliower-order codes. The specifications show 
the maximUm full-scale change from the initial value with the 
supplies at the various limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the 
code width. This is defmed as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to I least signifiCant bit 
(LSB) of the full-scale range or 2.44m V out of 10 volts for a 
12-bitADC. 
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AD574A 
CIRCUIT OPERATION 
The ADS74A is a complete 12-bit AID converter which requires 
no external" components to provide the complete successive
approximation analog-to-digital conversion function. A block 
diagram of the ADS74A is shown in Figure 1. 

...,.-v "' ... 
DATA MODE 'EL1~ 2 

CHIP8EL~ 3 

BVT£ADDR&8SI 
SHORT CYCLE 4 .. 

AI!ADICONV~ 5 

CHIPENA~~ 8 

+'2/+'IVSUPI'LY ...,' 
HOY RE~'1rFE:i~ 8 

ANALOG CO.aN 
At; 

REFERENCE~~:-11I10~'!!'!:!:-Hh 

~'21~16V SUf'PJ!~ " 
BIt'OLAR :::~ 12 

lOVIPAN I=~ 13 

2fN .. ANI= 14 

DIGITAL 
DATA 
OUTPUTS 

15 ~GITAL COMMON 

Figure 1. BlockDiagramofAD574A 72-BitA-to-DConv6rter 

When the control section is commanded to initiate a conversion 
(as described later), it enables the clock and resets the successive
approximation register (SAR) to all zeros. Once a conversion 
cycle has begun, it cannot be stopped or re-started and data is 
not available from the output buffers. The SAR, timed by the 
clock, will sequence through the conversion cycle and return an 
end-of-convert flag to the control section. The control section 
will then disable the clock, bring the output status flag low, and 
enable control functions to allow data read functions by external 
command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most significant bit . 
(MSB) to least significant bit (LSB) to provide an output current 
which accurately balances the input signal current through the 

. SkO (or lOkO) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the U;1put current; 
if the sum is less, the bit.is left on; if mQre, the bit is turned 
off. After testing all the bits, the SAR contains a 12-bit binary 
code which accurately represents the input signal to within 
±1/2LSB. . 

The temperature-compensated buried zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ±0.2%; it can supply up to I.SmA to an external 
load in addition to the requirements of the reference input resistor 
(O.SmA) and bipolar offset resistor (lmA) when the ADS74A is 
powered from ± ISV supplies. If the ADS74A is used with 
± 12V supplies, or if external current must be supplied over the 
full temperature range, an external buffer amplifier is recom
mended. Any external load on the ADS74A reference must 
remain constant during conversion. The thin-film application 
resistors are trimmed to match the full-scale output current of 
the DAC. There are rwo SkO input scaling i-esistors to allow 
either a 10 volt or 20 volt span. The 10kO bipolar offset resistor 
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is grounded for unipolar operation and connected to the 10 volt 
reference for bipolar operation. 

DRMNG THE ADS74 ANALOG INPUT 
The internal circuitry of the AD574 dictates that ita analog 
input be driven by a low source impedance. Voltage changes;at 
the current summing node of the internal comparator result in 
abrupt modulations of the current at the analog input. For 
accurate 12-bit conversions the driving source must be capable 
of holding a constant output voltage under these dynamically 
changing load conditions. 

FEEDBACK TO AMPLIFIER 

ANALOG COMMON 

lIN IS MODULATED BY 
CHANGES IN TE$T CURRENT. 
AMPLIFIER PULSE LOAD 
RESPONSE LIMITED BY 
OPEN LOOP OUTPUT IMPeDANCE. 

AD674A 

Figure 2. OpAmp-AD574Alnt6rfaCB 

The output impedance of an op amp has an open-loop value 
which, in a closed loop, is divided by the loop gain available at 
the frequency of interest. The amplifier should have acceptable 
loop gain at 500kHz for use with the AD574A. To check whether 
the output properties of a signal source are suitable, monitor the 
AD574's input with an oscilloscope while a conversion is in 
progress. Each of the 12 disturbances shquld sUbside in Il4s or 
less. 

For applications involving the use of a sample-and-hold amplifier, 
the AD58S is recommended. The AD711 or ADS44 op amps 
are recommended for dc applications. 

SAMPLE.AND-HOLD AMPLIFIERS 
Although the collversion time of the ADS74A is a maximum of 
3514S, to achieve accurate 12-bit conversions offrequencies greater 
than a few Hz requires the use of a sample-and-hold amplifier 
(SHA). If the voltage of the analog input signal driving the 
ADS74A changes by more than II2LSB over the time interval 
needed to make a conversion, then the input requires a ~HA. 

The AD585 is a high-linearity SHA capable of directly driving 
the analog input of the ADS74A. The ADS8S's fast acquisition 
time, low aperture and low aperture jitter are ideally suited for 
high-speed data acquisition systems. Consider the AD574A 
converter with a 3S14s conversion time and an inputsignaI of 
10V Pop: the maximum frequency which may be applied to 
achieve rated accuracy is I.5Hz. However, with the addition of 
an ADS8S, as shown in Figure 3, the maximum frequency 
increases to 26kHz. 

The ADS85's low output impedance, fast-loop response, and 
low droop maintain 12-bits of accuracy under the changing load 
conditions that occur during a conversion, making it suitable for 
use in high-accuracy conversion systems. Many other SHAs 
cannot achieve 12-bits of accuracy and can thus compromise a 
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system. The AD585 is recommended for AD574A applications 
requiring a sample and hold. 

An alternate approach is to use 'the AD1674, which combines 
the ADC and SHA on one chip, with a total throughput time of 
10fLS• 

VIlE' 0-----, 
: T';~l o----<~~-+_--o 
I 
I 

NO" 
1. C1, 1:2, C3 ARf47/lF TANTALUM, BYPASSED BY 

0. 1 .. f CEflAMIC. LOCATE AT ASSOCIATED Al PINS. 

Figure 3. AD574A with AD585 Sample and Hold 

SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 
It is critically important that the AD574A power supplies be 
filtered, well regulated, and free from high-frequency noise. Use 
of noisy supplies will cause unstable output codes. Switching 
power supplies are not recommended for circuits attempting to 
achieve 12-bit accuracy unlesa great care is used in filtering any 
switching spikes present in the output. Remember that a few 
mil1ivolts of noise represents several counts of error in a 12-bit 
ADC. 

DecoupJing capacitors should be used on all power supply pins; 
the + 5V supply decoupJing capacitor should be connected 
directly from pin I to pin IS (digital common) and the + Va; 
and - V Ell pins should be decoupled directly to analog common 
(pin 9). A suitable decoupJing capacitor is a 4.7fLF tantalum 
type in parallel with a O.lfLF disc ceramic type. 

Circuit layout should attempt to locate the AD574A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction is not recommended. Careful printed-circuit con
struction is preferred. 

GROUNDING CONSIDERATIONS 
The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the ADS74A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the 
high-accuracy performance available from the AD574A in an 
environment of high digital noise content, the analog and digital 
commons should be connected together at the package. In some 
situations, the digital common at pin IS can be connected to the 
most convenient ground reference point; analog power return is 
preferred. 
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AD574A 
UNIPOLAR RANGE CONNECTIONS FOR THE ADS74A 
The AD574A contains all the active components required to 
perform a complete 12-bit AiD conversion. Thus, for most 
situations, all that is necesaary is connection of the power supplies 
(+ 5, + 121 + 15 and -121-15 volts), the analog input, and the 
conversion initiation command, as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. 

OFFSET 
Rl 

lOOk 
-12V/-15V _"1(\1'10-'" 

lOOk 

loon 

o TO +10V 

ANALOG 
INPUTS 

o TO +20V 

~ 

Ao 

RIC 

STS 

HIGH 
BIT 

MIDDLE 
BITS 

AD574A 

REF IN 

Figure 4. Unipolar Input Connections 

All of the thin-film application resistors of the AD574A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the ADS74AK guarantees ::!: ILSB max 
zero offset error and ::!:O.25% (lOLSB) max full-scale error. 
(Typical full-scale error is ::!: 2LSB.) If the offset trim is not 
required, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the full
scale trim is not needed, a 50n ::!: I % metal f11m resistor should 
be connected between pin 8 and pin 10. 

The analog input is connected between pin 13 and pin 9 for a 0 
to + 10V input range, between 14 and pin 9 for a 0 to + 20V 
input range. The AD574A easily accommodates an input signal 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV; for the 20 volt span, 4.88mV. If a 
10.24V range is desired (nominal 2.5mVlbit), the gain trimmer 
(R2) should be replaced by a son resistor, and a 2000 trimmer 
inserted in series with the analog input to pin 13 for a full-scale 
range of 20.48V (SmVlbit), use a 5000 trimmer into pin 14. 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is SkO, and 10kO 
into pin 14. 
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AD574A 
UNIPOLAR CALlBRA110N 
The ADS74A is intended to have a nominal 112LSBoffset so 
that the eiac:t analog input for a given code will be in the middle 
of that code (halfway between the transitions to the codes above 
and below it). Thus, the first transition (from 0000 0000 0000 to 
00000000 0001) will occur for an input level of + 112LSB (1.22mV 
for 10V range). 

Ifpin 12 is connected to pin 9, the unit will behave in thi$ 
mannct, within specifications. If the offset trim (R1) is used, it 
should be trimmed as above, although a different offset can be 
set for a particuJar system requirement. This circuit will give 
approximately ± lSmV of offset trim range. 

The full-scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.9963 for a 10V range). Trim R2 to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 

BIPOLAR OPERATION 
The connections for bipolar ranges arc shown in Figure S. Again, 
as for the unipolar ranges, if the offset and gain specifications 
arc sufficient, one or both of the trimmers shown can be replaced 
by a son ± 1% fixed resistor. Bipolar calibration is similar to 
unipolar calibration. First, a signal ~LSB above negative full 
scale ( - 4.9988V for the ± SV range) is applied and R1 is trimmed 
to give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signal 1 ~LSB below positive full scale ( + 4.9963V for 
the ± SV range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 

OFFSET6-WIr-t'-l 

±5V 

ANALOG 
INPUTS o-~~~~-t 

±10V 

STS 

HIGH 
BITS 

Figure 5. Bipolar Input Connections 

CONTROL LOGIC 
The ADS74A contains on-cbip logic to provide conversion initi
atioli and data read operations from signals commonly available 
in microprocessor SystClIiS. Figure 6 shows the internal logic 
circuitry of the AD574A. 

The control signals CE, CS, and RIC control the operation of 
the converter. The state of RIC when CE and CS arc both asserted 
determines whether a data read (RIC= 1) or a convert (RIC = 
0) is in progress. The register control inputs Ao and 12/8 control 
conversion length and data format. The Ao line is usually tied 
to the least significant bit of the addresS bus. If a conversion is 
started with Ao low, a full 12-bit conversion cycle is initiated. If 
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STATUS ---O<~I---t--_ .. 

VALUE Of AD 
AT LAST CONVERT 
COMMAND 

....... }-___ ::,} N~t 

NOTE 1: WHEN iiAii'i' COiiVEAT GOES LOW, THE EOC lEND OF CONVERSION) SIGNALS GO LOW. 
IOCB RETURNS HIGH AFTER AN 8·BIT CONVERSION CYCLE IS COMPLETE. AND EOC12 
RETURNS HIGH WHEN ALL 12 BITS HAVE BEEN CONVEA'f£D. THE EOC SIGNALS PREVENT 
DATA FROM BEING READ DURING CONVERSIONS. 

NOTE 2: ,Z/i IS NOT A TTL-COMPATIBlE INPUT AND SHOULD ALWAYS BE WIRED OJRECTLY TO 
v~_ OR DIGITAL COMMON. 

Figure 6. AD574A Control Logic 

Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao determines whether 
the thrce-state buffers containing the 8 MSBs of the conversion 
result (Ao = 0) or the 4 LSBs (Ao = 1) arc enabled. The 1218 
pin determines whether the output data is to be organized as 
two 8-bit words (1218 tied to DIGITAL COMMON) or a single 
12-bit word (1218 tied to VLOGId. The 1218 pin is not TTL
compatible and must be hard-wired to either V LOGIC or DIGITAL 
COMMON. In the 8-bit mode, the byte addressed when Ao is 
high contains the 4 LSBs from the conversion followed by four 
ttailingzcroes. This organization allows the data lines to be 
overlapped for direct interface to 8-bit buses without the need 
for external thrce-state buffers. 

It is not recommended that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the thrce-state 
buffers could cause internal bus contention resulting in potential 
damage to the AD574A. 

An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 

CE B RIC 1218 Ao Operation 

0 X X X X None 
X I X X X None 

0 0 X 0 Initiate 12-Bit Conversion 
0 0 X 1 Initiate 8-Bit Conversion 

0 1 Pin 1 X Enable 12-Bit Parallel Output 

0 Pin 15 0 Enabie 8 Most Significant BitS 
0 Pints 1 Enable4LSBs + 4 Trailing Zeroes 

Table I. AD574A Truth Table 

TIMING 
The ADS74A is easily interfaced to a wide variety ofmkropro- . 
ccssors and other digital systems. The following discussion of 
the timing requirementS of the AD574A control signals Should 
provide the system designer with useful insight into the operation 
of the device. 
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CONVERT STARTTBUNG-FULL CONTROL MODE 

Symbol Parameter MiD Typ Mu: Uaits 

tose STS Delay from CE 400 ns 
tHEe CE Pulse Width 300 ns 
tsse CS toCE Setup 300 ns 
tHSC CS Low DuringCE High 200 ns 
tsRC RIC to CE Setup 250 ns 
tHRC RIC Low DuringCE High 200 ns 
tSAC Ao toCE Setup 0 ns 
tHAC Ao Valid During CE High 300 ns 
Ie Conversion Time 

8-BitCycle 10 24 fLS 
12-Bit Cycle IS 35 fLS 

Figure 7 shows a complete timing diagram for the AD574A 
convert start operation. RIC should be low before both CE and 
CS are asserted; if RIC is high, a read operation will momentarily 
occur, Possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion; however, use of CE is 
recommended since it includes one less propagation delay than 
CS and is the faster input. In Figure 7, CE is used to initiate 
the conversion. 

CE 
----'I 

R/C==~~±~'-:J.========= 
Ao __ ~JL+-~~~ ________ _ 

STS 

to5c 

DB11-DBO ----+ HIGH IMPEDANCE ------

Figure 7. Conven Stan Timing 

Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers cannot be enabled during 
conversion. 

Figure 8 shows the timing for data read operations. During data 
read operations, access time is measured from the point where 
CE and RIC both are high (assuming CS is already low). If CS 
is used to enable the device, access time is extended by lOOns. 

CE 

RIC 

STS 

0811·D80 "~~iCE-t===}:~Et~d 

FigureS. ReadCycle Timing 
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In the 8-bit bus interface mode (1218 input wired to DIGITAL 
COMMON), the address bit, Ao, must be stable at least 150ns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the ADS74A 
output buffers may result. 

READTBUNG-FULL CONTROL MODE 

Symbol Parameter Min Typ Mu: Units 

tDD 1 Access Time (from CE) 200 ns 
tHO Data Valid after CE Low 25 ns 
tHL2 Output Flnst Delay 100 ns 
tsSR CS toCE Setup ISO ns 
tSRR RIC to CE Setup 0 ns 
tSAR Ao to CE Setup ISO ns 
tHSR CS Valid After CE Low SO ns 
tHRR RIC High AfterCE Low 0 ns 
tHAR Ao VaIidMter CE low SO ns 

ItDD is measured with the load circuit of Figure 9 and defined as the time required for an 
outputtocrossO.4Vor 2.4V. 

2 tHL is defined as the time required for thedata lines to'changeO.SV when loaded with the 
circuit of Figure 10. 

DBN ()a-l ..... -.. --! .... ~'
'OOpF 

J 
a. High-ZtoLogic 1 

+5V 

~3k DBNo---t=J .0OpF 

b. High-ZtoLogicO 

Figure 9. Load Circuit for Access Time Test 

DBNo--a r~ .. -!-' 
_ J.OPF 

a. Logic 1 to High-Z 

+6V 

D", ~ .. 
~ 

J 
b. Logic 0 to High-Z 

Figure 10. Load Circuitfor Output Float Delay Test 

"STAND-ALONE" OPERATION 
The ADS74A can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 

In this mode, CE and 12/8 are wired high, CS and Ao are wired 
low, and conversion is controlled by RIC. The three-state buffers 
are enabled when RIC is high and a conversion starts when RIC 
goes low. This allows two possible control signals - a high pulse 
or a low pulse. Operation with a low pulse is shown in Figure 
11. In this case, the outputs are forced into the high-
impedance state in response to the falling edge of RIC and return 

R~4J 
~s 1'~1'r---------'\ 

---;...-..,J I ---l~.--1 ~ I--tc -1'1--.. , 
DB11-DBO ~:~~ I) HIGH-Z (DATA VALID 

I 

Figure 11. LowPulseforRiC-OutputsEnabledAfter 
Conversion 
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AD574A 
to valid logic levels after the conversion cycle is completed. The 
STS line goes high 600ns after RIC goes low and returns low 
300ns after data is valid. 

If conversion is initiated by a bigh pulse as shown in Figure 12, 
the data lines are enabled during the time when RIC is high. 
The falling edge of RIC statts the next conversion, and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RIC. 

~~~----~----~ 
no 4 ~.H r~Slr----'---'L 

~h=l 11--.,---11 
DB11-DBO ~ ~:~~ I ~ 

1/--"'4 

HIGH-Z 

Figure 12. High Pulse for RiC - Outputs Enabled While RiC 
High, Otherwise High-Z 

STAND-ALONE MODE TIMING 

Symbol Parameter Min Typ Malo: Units 

tHRL Low RlCPuIse Width 250 ns 
tos STS Delayfrom RIC 600 ns 
tlIDR Oats ValidMter RlCLow 25 ns 
tHL Output Float Delay 150 ns 
tHS STS Delay After Oats Valid 300 1000 ns 
tHRH High RIC Pulse Width 300 ns 
tDDR Dats Access Time 250 ns 

Usually the low pulse for RIC stand-alone mode will be used. 
Figure 13 illustrates a typical stand-alone confirguration for 
S086 type processors. The addition of the 74F/S374 latches 
improves bus accessIrelesse times and helps minimize digital 
feedthrough to the analog portion of the converter. 

mr---------~jI~----__ --~--~ 
A>-AS 

WR I-------.,..----L~ 

... 6 

Figure 13. BOB6Stand-AloneConfiguration 

• TO 
DATA 
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TO 
DATA 
8US 

INTERFACING THE ADS74A TO MICROPROCESSORS 
The control logic of the ADS74A makes direct connection to 
most microprocessor system buses possible. While it is impossible 
to describe the detaila of the interface connections for every 
microprocessor type, several representative examples will be 
described here. 

GENERAL NO CONVERTER INTERFACE 
CONSIDERATIONS 
A typical AID converter interface routine involves several opera
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to Complete, 
since most ADCs take longer than one instruction cycle to complete 
a conversion. Valid data can, of course, only be read after the 
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conversion is complete. The·ADS74A provides an output sigDal 
(STS) which indicates when a conversion is in progress. This 
sigDal can be Polled by the processor by reading it through an 
exterDal three-state buffer (or other input port). The STS sigDal 
can also be used to generate an interrupt' upon Completion of 
conversion, if the system· timing requirements are critical (bear 
in mind that the maximum conversion time of the ADS74A is 
only 3S microseconds) and the processor has other tasks to 
perform during the ADC conversion cycle~ Another possible 
time-out method is to assume that the ADC will take 3S micr0-
seconds to convert, and insen a sufficient number of "do-nothing" 
instructions to ensure that 35 microseconds of processor time is con
sumed. 

Once it is established that the conversion is finished, the data 
can be read. In the case of an ADC of8-bit resolution (or less), 
a ~ data read operaQon is sufficient. In the c8se of converters 
with more data bits than are ~vailable on the bus, a choice of 
data formats is i'equired, and multiple read operations are needed. 
The ADS74A includes internal logic to permit direct interface to 
8-bit or 16-bit data buses, se1ect~ by connection of the 1218 
input. In 16-bit bus applications (1218 high) the data lines (DBll 
through DBO) may be connected to either the 12 most ~cant 
or 12 least significant bits of the data bus. The remaining four 
bits should be masked in software. The interface to an 8-bit 
data bus (12/8 low) is done in a left-justified format. The even 
address (AO low) contains the8MSBs (DBll through DM). 
The odd address (AO high) contains the 4LSBs (DB3 through 
DBO) in. the upper half of the byte, followed by four trailing 
zeroes, thus eliminating bit masking instructions. 

It is not possible to rearrange the ADS74A data lines for right
justified 8-bit bus interface. 

D7 DO 

XXXD(EYENADDRI: I DB11 I D810 DBO I DB8 I D87 I DB6 Das I D84 
(MSal 

""IOUDADDRI, I DBl I DB2 DB1 I DB. I • I • • I .. B) 

Figure 14. AD574A Data Format forB-Bit Bus 

SPECIFIC PROCESSOR INTERFACE EXAMPLES 
Z-8O System Interface 

I 

The ADS74A may be interfaced to the Z-SO processor in an 110 
or memory mapped configuration. Figure IS illustrates in 110 
mapped configuratioll. The Z-80 uses address lines AO-A7 to 

decode the 110 pon address. 

lID 
WR 

C.E 

AD574A 

A1-A7 cs 
Z80 

AD AD 

07 

Figure. 15. Z80-AD574Alnterface 
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An interesting feature of the Z-80 is that during 1/0 operations 
a single wait state is automatically inserted, allowing the AD574A 
to be used with Z-80 processors having clock speeds up to 4MHz. 
For applications faster than 4MHz use the wait state generator 
in Figure 16. In a memory mapped configuration the AD574A 
may be interfaced to Z-80 processors with clock speeds of up to 
2.5MHz. 

+5V 

S 
MREQ 0 Q 0 

7474 7474 

," e Q 

Figure 16. Wait State Generator 

IBM PC Interface 

WAIT 

The AD574A appears in Figure 17 interfaced to the 4MHz 8088 
processor of an IBM PC. Since the device resides in 110 space, 
irs address is decoded from only the lower ten address lines and 
must be gated with AEN (active low) to mask out internal DMA 
cycles which use the same 1/0 address space. This active low 
signal is applied to CS. lOR and lOW are used to initiate the 
conversion and read, and are gated together to drive the chip 
enable, CEo Because the data bus width is limited to 8 bits, the 
AD574A data resides in two adjacent addresses selected by AO. 

D7 

DO 

IBM PC 
CARD SLOT 

RIC 

AD574A 
lOR 

lOW 
CE 

AO AO 

AEN CS 

A1-A7 

10RQ 

= 
Figure 17. IBMPC-AD574AlntBrfBce 

Note: Due to the large number of of options that may be installed 
in the PC, the 110 bus l~ should be limited to one Schottky 
TTL load. Therefore, a bufferldriver should be used when 
interfacing more than two AD574As to the 110 bus. 

8086 Interface 
The data mode select pin (12/8) of the AD574A should be connected 
to VLOG1C to provide a 12-bit data output. To prevent possible 
bus contention, a demultiplexed and buffered address/data bus 
is recommended. In the cases where the 8-bit short conversion 
cycle is not used, AO should be tied to digital common. Figure 
18 shows a typical 8086 confJgUration. 
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">:--------1 RIC 

iffil-_ ...... .." CE 
WR P-------~ 

M/iO 1--------1 

8086 

ALE 1----1 
Al6-A19 F=;;';;"'''I 

iiHE 1---'"1 

OT/A 1--------1 
DEN :>o---tlll' 

" .. ,," 
111111 

VLOGIC 

l2J8 

AD574A 

Figure 18. 8086-AD574A wIth BufferedBuslntBrface 

For clock speeds greater than 4MHz wait SiDle insertion similar 
to Figure 16 is recommended to ensure suffidcnt CE and RIC 
pulse duration. 

The AD574A can also be interfaced in a stand-alone mode (see 
Figure 13). A low-going pulse derived from the 8086's WR 
signal logically ORed with a low address decode starts the con
version. At the end of the conversion, STS clocks the data into 
the three-state latches. 

68000 Interface 
The AD574, when configured in the sland-alone mode, will 
easily interface to the 4MHz version of the 68000 microprocessor. 
The 68000 RiW signal combined with a low address decode 
initiates conversion. The UDS or LDS signal, with the decoded 
address, generates the DTACK input to the processor, latching 
in the AD574A's data. Figure 19 illustrates this configuration. 

18000 

MNI------~~~ 

Figure 19. 68OOO-AD574AlnterfBce 

DATA 
BUS 
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WDEVICES 

FEATURES 
Complete Serial OuqJut 10·BIt AID Converter with 

Reference. Clock and Comparator 
30 .... Conversion 
No Mll8ing Codes Over Temperature 
Operates on +5Vand -12V to -15V Supplies 
Low Cost Monolithic Construction 
Internel or External aock 
Triggered or Continuous Conversions 
Short Cycle Capability 

GENERAL DESCRIPTION 
The AD575 is a complete 100bit successive-approximation analog
to-digital converter consisting of a DAC, voltl!ge reference, 
clock, comparator, successive approximation register (SAR) and 
serial interface on a single chip. No additional components are 
required to perform a full-accuracy lO-bit conversion in 30llos. 

The AD575 incorporates the most advanced integrated circuit 
design and processing technology available. The successive 
approximation function is implemented with I2L (integrated 
injection logic). Laser trimming of the SiCr thin-film resistor 
ladder network at the wafer stage insures high accuracy, which 
is maintained with a temperature-compensated sub-surface zener 
reference. 

Operating on supplies of + 5V and -12V to - l5V, the AD575 
will accept full scale analog inputs of OV to + IOV, OV to + 20V, 
- 5V to + 5V or -lOY to + lOY. The rising edge of a positive 
pulse on the CONVERT line initiates the conversion cycle. 
Eleven pulses will appear at the CLOCK OUTPUT pin with 
data valid on the falling edges of the clock waveform. The data 
is presented serially beginning with the MSB which is valid on 
the falling edge of the second clock pulse. The part may be 
programmed to perform 8-bit conversions or short cycled to 2-, 
4-, 6- or 8-bit word lengths. EOC indicates that conversion is 
complete. The AD575 may be synchronized to an external clock 
if desired. 

The AD575 is available in two versions for the 0 to + 7O"C 
temperature range, the AD575J and AD575K; packaging is a 
14-pin plstic DIP. 

*Protectecl by U.S. Pat.t Nos. 3,948,760; 4,400,689; aDd 4,400,690. 
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Complete 1 O-Bit AID Converter 
with Serial Output 

AD575* I 
FUNCTIONAL BLOCK DIAGRAM 

v+ v-

ANALOG INPUT 1 1 

ANAlOG INPUT2 "2,, •••• 1 

=~~ 3<}-_*+--! 

PRODUCT IUGHLIGHTS 

DIGITAL 
COMMON CONVERT 

EXTERNAL '-..r--__ ::J CLOCK 

I>-----I.!" DATA OUTPUT 

~---,7 A~ff 

1. The AD575 is a complete 10·bit AID converter. No external 
active components or control signals are required to perform 
a conversion. 

2. The serial output of the AD575 allows a wide range of micro
processor interfacing and data transmission possibilities. 

3. The device offers true 100bit relative accuracy and exhibits 
no missing codes over its entire operating temperature range. 

4. The AD575 adapts to unipolar or bipolar analog inputs by 
grounding or opening a single pin. 

5. Performance is guaranteed with + 5V and -12V or -15V 
supplies. 

6. The AD575 can be synchronized to an extemal clock. 

7. Conversions can be initiated extema11y or intema11y. 

8. The AD575 can be short-cyclcd to 8 bits by pin 
programming. 

9. The Short Cycle and Terminate feature allows the user to 
program conversions of 2,4,6 or 8 bits. 
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AD575~SPECIFICATIONS (@+~5°C, Y+ = +5V, V- = -12V or -15V;unlaS$ otharwlsanoled.> 
" 

AD575J AD575K '." 

... Min Typ Max Min Typ Max Units 

RESOLUTION 
For Which No Missing Codes 
isG~ieed 10 10 Bits 

Tmin to T .... , 10 'Bits 

UNIPOLAR OFFSET :t2 :tl LSB 
Tmin toT .... :t2 :tl UB 

BIPOLAR ZERO :t2 :tl LSB 
Tmin toT .... :t2 :tl LSB 

GAlNERROR' :t2 :t2 LSB 

GAlNDRIFT2 

T min to + 25"C :1:2 :tl LSB 
+ 25"CtoT""", ±4 :t2 LSD 

RELATrvEACCURACy3 :tl :t112 LSB 
T .... toT.;... :tl :t112 LSB 

POWER SUPPLY REJECTION' 
Positive Supply: 

+4.5VsV+s+5.5V :t2 :tl LSB 
Negative Supply: 

-15.75VsV - s -14.25V :t2 :tl LSB 
-12.6VsV-s-ll.4V :t2 :tl LSB 

ANALOG INPUT IMPEDANCE 
Pinl,Pin2 6 10 14 6 10 14 leO 

ANALOG INPUT RANGES 
Unipolar ()tolO '. Otol0 V 

Oto20 Oto20 V 
Bipolar -:-5 to +5, -5to+5 V 

;...10to+1O -lOto+l0 V 

OUTPUT CODING 
Unipolar NEGATIVE TRUE BINARY NEGATrvE TRUE BINARY 
Bipo!8r NEGATIVE TRUE OFFSET NEGATIVE TRUE OFFSET 

BINARY 'BINARY '" 

LOGIC OUTPUTS (T min to T maJ 
VoL@IslNK =3.2mA 0 0.4 0 0.4 V 
VOH@IsoURCE=O.5mA 2.4 5.0 2.4 5,0 V 

LOGIC INPUTS (T mm to T maX) 
IINH@VIN =5Vs +50 +50 floA 
IINL@VIN=OVs -soo -soo floA 
VINH 2.0 5.5 2.0 5.5 V 
VINL 0 0.8 0 0;8 V 

CONVERSION TIME (T .... to T.,..) 
Internal Clock 10 20 30 10 20 30 ,,"8 
Extemal Clock 25 25 JJoS 

POWER SUPPLY 
V+ +4.5 +5.5 +4.5 +5.5 V 
V- -11.4 -15.75 -11.4 -15.75 V 

OPERATING CURRENT 
V+ 15 25 15 25 rnA 
V- 9 15 9 15 rnA 

NOTES 
'Gain Error is specified with .150 resistor in series with the IOV input (Pins I and 2 tied together) ora 30fl resistor in series with the lOV input 
(Pin I with Pin 2 tied to analog common). Gain Error is guaranteed uimmable to zero (see text). 

'The gain driftiscalculated from gain measurements at theextremesofthe temperature range undercon~tion., 
'R..lati .. Accuracy, alaoreferred to .slntesral Linearity, is defined .s th.deviation of the code transition points from the idtial transfer points 
on a straight line from zero to full-scale. It isalsoa measure oCthe errorwhich remains when offset and full scale errors are trimmed to 
zero in an application. 

'Measured at full scale. 
'These specifications apply to theCONV, XCL, and SCAT inputs. CU is hardwired to DGND or + V s in most applications. 
Typically1tNH = + 350.,Aand I'NL = llO",AfortheCLlinput. 

Specifications shown in boldface are tesledon all production units at final electrical test. R..sults from those tests are used 
tonleulate outgoinsquallty levels. All min and max speeifications areguaranteed, although only those shown in boldface 
are tested on all production units. 
SpecifICations subject tochaoge without notice. 
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ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common • . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Inputs . . . 
Control Inputs 
Power Dissipation . 

NOTE 

., Oto +7V 

.0 to -16.5V 

..... ±IV 
(V -) -0.3V to +22V 

o toV+ 
.•...... 800mW 

AU pins must be kept more positive than (V -) -O.3V. 

FUNCTIONAL DESCRIPTION 
A block diagram of the AD575 is shown in Figure I. A conversion 
is initiated by a positive pulse on the CONVERT line. EOC 
goes high within 150ns indicating that a conversion has started. 
The internal IO-bit current-output DAC is sequenced by the 
successive approximation register (SAR) from most significant 
bit to least significant bit to provide an output current which 
accurately balances the input signal current through the 10k{}. 
input resistor(s). The comparator determines whether the addition 
of each successively-weighted bit current causes the DAC current 
to be higher or lower than the input current. If the sum is less 
the bit is left on (DO set low). If the sum is more, the bit is 
turned off (DO set high). The result of each bit decision is 
passed to DO on the rising edge of CO. 

REV. A 

DtGlTAL 
V - COMMON CONVERT 

EXTERNAL 
CLOCK 

SHOii'fCV[E 
AND TERMINATE 

Figure 1. AD575 Functional Block Diagram 

AD575 
ORDERING GUIDE 

Package Temperature Relative 
Model Option* Range-OC Accuracy 

AD575]N N-14 Oto +70 ±lLSBmax 
AD575KN N-14 Oto +70 ±1I2LSBmax 

*N = Plastic DIP. For outline information see Package Information section. 

After all bits have been tested, the DAC output current will 
match the input signal current to within 0.05% (1/2LSB). EOC 
returos low after the final bit decision to indicate that the AD575 
has been reset and is ready to perform a new conversion. The 
output data stream can be synchronized to an external clock 
using the XCL input and short cycled to any desired word 
1ength using the SCAT line. 

The AD575 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is to connect the power supplies ( + 5V and 
-12V or -15V), and the analog input. The pinout is shown in 
Figure 2. 

ANALOG 
COMMON 

EXTERNAL 
CLOCK 

i'iiOii'i"'CvC 
ANO TERMINATE 

BIPOLAR OFFSET 

DIGITAL 
COMMON 

v+ 

CLOCK OUTPUT 

Figure 2. AD575 Pin Connections 
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AD575 
ANALOG INPUT CONNECTIONS 
The AD575 can be configured for uriipolar or bipolar operation 
on 10V span or 20V span input signals. The aPPl'9priate input 
range is selected by connec:ting pins 2 and 14 according to the 
table of Figure 3. 

The AD575's low offset and gain errors (shown in theSpecifica
tions) are adequate for most applications. For these cases, a 
fixed gain resistor (R2 in F~ 3) is the only external component, 
in addition to any power supply decoupling that may be required. 
Pins 3 and 13 should be connected directly together. 

Figure 3 shows a trimming circuit that can be used to adjust the 
offset to zero, using the appropriate value of the RI potentiometer 
as IIhowIl in the table. If gain trim is required, R2 should also 
be replaced by the appropriate potentiometer as shown in the 
table. 

ANALOG INPUT RANGE CONNECTIONS 
PIN2 PIN 14 

OVTO+1OV PIN' PIN 13 
OVTO +20V PIN3 PIN 13 
-5VTO +5V PIN 1 OPEN 
-10VTO +10V PIN3 OPEN 

I 
+5V I 

lk 

SEE 
TABLE 

COMPONENTS 
AI (OFFSETI 

',00 
ZOU 
IOU 
20U 

AD575 

.... -----1 3 ~,:~ 

2k 

-15Y 

R2(GAINI 

~::~~~gg:;:~~T 
~::~=::gg::~~~T 

:~ 

Figure 3. AD575 Input Circuit Shoilliing Offset and Gain 
Adjustment 

UNIPOLAR MODE OPERATION 
In uriipolar mode, the nominal location of the low side transition 
of the first code (1111111110) occurs at an input voltage of 
+ ILSB (lOmv for the IOV span, 20mV for the 20V span). The 
offset error of the AD575 can be trimmed out, if required, by 
applying an input voltage of + ILSB to the analog input and 
adjusting Rl until the low side transition of the first code 
occurs. 
If the Gain Error needs to be trimmed, the gain resistor should 
be replaced with a potentiometer according to Figure 3. The 
nominal location of the low side transition of the full scale code 
(0000000000) in uriipolar mode is full scale minus I LSB (9. 99V 
for 10V span, 19.98V for 20V span). Once the offset bas been 
iuijusted, the full scale range can be set by adjusting the gain 
potentiometer. 

2-56 ANALOG-TO-DIGITAL CONVERTERS 

BIPOLAR CONNEcrION 
If the bipolar offset control (pin 14) is left open, the AD575 will 
accept bipolar input voltages with OV as the nominal bipolar 
zero point. The input voltage corresponding to the low side 
transition of the mid-scale code (0111111 Ill) is -1/2LSB ( - SmV 
for 10V spans and -IOmV for 20V spans). The nominal location 
of the code transitions are therefore offset by II2LSB as shown 
in Figure 4. This offset may be adjusted using the trim scheme 
shown in Figure 3 with a 1.2kfi resistor in place of the lkn 
resistor shown. 

OUTPUT 
CODE 

0111111101 

0111111110 

0111111111 

10000000.00 

1000000001 
I __ ..J 

-3 -2 -1 
LSB LIB LIB 

,..--
I 

1 2 3 
LIB LIB LSB 

Figure 4. AD575 Transfer Characteristic (Bipolar 
Operation) 

The gain error should be adjusted after any offset adjustment. 
An input voltage of full scale minus 1l/2LSBs is applied (4.98SV 
for - 5V to + 5V range, 9.971V for -lOY to + lOY range) and 
R2 is adjusted until the low-side transition of the full scale code 
(0000000000) occurs. 

The bipolar offset control input is not directly TTL compstible, 
but a TTL interface for logic control can be constructed as 
shown in Figure 5. 

GATE OUTPUT = 1 
GATE OUTPUT = 0 

UNIPOLAR INPUT RANGE 
BIPOLAR INPUT RANGE 

Figure 5. Bipolar Offset Controlled by Logic Gate 
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CONTROL AND TIMING OF THE ADS'S 
The ADS'S has a flexible control architecture which supports 
several operating modes. It can provide its own clock or it can 
be synchronized to an external clock. Conversions can be initiated 
externally, or the part can perform continuous conversions yielding 
a stream of output data. In addition, the ADS'S can be short-cycled 
to any of several convenient data word lengths to tailor the 
output to the specific input requirements of the system. Figure 
6 shows the control logic diagram of the ADS'S. The four inputs 
which control the operation of the ADS7S are CONY (convert), 
CLI (clock inhibit), XCL (external clock), and SCAT (short 
cycle and terminate). Three outputs are provided: DO (Data 
Out), CO (Clock Out), and EOC (End of Conversion). 

EXTERNALLY INITIATED CONVERSIONS 
Figure 7 is the timing diagram which illustrates the operation of 
the ADS7S with an externally applied convert signal. Conversions 
are initiated by a positive-going pulse applied to the CONY 
(convert) input. This pulse should be at least 2SOns wide and 
should return low before EOC returns low to prevent the initiation 
of a second conversion. If the internal clock is used, the clock 
will start on the rising edge of the convert start pulse. If an 
external clock is used, the falling edge of the clock must occur 
no earlier than 900ns following the rising edge of the convert com
mand. 

INTERNAL CLOCK MODE 
The ADS7S can be configured for internal clock operation by 
tying CLI and XCL to + SV. CO (clock output) provides the 
necessary synchronizing information in this mode. Data is trans
ferred to DO on the rising clock edge and is stable on the falling 
edge. The duty cycle of the CO waveform in this mode will be 
in the range of 30% to 70%. 

EXTERNAL CLOCK MODE 
When CLI is connected to digital common, an external clock 
can be applied to XCL. The external clock should have a maximum 
frequency of 450kHz with a minimum of 900ns in the high or 
low phase. Arbitrarily slow clocks may be used as long as these 

r--tcs-I tee 

CONV 1 \ 
EOC .1 

1t-'ocs 'occj 
XCL 

co 

DO LSBN-,X X 

AD575 

Figure 6. AD575 Control Logic Diagram 

minimum high and low periods are observed. Conversion time 
will increase as clock frequency decreases. Each data bit will be 
stable within ISOns of the rising edge of the associated external 
clock pulse and will remain stable until the rising edge of the 
subsequent clock pulse. Data is guaranteed to be stable on the 
falling edge of the clock pulse. 

The state of the DO output during the first clock period is 
undefmed but it is stable until the rising edge of the second 
clock period. The MSB appears at DO during the second clock 
period. The subsequent data bits are then clocked out until the 
Nth bit or LSB is clocked out on the (N + l)th clock pulse. EOC 
returns low within lS0ns of the rising edge of this fmal clock 
pulse. In internal clock mode, the output clock pulse associated 
with the LSB is shorter than the others but the LSB is guaranteed 
to be stable on the falling edge of this pulse. The LSB will 
remain stable until a new conversion is initiated. The value of N 
will be 10 unless the conversion has been short cycled (see "short 
cycle and tertninate" text). 

~I 

19{ 
'DSXJ E 
~ 
~ 

DB> x:=j~ LSB 

Figure 7. Externally Initiated Conversions 
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AD575 
CONTINUOUS CONVERSIONS 
Figure 8 is the timing diagram associated with the continuous 
conversion mode of operation. If CONV is high when HOC goes 
low, another conversion will begin iJnmediate1y. HOC will be set 
(high) following the falling edge of the (N + itt CO pulse and 
conversion commences with the rising edge of the next CO 
pulse. The (N + I)" CO pulse is DOt shonened in this mode. If 
CONVERT is held high the ADS7S will put out a continuous 

stream of conversions, punctuated by HOC which will mark the 
last clock pulse of a conversion. HOC will.remain low until the 
falling edge of CO, the output clock, in this mode. Therefore, 
the rising edge of HOC may be used to signal that conversion is 
compiete and that data is transferred. This sequence is useful 
for initiating parallel dumps from a serially loaded shift register. 

~----------------~--~------------~ 

XCL 

co ~ 
__ LS_BN_-'_.JX UNDERNED ~tx. DB9 X LS~ 

Figure 8. Continuous Conversion Mode (CONV. Held High) 

SHORT CYCLE AND TERMINATE 
For normal IO-bit operation, the Short Cycle and Terminate 
(SCAT) line should be tied high. If 8-bit conversions are required, 
SCAT should be tied low. In this mode, HOC will go low after 
the rising edge. of the ninth clock pulse to indicate that the 
eighth and final data bit is valid. This Diode is useful when 
parallel loads to 8-bit data buses are desired since it avoids the 
complication of suppressing the 9th and 10th data bits. 

Conversions of 2, 4, 6 or 8 bits can be performed by pulling 
SCAT low during the negative cloCk phase prior to the positiv. 
clock associated with the desired LSB. Figure 9 illustrates the 
timing associated with this mode of operation. For example, to 
terminate the conversion after six data bits, SCAT should be 
driven low during the negative clock phase following the sixth 
clock pulse. HOC will then go low following the rising edge of 
the seventh clock pulse to indicate that the sixth and final data 
bit is valid. 

CONTINUOUS 
CONVERSION 

This terminate feature can also be used to program conversions 
of I, 3, S, 7 or 9 bits. However, the conversion immediately 
following a conversion ofan odd number of data bits will be 
spurious. All subsequent conversions will be normal until the 
conversion following another odd data word length conversion. 

The negative edge of the SCAT signal should always ocCur 
during the negative phase of a clock cycle and it should be held 
low for a minimum of 900ns. SCAT may be held low into the 
next conversion but it must be restored high at least one clock 
cycle prior to being used to terminate a conversion. If SCAT is 
not restored high prior to the eighth clock pulse, HOC will go 
low and an 8-bit short cycle will occur. Care should be taken 
not to pulse SCAT from high to low between conversions (when 
HOC is low). This would initiate a terminate sequence which 
will execute on the rising edge of the first clock pulse following 
the next Convert command. 

---'j\r- ....----------fffr-------,. /--
) (I '--_ ... ' ..... _ 

XCL 

co 

___ JX LSBN _ 1 ' X UNDEFINED X MSB ______ J)(~ __ LS_B __ 

Figure 9. Shon Cycle and Terminate Operation 
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SJIIlboi I Min Typ Mas I Vails 

EXTERNALLY-INITIATED CONVERSIONS 

Convert Pulse Width res 300 DS 

Convert to EOC Delay toes ISO DS 

CO LSD aockPulse Width t'IIVI. 400 DS 

XCLtoEOCReset tosx SO ISO ns 

'" CO to'" EOChsetDelay tOSI 20 150 DS 

CONTINUOVSCONVERSIONS 

+ XCL to oj, EQCReset Delay tocL SO 150 

'" XCL to .,. EOC Delay tOCH 50 1000 

INTERNAL CLOCK TIMING 

Conversion Time tee 10 20 30 
CO to DO OutpUt Delay tODI -100 +100 

EXTERNALCLOCKTIMING 

Conversion Time tee 25 .... 
'" XCL to DO Output tODX 30 150 DS 

XCL to CO Output toxc 30 160 DS 

'" Convertto'" XCL toa:: 900 ns 
Set-UpTime 

XCLPeriod teE 2.2 p.s 
XCLHigh tcH 900 DS 

XCLLow teL 900 DS 

SHORT CYCLE TIMING 

SCAT Pulse Width tscw 900 ns 

Table I. AD575 Timing Specifications 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
ADS7S 
Many data acquisition systems for digitizing rapidly changing 
signals require a sample-hold amplifier (SHA) in front of the 
AID converter. A SHA can be used to accurately defme the 
exact point in time at which the signal is sampled. A SHA can 
also serve as a high input-impedance buffer for the ADS7S. 

Figure 10 shows the ADS7S connected to the ADS8S monolithic 
SHA. In this configuration, the ADS8S will acquire a 10V signal 
in less than 2f.t.s and droop less than ImV/ms using the on-chip 
hold capacitor. 

EOC goes high after the conversion is initiated to indicate that a 
conversion is underway. In Figure 10 it is also used to put the 
ADS8S into the hold mode while the ADS7S begins its conversion 
cycle. (The ADS8S output settles to f1na1 value well in advance 
of the first comparator decision within the ADS7S.) EOC goes 
low when the conversion is complete placing the ADS8S back in 
the sample mode. 

Configured as shown in Figure 10, the next conversion can be 
initiated after a 2f.t.S delay to allow for signal acquisition by the 
ADS8S. 
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AD575 
.,, 

_-fl..'--.....:::CON"'.::ERT::.:....-______ --1S CONV 

~~-------1~. ~ 00" 

AD575 

Figure 10. AD575 to AD585 Sample and Hold Interface 

SUPPLY DECOUPUNG AND LAYOUT 
For proper operation, the ADS7S's power supplies should be 
free from high-frequency noise. The stability of the tranafer 
function is especia1ly sensitive to noise on the V-supply. Noise 
on the V + supply can also propagate to the digital outputs. 

If decoupling is required, tantalum capacitors are suggested. 
Best results will be obtained if the capacitors are connected 
directly to the appropriate pins of the ADS7S. Decoupling 
capacitors for V - should be connected between pin 4 and Analog 
Common (pin 3). Decoupling capacitors for V + should be 
connected between pin 12 and Digital Common (pin 13). 

Good circuit layout practice suggests that the ADS7S and its 
associated analog input circuitry be kept separate from system 
logic circuitry to avoid unwanted interactions. 

GROUNDING CONSIDERATIONS 
The ADS7S provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common-mode Voltage between the two commons. 
The absolute maximum voltage rating between the two commons 
is ± I V. A paralle1 pair of back-to-back protection diodes should 
be connected between the commons if they are not connected 
locally. 

In normal operation, the Analog Common termina1 may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 
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AD575 
AD575 TO 808S INTERFACE 
The 8085 bas both serial outpUt (SOD) and serial input (SID) 
capability. A irimple 3l1ardware line interface can be constructed 
between the AD575 and 8085. These leads can be opto-coupled 
in order to esmbliih PIvanic isolation between the two devices 
as shown in Figure 11. . . 

The software routine in Table U will read a complete lO-bit 
data word from the AD515 in 180fIdI (3MHz 8085). The software 
generates the cloCk for th!=AD575 in order.to synchromze the 
data output with the 8085 serial read operation. 

The DATA procedure loa.ds appropriate constants into. the 8085 
registers and iniriates the conversion. The CONV procedure 
assumes that the. AD575 clock was in the high state when the . 
CONVERT puise was generated (upon completion, this sample 
routine leaves the SOD line in the appropriate state to insure 
this). A low clock pulse is geriersted, and the data bit is read 
into the MSB of the accumulator. The data bit is then shifted 
into the LSB of the temporaty register (L), the clock is set 
high, and the procedure is repeated. 

After the loop bas executed three times, a logical AND is performed 
to set the first bit (the undefined bit) to zero, and the result is 
placed into the high byte (H) register. The loop counter is then 
reset, and the CONV.procedure is executed 8 more times, Upon 
completion of the sample routine, 10 bits·of right-justified data 
will reside in the HL register pair. 

Note thaithe bptO-iiolators invett theclock and data lines. If 
these are not used (no inversion PrCsent), the constants in the D 
and E registers $houldbe swapped, a CMA instruction should 
be insetted after the RIM instruction, alid an inverter should be 
connected between the addreSs decoder and the CONVERT 
pin. Also, the results of the first paSs through the routine should 
be ignored foUowipg power up. and reset cycles to insure that 
the ADS75 bas.been reset. 

~ ISOLAT~D ~OMMON 

. \1 LOCAL COMMON 

V· ISOLATED POWER 

AD575 

ACOM DeOM -v 

-1SV· 

LABEL 

DATA 

CONY 

DONE 

Table II. 
Interface 

+5V· +5V 

MNEMONIC OPEilANDCOMMIiNT 
MVI B,03 Set iDncr loop counter to 3 
'MVI C,02' Set ower lO!lP CQIUIfp' to 2 
MVI D,CO SetUp nogister D for c1ocklow 
MVI E,40 Setup register E for clocl< bisk 
MVI H,IO ADS7S addresaliK:ation 
MVI L,OO Clcartemp regi$Icr 

MOV M,B Generate CONVERT pulse 

MOV A,D SctupAGC for clock low, 
SIM OutPut clock low 
RIM ReaclADS7S databit into ACC 
RAL Shift data bit intoCarry 
MOV A,L MOVI:temp to ACC 
RAL Shiftdata bit from Carry to ACC 
MOV L,A Replace temP. 
MOV A,E SetupACC for clock high 
SIM Output c10ck high 
OCR B Dccn:meot iDncr loop counter 
JNZ CONY Repeat CONVuntii done 

OCR C Decrement outer loop counter 
JZ DONE Skip to DONE on 2nd pass 

MOV A,L MovetemptoACC 
ANI 03 Mask undefined bit 
MOV H,A Store temp in H register 
MVI B,OB Set iDncr loop counter to S 
JMP CONY Repeat CONY forS LSB. 
RET 10 bits of right-justified data 

DOW reside in HL; return 

Sample Assembly Code for AD575 to B085lsolated 

}--.... -------J SID 

8085 

10k r-...JO,,.,.,.----! SQD. 

ALE 

Figure 11. AD575 to BOB51soiated Interface 
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WDEVICES 

FEATURES 
Performance 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Conversion: 3,..s (max) 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30 ppm/·C max (AD518) 
±4O ppm/"c max (AD519) 

Max Nonlinearity: <:1:0.012% 
No Missing Codes Over Temperature 
Low Power: 555 mW (AD518); 115 mW (AD579) 
Available to MIL-STD-883 

Versatility 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +10 V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ±12 V Supplies 

GENERAL DESCRIPTION 
The AD578 and AD579 are high speed 12-bit and IO-bit succes
sive approximation analog-to-digital converters that include in
ternal clock, reference, and comparator. Their hybrid design 
utilizes MSI digital and linear ICs in conjunction with a 12-bit 
or IO-bit monolithic, monotonic DAC to provide superior per
formance and versatility with IC size, price, and reliability. 

Important performance characteristics of the AD578 include 
± 112 LSB'2 linearity error maximum at + 25°C, maximum gain 
tempco of ± 30 ppml"C, and maximum conversion time of 3 .... s 
at a typical power dissipation of 555 mW. The IO-bit AD579 
provides ± 112 LSB IO maximum linearity error at 1.8 .... s maxi
mum, and 775 mW typical PD' 

Both the AD578 and AD579 include scaling resistors that pro
vide analog input signal ranges of ± 5 V, ± 10 V, and 0 to 
+ 10 V. Both are contained in 32-pin ceramic side-brazed 
DIP packages, and are available with MIL-STD-883 Class B 
processing. 
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Very Fast, Complete 
10- or 12-Bit AID Converters 

SHORT CYCLE 

DIGITAlGND 

+5V 

AD578/AD579 I 
FUNCTIONAL BLOCK DIAGRAM 

AD578/AD579 

~'5V 

+16V 

ANALOGGND 

r-"M ...... -WO'-{29J ZERO ADJ 

..... .-w,....-w\.-l2il ZOV SPAN INPUT 

10V SPAN INPUT 

..... -...;;;,"--I2il BIPOLAR OFFSET 

GAIN (REF IN) 

REF OUT 

SERIAL OUT 

SERIAL OUT 

CONVERT START 

EOC 

CLOCK IN 

CLOCK OUT 

CLOCKADJ 

PRODUCT HIGHLIGHTS 
1. Both are complete analog-to-digital converters. No external 

components are required to perform a conversion. 

2. The fast conversion rates-3 .... s for the AD578, and 1.8 I1S 
for the AD579-make them ideal candidates for high speed 
data acquisition systems requiring high throughput. 

3. The internal buried Zener reference is laser trimmed to high 
initial accuracy and low T .C. and is available externally. 

4. Precision thin film scaling resistors on the DAC provide for 
excellent thermal tracking. 

5. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds and/or lower 
resolution. 
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AD578/AD579 -SPECIFICATIONS (typical @ +25°C, :1:15 V and +5 V unless otherwise noted) 

Model ADS78J ADS78K 

RESOLUTION 12,Bits · 
ANALOG INPUTS, 

Voltage Ranges 
Bipolar ±s.o V, ±IO V · Unipolar Oto+IOV,Oto+20V • 

Input Impedance 
Oto +IOV, ±5V 5kll · :!:IOV,Oto+20V 10 kO · 

DIGITAL INPUTS 
Convert Command' I LSTILLosd · Clock Input I LSTILLoad · 

TRANSFER CHARACTERISTICS 
Gain Error3 ... '±O.I % FSR, ±0.2S% FSR max · Unipolar Offset· ±O.I % FSR, ±0.2S% FSR max · Bipolar Error'" 5 ±O.I % FSR, :!:0.2S% FSR max · Linearity Error, .. 2SOC ±1/2 LSB ms. · Tmin to Tmas ±3/4 LSB · 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+2S·C 12 Bits · Tmin to Tmax 12 Bits · 
POWER SUPPLy SENSITIVITY 

+15 V :!:1O% O.OOS%/%.1Vs msx · -15 V :!:1O% 0.005%/%.1 V s msx · +5 V ±IO% O.OOS%/%.1Vs max · 
TEMPERATURE COEFFICIENTS 

Gain :!: IS ppml"C typ · :!: 30 ppmlOC max · Unipolar Offset :!:3 pptnrC typ · :!:IO ppmlOC ms. · Bipolar Offset :!:8 pptnrC typ · :!:20 ppmlOC max · Differential Linearity :!:2 ppmlOC typ · 
CONVERSION TIME" 7.' (max) 6.0."s 4.5 .... 

PARALLEL OUTl'pTS 
Unipolar Code Binary · Bipolar Code Offset Binaryrrwos Cnmplement · Output Drive 2 LSTTL Loads · 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary · Bipolar Code Offset Binary/Comp. Offset Binary · Output Drive 2 LSTTL Losds · 

END OF CONVERSION (EOC) Logic "." ,During Conversion · Output Drive 8 LSTTL Losds · 
INTERNAL CLOCK' 

Output Drive '2 LSTTL Losds · 
INTERNAL REFERENCE 

Voltage 10.000 :!: 100 mV · Drift :!: 12 pptnrC, :!:20 ppmlOC max · External Current ±lmAmax · 
POWER SUPPLY REQUIREMENTS' 

Range for Rated Accuracy 4.75 to 5.25 and :!: 13.5 to :!: 16.5 · Supply Current +ISV 5 rnA typ, 8 rnA max · -IS V 22 rnA typ, 35 rnA max · +5 V 30 rnA typ, 40 rnA max · Power Dissipation 555 mWtyp · 
TEMPERATURE RANGE 

Operating o to +700c " · Storage -6SOC to + ISO"C · NOTES 
I Available to MIL-STD-883, Level B. See ADI Military Products Databook for detail specifications. 
2Positive pulse 200 ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge initiates conversion. 
~ith 50 0, 1% fixed resistor in place of gain adjust potentiometer. 
4 Adjustable to zero. 
'With SO 0, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 

AD578L 

• 

· · · · 
· · 
· · · · · 
· · 
· · · 
· · · · · · · 
3."s 

· · · 
· · · · · 
· 
· · ' . 
· · · · · 
· · 

6(:onversion time is defined as the time between the falling edge of convert start and the falling edge of the EOC. 
7Each grade is specified. at the conversion speed shown. 
'Externally adjustable by a resistor or capaeitor (see Figure 6). 
'For "z" models order ADS78ZJ, ZK, ZL (:!:11.6 V to :!:16.S V). 
'Specifications same as ADS78J. 
Specifications subject to change without notice. 
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AD578SD' AD578TD' 

· · 
· · · • 
• · · • 

· · • · 
· · " · · · · · :!:314LSB max :!:3/4 LSB max 

· · · · 
· · · · · · 
· · :!:SO ppmlOC max :!:30 ppmlOC max · · :!: IS ppmlOC max :!:IO ppmlOC max · · :!:2S ppmlOC max :!:20 ppmlOC max · · 
6.0."s 4.S."s 

· · · · · · 
· · · · · · · · · · 
· · 
· · · · · · 
· · · · · · · · · · 
-SSOC to + 12SOC -SSOC to + 12SOC · · 
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Model AD579JN 

RESOLUTION 10 Bits 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±S.O V, ±IO V 
Unipolar o to + 10 V, 0 to +20 V 

Input Impedance 
Oto +lOY, ±SV Sill (±20%) 
±IOV,Oto +20 V 10 ill (±20%) 

DIGITAL INPUTS 
Convert Command2 I LSTTL Load 
Clock Input I LSTTL Load 

TRANSFER CHARACfERISTICS 
Gain Error3 , 4 ±O.I% FSR (±0.25% FSR max) 
Unipolar Offset' ±O.l% FSR (±0.25% FSR max) 
Bipolar Error3 • 4 ±O.I% FSR (±0.2S% FSR max) 
Linearity Error, + 25°C ±1I2 LSB max 
TmintoT~. ±3/4 LSB 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+25·C 10 Bits 
Tmin to Tmax 10 Bits 

POWER SUPPLY SENSITIVITY 
+IS V ±IO% O.OOS%/%.:I.Vs max 
-IS V ±IO% 0.005%/%.:1. V s max 
+5V ±IO% O.ool%/%.:I.Vs max 
"z" Versions 

+12 V ±S% 0.007%/%.:1. V s max 
-12 V ±S% 0.007%/%.:1. V s max 

TEMPERATURE COEFFICIENTS 

Gain ±2S ppml"C typ 
±40 ppmI"C max 

Unipolar Offset ± S ppml"C typ 
± IS ppmI"C max 

Bipolar Offset ± 8 ppml"C typ 
± 20 ppmI"C max 

Differential Linearity ±2 ppml"C typ 

CONVERSION TIME'· , (max) 2.2 fL' 

Conversion Time T min to T max 2.4 ,,"S 

PARALLEL OUTPUTS 
Unipolar Code Binary 
Bipolar Code Offset Binaryffwos Complement 
Output Drive 2 LSTTL Loads 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary 
Bipolar Code Offset Binary/Comp. Offset Binary 
Output Drive 2 LSTTL Loads 

END OF CONVERSION (EOC) Logic "1" During Conversion 
Output Drive 8 LSTTL Loads 

INTERNAL CLOCK' 
Output Drive 2 LSTTL Loads 

INTERNAL REFERENCE 
Voltage 10.000 ±IO mV typ 
Temperature Coefficient IS ppml"C 
External Current ±l mAmax 

POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 4.7S to S.25 and ± 13.S to ± 16.S 
Z Models' 4.7S to S.25 and ±11.4 to ±16.5 
Supply Current +IS V 5 rnA typ, 8 rnA max 

-IS V 22 rnA ryp, 3S rnA max 
+5 V 100 rnA typ, ISO rnA max 

Power Dissipation 775 mW typ 

TEMPERATURE RANGE 
Operating o to +70·C 
Storage -6S·C to +lSO·C 

NOTES 
'Available to MIL-STD-883, Level B. See AD! Military Products Databook for detail specifications. 
2Positive pulse 200 ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge initiates conversion. 
3With 50 il, 1% fIXed resistor in place of gain adjust potentiometer. 
4Adjustable to zero. 
'With 50 fl, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 
6(;onversion time is defined as the time between the falling edge of convert stan and the falling edge of the EOC. 
7Each grade is specified at the conversion speed shown. See Figure 7 for appropriate connections. 
8Extemally adjustable by a resistor or capacitor. 
'For "z" models order AD579ZJN, AD579ZKN or AD579ZTD. 
'Specifications same as ADS79JN. 
**Specifications same as AD579KN. 
Specifications subject to change without notice. 

AD578/AD579 
AD579KN AD579TD' 

· · 
· · · · · · · · 
· · · · 
· · · · · · · · · · 
· · · · 
· · · · · · · · · · 
· · · · · · · · · · · · · · 
1.8 fLS .. 
2.0 ,,"S .. 
· · · · · · 
· · · · · · · · · · 
· · 
· · · · · · 
· · · · · · · · · · · · 
· -5SOC to + 12S·C · · 
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AD578/AD579 
ORDERING GUIDE} 

Conversion Temperature Package 
Model Resolution Speed Range Option' 

AD578]N (JD) 12 Bits 6.0 I1S ooe to +70oe DH-32B 
AD578KN (KD) 12 Bits 4.5 I1S ooe to +70oe DH-32B 
AD578LN (LD) 12 Bits 3.0 I1S ooe to +70oe DH-32B 
AD578SD 12 Bits 6.0 I1S - 55°e to + 125°e DH-32B 
AD578TD 12 Bits 4.5 I1S -55°e to + 125°e DH-32B 
AD578SD/883B 12 Bits 6.0 I1s - 55°e to + 125°e DH-32B 
AD578TD/883B l2 Bits 4.5 I1S -55°e to + l25°e DH-32B 
AD579]N 10 Bits 2.2 I1S ooe to +70oe DH-32B 
AD579KN 10 Bits 1.8 I1S ace to +7ooe DH-32B 
AD579TD 10 Bits 1.8 I1S - 55°e to + 125°e DH-32B 
AD579TD/883B 10 Bits 1.8 I1s -55°e to + 125°e DH-32B 

NOTES 
IPor ±12 V operation "Z" Version, order ADS78ZTD 
2Por outline information see Package Information section. 

THEORY OF OPERATION 
The AD578 is a complete pretrimmed 12-bit AID converter 
which requires no external components to provide the 
successive-approximation analog-to-digital conversion function. 
A block diagram of the AD578 is shown in Figure I. 

-15V 

ANALOGGND 

r-~""'i'Ji,-{!!] ZERO ADJ 

..... -'WI--i::2il BIPOLAR OFFSET 

Figure 1. AD57B1AD579 Functional Block Diagram 
and Pinout 

When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation reg
ister (SAR). The SAR, timed by the clock, sequences through 
the conversion cycle· and returns an end-of-convert flag to the 
control section. The control section disables the clock and 
brings the output status flag low. The data bits are valid on the 
falling edge of the clock pulse starting with t} and ending with 
t12 (Figure 2), and accurately represent the input signal to 
within ± 112 LSB. 
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...... 1-4-2OOns. min 
CONVER n 
START ~"'---"T'O--:----______ ' L 

_--\ 80 ... 

CLOCK I 1 ---l 1---,60", __ 1I __ 1Ons 

EOC ...:::J.F=lpo.. I 
BIT 1 • i 
BIT 2 u 
BIT 3 

BIT 4 u 
BIT 5 

BIT6 u 
BIT 7 

BIT 8 u 
BIT 9 u 

r 
L 

r 

r 

r 

BIT 10 :_=-______ ......::::;--;:::===I~ 
BITl1 m U 
BITI2~ U 
SERIAL.~~~r.;r.~ OUT li 

CLOCK 
INTERNAL: CONNECT CLOCK OUT 1181 TO CLOCK IN 1191 
EXTERNAL: CONNECT EXTERNALCLOCK.TOCLOCK IN 1191 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN OF 100ns. 

NOTE 
'THE RISING EDGE OF CONVERT START PULSE RESETS THE MSB TO ZERO. 
AND THE LSBs TO ONE. THE TRAILlN.G EDGE INITIATES CONVERSION. 

Figure 2a. AD578 3 p,s Timing Diagram 

REV. A 



--l ~2OOm.min 
CONVERT 
START 

GATED 
CLOCK ., " 
EOC 

1011n. 
~ 

-I1--75n.: I 

BIT 1 ~ I I 
(MSBI I 

I 

BIT 2 ~ LJ 
BIT 3 ~ ~ ____________ ~r-
BIT 4 ~ U 
BIT 5 ~ L....i.. _____ -...Ir-
BIT 6 ~ U 
BIT 7 ~ 
BIT 8 ~ U 
BIT 9 ~ U 
BIT 10 ~ U 

ij/H////,I I I .. r::1 ." r::::1 .,1 Iii 
SERIAL WA////A 81! 82l!!J 84 L!!J B6 L!:J 88 : B9 ISlO! 
CLOCK 

INTERNAL: CONNECT CLOCK OUT (181 TO CLOCK IN (191 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (191 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN OF lOOns. 

Figure 2b. AD579 Timing Diagram 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excel
lent stability with both time and temperature. The reference is 
trimmed to 10.00 volts ±1.0%, it is buffered and can supply up 
to 1.0 mA to an externa1load in addition to the current required 
to drive the reference input resistor (0.5 mAl and bipolar offset 
resistor (1 mAl. The thin-film application resistors are trimmed 
to match the full scale output current of the DAC. There are 
two 5 kO input scaling resistors to allow either a 10 volt or 20 

AD578/AD579 
volt span. The 10 kO bipolar offser resistor is grounded for uni
polar operation or connected to the 10 volt reference for bipolar 
operation. 

UNIPOLAR CALIBRATION 
The AD578/AD579 is intended to have a nominal 112 LSB off
set so that the exact analog input for a given code will be in the 
middle of that code (halfway between the transitions to the 
codes above and below it). Thus, when properly calibrated, the 
first transition (from 0000 0000 0000 to 0000 0000 0001) will 
occur for an input level of + 112 LSB. 

If Pin 26 is connected to Pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I, Table II, and 
Figure 3 for further clarification. If the offset trim (Rl) is used, 
it should be trimmed as above, although a different offset can be 
set for a particular system requirement. This circuit will give 
approximately ± 25 m V of offset trim range. 

The full scale trim is done by applying a signal 1 112 LSB below 
the nominal full scale. Trim R2 to give the last transition (1111 
Illl lllO to llll llli llll). 

BITS 1-12 (ADS7.) 

BITS 1-10 (ADS79) 

AD5781 AD579 

+15V 

• 
6.a.F --, 

I i L ____________________ ~ 

Figure 3. Unipolar Input Connections 

Table I. ADS78 Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 

Digital Output Code 
Analog Input-Volts (Binary For Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

Oto +10 V o to +20 V -5 V to +5 V -10Vto+l0V Bl B12 
Range Range Range Range (MSB) (LSB) 

+9.9976 + 19.9951 +4.9976 +9.9951 111111111111 
+9.9952 +19.9902 +4.9952 +9.9902 111111111110 

· · · · · · · · · · +5.0024 + 10.0049 +0.0024 +0.0049 100000000001 
+5.0000 + 10.0000 +0.0000 +0.0000 100000000000 

· • · · · • · • • · +0.0024 +0.0051 -4.9976 -9.9951 000000000001 
+0.0000 +0.0000 -5.0000 -10.0000 000000000000 
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AD578/AD579 
Table n. AD579 Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 

Digital Output Code 
Analog Input-Volts (Binary For Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

Oto+l0V o to +20 V -5 V to +5 V -10Vto+lOV Bl B12 
Range Range Range Range (MSB) (LSB) 

+9.9902 +19.9804 +4.9902 +9.9804 111111111111 
+9.9804 +19.9609 +4.9804 +9.9609 111111111110 

• • · · • · • · · • 
+5.0097 + 10.0195 +0.0097 +0.0195 100000000001 
+5.0000 +10.0000 +0.0000 +0.0000 100000000000 

· · · • • 
• • · · · +0.0097 +0.0195 -4.9902 -9.9804 000000000001 

+0.0000 +0.0000 -5.0000 -10.0000 000000000000 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain specifi
cations are sufficient the 100 n trimmer shown can be replaced 
by a 50 n ± 1% fIXed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal 112 LSB above negative full scale is 
applied, and RI is trimmed to give the first transition (0000 
0000 0000 to 0000 0000 0001). The a signal I 112 LSB below 
positive full scale is applied and R2 trimmed to give the last 
transition (llll Illl 1110 to llll llli llll). 

r-

BITS 1-12 (AD578) 

BITS 1-10 (A0579) 

AD5781 AD579 

.tl0V 
20VIN 

IOVIN 

REF IN 

REF OUT 

I I L ____________________ ~ 

Figure 4. Bipolar Input Connections 
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LAYOUT CONSIDERATION 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These. grounds must be tied together at one point, usu
ally at the system power-supply ground. Ideally, a single solid 
ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD578 or AD579. Separate ground 
returns should be provided to minimize the current flow in the 
path from sensitive points to the system ground point. In this 
way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement errors. 

+5V 11+ @ 
DI:·1• F I I IOpF (,6\ 
COM \!!I 

@ 1 1· -15V 

O.I.Fi i 10• F 

tiO'----+---+-+ ..... ~ ANALOG 'CI COMMON 

O.I.F I -r, 10.F 

® - ~ .. +16V 

Figure 5. Basic Bypassing Practice 

Each of the AD578 or AD579 supply terminals should be capac
itively decoupled as close to the ADC as possible. A large value 
capacitor such as 10 ,..F in parallel with a 0.1 ,..F capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digi
tal GND pin. 

To minimize noise the reference output (Pin 24) should be de
coupled by a 6.8 ,..F capacitor to Pin 30. 
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CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
S.6 .... s (ADS7S) or 4.S .... s (ADS79). It can be adjusted for either 
faster or slower conversion rates. For faster conversions connect 
the appropriate 1% resistor between Pins 17 and IS, and short 
Pin IS to Pin 19. See Figure 6 or 7. 

For slower conversions (AD57S only) connect a capacitor be
tween Pins 15 and 17. 

NOTE: No-Missing-Code operation is not guaranteed when op
erating in this mode if a particular grade's conversion speed 
specification is exceeded. 

3., 
CONVERSION 

RATE 

LGRADE 

13.0 

~10.0 
w 
:IE 6.0 j: 
2 

~ 6.0 
a: 
w 
> 4.0 
2 

8 2.0 

1.5 

1000 

200 

I9 

6., 
CONVERSION 

RATE 18 

J.SGRADES 

CAPACITANCE - pF 
680 

2k 
RESISTANCE - n 

TO SLOW 
CONVERSION. 

~7 
USEC 
FROM T 

FIGURE6 <!9 

330 

10k 

Figure 6. AD578 Conversion Times vs. R or C Values 

J GRADE 

2.~, 
CONVERSION 

RATE 
6490 

I'll. 

K. TGRADES 

1.a., 
CONVERSION 

RATE 
4220 

I'll. 

Figure 7. AD579 Clock Rate Control Connection 
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AD578/AD579 
Short Cycle Input-A short cycle input, Pin 14, permits the 
timing cycle to be terminated after any number of desired bits 
has been converted, allowing shorter conversion times in appli
cations not requiring the full lO-bit (ADS79) or 12-bit (ADS7S) 
resolution. Short cycle pin connections and associated conver
sion times are summarized in Tables III and IV. 

Table 01. AD578 Short Cycle Connections 

Resolution (Bits) 12 10 S 

Connect Pin 14 to Pin 16 2 4 

Conversion Speed ( .... s) 3 2.S 2 

Table IV. AD579 Short Cycle Connections 

Resolution (Bits) 10 S 

Connect Pin 14 to Pin 2 4 

Conversion Speed ( .... s) 1.8 I.S 

External Clock-An external ciock may be connected directly to 
the clock input, Pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 

External Buffer Amplifier-In applications where the AD578 is 
to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wideband op amp like the 
AD711 should be used. 

I/o. GND Vas 

EN AU A1 A2 A3 

ANALOG INPUT 
0-1OV 27 

16 

Figure 8. Input Buffer 

+5V +15V -15V 

AD578 
DR 

AD579 

32 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete B-Bit Signal Conditioning AID Converter 

Including Instrumentation Amp and Reference 
Microprocessor Bus Interface 
10p.s Conversion Speed 
Flexible Input Stage: Instrumentation Amp Front End 

Provides Differential Inputs and High Common-Mode 
Rejection 

No User Trims Required 
No Missing Codes Over Temperature 
Single + 5V Supply Operation 
Convenient Input Ranges 
20-Pin DIP or Surface-Mount Package 
Low Cost Monolithic Construction 
MIL-STD-883B Compliant Versions Available 

GENERAL DESCRIPTION 
The AD670 is a complete 8-bit signal conditioning analog-to-digital 
converter. It consists of an instrumentation amplifier front end 
along with a DAC, comparator, successive approximation register 
(SAR), precision voltage reference, and a three-state output 
buffer on a single monolithic chip. No external components or 
user trims are required to interface, with full accuracy, an analog 
system to an 8-bit data bus. The AD670 will operate on the 
+ SV system supply. The input stage provides differential inputs 
with excellent common-mode rejection and allows direct interface 
to a variety of transducers. 

The device is configured with input scaling resistors to permit 
two input ranges: 0 to 2SSmV (lmV/LSB) and 0 to 2.SSV 
(IOmV/LSB). The AD670 can be configured for both unipolar 
and bipolar inputs over these ranges. The differential inputs and 
common-mode rejection of this front end are useful in applications 
such as conversion of transducer signals superimposed on common
mode voltages. 

The AD670 incorporates advanced circuit design and proven 
processing technology. The successive approximation function is 
implemented with I2L (integrated injection logic). Thin-film 
SiCr resistors provide the stability required to prevent missing 
codes over the entire operating temperature range while laser 
wafer trimming of the resistor ladder permits calibration of the 
device to within ± lLSB. Thus, no user trims for gain or offset 
are required. Conversion time of the device is lO,...s. 
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Low Cost Signal 
Conditioning 8-Bit ADC 

AD670 I 

+V~C 

The AD670 is available in four package types and five grades. 
The J and K grades are specified over 0 to + 70·C and come in 
20-pin plastic DIP packages or 20-terminal PLCC packages. 
The A and B grades ( - 4O"C to + 8S"C) and the S grade ( - SSOC 
to + 125°C) come in 20-pin ceramic DIP packages. 

The S grade is also available with optional processing to MlL-STD-
883 in 20-pin ceramic DIP or 20-terminal LCC packages. The 
Analog Devices Military Products Databook should be consulted 
for detailed specifications. 

PRODUCT HIGHLIGHTS 
1. The AD670 is a complete 8-bit AID including three-state 

outputs and microprocessor control for direct Connection to 
8-bit data buses. No extemal components are required to 
perform a conversion. 

2. The flexible input stage features a differential instrumentation 
amp input with excellent common-mode rejection. This 
allows direct interface to a variety of transducers without 
preamplification. 

3. No user trims are required for 8-bit accurate performance. 
4. Operation from a single + SV supply allows the AD670 to 

run off of the microprocessor's supply. 
5. Four convenient input ranges (two unipolar and two bipolar) 

are available through intemal scaling resistors: 0 to 255m V 
(lmVILSB) and 0 to 2.5SV (lOmVILSB). 

6. Software control of the output mode is provided. The user 
can easily select unipolar or bipolar inputs and binary or 2's 
complement output codes. 
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AD670 - SPECIFICATIONS (@ Vee = +5V and +25°C unless othelWise noted) 

MocIeI AD670J AD670K 
MiD Typ Max MiD Typ Max Ulills 

OPllRATINGTEMPERATURERANGE 0 +70 0 +70 "C 

RESOLUTION 8 8 Bit 

CONVERSION TIME 10 10 ... 
RELATIVE ACCURACY "'112 "'114 LSB 

Tmia toT ...... "'112 ",112 LSB 

D1FFERENTIALUNEARITY ERROR' 
TmintoTIDIII GUARANTEED NOMISSlNG CODES ALL GRADES 

GAIN ACCURACY 
@+2S"C "'1.5 "'0.75 LSB 
Tmin toT_ 

"'2.0 d.O LSB 

UNIPOLAR ZERO ERROR 
@+2S"C "'1.5 "".75 LSB 
Tmia to T_ "'2.0 ::1:1.0 LSB 

BIPOLAR ZERO ERROR 
@+2S"C "'1.5 "'0.75 LSB 
Tnaia to TIhU: "'2.0 "'1.0 LSB 

ANALOG INPUT RANGES 
DIFFERENTlAL( - VlNto + VIN) 

Low Range 0[0+255 Oto +255 mV 
-128to+ 127 -128to + 127 mV 

HighRange 0[0+2.55 Oto +2.55 V 
-1.28to+l.27 -1.28(0 + 1.27 V 

ABSOLUTE (InpulS to Power Gnd) 
Low Range T IlIiD to T ___ -8.lSO Vee- 3•4 -O.ISO Vee -3.4 V 
High Range T min to T_ -1.50 Vc;c -1.50 Vc;c V 

BIAS CURRENT(255mV RANGE) 
TmintoT_ 200 SOO 200 500 nA 

OFFSET CURRENT (255mV RANGE) 
Tmin to T_ 40 200 40 200 nA 

2.SSV RANGE 1NPUTRESISTANCE 8.0 12.0 8.0 12.0 kll 

2.5SVRANGEFULL SCALE MATCH 
+AND-1NPUT :!: 1/2 ±I1l LSB 

COMMON·MODEREJECTION 
RATIO (255mV RANGE) I I LSB 

COMMON·MODEREJECTION 
RATIO(2.SSVRANGE) 1 1 LSB 

POWER SUPPLY 
Operatins Range 4.5 5.5 4.5 5.5 V 
Current Icc 30 45 30 45 mA 
Rejection Ratio T min to Tow: 0.015 0.015 %ofFSI% 

DIGITAL OUTPUTS 
SINKCURRENT(VotJT = 0.4V) 

TmiAtoT_ 1.6 1.6 mA 
SOURCECURRENT(VOVT = 2.4V) 

TmintoTmu 0.5 0.5 mA 

~STATELEAKAGECURRENT ",40 ",40 ~A 

OUTPUT CAPACITANCE 5 5 pF 

DIGITAL INPUT VOLTAGE 
VINL 0.8 0.8 V 
VINH 2.0 2.0 V 

D1GITAL1NPUTCURRENT 
(OsVlNs+ SV) 

IINL -100 -100 ~ 
IINH +100 +100 ~A 

1NPUTCAPACITANCE 10 10 pF 

NOTES 
ITested at Vcc=4.5V. S.OVaDd S.SV. 
SpecificatioDl showq in boldface are tested. on aU productioD units at fiDal clecrric:alleSt. Results from thole ICStS are used to cak:ulate outgoing quality 
levels. All min and max specificatioas are guarantc:ed, altbouah only those shown in boldface are tested on aU production units. 
Specifications aubjcct to dwqJe without notice. 
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Model AD670A AD670B 
Min Typ Max Min Typ Max Min 

OPERATING TEMPERATURE RANGE -40 +85 -40 +85 -55 

RESOLUTION 8 8 8 

CONVERSION TIME 10 10 

RELATIVE ACCURACY ±112 ±114 

TmilllOTmu ±112 ±1/2 

DIFFERENTIAL LINEARITY ERROR' 

Tmill toTma• GUARANTEED NO MISSING CODES ALL GRADES 

GAIN ACCURACY 
@+25oc ±l.S ±O.75 

TnuntoTmax ±2.S ±1.5 

UNIPOLAR ZERO ERROR 

eu' + ZS"C ±l.O ±O.S 

TnuntoTmax ±2.0 ±l.O 

BIPOLAR ZERO ERROR 
ea: +25°C ±I.O ±O.S 
Tmin to Tmax ±2.0 ±l.O 

ANALOG INPUT RANGES 

DIFFERENTIAL ( -VIN[O + VIN) 

Low Range 0(0+255 Oto +255 
-128to+l27 128to + 127 

High Range 0(0+2.55 Oto +2.S5 
-1.28to + 1.27 ··1.28to + 1.27 

ABSOLUTE (Inputs to Power God) 

Low Range T RUn to T max -0.150 Vee -3.5 -0.150 Vee -3.5 -0.150 
High Range T nun to T max -LSD Vee ··1.50 Vee -1.50 

BIAS CURRENT (255m V RANGE) 

TnunlOTmax 200 500 200 500 

OFFSET CURRENT (255m V RANGE) 

Tnunto Tmax 40 200 40 200 

2. 55V RANGE INPUT RESISTANCE 8.0 12.0 8.0 12.0 8.0 

2.55VRANGE FULL SCALE MATCH 
+AND- INPUT ± 112 ::,::112 

COMMON-MODE REJECTION 

RATIO (255mV RANGE) I I 

COMMON-MODE REJECTION 

RATIO(255VRANGE) I 1 

POWER SUPPLY 

Operating Range 4.5 55 4.5 5.5 4.75 
CurrentIc..c 30 45 30 45 
Rejection Ratio T nun to T max 0.015 0.015 

DIGITAL OUTPUTS 
SINK CURRENT (VOUT = O.4V) 

TmintoTmax 1.6 1.6 1.6 
SOURCECURRENT(VOUT = 2AV) 

Tnunto Tmax 0.5 0.5 0.5 

THREE-STATE LEAKAGE CURRENT ±40 ±40 

OUTPUT CAPACITANCE 5 5 

DIGITALINPUTVOLTAGE 
V1NL 0.8 0.8 
VINH 2.0 2.0 2.0 

DIGITALINPUT CURRENT 
(OSV1NS + SV) 

IINL -100 -100 -100 
llNH +100 +100 

INPUT CAPACITANCE 10 10 

NOTES 
iTested at Vcc=4.5V, S.OVand S.sV for A, B grades; 4.7SV, 5.0Vand S.SV for S grade. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed. although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

AD670 
AD670S 

Typ Ma. Units 

+ 125 'c 
Bit 

10 ~, 

±112 LSB 
±I LSB 

±1.S LSB 
±2.5 LSB 

±l.O LSB 
±2.0 LSB 

±l.O LSB 
±2.0 LSB 

Ow + 255 mV 

128to + 127 mV 

010+2.55 V 
1.28 to + 1.27 V 

Vee -3.5 V 

Vee V 

200 750 nA 

40 200 nA 

12.0 kn 

::+:112 LSB 

I LSB 

1 LSB 

5.5 V 
30 45 mA 

0.0\5 %ofFS/% 

mA 

mA 

±40 ~A 

5 pF 

0.7 V 

V 

~A 
+100 ~A 

10 pF 
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AD670 

POWER GNO +Ycc 

Figure 1. AD670 Block Diagram and Terminal Configuration 
(All Packages) 

ABSOLUTE MAXIMUM RATINGS* 
Vee to Ground •.......•........ OV to +7.SV 
Digital Inputs (Pins 11-15) .....•. -O.SV to Vee +O.SV 
Digital Outputs (Pins 1-9) • Momentary Short to Vee or Ground 
Analog Inputs (Pins 16-19) . -30V to + 30V 
Power Dissipation . . . . . • . . . . . . • . . 450mW 
Storage Temperature Range . . . . . -65°C to + IS00C 
Lead Temperature (Soldering, 10sec) . . . •. + 3000C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specifICation is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

Temperature Relative Accuracy Gain Accurac:y 
Modell Rauge @+25"<: @+25"<: Package Option2 

AD670JN Oto+700c ±II2LSB ±l.SLSB Plastic DIP (N-20) 
AD670JP Oto +700c ±II2LSB ±l.SLSB PLCC(P-20A) 
AD670KN Oto+700c ±1I4LSB ±O.75LSB Plastic DIP (N-20) 
AD670KP Oto+700c ±1I4LSB ±O.7SLSB PLCC (P-20A) 
AD670AD - 400C to + 8SOC ±II2LSB ±1.5LSB ~cDIP(~20) 

AD670BD - 400C to + 8SOC ±1I4LSB ±O.7SLSB ~DIP(~20) 

AD670SD - SSOC to + 12SOC ±1I2LSB ±1.5LSB CeramicDIP(~20) 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices 
Militsry Products Databook. 

'D = Ceramic DIP; N = PlasticDIP;P = PJasticLeadedChipCarrier. For outline information see Package Information section. 

CIRCUIT OPERATION/FUNCTIONAL DESCRIPTION 
The AD670 is a functionally complete 8-bit signal conditioning 
AID converter with microprocessor compatibility. The input 
section uses an instrumentation amplifier to accomplish the 
voltage to current conversion. This front end provides a high 
impedance, low bias current differential amplifier. The common
mode range allows the user to directly interface the device to a 
variety of transducers. 

The AID conversions are controlled by R1W, CS, and CEo The 
RIW line directs the converter to read or start a conversion. A 
~inimum write/start pulse of 300ns is required on either CE or 
CS. The STATUS line goes high, indicating that a conversion is 
in process. The conversion thus begun, the internal 8-bit DAC 
is sequenced from MSB to LSB using a novel successive ap
proximation technique. In conventional designs, the DAC is 
stepped through the bits by a clock. This can be thought of as a 
static design since the speed at which the DAC is sequenced is 
determined solely by the clock. No clock is used in the AD670. 
Instead, a "dynamic SAR" is created consisting of a string of 
inverters with taps along the delay line. Sections of the delay 
line between taps act as one shots. The pulses are used to set 
and reset the DAC's bits and strobe the comparator. When 
strobed, the comparator then determines whether the addition 
of each successively weighted bit current causes the DAC current 
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sum to be greater or less than the input current. If the sum is 
less, the bit is turned off. After all bits are teSted, the SAR 
holds an 8-bit code representing the input signal to within 1I2LSB 
accuracy. Ease of implementation and reduced dependence on 
process related variables make this an attractive approach to a 
successive approximation design. 

The SAR provides an end-of-conversion signal to the control 
logic which then brings the STATUS line low. Data outputs 
remain in a high impedance state until RIW is brought high 
with CE and CS low and allows the converter to be read. Bringing 
CE or CS high during the valid data period ends the read cycle. 
The output buffers cannot be enabled during a conversion. Any 
convert start commands will be ignored until the conversion 
cycle is completed; once a conversion cycle has been started it 
cannot be stopped or restarted. 

The AD670 provides the user with a great deal of flexibility by 
offering two input spans and formats and a choice of output 
codes. Input format and input range can each be selected. The 
BPOIUPO pin controls a switch which injects a bipolar offset 
current of a value equal to the MSB less 1I2LSB into the summing 
node of the comparator to offset the DAC output. Two precision 
10 to I attenuators are included on board to provide input range 
selection of 0 to 2.SSV or 0 to 2SSmV. Additional ranges of 
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- 1.28 to 1.27V and - 128 to 127m V are possible if the BPOIUPO 
switch is high when the conversion is started. Finally, output 
coding can be chosen using the FORMAT pin when the conversion 
is started. In the bipolar mode and with a logic I on FORMAT, 
the output is in two's complement; with a logic 0, the output is 
offset binary. 

CONNECTING THE AD670 
The AD670 has been designed for ease of use. All active com
ponents required to perform a complete AID conversion are on 
board and are connected internally. In addition, all calibration 
trims are performed at the factory, assuring specified accuracy 
without user trims. There are, however, a number of options 
and connections that should be considered to obtain maximum 
flexibility from the part. 

INPUT CONNECTIONS 
Standard connections are shown in the figures that follow. An 
input range of 0 to 2.SSV may be configured as shown in Figure 
2a. This will provide a one LSB change for each 10mV of input 
change. The input range of 0 to 2SSmV is configured as shown 
in Figure 2b. In this case, each LSB represents 1m V of input 
change. When unipolar input signals are used, Pin 11, BPOIUPO, 
should be grounded. Pin II selects the input format for either 
unipolar or bipolar signals. Figures 3a and 3b show the input 
connections for bipolar signals. Pin 11 should be tied to + Va:. 
for bipolar inputs. 

Although the instrumentation amplifier has a differential input, 
there must be a return path to ground for the bias currents. If it 
is not provided, these currents will charge stray capacitances 
and cause internal circuit nodes to drift uncontrollably causing 
the digital output to change. Such a return path is provided in 
Figures 2a and 3a (larger input ranges) since the Ik resistor leg 
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VIN + G--r-4--i 

2a. 0 to 2.55V (10mVILSB) 

2b. 0 to 255m V (1mVILSB) 

NOTE: PIN 11. BPO/UPOSHOULD BE LOWWHEN 
CONVERSION IS STARTED. 

Figure 2. Unipolar Input Connections 

AD670 

3a. ;;t: 1.28V Range 

AD670 

VIN+o-,---. 

VIN-o--'--...... 

9 

~VCM 
3b. ;;t: 128mV Range 

NOTE: PIN 11, BPO/UPO SHOULD BE HIGH WHEN 
CONVERSION IS STARTED. 

Figure 3. Bipolar Input Connections 

is tied to ground. This is not the case for Figures 2b and 3b 
(the lower input ranges). When connecting the AD670 inputs to 
floating sources, such as transformers and ac-coupled sources, 
there must still be a dc path from each input to common. This 
can be accomplished by connecting a 10k!} resistor from each 
input to ground. 

Bipolar Operation 
Through special design of the instrumentation amplifier, the 
AD670 accommodates input signal excursions below ground, 
even though it operates from a single SV supply. To the user, 
this means that true bipolar input signals can be used without 
the need for any additional external components. Bipolar signals 
can be applied differentially across both inputs, or one of the 
inputs can be grounded and a bipolar signal applied to the 
other. 

Common-Mode Performance 
The AD670 is designed to reject dc and ac common-mode voltages. 
In some applications it is useful to apply a differential input 
signal VIN in the presence of a dc common-mode voltage VCM' 

The user must observe the absolute input signal limits listed in 
the specifications, which represent the maximum voltage VIN + 
V CM that can be applied to either input without affecting proper 
operation. Exceeding these limits (within the range of absolute 
maximum ratings), however, will not cause permanent damage. 

The excellent common-mode rejection of the AD670 is due to 
the instrumentation amplifier front end, which maintains the 
differential signal until it reaches the output of the comparator. 
In contrast to a standard operational amplifier, the instrumentation 
amplifier front end provides significantly improved CMRR over 
a wide frequency range (Figure 4a). 
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AD670 
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FREQUENCY - Hz 

Figure 4a. CMRR over Frequency 

o~m--.-----~~------------------, 
CIRCUrrs 

AD670 
LOGIC 

+ V GND NOISE-

+V--DIGITAL CURRENTS SHARE CONDUCTOR 
WITH ANALOG SIGNAL 

MAIN 
+6V 

SUPPLY 

Figure 4b. AD670 Input Rejects Common-Mode Ground 
Noise 

Good common-mode performance is useful in a number of 
situations. In bridge-type transducer applications, such perform
ance facilitates the recovery of differential analog signals in the 
presence of a de common-mode or a noisy electrical environment. 
High-frequency CMRR also becomes important when the analog 
signal is referred to a noisy, remote digital ground. In each case, 
the CMRR specification of the AD670 allows the integrity of 
the input signal to be preserved. 

The AD670's common-mode voltage tolerance allows great 
flexibility in circuit layout. Most other AID converters require 
the establishment of one point as the analog reference point. 
This is necessary in order to minimize the effects of parasitic 
voltages. The AD670, however, eliminates the need to make the 
analog ground reference point and AID analog ground one and 
the same. Instead, a system such as that shown in Figure 4b is 
possible as a result of the AD670's common-Jnode performance. 
The resistors and inductors in the ground return represent 
unavoidable system parasitic impedances. 

Input/Output Options 
Data output coding (2's complement vs. straight binary) is 
selected using Pin 12, the FORMAT pin. The selection of input 
format (bipolar vs. unipolar) is controlled using Pin 11, BPOIUPO. 
Prior to a write/convert, the state of FORMAT and BPOIUPO 
should be avai1able to the converter. These lines may be tied to 
the data bus and may be changed with each conversion if desired. 
The configurlitions are shown in Table I. Output coding for 
representative signals in each of these configurations is shown in 
Figure 5. 

An output signal, STATUS, indicates the status of.the conversion. 
STATUS goes high at the beginning of the conversion and 
returns low when the conversion cycle has been completed. 
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BPO/UPO 

o 
FORMAT INPUTRANGWOUTPUTFORMAT 

I 
o 
I 

o 
o 
1 
1 

Unipolar/Strsight Binary 
Bipolar/Offset Binary 
Unipolar/2's Complement 
Bipolar/2's Complement 

Table I. AD670 Input Selection/Output Format Truth Table 

STRAIGHT BINARY __ _ 
+ VON 
o 
128mV 
255mV 
255.mV 
128mV 
128mV 

-VON 
o 

DIFF 
VON 
o 
128mV 
255mV 
o 

(FORMAT = 0, BPO/UPO = 01 
0000 0000 

o 
o 
255mV 
127mV 
-127mV 

1mV 
255mV 

1000 0000 
1111 1111 
0000 0000 
0000 0001 
1111 1111 

Figure 5a. Unipolar Output Codes (Low Range) 

OFFSET BINARY 2'sCOMPLEMENT 
DIFF (FORMAT = 0, (FORMAT = 1, 

+ VON -VON VON BPO/UPO = 11 BPO/UPO = 11 
o 0 o 1000 0000 0000 0000 
127mV 0 127mV 1111 1111 0111 1111 
1.127V 1.000V 127mV 1111 1111 0111 1111 
255mV 255mV o 1000 0000 0000 0000 
128mV 127mV lmV 1000 0001 0000 0001 
127mV 128mV -1mV 0111 1111 1111 1111 
127mV 255mV -128mV 0000 0000 1000 0000 
-128mV 0 -128mV 0000 0000 1000 0000 

Figure5b. Bipolar Output Codes (Low Range) 

CalibratiOn 
Because of its precise factory calibration, the AD670 is intended 
to be operated without user trims for gain and offset; therefore, 
no provisions have been made for such user trims. Figures 6a, 
6b, and 6c show the transfer curves at zero and full scale for the 
unipolar and bipolar modes. The code transitions are positioned 
so that the desired value is centered at that code. The first LSB 
transition for the unipolar mode occurs for an input of + 1/2LSB 
(5mV or O.5mV). Simi1arly, the MSB transition for the bipolar 
mode is set at -1I2LSB (-5mV or -O.5mV). The full scale 
transition is located at the full sca1e value -1 1I2LSB. These 
values are 2.545V and 254.5mV. 

OUTPUT 
CODES 

I {OOGO 00111 

{OGOO 00101 

I 
{OOOO 00011 

{OOOO 00001 

ov 

LSB TRANSITION AT +1/2LSB 

ANALOG INPUT 

Figure 6a. Unipolar Transfer Curve 
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Figure 6b. Bipolar 

(O.255V) 
2.550V 

('11' '11') 

ANALOG INPUT 

FS TRANSITION AT 2.545V (O.2545V) 

Figure 6c. Full Scale (Unipolar) 

Figure 6. Transfer Curves 

CONTROL AND TIMING OF THE AD670 
Control Logic 
The AD670 contains on-chip logic to provide conversion and 
data read operations from signals commonly available in micro
processor systems. Figure 7 shows the internal logic circuitry of 
the AD670. The control signals, CE, CS, and RiW control the 
operation of the converter. The read or write function is determined 
by RiW when both CS and CE are low as shown in Table II. If 
all three control inputs are held low longer than the conversion 
time, the device will continuously convert until one input, CE, 
CS, or RiW is brought high. The relative timing of these signals 
is discussed later in this section. 

AD670 

B~U~[}--------------------------' 

roMAAT[}--~====~~~;;~~:l ____ L-, 
aD---+lT-:I 

CilLJ---+i+H 

STATUS LJ-------.... -«:.. 

TO CONTROL 
LOGIC 

>----------:L..r::--=- MASTER RESET 

NORMALLY HIGH 

1------------ ~~~::~~ 
STATUSQUTPUT 

BUFFER 

Figure 7. Control Logic Block Diagram 

RIW CS CE OPERATION 

0 0 0 WRITE/CONVERT 
1 0 0 READ 
X X 1 NONE 
X 1 X NONE 

Table II. AD670 Control Signal Truth Table 

Timing 
The AD670 is easily interfaced to a variety of microprocessors 
and other digital systems. The following discussion of the timing 
requirements of the AD670 control signals will provide the 
designer with useful insight into the operation of the device. 

WritelConvert Start Cycle 
Figure 8 shows a complete timing disgram for the write/convert 
start cycle. CS (chip select) and CE (chip enable) are active low 
and are interchangeable signals. Both CS and CE must be low 
for the converter to read or start a conversion. The minimum 
pulse width, tw, on either CS or CE is 300ns to start a 
conversion. 

Table m. AD670TIMINGSPECIFICATIONS 
Boldface indicates parameters tested 100% unless otherwise noted. See Specifications page for explanation. 

@+25"C 
Symbol Parameter Min Typ Max Units 

WRITE/CONVERT START MODE 

tw Write/Start Pulse Width 300 ns 
tos Input Data Setup Time 200 ns 
tOH Input Data Hold 10 ns 
tRWC ReadIWrite Setup Before Control 0 ns 
toe Delay to Convert Start 700 ns 
tc Conversion Time 10 ILS 

READ MODE 

tR Read Time 250 ns 
tso Delay from Status Low to Data Read 250 ns 
tTD Bus Access Time 200 250 ns 
tOH Data Hold Time 25 ns 
tOT Output Float Delay 150 ns 
tRT RiW before CE or CS low 0 ns 
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Figure 8. Write/Convert Start Timing 

The RIW line is used to direct the converter to start a conversion 
(RiW low) or read data (RIW high). The relative sequencing of 
the three control signals (RIW, CE, CS) is unimportant. However, 
when all three signals remain low for at least 300ns (tw), STATUS 
will go high to signal that a conversion is taking place. 

Once a conversion is started and the STATUS line goes high, 
convert start commands will be ignored until the conversion 
cycle is complete. The output data buffer cannot be enabled 
during a conversion. 

Read Cycle 
Figure 9 shows the timing for the data read operation. The data 
outputs are in a high impedance state until a read cycle is initiated. 
To begin the read cycle, RIW is brought high. During a read 
cycle, the minimum pulse length for CE and CS is a function of 
the length of time required for the output data to be valid. The 
data becomes valid and is available to the data bus in a maximum 
of 25Ons. This delay between the high impedance state and 
valid data is the maximum bus access time or t"!D. Bringing CE 
or CS high during valid data ends the read cycle. The outputs 
remain valid for a minimum of 25ns (tow and return to the 
high impedance state after a delay, tOT, of 150ns maximum. 

Figure 9. Read Cycle Timing 
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STAND-ALONE OPERATION 
The AD670 can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input ports available. Two 
typical conditions are described and illustrated by the timing 
diagrams which follow. 

Smpe Conversion, Smpe Read 
When the AD670 is used in a stand-alone mode, CS and CE 
should be.tied together. Conversion will be initiated by bringing 
RIW low. Within 700ns, a conversion will begin. The RIW 
pulse should be brought high again once the conversion has 
started so that the data will be valid upon completion of the 
conversion. Data will remain valid until. CE and CS are brought 
high to indicate the end of the read cycle or RlWgoes low. The 
timing diagram is shown in Figure 10. 

!--WRITE ....... -fI_--.EAo--------l 

wW~ ! 
! ~ 

~.a_-~t:~;;=:t·:====;~====~1 (LOW) '--WRITE • '. READ~ 

STATUS-#=~ ~ I : I 
I--tc----i I I I 

OATA~ ! t{{h0~1------
--,',.f- -I "" I-

Figure 10. Stand-Alone Mode Single Conversion! 
Single Read 

Continuous Conversion, SiDPe Read 
A variety of applications may call for the AID to be read after 
several conversions. In process control systems, this is often 
the case since a reading from a senaor may only need to be 
updated every few conversions. Figure 11 shows the timing 
relationahips. 

Once agsin, CE and CS should be tied together. Conversion will 
begin when the RIW signal is brought low. The device will 
convert repeatedly as indicated by the status line. A fmal conversion 
will take place once the RIW line has been brought high. The 
rising edge of RIW must occur while STATUS is high. RIW 
should not return high while STATUS is low since the circuit is 
in a reset state prior to the next conversion. Since the rising 
edge of RIW must occur while STATUS is high, RIW's length 
must be a minimum of 10.2SjI.S (tc + tTO). Data becomes valid 
upon completion of the conversion and will remain so until the 
CE and CS lines are brought high indicating the end of the read 
cycle or RIW goes low initiating a new series of conversions. 

om---i IJ-r\-
cs c£ I I I I 

ITtE TOGETHERi\. I I I " 
.... , I II I I I L 
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APPLYING THE AD670 
The AD670 has been designed for ease of use, system compatibility, 
and minimization of external components. Transducer interfaces 
generally require signal conditioning and preamplification before 
the signal can be converted. The AD670 will reduce and even 
eliminate this excess circuitry in many cases. To illustrate the 
flexibility and superior solution that the AD670 can bring to a 
transducer interface problem, the following discussions are 
offered. 

Temperature Measurements 
Temperature transducers are one of the most common sources 
of analog signals in data acquisition systems. These sensors 
require circuitry for excitation and preamplificationlbuffering. 
The instrumentation amplifier input of the AD670 eliminates 
the need for this signal conditioning. The output signals from 
temperature transducers are generally sufficiently slow that a 
samplelhold amplifier is not required. Figure 12 shows the 
AD590 IC temperature transducer interfaced to the AD670. 
The AD580 voltage reference is used to offset the input for ODC 
calibration. The current output of the AD590 is converted into 
a voltage by Rl. The high impedance unbuffered voltage is 
applied directly to the AD670 configured in the - 128m V to 
127m V bipolar range. The digital output will have a resolution 
of IDC. 

&~--

+v, 
"VI 

~:::-""~-+----""1.-j 
,oon 
SPAN 
TRIM 

.500 

AD670 DtGITAL OUTPUT 
BIPOLAR ±127"C 

MODE 1"C RESOLUTION 

Figure 12. AD670 Temperature Transducerlnterface 

Platinum RTDs are also a popular, temperature transducer. 
Typical RTDs have a resistance of lOOn at O"C and change 
resistance 0.40 per DC. If a constant excitation current is caused 
to flow in the RTD, the change in voltage drop will be a 
measure of the change in temperature. Figure 13 shows such a 
method and the required connections to the AD670. The 
AD580 2.5V reference provides the accurate voltage for the 
excitation current and range offsetting for the RTD. The opo 
amp is configured to force a constant 2.5mA current through 
the RTD. The differential inputs of the AD670 measure the 
difference between a fixed offset voltage and the temperature 
dependent output of the op-amp which varies with the resistance 
of the RTD. The RTD change of approximately 0.401"C results 
in a ImVI"C voltage change. With the AD670 in the ImVILSB 
range, temperatures from 0 to 255DC can be measured. 
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PLATINUM RTD 
10on@ooc 

-O.40fOC 

+5V 

AD670 

250n 

2.SmA 2.SmA 

AD670 

1mVrc 
DIGITAL OUTPUT 

Oto 2550C 
1"C RESOLUTION 

Figure 13. Low Cost RTD Interface 

Differential temperature measurements can be made using an 
AD590 connected to each of the inputs as shown in Figure 14. 
This coirliguration will allow the user to measure the relative 
temperature difference between two points with a 1 DC resolution. 
Although the internal Ik and 9k resistors on the inputs have 
:t 20% tolerance, trimming the AD590 is unnecessary as most 
differential temperature applications are concerned with the 
relative differences between the two. However, the user may see 
up to a 20% scale factor error in the differential temperature to 
digital output transfer curve. 

This scale factor error can be eliminated through a software 
correction. Offset corrections can be made by adjusting for any 
difference that results when both sensors are held at the same 
temperature. A span adjustment can then be made by immersing 
one AD590 in an ice bath and one in boiling water and eliminating 
any deviation from lOO"C. For a low cost version of this setup, 
the plastic AD592 can be substituted for the AD590. 

+9Y OR GREATER 

AD670 

DIGITAL OUTPUT '" 
4T±12rC 

1"C RESOLUTION 
I :t20%OFABSOLUTE ERROR) 

Figure 14. Differential Temperature Measurement Using 
the AD590 
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AD670c 
STRAIN GAUGE MEASUREMENTS 
Many semiconductor-type strain gauges, pressure transducers, 
and load cells may also be connected directly to the AD670. 
These types of transducers typically produce 30 millivolts full
scale per volt of excitation. In the circuit shown in Figure IS, 
the AD670 is connected directly to a Data Instruments model 
JP-20 load cell. The ADS84 programmable voltage reference is 
used along with an AD741 op-amp to provide the ±2.SV 
excitation for the load cell. The output of the transducer will be 
± ISOmV for a force of±20 pounds. The AD670 is configured 
for the ± 128 milli~lt range. The l'CSOlution is then approximately 
2.1 ounces per LSB over a range of ± 17 pounds. Scaling to 
exactly 2 ounces per LSB can be accomplished by trinuning the 
reference voltage which excites the load cell. 

Figure 15. AD670 Load Cel/lnterface 

MULTIPLEXED INPtJTS 
Most data acquisition systems requite the measurement of 
severa1 analog signals. Multiple AiD converters ate often used to 
digitize these inputs, requiring additional pl'Camplification and 
buffer stages per channel. Since these signals vary slowly, a 
differential MUX can multiplex inputs from several transducers 
into a single AD670. And since the AD670's signal-conditioning 
capability is preserved, the cost of several ADCs, differential 
amplifiers, and other support components can be reduced to 
that of a single AD670, a MUX, and afew digital logic gates. 
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An AD7S02 dual 4-channe1 MUX appears in Figure 16 multi
plexing four differential signals to the AD670. The AD7S02's 
decoded address is gated with the microprocessor's write signal 
toprovice a latching strobe at the flip-flops. A write cycle to the 
AD7S02's address then latches the tWo LS,Bs of the data word . 
thereby selecting the input channel for subsequent conversions. 

A+ 

A-

B+ 

B-

c+ 

c-

D+ 

D-

+15 GNI) -15 

DOr--~':"="'-h 

D.)----i 

Figure 16. Multiplexed Analog Inputs to AD670 

SAMPLED INPtJTS 
For those applications where the input signal is capable of slewing 
more than II2LSB during the AD670's 10 .... 8 conversion cycle, 
the input should be held constant for the cycle's duration. The 
circuit shown in Figure 17 uses a CMOS switch and tWo capacitors 
to samp1elbold the input. The AD670's STATUS output, once 
inverted, supplies the sample/hold (StH) signal. 

A convert command applied on the CE, CS OR R.ifii lines will 
initiate the conversion. The AD670's STATUS output, once 
inverted, supplies the sample/hold signal to the CD4066. The 
CD4066 CMOS ,switch shown in Figure 17 WlI$ chosen for its 
fast transition times, low on-l'CSistance and low cost. The control 
input's propagation delay for switch-closed to switch-open should 
l'CDl8in less than ISOns to ensure that the sample-to-hold transition 
occurs before the first bit decision in the AD670. 
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c, = Cz = SOOpF POLYSTYRENE ±2.5% 

Figure 17. Low Cost Sample-and-Hold Circuit for AD670 

Since settling to 1/2LSB at 8-bits of resolution requires 6.2 RC 
time constants, the 500pF hold capacitors and CD4066's 3000 
on-resistance yield an acquisition time of under IlLs, assuming a 
low impedance source. 

This sample/hold approach makes use of the differential capabilities 
of the AD670. Because 500pF hold capacitors are used on both 
VIN+ and VIN- inputs, the droop rate depends only on the 
offset current of the AD670, typically 20nA. With the matched 
500pF capacitors, the droop rate is 4OILV/ILS. The input will 
then droop only 0.4mV (O.4LSB) during the AD670's lOlLS 
conversion time. The differential approach also minimizes pedestal 
error since only the difference in charge injection between the 
two switches results in errors at the AID. 

The fast conversion time and differential and common-mode 
capabilities of the AD670 permit this simple sample-hold design 
to perform well with low sample-ta-hold offset, droop rate of 
about 40ILVlILS and acquisition time under IlLS. The effective 
aperture time of the AD670 is reduced by about 2 orders of 
magnitude with this circuit, allowing frequencies to be converted 
up to several kilohertz. 

While no input anti-aliasing filter is shown, filtering will be 
necessary to prevent output errors if higher frequencies are 
present in the input signal. Many practical variations are possible 
with this circuit, including input MUX control, for digitizing a 
number of AC channels. 

mM PC INTERFACE 
The AD670 appears in Figure 18 interfaced to the IBM PC. 
Since the device resides in 110 space, its address is decoded 
from only the lower ten address lines and must be gated with 
AEN (active low) to mask out internal (DMA) cycles which use 
the same 110 address space. This active low signa1 is applied to 
CS. AO, meanwhile, is reserved for the RiW input. This places 

REV. A 

AD670 

A9 
07 

8 
DB7 

DB 
A8 7 

DB. 

OS 
A7 • DBS 

D< 
AS • OM 

03 
A5 • DB3 

IBM PC 
02 

M 3 
CARD SLOT DB2 

01 
A3 2 

A2 
DB1 

DO 
1 

~ 
DBO 

BPO/UPO 

B14 
FORMAT 

lOR J A0670 
B1' co 

lOW r--
AEN 

A11 A 0 
AI A22 ..... g E 

R g~ cs 
E 0 

A1 A30 -V ~ E 

j A31 
l-

AO Rm 

Figure 18. IBMPClnterfacetoAD670 

the AD670 in two adjacent addresses; one for starting the con
version and the other for reading the result. The lOR and lOW 
signa1s are then gated and applied to CE, while the lower two 
data lines are applied to FORMAT and BPOIUPO inputs to 
provide software programmable input formats and output 
coding. 

In BASIC, a simple OUT ADDR, WORD command initiates a 
conversion. While the upper six bits of the data WORD are 
meaningless, the lower two bits defme the analog input format 
and digital output coding according to Table IV. The data is 
available ten microseconds later (which is negligible in BASIC) 
and can be read using INP (ADDR + 1). The 3-1ine subroutine 
in Figure 19, used in conjunction with the interface of Figure 
18, converts an analog input within a bipolar range to an offset 
binary coded digital word. 

NOTE: Due to the large number of options that may be installed 
in the PC, the I/O bus loading should be limited to one Schottky 
TTL load. Therefore, a buffer/driver should be used when 
interfacing more than two AD670's to the 110 bus. 

DATA 

o 
1 
2 
3 

INPUT FORMAT 

Unipolar 
Bipolar 
Unipolar 
Bipolar 

OUTPUT CODING 

Straight Binary 
Offset Binary 
2's Complement 
2's Complement 

Table IV. 

10 OUT &H310,1 
20 ANALOGIN=INP (&H311) 
30 RETURN 

'INITIATE CONVERSION 
'READ ANALOG INPUT 

Figure 19. Conversion Subroutine 
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r.ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution 
24-Pln "Skinny DIP" Packege 
Conversion TIme: 500 ns max - AD671J/K/S-500 

750 ns max - AD671J/K/S-750 
Low Power: 475 mW 
Unipolar (0 to +5 V, 0 to +10 VI and Bipolar Input 

Ranges (::t5 VI 
Twos Complement or Offsat Binary Output Data 
Out of Range Indicator 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD671 is II high speed monolithic 12-bit AID converter 
offering conversion rates of up to 2 MHz (500 ns conversion 
time). The combination of a merged high speed bipolar/CMOS 
process and a novel architecture results in a combination of 
speed and power consumption far superior to previously avail
able hybrid implementations. Additionally, the greater reliability 
of monolithic construction offers improved system reliability and 
lower costs than hybrid designs. 

The AD671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro
vides strobe pulses for each of the four interna1 flash cycles and 
assures adequate settling time for the interflash residue ampli
fier. A single ENCODE pulse is used to control the converter. 

The performance of the AD671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-l 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 

The AD671 is available in two conversion speeds and perfor
mance grades. The AD671J and K grades are specffied for oper
ation over the 0 to +70"C temperature range. The AD671S 
grades are specffied for operation over the - S5"C to + 12S"C 
temperature range. All grades are available in a 0.300 inch wide 
24-pin ceramic DIP. The J and K grades are also available in a 
24-pin plastic DIP. 

REV. A 

Monolithic 12-Bit 
2 MHz AID Converter 

AD671 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD671 offers a single chip 2 MHz ana!og-to-digital 

conversion function in a space saving 24-pin DIP. 

2. Input signal ranges are 0 to +5 V and 0 to + 10 V unipolar, 
and -5 V to +5 V bipolar, selected by pin strapping. Input 
resistance is 1.5 ill. Power supplies are +5 V and -5 V, 
and typical power consumption is less than 500 mW. 

3. The externa1 +·5 V reference can be chosen to suit the de 
accuracy and temperature drift requirements of the 
application. 

4. Output data is available in unipolar, bipolar offset or bipolar 
twos complement binary format. 

5. An OUT OF RANGE output bit indicates when the input 
signa1 is beyond the AD671's input range. 

6. The AD671 is available in versions compliant with the 
MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD671/883B data sheet for 
detailed specffications. 
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.AD611 ~SPE,CIFICATIONS 
DC SPECIFICAJ; IONSJTMIN to TMAX ~ith .vc~ = +5 V ± 5%, VLOGIC = +5 V ± 10%, VEE = ~,5 V ± 5%, VR£F == +5.000 V, 

unless otherwise mdlCated) , 

AD671JIS-500 
Parameter Min Typ Max Min 

RESOLUTION 12 12 

ACCURACY (+ 25°C) 
Integral Nonlinearity (INL) 
"TMIN to TMAX ±4 

Differential Nonlinearity (DNL) 
TMINto TMAx 10 11 

No Missing Codes 10 Bits Guaranteed 
Unipolar Offsetl ' ±4 
Bipolar Zerol ±10 
GainErro~ 0.1 0.25 

TEMPERATURE COEFFICIENTS3 

Unipolar Offset ±10 
Bipolar Zero ±15 
Gain Error ±20 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
Unipolar 0 +5 0 

0 +10 0 
Input Resistance 

10 Volt Range 1.0 1.5 2.0 1.0 
5 Volt Range 0.5 0.75 1.0 0.5 

Input Capacitance 10 
Reference Input Resistance '2.4 3.5 4.7 2.4 

POWER SUPPLIES 
Power Supply Rejection4 

Vcr; (+5 V ± 0.25 V) ±1 
VLOGIC (+5 V ± 0.5 V) ±1 
VEE (-5 V ± 0.25 V) ±1 

Operating Voltages 
Vcr; +4.75 +5.25 +4.75 
VLOGIC +4.5 +5.5 +4.5 
VEE -5.25 -4.75 -5.25 

Operating Current 
Icc 46 S6 
ILOGIC 

5 3 6 
lEE 46 56 

POWER CONSUMPTION 475 621 

TEMPERATURE RANGE 
Specified (JIK) 0 +70 0 

(S) -55 +125 

NOTES 
I Adjustable to zero with external potentiometers. See Offset/Gain Calibrstion section fotadditional information. 
'Pull-scale range (PSR) is 5 V for the 0 to 5 V range and 10 V for the 0 to 10 V and - 5 V to + 5 V rsnges. 
'25'C to T MlN and 25°C to T MAX' 

"Change in gain error as a function of the dc supply voltage. 

AD671K-500 
Typ 

11 Bits Guaranteed 

0.1 

1.5 
0.75 
10 
3.5 

46 
3 
46 

475 

'Tested under static conditions. See Pigure 12 for typical curves of lLOG1C vs. Conversion Rate and Output Loading. 
Specifications subject to change without notice. 

Max Units 

Bits 

±2 LSB 

Bits 

±4. LSB 
±10 LSB 
0.25 %FSR 

±1O ppmf'C 
±15 ppmf'C 
±20 ppmf'C 

+5 Volts 
+5 Volts 
+10 Volts 

2.0 kG 
1.0 kG 

pF 
4.7 kG, 

±1 LSB 
±1 LSB 
±1 LSB 

+5.25 Volts 
+5.5 Volts 
-4.75 Volts 

56 rnA 
6 rnA 
56 rnA 

621 mW 

+70 °C 
°C 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, + 2SoC and + 70°C. Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD671 

DC SPECIFICATIONS (TMIN to TMAX ~ith .vc~ = +5 V ± 5%, VLOG1C = +5 V ± 10%, VEE = -5 V ± 5%, VREF = +5.000 Y, 
unless othelWlse mdlcated) 

AD671J/S·750 
Parameter Min Typ Max Min 

RESOLUTION 12 12 

ACCURACY (+ 25°C) 
Integral Nonlinearity (INL) 

TMIN to TMAX 0) ±2 
T MIN to T MAX (S) ±2.5 

Differential Nonlinearity (DNL) 
TMIN toTMAX 11 12 

No Missing Codes 11 Bits Guaranteed 
Unipolar Offset' ±4 
Bipolar Zero' ±10 
Gain Error2 0.1 0.25 

TEMPERATURE COEFFICIENTS3 

Unipolar Offset ±10 
Bipolar Zero ±15 
Gain Error ±20 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
Unipolar 0 +5 0 

0 +10 0 
Input Resistance 

10 Volt Range 1.0 1.5 2.0 1.0 
5 Volt Range 0.5 0.75 1.0 0.5 

Input Capacitance 10 
Reference Input Resistance 2.4 3.5 4.7 2.4 

POWER SUPPLIES 
Power Supply Rejection-

Vee (+5 V ± 0.25 V) ±1 
VLOGIC (+5 V ± 0.5 V) ±1 
VEE (-5 V ± 0.25 V) ±1 

Operating Voltages 
Vee +4.75 +5.25 +4.75 
VLOGIC +4.5 +5.5 +4.5 
VEE -5.25 -4.75 -5.25 

Operating Current 
lee 46 56 
ILOGIC 

5 3 6 
lEE 46 56 

POWER CONSUMPTION 475 621 

TEMPERATURE RANGE 
Specified OIK) 0 +70 0 

(S) -55 +125 

NOTES 
1 Adjustable to zero witb external potentiometers. See Offset/Gain Calibration section for further information. 
2Full-scale range (FSR) is 5 V for tbe 0 to 5 V range and 10 V for tbe 0 to 10 V and -5 V to +5 V ranges. 
'25"C to TMIN and 25"C to TMAX• 

'Cbange in gain error as a function of tbe de supply voltage. 

AD671K·750 
Typ 

12 Bits Guaranteed 

0.1 

1.5 
0.75 
10 
3.5 

46 
3 
46 

475 

'Tested under static conditions. See Figure 12 for typical curve of lLOGlC vs. Conversion Rate and Output Loading. 
Specifications subject to cltange witbout notice. 

Max Units 

Bits 

±1.5 LSB 
LSB 

Bits 

±4 LSB 
±10 LSB 
0.25 %FSR 

±10 ppmf'C 
±15 ppmf'C 
±20 ppmf'C 

+5 Volts 
+5 Volts 
+10 Volts 

2.0 kG 
1.0 kG 

pF 
4.7 kG 

±1 LSB 
±1 LSB 
±l LSB 

+5.25 Volts 
+5.5 Volts 
-4.75 Volts 

56 rnA 
6 rnA 
56 rnA 

621 niW 

+70 °C 
°C 

Specifications shown in boldface are tested on all devices at final electrical test witb worst case supply voltages at 0, + 25'C and + 70"C. Results from tbose tests 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, a1tbough ouly tbose shown in boldface are tested. 
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AD6}1 

DIGITAl SPEC.IFIC.'TIONS (For all grades TMIN to TMAl(, with Vcc = .+5 V ± 5%, VLOGIC = +5 V ± 10%, VEE = -5 V 
I ftL ,,± 5%, VREF = +5.000 V, unless otherwise noted) .. 

Parameter Symbol Min Typ Max Units 

LOGIC INPUT 
High Level Input Voltage VUI +2.0 V 
Low Level Input Voltage VIL +0.8 V 
High Level Input Current (VIN = VLOGlC) lUI -10 +10 ..,.A 
Low Level Input Current (V IN = 0 V) IlL -10 +10 .... A 
Input Capacitance CIN 5 pF 

LOGIC OUTPUTS 
High Level Output Voltage (IoH = 0.5 mA) VOH +2.4 V 
Low Level Output Voltage (IOL = 1.6 mA) VOL +0.4 V 
Output Capacitance COUT 5 pF 

Specifications shown in boldface are tested on all devices at (mal electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 

SW·ITCHING SPECIFIC.'JIONS (For all gradas TMIN to TMAl( with Vcc = +5 V ± 5%, VLOBIC = +5 V ± 10%, VEE = -5 V 
" ± 5%; VIL = 0.8 V, VIN = 2.0 V, VOL = 0.4 V and VON = 2.4 V) 

Parameter Symbol Min Typ Max Units 

Conversion Time 
(AD671.500) tc 475 500 ns 
(AD671·750) tc 725 750 ns 

ENCODE Pulse Width High 
(AD671·500) tENC 20 30 ns 
(AD671·750) tENC 20 50 ns 

ENCODE Pulse Width Low tENCL 20 ns 
DAV Pulse Width 

(AD671·500) tOAV 75 200 ns 
(AD671·750) tOAV 75 300 ns 

ENCODE Falling Edge Delay tp 0 ns 
Start New Conversion Delay tR 0 ns 
Data and OTR Delay from DAV Falling Edge too 1 20 75 ns 
Data and OTR Valid before DAV Rising Edge tss2 20 75 ns 

NOTES . 
'tDD is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
'tss is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 

ENCODE 

DAV 

SIT 1-12 -OTA 

f 
~tD.v:=El 1_1-------.\ r 
1-• .,:1- ... "1 

-------D-A-T-A-O-(P-R-EV-.-O-US-)------.)( DATAl 

a. Encode Pulse HIGH 

ENCODE 

DAV 

SIT 1-12 
MBS 
OTR 

r-=tF~1 
-.fl_ I '\J 

te ~tD'V -=-I-I_~ 
-----..\f '1 .. -I- II too I .. 

~----D-AT~A-O-(-PR-E-V-'O-U-S-)----")¢ DATAl 

b. Encode Pulse LOW 

Figure 1. AD671 Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS· 

With 
Respect 

Parameter to Min Max Units 

Vee ACOM -0.5 +6.5 Volts 
VEE ACOM -6.5 +0.5 Volts 
VLOGIC DCOM -0.5 +6.5 Volts 
ACOM DCOM -1.0 +1.0 Volts 
Vee VLOGIC -6.5 +6.5 Volts 
ENCODE DCOM -0.5 VLOGIC+O.S Volts 
REF IN ACOM -0.5 Vee+O.S Volts 
AIN, BPOIUPO ACOM -6.5 11.0 Volts 
Junction Temperature +175 ·C 
Storage Temperature -65 +150 ·C 
Lead Temperature (10 sec) +300 ·C 
Power Dissipation 1000 mW 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may effect device relisbility. 

CAUTlON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode proteCted; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Temperature Package 
Modell Linearity Range Options' 

AD671JN-SOO ±4LSB o to +70·C N-24 
AD671KN-SOO ±2 LSB o to +70·C N-24 
AD671JD-SOO ±4LSB o to +70·C D-24 
AD671KD-SOO ±2LSB o to +70·C D-24 
AD67lJN-7S0 ±2 LSB o to +70·C N-24 
AD671KN-7S0 ±I.S LSB o to +70·C N-24 
AD671JD-7S0 ±2 LSB o to +70OC D-24 
AD671KD-7S0 ±I.S LSB o to +70·C D-24 
AD671SD-SOO ±4 LSB -SS·C to + 12S·C D-24 
AD671SD-7S0 ±2.S LSB - SS·C to + 12S·C D-24 

NOTES 
1 For details on grade and package offerings screened in accordance with 
MIL·STD·883, refer to the Analog Devices Military Products Databook or 
current AD6711883 data sheet. 

'D = Ceramic DIP; N = Plastic DIP. For outline information see Package 
Information section. 

ADS71 
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AD671 
AD671 PIN DESCRIPTION CONNECTIONDIA(7RMi 
Symbol Pin Type Name and Function PINOUT 

ACOM 22 P Analog Ground. 
AIN 20 AI Analog Input Signal. 
BIT! (MSB) 12 DO Most Significant Bit. 
BIT2-BITII 11-2 DO Data Bits 2-11. 
BIT!2 (LSB) 1 DO Least Significant Bit. 

BPOIUPO 21 AI Bipolar or Unipolar 
Configuration Pin. Connect to 
AIN for 0 to +5 V Span, to 
ACOM for 0 to +10 V Span 
and to REF IN for -5 V to 
+5 V Span. 

DAV 15 DO Data Available Output. The 
Rising Edge of DAV IndiCates 
an End of Conversion and Can 
Be Used to Latch Current 
Data into an External 
Register. The Falling Edge of 
DAV Can Be Used to Latch 
Previous Data into an External 
Register. 

DCOM 18 P Digital Ground. 
ENCODE 16 Dl The AD671 Starts a 

Conversion on the Rising 
Edge of the ENCODE Pulse. 

MSB 13 DO Inverted Most Significant Bit. 
Provides Twos Complement 
Output Data Format. 

OTR 14 DO Out of Range Is Active HIGH 
when the analog input is 
beyond the input range of the 
converter. 

REF IN 19 AI +5 V Reference Input. 

Vee 23 P +5 V Analog Power. 

VEE 24 P -5 V Analog Power. 
VLOG1C 17 P + 5 V Digital Power. 

TYPE: 
AI = Analog Input 
DI = Digital Input 
DO = Digital Output 
P = Power 
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DEFINmONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY (INL) 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 112 LSB (1.22 mV for a 10 V span) 
before the first code transition (all zeros to only the LSB on). 
"Full scale" is defmed as a level 1 112 LSB beyond the last code 
transition (to all ones). The deviation is measured from the low 
side transition of each particular code to the true straight line. 

DIFFERENTIAL NONLINEARITY (DNL, NO MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. Thus every 
code must have a fmite width. Guaranteed no missing codes to 
lO-bit resolution indicates that all 1024 codes represented by 
Bits 1-10 must be present over all operating ranges. Guaranteed 
no missing codes to 11- or 12-bit resolution indicates that all 
2048 and 4096 codes, respectively, must be present over all op
erating ranges. 

UNIPOLAR OFFSET 
The first transition should occur at a level 112 LSB above analog 
common. Unipolar offset is defmedas the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature coefficient specifles the maxi
mum change of the transition point over temperature, with or 
without external adjustments. 

BIPOLAR ZERO 
In the bipolar mode the major carry transition (011111111111 
to 10000000 0000) should occur for an analog value 112 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 

Theory of Operation 
The AD671 uses a sucCessive subranging architecture. The ana
log to digital conversion takes place in four independent steps or 
flashes. The analog input signal is subranged to an intermediate 
residue voltage for the flna112-bit result by utilizing multiple 
flashes with subtraction DACs (see the AD671 functional block 
diagram). 

The AD671 can be confIgUred to operate with unipolar (0 to 
+5 V, 0 to + 10V) or bipolar (±5 V) inputs by connecting AIN 
(Pin 20), REFIN (Pin 19) and BPOIUPO (Pin 21) as shown in 
Figure 2. 

The AD671 conversion cycle begins by simply providing an 
active HIGH pulse on the ENCODE pin (Pin 16). The rising 
edge of the ENCODE pulse starts the conversion., The falling 
edge of the ENCODE pulse is specified to operate within a win
dow of time: less than 30 ns after the rising edge of ENCODE 
(AD671-500) and less than 50 ns after the falling edge of 
ENCODE (AD671-7S0) or after the falling edge of DAV. The 
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GAIN ERROR 
The last transition (from 1111 11111110 to 11111111 1111) 
should occur for an analog value 1 112 LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The gain er
ror is the deviation of the actual level at the last transition from 
the ideal level. The gain error can be adjusted to zero as shown 
in Figures 7, 8 and 9. 

TEMPERATURE COEFFlCmNTS 
The temperature coefficients for unipolar offset, bipolar zero • 
and gain error specify the maximum change from the initial 
( + 25°C) value to the value at T MIN or T MAX. 

POWER SUPPLY REJECTION 
The only effect of power supply error on the performance of the 
device will be a sma1l change in gain. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at the various limits. 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO 
SIN + D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components, including 
harmonics but excluding de. The value for SIN + D is expressed 
in decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the expression SNR = 6.02N + 
1.8 dB, where N is equal to the effective number of bits. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full
scale input si$nal. 

time window prevents digitally coupled noise from being intro
duced during the fmal stages of conversion. An internal timing 
generator circuit accurately controls all internal timing. 

OTO .5V OTO.1OY -SVTO .sv 

Figure 2. Input Range Connections 
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AD671 
Upon receipt of an ENCODE command, the fust 3-bit flash 
converts the analog input voltage. The 3-bit result is passed to a 
correction logic register and a seginented current output DAC. 
The DAC output is connected through a resistor (within the 
Range/Span Select Block) to AIN. A residue voltage'is created 
by subtracting the DAC output from AIN; which is less than 
one eighth of the full-!icale analog input. The second· fiaSh has 
an input range that is configured with one bit of overlap With 
the previous DAC. The overlap allows f9r errors during the 
flash conversion. The first residue voltage is connected to the 
second 3-bit flash and to the noninverting input of a hlghspeed, 
differential, gain-of-four amplifier. The second flash result is 
passed to the correction logic register and to the second seg
mented current output DAC. The output of the ~nd DAC is 
connected to the inverting input of the differential·amplifier. 
The differential amplifier output is connected to a two step 
backend 8-bit flash. This 8-bit flash consists of coarse and fme 
flash converters. The result of the coarse 4-bit flash converter, 
also confJgllred to overlap one bit of DAC 2, is connecred to the 
correction logic register and selects one of 16 resistors from 
which the fine 4-bit flash will establish its span voltage. The fme 
4-bit flash is connected directly to the output latches. 

The AD671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (Pin 14) is active 
HIGH when an out of range high or low condition exists. Bits 
1-12 are HIGH when the analog input voltage is greater than 
the selected input range and LOW when the analog input is less 
than the selected input range. 

APPLYING THE AD671 
DRIYING THE AD671 Al"lALOG INPUT 
The AD671 uses a very high speed current 9Utput DAC to sub
tract a known voltage from the analog input .. This results in 
very fast steps of current at the analog input. It is important to 
recognize that the signal source driving .the analog input of.the 
AD671 must be capable of maintaining the input voltage under 
dynamically-changing load conditions. When theAD671 starts 
its conversion cycle, the subtraction DAC will sink up to 5 mA 
(see Figure 3) from the source driving the analog input. The 
source must respond to this current step by settling the input 
voltage back to a fraction of an LSB before the AD671 makes 
its final l2-bit decision. 

AD671 

Figure 3. Driving the Analog Input 

Unlike successive approximation AIDs, where the input voltage 
must settle to a fraction of a l2-bit LSB before each successive 
bit decision is made, the AD671 requires the analog input volt
age settle to within .12-bits before the third flash conversion, 
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approximately 200 ns. This "free" 200 ns is useful in applica
tions requiring a sample-and-hold amplifier (SHA), overlapping 
the SHA's hold mode settling time within the 200ns window 
will increase total system throughput. See the "Discrete Sample
and-Hold" section for a high speed SHA application. 

INPUT BUFFER AMPUFIER 
The closed-loop output impedance of an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) di
vided by the loop gain at the frequency of interest. It is often 
assumed that loop gain of a follower-connected op amp is suffi
ciently high to reduce the closed;loop output impedance to a 
negligibly small value, particularly if the input signal is low 
frequency. At higher frequencies the open-loop gain is lower, 
increasing the output impedance which decreases the instanta
neous analog input voltage and produces an error. 

The recommended wideband, fast settling input amplifiers for 
use with the AD671 are the AD84l, AD843, AD845 or the 
AD847. The AD841 is unity gain stable and recommended as a 
follower connectedop amp. The AD843 and AD845 FET in
puts make them ideal for high speed sample-and-hold amplifiers 
and the AD847 can be used as a low power, high speed buffer. 
Figure 4 shows th.e AD841 driving the AD671. As shown in the 
figure the analog input voltage should be produced with respect 
to the ACOM pin. . 

Figure 4. Input Buffer Amplifier 

REFERENCE INPUT 
The AD671 uses a standard + S volt reference. The initial accu
racy and temperature stabilitY of the reference can be selected to 
meet specific system requirements. Like the analog input, fast 
switching input-dependent currentS are modUlated at the refer
ence input pin (REF IN-Pin 19). However, un1ikCthe analog 
input the reference input is held at a constant + 5 volts with the 
use of capacitor. The recommended reference is the AD586; a 
+ 5 V precision reference with an output buffer amplifier. Fig
ure 5 shows the AD671 configured in the±5 V input range. 
The 6.8 j.LF capacitor maintains a constant +5 volts under the 
dynamically changing load conditions. An optional 1 j.LF noise 
reduction capacitor can be connected to the AD586, further re
duclngbroadband output noise. To minimize ground voltage 
drops the AD586's ·ground pin should be tied as close as possi
ble to the AD671's ACOM pin. See Figures 20, 21 and 22 for 
PCB layout recommeJ;ldations. 
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Figure 5. AD586 as Reference Input for AD671 

GROUNDING AND DECOUPLING RULES 
Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The AD671 
separates analog and digital grounds to optimize the manage
ment of analog and digital ground currents in a system. The 
AD671 is designed to minimize the current flowing from ACOM 
(Pin 22) by directing the majority of the current from V cc 
(+5 V-Pin 23) to VEE (-5 V-Pin 24). Minimizing analog 
ground currents hence reduces the potential for large ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. ACOM is also con
figured to be code independent, therefore reducing input depen
dent analog ground voltage drops and errors. The input current 
supplied by the external reference (REFIN-Pin 19) and the ma
jority of the full-scale input signal (AIN-Pin 20) are also di
rected to VEE' Also critical in any high speed digital design are 
the use of proper digital grounding techniques to avoid potential 
CMOS "ground bounce." Figure 6 is provided to assist in the 
proper layout, grounding and decoupling techniques. 

Table I is a list of grounding and decoupling guidelines that 
should be reviewed before laying out a printed circuit board. 

+5V -5V +5V 

'GROUND PLANE RECOMMENDED 

Figure 6. AD671 Grounding and Decoupling 
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Table I. Grounding and Dec:oupling Guidelines 

Power Supply 
Dec:oupling 

Capacitor Values 

Capacitor Locations 

Grounding 

Analog Ground 

Digital Ground 

Analog and Digital 
Ground 

Comment 

0.1 I'oF (Ceramic) and 10 I'oF (Tantalum). 
(Surface Mount Chip Capacitors Recom
mended to Reduce Lead Inductance) 

Directly at Positive and Negative 
Supply Pins to Respective Ground Plane . 

Ground Plane or Wide Ground Return 
Connected to the Analog Power Supply. 

Ground Plane or Wide Ground Return 
Connected to the Digital Power Supply. 

Connected Together Once at the AD671 

UNIPOLAR (0 TO +10 V) CALmRATION 
The AD671 is factory trimmed to minimize offset, gain and lin
earity errors. In some applications the offset and gain errors of 
the AD671 need to be externally adjusted to zero. This is ac
complished by trimming the voltage at BPO/uPO (Pin 21) and 
REFIN (Pin 19). In those applications the AD588, a high preci
sion pin progranunable voltage reference, is an ideal choice. The 
AD588 includes a reference cell and three additional amplifiers 
which can be configured to provide offset and gain trims for the 
AD671. The circuit in Figure 7 is recommended for calibrating 
offset and gain errors of the AD671 when configured in the 0 to 
+ 10 V input range. 

+5V -sv +5Y 

10!<. 1O!<F 10", 

Figure 7. Unipo(ar (0 to + 10 VJ Calibration 

The AD671 is intended to have a notuina1 112 LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above it 
and below it). Thus, the first transition ( from 0000 0000 0000 
to 0000 0000 000 1) will occur for an input level of + 112 LSB 
(1.22 mV for 10 V range). If the offset trim resistor R2 is used, 
it should be trimmed as above, although a different offset can be 
set for a particular system requirement. This circuit will give 
approximately ±SO mV of offset trim range. 
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AD671 
The gain trim is done by applying a signa11 1/2 LSBs below the 
nominal full scale (9.9963 for a 10 V range). Trim RI to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 

UNIPOLAR (0 TO +5 V) CALIBRATION 
The connections for the 0 to + 5 V input range calibration is 
shown in Figure 8. The AD586, a +5 V precision voltage refer
ence, is an excellent choice for this mode of operation because of 
its performance, stability and optional fine trim. The AD845 
(16 MHz, low power, low cost op amp) is used to maintain the 
+ 5 volts under the dynamically changing load conditions of the 
reference input. 

Figure 8. Unipolar (0 to +5 V) Calibration 

The AD671 offset error must be trimmed within the analog in
put path, either directly in front of the AD671 or within the 
signa1 conditioning chain, eliminating offset errors induced by 
the signal conditioning circuitry. Figure 8 shows an example of 
how the offset error can be trimmed in front of the AD671. The 
AD586 is configured in the optional fme trim mode to provide 
+61-2% (+240/-80 LSBs) of gain trim. The procedure for 
trimming the offset and gain errors is similar to that used for 
the unipolar 10 V range with the analog input values set to one
half the 10 V range values. 

BIPOLAR (:5 V) CALmRATION 
The connections for the bipolar input range is shown in Fig-
ure 9. The AD588 is configured to provide dual +5 V outputs. 
Providing a +5 V reference voltage for the AD671 gain trim and 
the + 5 V BPOIUPO input for the bipolar offset trim. 

Figure 9. Bipolar (±5 V) Calibration 
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Bipolar calibration is similar to unipolar calibration. First, a sig
nal1/2. LSB above negative full scale (-4.9988 V) is applied and 
Rl is trimmed to give the first transition (0000 0000 0000 to 
0000 0000 0001). Then a signa11 112 LSB below positive full 
scale (+4.9963) is applied, and R2 is trimmed to give the last 
transition (11111111 1110 to 1111 1111 1111). 

OUTPUT LATCHES 
Figure 10 shows the AD671 connected to the 74HC574 Octal 
D-type edge triggered latches with 3-state outputs. The latch 
can drive highly capacitive loads (i.e., bus lines, ItO ports) while 
maintaining the data signa1 integrity. The maximum set-up and 
hold times of the 574 type latch must be less than 20 ns (tDD 

and tss minimum). To satisfy the requirements of the 574 type 

latch the recommended logic families are He, S, AS, ALS, F or 
BCT. New data from the AD671 is latched on the rising edge of 
the DAV (Pin 24) output pulse. Previous data can be latched by 
inverting the DAV output with a 7404 type inverter. See Fig
ures 20, 21 and 22 for PCB layout recommendations. 

BIT1 
BIT2 
BIT3 
BIT4 
BITS 
Bm 
BIT7 
BITS 
OAV 

BIT9 
BIT10 
BITH 
BIT12 

AD671 

74HCS74 
10 10 
20 20 
30 30 
40 40 
50 U6 50 
60 60 
70 70 
80 BQ 
CLK oc 

74HC574 
10 10 
20 2Q 

30 3Q 
40 40 
50 US 50 
60 60 
7D 70 
8D BQ 
CLK oc 

OATABUS 

3-STATE 
CONTROL 

Figure 10. AD671 to Output Latches 

OUT OF RANGE 
An Out of Range condition exists when the analog input voltage 
is beyond the input range (0 to + 5 V, 0 to + 10 V, ± 5 V) of the 
converter. OTR (Pin 14) is set low when the analog input volt
age is within the analog input range. OTR is set HIGH and will 
remain HIGH when the. analog input voltage exceeds the input 
range by typically 112 LSB (OTR transition is tested to ±6 LSBs 
of accuracy) from the center of the ± full-scale output codes. 
OTR will remain HIGH until the analog input is within the in
put range and another conversion is completed. By logical 
ANDing OTR with the MSB and its complement overrange 
high or underrange low conditions can be detected. Table II is II 
truth table for the overlunder range circuit in Figure 11. Sys
tems requiring programmable gain conditioning prior to the 
AD671 can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 

Table II. Out of Range Truth Table 

OTR MSB Analog Input Is 

0 0 In Range 
0 I In Range 
1 0 Underrange 
I I Overrange 
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OVER="t" 
OTR MSB3S 
_ UNDER="t" MSB 

Figure 11. Overrange or Underrange Logic 

OUTPUT DATA FORMAT 
The AD671 provides both MSB and MSB outputs, delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 

AD671 
input ranges. Straight binary coding is used for systems that 
accept positive-oniy signals. If straight binary coding is used 
with bipolar input signals a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Most processors typi
cally perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence increasing the total system • 
throughput. 

Table In. Output Data Format 

Input Analog Digital 
Range Coding Inputl Output 

o to +5 V Straight Binary ';;-0.00061 V 0000 0000 0000 
OV 0000 0000 0000 
+5V llli 1111 llli 
2:+5.00061 V llli 1111 1111 

o to +10 V Straight Binary ';;-0.00122 V 0000 0000 0000 
OV 0000 0000 0000 
+10V 1111 1111 1111 
2:+ 10.00122 V 1111 1111 1111 

-5 V to +5 V Offset Binary ,;;-5.00122 V 0000 0000 0000 
-5V 0000 0000 0000 
OV 1000 0000 0000 
+4.99756 V 1111 llli 1111 
2: +4.99878 V 1111 11111111 

-5 V to +5 V 2s Complement ,;;-5.00122 V 1000 0000 0000 
(Using MSB) -5V 1000 0000 0000 

OV 0000 0000 0000 
+4.99756 V Olll 1111 1111 
2: +4.99878 V Olll 1111 1111 

NOTES 
'Voltages listed are with offset and gain errors adjusted to zero. 
'Typical performance. 

ILOG1C VS. CONVERSION RATE 
Figure 12 shows the typical logic supply current vs. conversion 
rate for various capacitive loads on the digital outputs. 
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Figure 12. ILoGIC vs. Conversion Rate for Various 
Capacitive Loads on the Digital Outputs 
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AD6l1 
HIGH PERFORMANCE SAMPLE·AND·HOLD 
AMPLIFIER (SHA) 
In order to take full advantage. of the AD671's high speed capa
bilities, a sample-and-hold amplifier (SHA) with fast acquisition 
capabilities and rigid accuracy requirements is essential. One 
possibility is a hybrid SHA such as the HTC-0300A, but often a 
cost effective alternative like the one shown in Figure 13 may be 
a better solution. This discrete SHA requires very few compo
nents and is able to acquire signals to 0.01 % accuracy in less 
than 350 nanoseconds. Combined with the AD671, signals with 
bandwidths up to 500 kHz can be converted with 12-bit 
accuracy. 

Figure 13. Discrete High Speed Sample-and-Hold Amplifier 

CIRCUIT DESCRIPTION 
The discrete SHA shown in Figure 13 is a closed-loop, non
inverting architecture which accepts 5 V p-p inputs. The overall 
gain of the SHA is +2 in order to accommodate the 10 V input 
span of the AD671. The AD841, with a 0.01% settling time of 
110 ns, is the suggested input buffer to the SHA. The circuit 
also employs a SD500 I which contains four ultrahigh speed 
DMOS switches (QI-Q4). The high CMRR, low input offset 
current, and fast settling time of the AD845 op amp are all criti
cal features necessary for optimal performance of the discrete 
SHA. 

In sample mode, Ql and Q3 of the S0500l are closed (Q2 and 
Q4 are open). C28 is charged to the input voltage level at a rate 
primarily determined by the time constant, R9 • C28. Simulta
neously, C29 is connected to ground through a 250 ohm resis
tor. If C28 is equal to C29, charge injection from QI will be 
approximately equal to charge injection from Q3 based on the 
symmetry of the circuit and the inherent matching of the switch 
capacitances. The resultant pedestal errors appear as a common
mode signal to the AD845. VR2, R13, R14, and C34 may be 
included if further reduction of pedestal error is required. 

In hold mode, Q2 and Q4 are closed (QI and Q3 are open) to 
reduce feedthrough. The input signal is attenuated -78 dB rela· 
tive to the input signal at frequencies up to 500 kHz. The 
AD845 buffers the voltage on C28 and also provideS the wide
band, low-impedance output necessary to drive the input of the 
AD671. 
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Droop, which occurs as a result of leakage currents, will appear 
on C28 and will similarly appear on C29. Like pedestal errors, 
droop appears as a common-mode signal to the AD845 and is 
greatly reduced by the differential nature of the circuit. Voltage 
droop is typically 5 .... V/ .... s. 

CROSS COUPLED LATCH 
As noted in the Theory of Operation, the ENCODE pulse is 
specified to operate within a window of time. The circuit in Fig
ure 14 can be used to generate a valid ENCODE pulse if a clock 
pulse width of greater than 30 ns is available. 

AD671 

)0 ..... --1 ENCODE 

DAY 

Figure 14. Cross Coupled Latch 

TIMING DESCRIPTION 
Figure ·15 shows the timing requirements for the discrete SHA. 

The complementary SIH inputs are HCMOS-compatible al
though larger gate voltages will improve performance by lower
ing the on resistances of the DMOS switches. It should be noted 
that a conversion is started before the SHA has settled to 0.01% 
accuracy. The discrete SHA takes advantage of the fact that the 
AD671 does not require a 12-bit accurate input until it is ISO ns 
into its conversion cycle. See Figures 21, 22 and 23 for PCB 
layout recommendations. 

ENCODE 

1-1--- ........ = 1~. ----101" 

J\'-------:--'-_, L 
I_ tCONVERSION = SOOn. _I 

DAV 

Figure 15. AD671 to Discrete SHA Timing Diagram 
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DYNAMIC PERFORMANCE 
In most sampling applications the dynamic performance of the 
system is limited by the performance of the SHA. The SHA's 
dynamic performance can be selected to meet the system sam
pling requirements. Figures 16 and 17 are typical FFf plots 
using the discrete SHA in Figure 13. 

j -~~~-+--+-~-4--+--r~--4--1 
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Figure 16. Typical FFT Plot of AD671 and Discrete SHA 
FIN = 100 kHz 
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Figure 17. Typical FFT Plot of AD671 and Discrete SHA 
FIN = 500kHz 
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NOTES 
1 ANALOG INPUT RANGE SELECT 
Ice AND C1. REQUIRED FOR ±IV RANGE 
CONNECT C TO D (A TO 8 OPEN) 
FOR 0 TO +IV RANGE 
OR A TO. (e TO D OPEN) 
FOR -IV TO +IV RANGE 

ADS71 
DYNAMIC CHARACTERISTICS 
(@ +25"C, tested using the discrete SHA in Figure 15 with Vcr; = +5 V, 
VLOG1C = +5 V, VEE = -5 V, fSAMPLE = I MSPS)' 

Model AD671jD·SOO 
Typ Units 

Effective Number of Bits (ENOB) 
FIN = 100 kHz 11.3 Bits 
FIN = 490kHz 11.2 Bits 

Signal-to-Noise and Distortion (SIN + D) Ratio 
FIN = 100 kHz 70 dB 
FIN = 490 kHz 68 dB 

Total Harmonic Distortion (THD) 
FIN = 100 kHz -80 dB 
FIN = 490kHz -75 dB 

Peak Spurious (de to 490 kHz) -79 dB 

Peak Harmonic Component (de to 490 kHz) -76 dB 

NOTE 
'fIN amplitude = -0.2 dB @IOO kHz and -0.9 dB @ 490 kHz, bipolar 
mode unless otherwise indicated. See Definition of Speclfications for addi
tional information. 

MULTICHANNNEL DATA ACQUISITION SYSTEM 
The AD684, a quad high speed sample-and-hold amplifier is 
ideally suited for multichannel data acquisition applications. Fig
ure 18 shows a typical data acquisition circuit using the AD684 
(SHA), ADG20lHS (Multiplexer), AD588 (Reference) and the 
AD671. The AD684 is confIgured to simultaneously sample four 
analog inputs. Each held analog input voltage can be selected by 
the multiplexer and buffered by the AD841. The AD671 is con
nected in the bipolar input range (± 5 V). 

... 

Figure 18. Data Acquisition System Using the AD684 and 
theAD671 
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AD671 TO ADSP-2100A INTERFACE 
Figure 19 demonstrates the AD671 to ADSP-2100A interface. 
The 2100A with a clock frequency of 12.5 MHz can execute an 
instruction in one 80 ns cycle. The AD671 is configured to per
form continuous time sampling. The DAV output of the AD671 
is asserted at the end of each conversion. DAV can be used to 
latch the conversion result into the two 574 octal D-Iatches. The 
falling edge of the sampling clock is used to generate an inter
rupt (IRQ3) for the processor. Upon interrupt, the ADSP-
2100A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates .OE for the latches 
and the processor reads their output over the DMA bus. The 
conversion result is read within a single processor cycle. 

AD671 TO ADSP-210IlADSP-2102 INTERFACE 
Figure 20 is identical to the 2100A interface except the sampling 
clock is used to generate an interrupt (lRQ2) for the processor. 
Upon interrupt the ADSP-2101A starts a data memory read by 
providing an address on the Address (A) bus. The decode ad
dress generates OE for the D-latches and the processor reads 
their output over the Data (D) bus. Reading the conversion re
sult is thus completed within a single processor cycle. 

Figure 19. AD671 to ADSP-2100A Interface 

Figure 20. AD671 to ADSP-2101IADSP-2102 Interface 

ANALOG 
IN 
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DEVICES 

Figure 21. PCB Silkscreen and Component Placement 
Diagram for Figures 5, 10 and 13 
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_ . ...... ...... ...... ...... ----
Figure 22. PCB Solder Side Layout for Figures 5, 10 and 13 

Figure 23. PCB Component Side Layout for Figures 5, 10 and 13 

AD671 
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",ANALOG 
..... OEVICES 

FEATURES 
Complete 8-Bit AID Converter with Reference. Clock 

and Comparator 
30"s Maximum Conversion Time 
Full 8- or 16-Bit Microprocessor Bus Interface 
Unipolar and Bipolar Inputs 
No Missing Codes Over Temperature 
Operates on + 5V and -12V to -15V Supplies 
MIL-STD-883 Compliant Version Available 

PRODUCT DESCRIPTION 
The AD673 is a complete 8-bit successive approximation analog-to
digital converter consisting of a DAC, voltage reference, clock, 
comparator, successive approximation register (SAR) and 3 state 
output buffers-aIl fabricated on a single chip. No external com
ponents are required to perform a full accuracy 8-bit conversion 
in 20 .... s. 

The AD673 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I2L (integrated injection logic). Laser trim
ming of the high stability SiCr thin fIlm resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of + SV and - l2V to - ISV, the AD673 
will accept analog inputs of 0 to + 10V or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20 .... s conversion cycle. DATA READY indicates completion 
of the conversion. 

The AD673 is available in two versions. The AD673J as specified 
over the 0 to + 70°C temperaturel'llIlge and the AD673S guarantees 
± V2LSB relative accuracy and no missing codes from - 55°C to 
+ l2S"C. 

Two package configurations are offered. All versions are also 
offered in a 20-pin hermeticaIly sealed ceramic DIP. The, AD673J 
is also available in a 20-pin plastic DIP. 

"Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
ami 4,400,690 
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PRODUCT HIGHLIGHTS 
I. The AD673 is a complete 8-bit AID converter. No externa1 

components are reqnired to perform a conversion. 

2. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 

3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD673 adapts to either unipolar (0 to + lOY) or bipolar 
( - SV to + 5V) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and -12V or -15V 
supplies. 

6. The AD673 is available in a version compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD673/883B data sheet for detailed specifications. 
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AD673-SPECIFICATIONS IT. = 25OC, V + = + 5V, V - = -12V or -15V, aN voltages measured with respect to 
digital common, unless othanvise indicated.) 

AD673J AD673S 

Model Min Typ Max Min Typ Mas 

RESOLUTION, 8 8 

RELATIVE ACCURACY,' ±112 ±112 

TA=Tmin"toTinu ±112 ±112 

FULL SCALE CALIBRA TION2 ±2 ±2 

UNIPOLAR OFFSET ±112 ±1/2 

BIPOLAR OFFSET ±112 ±112 

DIFFERENTIAL NONLINEARITY,' 8 8 

TA=TmintoTmax 8 8 

TEMPERATURE RANGE 0 +70 -55 +125 

TEMPERA TURECOEFFICIENTS 
Unipolar Offset ±I ±I 
Bipolar Offset ±I ±I 
Full Scale Calibration2 ±2 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+ 4.5:5V +:5 + 5.SV ±2 ±2 
Negative Supply 

-15.75V:5V -:5-14.2SV ±2 ±2 
-12.6V:5V -:5 -1l.4V ±2 ±2 

ANALOG INPUTlMPEDANCE 3.0 S.O 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 
Bipolar -S +S -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VOVT = O.4Vmax, Tmin to T...,J 3.2 3.2 
Output Source Curr";u4 ' 

(VOVT = 2.4Vmin, Tminto T...,J 0.5 0.5 
OutpUt Leakage ±40 

LOGIC INPUTS 
Input Current ±IOO 
Logic"}" 2.0 2.0 
LogicuO" 0.8 

CONVERSION TIME, TAand 
TmiotoTmax 10 20 30 10 20 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +5.0 
V- -11.4 -15 -16.5 -11.4 -IS 

OPERATING CURRENT 
V+ IS 20 15 
V- 9 IS 9 

NOTES 
'Relative accuracy is defmed as the devistion of the code tr.Jsition poin'" from the ideal transfer point on a 
straight line from the zero to the full seale of the device. 

"Full scale calibration is guaranteed trintmable to zero with an external 2000 potentiometer in place of the ISO 
f>Xed tesiator. ' 
Full seale is defmed as 10 volts minus ILSB, or 9.961 vol",. 

'Defmed as the resolution for which no missing codes will occur. =-:==--=-::=-=.", 
'The data output lines have active puII.ups to source O.SmA. The DATA READY line is open collector with 
a nominal6k1l internal pull·up resistor. 

SpeciflCBtions subject to change without notice. 
Specifications shown in boldface are tested on all production uni", at flnal 
e1ectrieal test. Resul", from those testlI are used to calculate outgOing quality 
levels. AU min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production uni",. 
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ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common .. 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) . 
Power Dissipation . . . . . . . . . . . . 

FUNCTIONAL DESCRIPTION 

.. 0to+7V 
o to -16.SV 

±IV 
. ±15V 
o to V+ 
Oto V+ 
800mW 

A block diagram of the AD673 is shown in Figure l. The positive 
CONVERT pulse must be at least 500ns wide. DR goes high 
within I.S,...s after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 8-bit 
current output DAC is sequenced by the integrated injection 
logic (I2L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the SkU resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 8-bit binary code which accurately represents the input signal 
to within (0.05% of full scale). 

BIPOLAR 
0HSEr -

CON11lOL 

v+ v-
DIGITAL 

COMMON CONVERT 

1---I>+-+D86 
1---I>+--+DB5 

>+---f-"'" 
>-+---f-D83 

1---I>+-+D82 
1---1>+-+ DB' 

Figure 1. AD673 Functional Block Diagram 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. DATA 
ENABLE can then be activated to enable the 8-bits of data 
desired. DATA ENABLE should be brought high prior to the 
next conversion to place the output buffers in the high impedance 
state. 
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AD673 
ORDERING GUIDE 

Temperature Relative 
Model Range Accuracy Package Option' 

A0673JN Oto + 70"<: ± 112LSBmax Plastic DIP (N-20) 
A0673JO Oto +70·C ±1I2LSBmax Ceramic DIP (0-20) 
A0673S0' - SS·C to + 12S·C ± 112LSBmax Ceramic DIP (0-20) 
A0673JP Oto + 7O"C ± 112LSBmax PLCC(P-20A) 

NOTES 
ID == Ceramic DIP; N == Plastic nIP; P = Plastic Leaded CbipCarrier. For outline information 2 
see Package Information section. 

2Fordetailson grade and package offering screenedinaccordance with MIL·STD-883, refer 
to the Analog Devices Military Products Databook. 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less IhLSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a - SV to + SV range. The SkU thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 
The AD673 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + 5V 
and - l2V to - l5V), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 

The standard unipolar 0 to + lOY rauge is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 

LSB DBO 3 

DIGITAL COMMON 

BIPOLAR OFFSET 

15 ANALOG COMMON 

ANALOG IN 

v-

CONVERT 

Msa DB7 

.. PtNS 1 It 2 ARE INTERNAllY CONNECTED TO TEST POINTS 
AND SHOULD BE LEFT FLOATING 

Figure 2. AD673 Pin Connections 
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AD673 
Full Scale Calibration 
The Skn thin film input resistor is laser 'trimmed to produce a 
current which matches the full sCale current of the internal 
DAC-plus about 0.3%-when an analog input voltage of 9.961 
volts (10 volts - lLSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full sCale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.961 volt full sCale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full sCale calibration 
error will then be within ± 2LSB or ± 0.8%. If more precise 
calibration is desired, a 200n trimmer should be used instead. 
Set the analog input at 9.961 volts, and set the trimmer so that 
the output code is just at the transition between 111111 10 and 
11111111. Each LSB will then have a weight of39.06mV. If a 
nominal full sCale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 4O.OmV), a 1000 resistor and a 
lOOn trimmer (ot Ii 200n trimmer with good resolution) should 
be used. Of course" larger full scale ranges can be arranged by 
using a larger input resistor , but lineariry and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of Sill. Figure 3 illustrates the connections 
required for full scale calibration. 

Figure 3. Standard A0673 Connections 

Unipolar Offset Calibration 
Since the Unipolar Offset is less than ± ~LSB for alI versions 
of the AD673, most applications will not require trimming. 
Figure 4 illustrates two trimming methods which can be used if 
greater accuracy is necessary. 

Rl R2 R3 
100 7.Sk 4.7k 

SIGNAL COMMON 

AD673 

SIGNAL COMMON 

AD673 

Aco.. 

R4 
'Ok V. BIT ZERO OFFSET 

+15V -15V 
Figure 4b. 

ZERO OFFSET ADJ 

Figure 4a. 

Figure 4. Unipolar Offset Trimming 
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Figure 4a shows how the conVerter zero may be offset to correct 
for initial offset and/or input signal offsets. As shown, the circ:uit 
gives approximately symmetrical adjustment in unipolar mode. 

Figure 5 shows the nominal transfer curve near zero for an 
AD673 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 

OUTPUT 
CODE 

00000100 

00000011 

00000010 

00000001 

r--
I 
I 

00000000 1-+-+-1--+--+-

OUTPUT 
COPE· 

00000100 

00000011 

00000010 

00000001 

all 40 '60 240 
INPUT VOLTAGE -m.V 

NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 

r--
I 

0000000 0 ...... -+--+--'f---+--+--
OV 40 '60 240 

INPUT VOLTAGE -mV 

OFFSET CHARCTERlSTlCS WITH 
10n IN SERIES WITH ANALOG COMMON 

Figure 5. A0673 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for /IIustration, Nominal 
Bit Weights % 39.06mV) 

This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 100 resistor in series with this 
terminal will result in approximately the desired ~ bit offset of 
the transfer characteristics. The nominal 2mA Analog Common 
current is not closely controlled in manufacture. If high accuracy 
is required, a 200 potentiometer (connected as a rheostat) can 
be used as R1. Additions! negative offset range may be obtained 
by using larger values of RI. Of course, if the zero transition 
point is changed, the full scale transition point will also move. 
Thus, if an offset of ~SB is introduced, full scale trimming as 
described on the previous page should be done with an analog 
input of 9.941 volts. 

NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoup1ing should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 
decoup1ing will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoup1ing, which returns to analog sigDa! 
common, should go to the signal input side: of the resistive 
offset network. 
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BIPOLAR CONNECTION 
To obtain the bipolar - SV to + SV range with an offset biliary 
output code, the bipolar offset control pin is left open. 

A - s.oo volt signal will give a 8-bit code of 00000000; an input 
of 0.00 volts results in an output code of 10000000 and +4.961 
volts at the input yields the lIllllll code. The nominal transfer 
curve is shown in Figure 6. 

OUTPUT 
COOE 

10000 010 

10000001 

10000000 

01111 111 

011 11110 

I 
I r--

--~--
I __ ...I I 

: 
-100 -80 -40 0 +40 +80 +160 

INPUT VOLTAGE - mV 

Figure 6. AD673 Transfer Curve-Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
14LSB such that an input voltage of 0 volts - SmV to + 3SmV 
yields the code representing zero (10000000). Each output code 
is then centr:red on its nominal input voltage. 

Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is + 4.61 
volts. 

Negative Full Seale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - SV) which results in the 
00000o 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 

USE 
ACTIVE 
PULL-UP 
GATE 

1N4148 

/I'\. 

·15V 

Figure 7. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar o-10V Input Range 
Gate Output = 0 Bipolar ::!: 5V Input Range 
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Applying the AD673 
SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD673 
Many situations in high-speed acquisition systems or digitiziDg 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD673, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD673 connected to the ADS82 monolithic • 
SHA for high speed signal acquisition. In this configuration, the 
ADS82 will acquire a 10 volt signal in less than 10.,.s with a 
droop rate less than lOO.,.V/ms. 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the ADS82 into the hold mode while the AD673 begins its 
conversion cycle. (The ADS82. settles to final value well in advance 
of the first comparator decision inside the AD673). 

DR goes low when the conversion is complete placing the ADS82 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10jAoS delay to allow for 
signal acquisition by the ADS82. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

CONVERT PULSE 

+5Y 

r-:;;;-;::::::::;::==+-~ CONVERT V+ ANALOG IN 

-15V 

5 VOLT 
COM 

15 VOLT 
COM 

AD&73 

Y-

Figure 8. Sample-Hold Interface to the AD673 
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AD673 
GROUNDING CONSIDERATIONS 
The AD673 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and lI1ialog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
sigruil. 

The absolute maximum voltage rating between the two commons 
is ± I volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE AD673 
The operation of the AD673 is controlled by two inputs: CON
VERT and DATA ENABLE. 

Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the interna1logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT begins the 
conversion cycle. When.conversion is completed DR returns 
low. During the conversion cycle, DE should be held high. If 
DE goes low during a conversion, the data output buffers will 
be enabled and intermediate conversion results will be present 
on the data output pins. This may cause bus conflicts if other 
devices in a system are trying to use the bus. 

CONV'RT~ __ ~ tc : 
~H-;;q 

DR . ~~v" 
~ 

Figure 9. Convert Timing 

Reading the Data 
The three-state data output buffers is enabled by DE. Access 
time of these buffers is typically 150ns (250 maximum). The 
Data outputs remain valid until sOns after the enable signal 
returns high, and are completely into the high-impedance state 
lOOns later. 

DRO-DB7 
IMPEDANCE _~~H~'G~H~ __ ~~::~~~==~ 

Figure 10. Read Timing 
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TIMING SPECIFICATIONS 
Parameter Symbol Min Typ Max Units 

CONVERT Pulse Width tcs 500 - - ns 
DR Delay from CONVERT tose - I 1.5 IIos 
Conversion Time Ie 10 20 30 IIos 

Data Access Time tDD 0 150 250 ns 
Data Valid after DE 

High tHO 50 - - ns 
Output Float Delay tHL - 100 200 ns 

MICROPROCESSOR INTERFACE CONSIDERATIONS -
GENERAL 
When an analog-to-digital converter like the AD673 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a sigruil to start the converter must be generated; 
then an approptiate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD673 can interface to a microprocessor system with little or no 
externa11ogic. 

The most popular control signal confJgllration consists of decoding 
the address assigned to the AD673, then gating this sigruil with 
the system's WR sigruil to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes "mem
ory-mapped" 110 interfacing, while the use of a separate 110 
address space denotes "isolated 110" interfacing. 

Figure 11 shows a generalized diagram of the control logic for 
an AD673 interfaced to an 8-bit data bus, where an address 
ADC ADDR has been decoded. ADC ADDR starts the converter 
when written to (the actual data being written to the converter 
does not matter) and contains the high byte data during read 
operations. 

,..p 

087 087 
AD673 

8-arr DArA BUS 

D8D D.D 

Wii 
iDCAD6R ;::Dcr CONVERT 

A,r~{ ~ ADDRESS'r BUS DE~~G 

Rii :r>- OE 

, ... TEXTI_ DR 

Figure 11. General AD673 Interface to 8-Bit 
Microprocessor 
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BIPOLAR CONNECTION 
To obtain the bipolar - SV to + SV range with an offset binary 
output code, the bipolar offset control pin is left open. 

A - s.oo volt signal will give a 8-bit code of 00000000; an input 
of 0.00 volts results in an output code of 10000000 and +4.961 
volts at the input yields the 11111111 code. The nominal transfer 
curve is shown in Figure 6. 

OUTPUT 
CODE 

10000010 

10000001 

10000000 

01111 111 

011 11110 

I 
I r---

~~)£~-
I __ ..J I 

: 
-100 -80 -40 0 +40 +80 +160 

INPUT VOLTAGE - mV 

Figure 6. AD673 Transfer Curve-Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
v..LSB such that an input voltage of 0 volts -5mV to +3SmV 
yields the code representing zero (10000000). Each output code 
is then Ct:lltered on its nominal input voltage. 

Fun Scale CaHbration 
Fun Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is + 4.61 
volts. 

Negative Fun Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - SV) which results in the 
00000o 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TIL compatible 
but a TIL interface for logic control can be constructed as 
shown in Figure 7. 

Figure 7. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar o-10V Input Range 
Gate Output = 0 Bipolar ± 5V Input Range 
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Applying the AD673 
SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD673 
Many situations in high-speed acquisition systems or digitizina 
rapidly changing signals require a sample-hold amplifier (SHA) 
in frmit of the A-D converter. The SHA can acquire and hold a 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD673, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD673 connected to the ADS82 monolithic • 
SHA for high speed signal acquisition. In this configuration, the 
AD582 will acquire a 10 volt signal in less than 10,...s with a 
droop rate less than 100j.LV/ms. 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the ADS82 into the hold mode while the AD673 begins its 
conversion cycle. (The ADS82 settles to fmal value well in advance 
of the first comparator decision inside the AD673). 

DR goes low when the conversion is complete placing the ADS82 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10j.Ls delay to allow for 
signal acquisition by the AD582. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 

CONVERT PULSE 

-15V 

5 VOLT 
COM 

15 VOLT 
COM 

+5V 

CONVERT V+ 
ANALOG IN 

A0673 

v-

Figure 8. Sample-Hold Interface to the AD673 
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AD673 
GROUNDING CONSIDERATIONS 
The AD673 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up, to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± I volt. It is recommended that a parallel pair of back-ta-back 
protection diodes be connected between the commons if they 
are not connected loca1Iy. 

CONTROL AND TIMING OF THE AD673 
The operation of the AD673 is controlled by two inputs: CON
VERT and DATA ENABLE. 

Starting a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The faIling edge of CONVERT begins the 
conversion cycle. When , conversion is completed DR returns 
low. During the conversion cycle, DE should be held high. If 
DE goes low dUW'ig a conversion, the data output buffers will 
be enabled and"inrermediate conversion results will be present 
on the data output pins. This may cause bus conflicts if other 
devices in a system are trying to use the bus. 

Figure 9. Convert Timing 

Reading the Data 
The three-state data output buffers is enabled by DE. Access 
time of these buffers is typically 150ns (250 maximum). The 
Data outputs remain valid until SOns after the enable signal 
returns high, and are completely into the high-impedance state 
lOOns later. 

DE -v-.-+-v-,,-..I 
--y-

HIGH 
IMPEDANCE 

DBO-DB7 -':===--7.~:::~Et_~ 

Figure 10. Read Timing 

2-102 ANALOG-TO-DIGITAL CONVERTERS 

TIMING SPECIFICATIONS 
Parameter Symbol Min Typ Max Units 

CONVERT PuIse Width tcs 500 - - ns 
DR Delay from CONVERT tose - I 1.5 II.S 
Conversion Time tc 10 20 30 JI.S 

Data Access Time tDD 0 150 250 ns 
Data Valid after DE 

High tHO 50 - - ns 

Output Float Delay tHL - 100 200 ns 

MICROPROCESSOR INTERFACE CONSIDERATIONS -
GENERAL 
When an anaIog-to-digitai converter like the AD673 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD673 can interface to a microprocessor system with little or no 
external logic. 

The most popular control signal confJ.gUration consists of decoding 
the address assigned to the AD673, then gating this signal with 
the system's WR signal to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes "mem
ory-mapped" 110 interfacing, while the use of a separate 1/0 
address space denotes "isolated 110" interfacing. 

Figure II shows a generalized diagram of the control logic for 
an AD673 interfaced to an 8-bit data bus, where an address 
ADCADDR has been decoded. ADC ADDR starts the converter 
when written to (the actual data being written to the convener 
does not matter) and contains the high byte data during read 
operations. 

"p 

D87 D87 
ADe73 

.. SIT DArA BUS 

DBO DB. 

Wi! 

ADCADORP"-
CONVERT 

A,r~{ ~ ADDR~S'r BUS D~~~ 

ii6 
, :n- DE 

!SEETEXTI_ iiii 

Figure ". General AD673 Interface to 8-Bit 
Microprocessor 
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In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 

ADDRESS 
BUS 

ADC ADDR 

~ 
Aoe ADDR 0..1.---

Wil~ 

~~n=-t"; ~t" =+---"t-
DR ~ F==F=--=--------i-

'--------

CONVERT 

Figure 12. Typical AD673 Timing Diagram 
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Interfacing to the AD673 
CONVERT Pulse Generation 
The AD673 is tested with a CONVERT pulse width of sOOns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD673. 
In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internailogic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that tDse is slightly longer when the result of the previous 
conversion contains a logic I on the LSB. This means that the 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 

P--~-~--tCONVERT AD&73 

AD673 CONVERT 

L---_-jDii 

Figure 13a. Using 74LSOO Figure 13b. Using 112 74LS74 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
Faster Version of AD574A 
8- and 16-Bit Bus Interface 
No Missing Codes Over Temperature 
15 I"s max Conversion Time 
±12 V and ±15 V Operation 
Unipolar and Bipolar Inputs 

NOT RECOMMENDED FOR NEW DESIGNS. REPLACE 
WITH AD674B (SEE PAGE 2-109) 

PRODUCT DESCRIPTION 
The AD674A is a complete 12-bit successive-approximation 
analog-to-digital converter with three-state output buffer cir
cuitry for direct interface to an 8- and 16-bit microprocessor 
bus. A high-precision voltage reference and clock are included 
on-chip, and the circuit requires only power supplies and con
trol signals for operation. 

The AD674A is pin compatible with the industry-standard 
AD574A but offers faster conversion time and bus-access speed. 

The AD674A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. The 
chips are laser trimmed at the wafer stage to obtain full rated 
performance without external trims. 

The AD674A is available in six different grades. The AD674A], 
K, and L grades are specified for operation over the 0 to + 70°C 
temperature range. The AD674AS, T, and U are specified for 
the - 55°C to + 125°C range. All grades are available in a 28-pin 
hermetically sealed ceramic DIP. 

The S, T, and U grades are also available with optional process
ing to MIL-STD-883C, Class B in a 28-pin DIP or 28-pin LCC 
package. The Analog Devices Military Products Databook 
should be consulted for details on /883B testing of the AD674A. 

'Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 

This an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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Complete 
12-Bit AID Converter 

AD674A* I 
FUNCTIONAL BLOCK DIAGRAM 

+5VSUPPLY 
VLOGIC 

DATA MODE SElt2;i 2 

CHIPSElE~ 3 

BYTE ADOReSSJ 
SHORT CYCLE 4 

Ao 
READ!CONVERT 

RfC 

CHIP ENABLE C, 
+12/+15V SUPPLY 

Vee 7 

+lOV REFERENCE 
REF OUT 

ANALOG COMMON 
At; 

REFERENCE INPUT 
RUIN 

-12/-15V SUPPLY 
V" 

BIPOLAR OFFSET 
BIPOFF 

lOY Sf'AN INPUT 

""'" 20V SPAN INPUT 
2OVON 

DIGITAL 
DATA 
OUTPUTS 

15 ~GITAL COMMON 

PRODUCT HIGHLIGHTS 
1. The AD674A interfaces to most 8- or 16-bit microprocessors. 

Multiple-mode three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeroes). 

2. The precision, laser-trimmed scaling and bipolar offset resis
tors provide four calibrated ranges: 0 to + 10 and 0 to +20 
volts unipolar, -5 to +5 and -10 to + 10 volts bipolar. Typ
ical bipolar offset and full-scale calibration errors of ±O.l% 
can be trimmed to zero with one external component each. 

3. The internal buried Zener reference is trimmed to 10.00 volts 
with 1% maximum error and 15 ppml°C typical T.e. The 
reference is available externally and can drive up to 2.0 mA 
beyond the requirements of the reference and bipolar offset 
resistors. 
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AD674A SPECIFICA'JIONS (@+25°Cwith Vcc ~ ~1~ V or +12 V, VLOG1C = +5 V, VEE = -15 Vor 
- " -12 V unless otherwise indicated) 

AD674AJ AD674AK AD674AL 
Min Model Min 

RESOLUTION 

LINEARITY ERROR 
T_toT_ 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

T min to T max: 11 

UNIPOLAR OFFSET (Adjustsble to Zero) 

BIPOLAR OFFSET (Adjustable to Zero) 

FULL-SCALE CALmRATION ERROR 
(With fixed SO 0 resistor from REF OUT to REF IN) 
(Adjustsble to Zero) 

TEMPERATURE RANGE o· 
TEMPERATURE COEFFICIENTS 

(Using Internal Reference) 
Tmin to Tmax 

Unipolar Offset 
Bipolar Offset 
Full-Scale Calibration 

POWER SUPPLY REJECTION 
Max Change in FuIl:Scaie Calibration 

Vcc = IS V ± I.S Vor 12 V ± 0.6 V 
VLOG1C = S V ± O.S V 
V BE = -IS V ± I.S V or -12 V ± 0.6 V 

ANALOG INPUT 
Input Ranges 

Bipolar -5 
-10 

Unipolar 0 
0 

Input Impedance 
10 Volt Span 3 
20 Volt Span .6 

DIGITAL CHARACTERISTICS (T _ to T max) 
Inputs 

Logic "1" Voltage +2.0 
Logic "0" Voltage -0.5 
Current -100 
Capacitsnce 

Outputs (OB11-DBO, STS) 
Logic "I" Voltage (lSDURCE ,,;SOO ,.A) +2.4 
Logic "0" Voltage (lSINK ,,; 1.6 mAl 
Lesksge (DBII-DBO, High-Z State) -20 
Capacitance 

POWER SUPPLIES 
Operating Range 

VLOG1C +4.S 
Vcc +11.4 
VEE -11.4 

Operating Current 
lLOGlc 
Icc 
lEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 9.9 
Output current (available for external loads)' 
(External load should not change during conversion) 

NOTES 
'The reference should be buffered for operation on ± 12 V supplies. 
Specificstions subject to change without notice. 
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Typ 

0.1 

S 
10 

S 

S 

30 
2 
18 

390 

10.0 

Max Min Typ Max Typ Max Units 

12 12 12 Bits 

:t1 :tl/2 :tl/2 LSB 
:t1 :tIn :tl/2 LSB 

12 12 Bits 

:t2 :t2 :t2 LSB 

:t10 :t4 :t4 LSB 

0.25 0.1 0.25 0.1 0.25 %ofFS 

+70 0 +70 0 +70 "C 

:t2 (10) :t1 (S) :t1 (S) LSB (ppml"C) 
:t2 (10) :t1 (S) :t1 (S) LSB (ppml"C) 
:t9 (SO) :t5 (27) :t2 (10) LSB (ppmI"C) 

:t2 :t1 ±1 LSB 
:tl/2 ±1!2 ±l/2 LSB 
:t2 ±1 ±1 LSB 

+5 -5 +5 -5 +5 Volts 
+10 -10 +10 -10 +10 Volts 
+10 0 +10 0 +10 Volts 
+20 0 +20 0 +20 Volts 

7 3 5 7 3 S 7 kO 
14 6 10 14 6 10 14 kO 

+S.S +2.0 +S.5 +2.0 +S.S Volts 
+0.8 -0.5 +0.8 -O.S +0.8 Volts 
+100 -100 +100 -100 +100 ,...A 

S S pF 

+2.4 +2.4 Volts 
+0.4 +0.4 +0.4 Volts 
+20 -20 +20 -20 +20 ,...A 

S S pF 

+S.S +4.S +S.S +4.S +5.S Volts 
+16.5 +11.4 +16.5 +11.4 .+16.S Vplts 
-16.5 -11.4 -16.5 -11.4 -16.S Volts 

40 30 40 30 40 mA 
5 2 5 2 5 mA 
29 18 29 18 29 mA 

720 390 720 390 720 mW 

10.1 9.9 10.0 10.1 9.9 10.0 10.1 Volts 
2.0 2.0 2.0 mA 

Specifications shown in boldface are tested on all production units at final elec
trical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specificstions are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD674A 
AD674AS AD674AT AD674AU 

Model Min 

RESOLUTION 

LINEARITY ERROR 
Tmin to Tmax 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

Tmin to Tmax 11 

UNIPOLAR OFFSET (Adjustable to Zero) 

BIPOLAR OFFSET (Adjustable to Zero) 

FULL-SCALE CALIBRATION ERROR 
(With fIXed 50 0 resistor from REF OUT to REF IN) 
(Adjustable to Zero) 

TEMPERATURE RANGE -55 

TEMPERATURE COEFFICIENTS 
(Using Internal Reference) 

Tmin to Tmax 
Unipolar Offset 
Bipolar Offset 
Full-Scale Calibration 

POWER SUPPLY REJECTION 
Max Change in Full-Scale Calibration 

V cc = IS V ± 1.5 V or 12 V ± 0.6 V 
VLOGIC = 5 V ± 0.5 V 
VEE=-15 V ± 1.5 Vor -12 V ± 0.6 V 

ANALOG INPUT 
Input Ranges 

Bipolar -5 
-10 

Unipolar 0 
0 

Input Impedance 
10 Volt Span 3 
20 Volt Span 6 

DIGITAL CHARACTERISTICS (Tmin to Tmox) 
Inputs 

Logic "I" Voltage +2.0 
Logic "0" Voltage -0.5 
Current -100 
Capacitance 

Outputs (DBll-DBO, STS) 
Logic "I" Voltage (IsouRcE :5500 ILA) +2.4 
Logic "0" Voltage (IsINK :51.6 rnA) 
Leakage (DBll-DBO, High-Z State) -20 
Capacitance 

POWER SUPPLIES 
Operating Range 

VLOGlC +4.5 
Vcc +11.4 
VEE -11.4 

Operating Current 
ILOGIC 

Icc 
lEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 9.9 
Output current (available for externalloads)' 
(External load should not change during conversion) 

NOTES 
'The reference should be buffered for operation on ± 12 V supplies. 
Specifications subject to change without notice. 
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Typ 

0.1 

5 
10 

5 

5 

30 
2 
18 

390 

10.0 

Max Min Typ Max Min Typ Max Units 

12 12 12 Bits 

±1 ±112 ±112 LSB 
±1 ±1 ±1 LSB 

12 12 Bits 

±2 ±2 ±2 LSB 

±10 ±4 ±4 LSB 

0.25 0.1 0.25 0.1 0.25 % ofFS 

+125 -55 +125 -55 +125 'C 

±2 (5) ±1 (2.5) ±1 (2.5) LSB (ppm/'C) 
±4 (10) ±2 (5) ±1 (2.5) LSB (ppm/'C) 
±20 (50) ±10 (25) ±5 (12.5) LSB (ppm/'C) 

±2 ±1 ±1 LSB 
±112 :1:1/2 ±1/2 LSB 
±2 ±1 ±1 LSB 

+5 -5 +5 -5 +5 Volts 
+10 -10 +10 -10 +10 Volts 
+10 0 +10 0 +10 Volts 
+20 0 +20 0 +20 Volts 

7 3 5 7 3 5 7 kO 
14 6 10 14 6 10 14 kO 

+5.5 +2.0 +5.5 +2.0 +5.5 Volts 
+0.8 -0.5 +0.8 -0.5 +0.8 Volts 
+100 -100 +100 -100 +100 /LA 

5 5 pF 

+2.4 +2.4 Volts 
+0.4 +0.4 +0.4 Volts 
+20 -20 +20 -20 +20 ILA 

5 5 pF 

+5.5 +4.5 +5.5 +4.5 +5.5 Volts 
+16.5 +11.4 +16.5 +11.4 +16.5 Volts 
-16.5 -11.4 -16.5 -11.4 -16.5 Volts 

40 30 40 30 40 rnA 
5 2 5 2 5 rnA 
29 18 29 18 29 rnA 

720 390 720 390 720 mW 

10.1 9.9 10.0 10.1 9.9 10.0 10.1 Volts 
2.0 2.0 2.0 rnA 

Specifications shown in boldface are tested on all production units at final elec
trical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD674A 
ABSOLUTE MAXIMUM RATINGS· 
Vee to Digital Common ................• 0 to + 16.5 V 
VEE to Digital Common ................. 0 to -16.5 V 
V LOGIC to Digital Common ...•............. 0 to + 7 V 
Analog Common to Digital Common ...........•.. ± 1 V 
Digital Inputs to Digital Common .. -0.5 V to VLOGIC +0.5 V 
Analog Inputs to Analog Common ........... VEE to Vee 
20 VIN to Analog Common ................... ±24 V 
REF OUT .....•.•........ Indefmite Short to Common 

Momentary Short to Vee 
Chip Temperature ......................... 175°C 
Power Dissipation ........................ 825 mW 
Lead Temperature, Soldering ............. 300°C, 10 sec 
Storage Temperature ................ -65°C to + 150°C 

NOTE 
'Stresses above those listed under "Absolute Maximum Ratil18''' may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the o~rational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CONVERT START TIMING - FULL CONTROL MODE 

Symbol Parameter Min Typ Max Units 

tose STS Delay from CE 200 ns 
tHBC CE Pu1se Width 50 ns 
tssc CS to CE Setup 50 ns 
tHSC CS Low During CE High 50 ns 
tsRC RIC to CE Setup 50 ns 
tHRC RIC Low During CE High 50 ns 
tSAC Ao to CE Setup 0 ns 
tHAC Ao Valid During CE High 50 ns 
tc Conversion Time 

8-Bit Cycle 6 8 10 II-S 
12-Bit Cycle 9 12 15 II-S 

READ TIMING - FULL CONTROL MODE 

Symbol Parameter Min Typ Max Units 

too Access Time (from CE) 75 150 ns 
tHO Data Valid after CE Low 25 ns 
tHL Output Float Delay 150 ns 
tSSR CS to CE Setup 50 ns 
tSRR RIC to CE Setup 0 ns 
tSAR Ao to CE Setup 50 ns 
tHSR CS Valid After CE Low 0 ns . 

tHRR RIC High After CE Low 0 ns 
tHAR Ao Valid After CE low 50 ns 

STAND-ALONE MODE TIMING 

Symbol Parameter Min Typ Max Units 

tHRL 
tos 
tHOR 
tHs 
tHRH 
tDOR 

Low RIC Pulse Width 50 
STS Delay from RIC 200 
Data Valid After RIC Low 25 
STS Delay After Data Valid 30 55 600 
High RIC Pu1se Width 150 
Data Access Time 150 

c. 
---'I 

... 
---F.: .. =,,~--

D811-DBO---f-HIGH IMPEDANCE -----

Figure 1. Convert Start Timing 

os -t:.. .... =..:+-----f~ 

Rte 

.. 
~. ----r----+~----

Figure 2. Read Cycle Timing 
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i'"-I.L-----------. 

-j j:;. 1-1. -
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I 

ns 
ns 
ns 
ns 
DS 

ns 

Figure 3. Low Pulse for RiC-Outputs Enabled After 
Conversion 

Figure 4. High Pulse for RiC-Outputs Enable While RiC 
High, Otherwise High-Z 

ORDERING GUIDE 

Linearity Error No Missing Codes Full Scale Package 
Model Temperature Range (TmmtoT....J (Tmm toT""",) T.C. (ppmrc) Option· 

AD674AJD o to +70°C ±1 LSB 11 Bits 50.0 D-28 
AD674AKD o to +70OC ±1I2 LSB 12 Bits 27.0 D-28 
AD674ALD o to +70°C ±1/2 LSB 12 Bits 10.0 D-28 
AD674ASD -55°C to + 125°c' ±1 LSB 11 Bits 50.0 D-28 
AD674ATD - 55°C to + 125°C ±1 LSB 12 Bits 25.0 D-28 
AD674AUD -55°C to + 1250C ±1 LSB 12 Bits 12.5 D-28 

*D = Ceramic DIP. For outline information see Package Information section. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic 12-Bit AID Converters with 

Reference. Clock. and Three-State Output Buffers 
Industry Standard Pinout 
High Speed Upgrades for AD574A 
8- and 16-Bit Microprocessor Interface 
8 .... s (maxI Conversion Time (AD774BI 
15 .... s (maxI Conversion Time (AD674BI 
±5 V. ±10 V. 0-10 V. 0-20 V Input Ranges 
Commercial. Industrial and Military Temperature 

Range Grades 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD674B and AD774B are complete 12-bit successive
approximation analog-to-digital converters with three-state 
output buffer circuitry for direct interface to 8- and 16-bit 
microprocessor busses. A high precision voltage reference and 
clock are included on chip, and the circuit requires only power 
supplies and control signals for operation. 

The AD674B and AD774B are pin compatible with the industry
standard AD574A, but offer faster conversion time and bus
access speed than the AD574A and lower power consumption. 
The AD674B converts in 15 fJ.S (maximum) and the AD774B 
converts in 8 fJ.S (maximum). 

The monolithic design is implemented using Analog Devices' 
BiMOS II process allowing high performance bipolar analog cir
cuitry to be combined on the same die with digital CMOS logic. 
Offset, linearity and scaling errors are minimized by active laser
trimming of thin-film resistors. 

Five different grades are available. The J and K grades are spec
ified for operation over the O°C to + 70°C temperature range. 
The A and B grades are specified from -40°C to +85°C, the T 
grade is specified from -55°C to + 125°C. The J and K grades 
are available in a 28-pin plastic DIP or 28-lead SOIC. All other 
grades are available in a 28-pin hermetically sealed ceramic DIP. 

-Protected by U.S. Patent Nos. 4,250,445; 4,808,908; RE30586. 
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12-Bit AID Converters 
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PRODUCT IDGHLIGHTS 
1. Industry Standard Pinout: The AD674B and AD774B utilize 

the pinout established by the industry standard AD574A. 

2. Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+ 10 V and 0 to +20 V uuipolar; -5 V to +5 V and -10 V 
to + 10 V bipolar. The AD674B and AD774B operate on 
+5 V and ±12 Vor ±15 V power supplies. 

3. Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 

4. The internal reference is trimmed to 10.00 volts with 1% 
maximum error and 10 ppml"C typical temperature coeffi
cient. The reference is available externally and can drive up 
to 2.0 rnA beyond the requirements of the converter and bi
polar offset resistors. 

5. The AD674B and AD774B are available in versions compli
ant with MIL-STD-883. Refer to the Analog Devices Mili
tary Products Databook or current AD674B/AD774B/883B 
data sheet for detailed specifications. 

ANALOG-TO-DIGITALCONVERTERS 2-109 

• 



AD6748/AD7748 -SPECIFICATIONS ITMII to Tm with Vee = +15v:r 10% ~~ +12 V :t 5%, 
V188IC = +5 V ± 10%, VEE = -15v ± 10% or -12 V ± 5% unless otIIerwise indicated) " 

J Grade KGrade 
Model (AD674B or AD774B) Min Typ Max Min Typ 

RESOLUTION 12 

LINEARITY ERROR @ + 25"C :tl 
TMIN toTMAx :tl 

DIFFERENTIAL LINEARITY ERROR 
(Minimum Resolution for Which No 
Missing Codes are Guaranteed) 12 12 

UNIPOLAR OFFSET! @ +25"C :t2 

BIPOLAR OFFSET! @ + 25°C :t6 

FULL-SCALE CALIBRATION ERROR!' 2 (it' +25"C 
(with Fixed son Resistor from REF OUT to REF IN) 0.1 0.25 0.1 

TEMPERATURE RANGE 0 +70 0 

TEMPERATURE DRIFT' 
(Using Internal Reference) 

Unipolar :t2 
Bipolar Offset :t2 
Full-Scale ClIIibration :t6 

POWER SUPPLY RE1ECTION 
Max Change in' Full-Scille Calibration 

Vee = 15 V:;: 1.5 V or 12 V:;: 0.6 V :t2 
VLOGIC = 5 V:;: 0.5 V :t112 
VEE = -15V:;: 1.5Vor-12V:;:0.6V :t2 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
-10 +10 -10 

Unipolar 0 +10 0 
0 +20 0 

Input Impedance 
10 Volt Span 3 5 7 3 5 
20 Volt Span 6 10 14 6 10 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.5 +5.5 +4.5 
Vee +11.4 +16.5 +11.4 
VEE -16.5 -11.4 -16.5 

Operating Current 
ILOGlc 3.5 7 3.5 

Icc 3.5 7 3.5 
lEE 10 14 10 

POWER CONSUMPTION 220 375 220 
175 175 

INTERNAL REFERENCE VOLTAGE 9.9 10.0 10.1 9.9 10.0 
Output Current (Available for External Loads) 2.0 
(External Load Should Not Change During the Conversion) 

NOTES 
I Adjustable to zero. 
'Includes internal voltage reference error. 
• Maximum change from + 25"<: value to the value at T MIN or T MAX' 

'Tested with REF OUT tied to REF IN through 50 n resistor, Vee '" +16.5 V, VEE = -16.5 V, VLOGIC = +5.5 V, and outputs in bigh-Z mode. 
'Tested with REF OUT tied to REF IN through 50 n resistor. Vee = +12 V, VEE = -12 V, VLOGIC = +5 V. and outpUts in bigh-Z mode. 
Specifications subject to change without notice. 

:,' , 

Max 

12 

:t112 
:t1l2 

:t2 

:t3 

0.125 

+70 

:tl 
:tl 
:t2 

:tl 
:t1l2 
:tl 

+5 
+10 
+10 
+20 

7 
14 

+5.5 
+16.5 
-11.4 

7 
7 
14 

375 

10.1 
2.0 

Specifications shown in boldface are tested on aU devices at fmal electrical test at TMIN , +25"<:, and T MAX' and results from those tests are used to calculate 
outgoing quality levels. AU min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD674B/AD774B 

A Grade BGrade TGrade 
Min Typ Max Min Typ Max Min Typ Max Units 

12 12 12 Bits 

:1:1 :1:112 :1:112 LSB 
:1:1 :1:112 :1:1 LSB 

12 12 12 Bits 

:1:2 ±2 :1:2 LSB • :1:6 :1:3 :1:3 LSB 

0.1 0.25 0.1 0.125 0.1 0.125 %ofFS 

-40 +85 -40 +85 -55 +125 "C 

:1:2 ±1 :1:1 LSB 
:1:2 :1:1 :1:2 LSB 
±8 :1:5 :1:7 LSB 

:1:2 :1:1 :1:1 LSB 
:1:112 :1:112 :1:112 LSB 
±2 :1:1 :1:1 LSB 

-5 +5 -5 +5 -5 +5 Volts 
-10 +10 -10 +10 -10 +10 Volts 
0 +10 0 +10 0 +10 Volts 
0 +20 0 +20 0 +20 Volts 

3 5 7 3 5 7 3 5 7 kfl 
6 10 14 6 10 14 6 10 14 k!l 

+4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts 
+11.4 +16.5 +11.4 +16.5 +11.4 +16.5 Volts 
-16.5 -11.4 -16.5 -11.4 -16.5 -11.4 Volts 

3.5 7 3.5 7 3.5 7 rnA 
3.5 7 3.5 7 3.5 7 rnA 
10 14 10 14 10 14 rnA 

220 375 220 375 220 375 mW' 
175 175 175 mWs 

9.9 10.0 10.1 9.9 10.0 10.1 9.9 10.0 10.1 Volts 
2.0 2.0 2.0 rnA 
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AD674B/AD774B 

DIGITAL SPECIFICATIONS (for all grades T.I• to Trw, with Vcc = +15 V ± 10% or +12 V ± 5%, VLOIIC = +5 V ± 10%, 
IU VEE = -15V ± 10% or -12V ± 5%) ... 

Parameter Test Conditions Min Malt Units 

LOGIC INPUTS 
VIH High Level Input Voltage +2.0 V LOGlc+0.5 V V 
VIL Low Level.Input Voltage -0.5 +0.8 V 
IIH High Level Input Current VIN = VLOGIC -10 +10 IIA 
IlL Low Level Input Current VIN = OV -10 +10 IIA 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.5 mA +2.4 V 
VOL Low Level Output Voltage IOL = 1.6mA +0.4 V 
Ioz High-Z Leakage Current VIN = 0 to VLOGIC -10 +10 IIA 
Coz High-Z Output Capacitance 10 pF 

(for all grades T.IN to TMAX with Vce = +15 V ± 10% or + 12 V ± 5%, 
SWITCHING SPECIFICATIONS VL081C = +5 V ± 10%, VEE = -15 V ± 10% or -12 V ± 5%; unless utharwise noted) 

CONVERTER START TIMING (Figure 1) 

J, K, A, B Grade. TGrade 
Parameter Symbol Min Tn> Max Min Tn> Max Units 

CoDversioD Time 
8-Bit Cycle (AD674B) Ie 6 8 10 6 8 10 IJ.S 
12-Bit Cycle (AD674B Ie 9 12 15 9 12 15 .... 
8-Bit Cycle (AD774B) Ie 4 5 6 4 5 6 IJ.S 
12-Bit Cycle (AD774B) Ie 6 7.3 8 6 7.3 8 IJ.S 

STS Delay from CE tDse 200 225 DS 
CE Pulse Width tHEe SO SO DS 
~ toCE Setup tsse SO SO DS 
CS_ Low During CE High tHsc SO SO DS 
RIf to CE Setup tsac SO SO DS 
RIC Low During CE High lHRC SO SO DS 
Aa to CE Setup tSAc 0 0 DS 
Aa Valid During CE High tHAC SO SO DS 

READ TIMING-FULL CONTROL MODE (Figure 2) 

J, K, A, B Grades TGrade 
Parameter Symbol Min Tn> Max MiD Tn> Max Units 

Access Time 
CL = lOOpF too 1 75 ISO 75 ISO DS 

Osta Valid Mter CE Low tHO 252 252 DS 
20' IS' DS 

Output Float Delay tHL 
, 

ISO ISO DS 
CS_to CE Setup tSSR SO SO DS 

RIC to CE Setup tSRR 0 0 DS 
&toCE Setup tSAR SO SO DS 

CS Valid After CE Low tHsa 0 0 DS 

RIC High After CE Low tHRR 0 0 DS 
Aa Valid After CE Low tHAR SO SO DS 

NOTES 
'too is measured with the load circuit of Figure 3a and is defmed as the time required 
for an output to cross 0.4 V or 2.4 V. 

'O"c to T MAX' 

'At -4O'C. 
'At -SS'C. 
'tHL is defined as the time required for the data lines to change O.S V when loaded with 
the circuit of Figure 3b. 

SpecifJCations shown in boldface are tested on all devices at final electrical test with 
worst case supply voltages at TM1N , +2S'C, and TMAX • Results from those tests are 
used to calculate oUlSOing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested. 
Specifications subject to change without DOtice. 
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CE 

Ci 

STS ~--kt;=DSC4--
OB11-080 ---+- HIGH IMPEDANCE --

Figure 1. Convert Start Timing 

CE ___ J 

cs 

~ ----+---~-~----

Figure 2. Read Cycle Timing ... 
~N. I 1 ' 

.. ' .... 
- . ~N+--.' .... High-Z to Logic 1 High-Z to Logic 0 

Figure 3a. Load Circuit for Access Time Test 

~N' I 1 ' 
3k 10pF 

- . 
Logic 1 to High-Z Logic 0 to High-Z 

Figure 3b. Load Circuit for Output Float Delay Test 
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AD6748/AD7748 
TIMING-STAND-ALONE MODE (Fipres 4a and 4b) 

J, K, A, B Grade. TGrade 
Parameter Symbol Min Typ MID: Min Typ MID: Units 

Data Access Time tnDa 150 150 os 
Low RIC Pulse Width tURL 50 50 ns 
STS Delay from ~ tos 200 225 os 
Data Valid Mter RIC Low tHDa 25 25 ns 
STS De!!Y After Q.ta Valid tHS 30 200 600 30 200 600 os 
High RIC Pulse Width tHRH 150 150 os 

Specifications subject to cbange without notice. 

ABSOLUTE MAXIMUM RATINGS· 
V cc to Digital Common .........•....•.. 0 to + 16.5 V 
VEE to Digital Common ..•.......••..•.. 0 to -16.5 V Figure 48. Stand-Alone Mode Timing Low Pulse for RiC 
V LOGIC to Digital Common ................. 0 to + 7 V 
Analog Common to Digital Common .••....•...... ± 1 V 
Digital Inputs to Digital Common . -0.5 V to VLOGIC +0.5 V 
Analog Inputs to Analog Common •........•. VEE to V cc 
20 VIN to Analog Common .•................. ±24 V 
REF OUT ....•..•.....•. Indefinite Short to Common 

....••........•.. Momentary Short to V cc 
Junction Temperature ........•............. + 175°e 
Power Dissipation ............ -............ 825 mW 
Lead Temperature, Soldering ...••........ 300OC, 10 sec 
Storage Temperature .••...••........ -65OC to + 1500C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damaae to the device. This is a stress rating only and functiooal 

STS 

DB11-DBO -"=;'::"-<1 HIGH-Z 

operation of the device at these or any other conditions above those indicated 
in the operatiooal section of this specification is not implied. Exposure to 
absolule maximum ",ting conditions for extended periods may affect device 
reliability. 

Figure 4b. Stand-Alone Mode Timing High Pulse for RiC 
CA~ON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! LJ 
~~EDEVICE 
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ORDERING GUIDE 

Conversion INL Package Package 
Modell Temperature Time (max) (T MIN to T MAX) Description Option2 

AD674BJN O°C to +70°C 15 .... s ±1 LSB Plastic DIP N-28A 
AD674BKN O°C to +70°C IS .... s ±112 LSB Plastic DIP N-28A 
AD674BJR O°C to +70°C 15 .... s :!:I LSB Plastic SOIC R-28 
AD674BKR O°C to +70oe IS .... s ±112 LSB Plastic SOIC R-28 
AD674BAD -40°C to +85°C IS ..... ±I LSB Ceramic DIP D-28A 
AD674BBD -40°C to +85°C IS .... s ±112 LSB Ceramic DIP D-28A 
AD674BTD -55°C to + 125°C IS .... s ±I LSB Ceramic DIP D-28A 
AD774BJN O°C to +70°C 8 .... s ±1 LSB Plastic DIP N-28A 
AD774BKN O°C to +70°C 8 .... s ±112 LSB Plastic DIP N-28A 
AD774BJR O°C to +70°C IS .... s ±I LSB Plastic sOle R-28 
AD774BKR O°C to +70°C IS .... s ±112 LSB Plastic SOIC R-28 
AD774BAD -40°C to +8Soe 8 .... s ±1 LSB Ceramic DIP D-28A 
AD774BBD -40°C to + 85°C 8 J.1S ±112 LSB Ceramic DIP D-28A 
AD774BTD -55°C to + 125°C 8 J.1s :!:1 LSB Ceramic DIP D-28A 

NOTES 
I For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD674B/AD774B/883B data sheet. 

2N = Plastic DIP; D = Hennetic DIP; R = Plastic SOle. For outline information see Package Information section. 
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AD614B/AD114B 
DEFlNmON OF SPECIFICATIONS 
LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale." The point 
used as "zero" occurs 1/2 LSB (1.22 mV for 10 volt span) be
fore the fust code transition (all zeroes to only the LSB "on"). 
"Full scale" is defmed as a level 1 ·112 LSB beyond the last code 
transition (to all ones). The deviation of a code from the true 
straight line is measured from the middle of each particular 
code. 

The K, B, and T grades are guaranteed for maximum non
linearity of :±: 112 LSB. For these grades, this means that an ana
log value which falls exactly in the center of a given code width 
will result in the correct digital output code. Values nearer the 
upper or lower transition of the code width may produce the 
next upper or lower digital output code. The J and A grades are 
guaranteed to :±: I LSB max error. For these grades, an analog 
value which falls within a given code width will result in either 
the correct code for that region or either adjacent one. 

Note that the linearity error is not user adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic incressing se
quence as the analog input level is increased. Thus every code 
must have a fmite width. The AD674B and AD774B guarantee 
no. missing codes to 12-bit resolution, requiring that all 4096 
codes must be present over the entire operating temperature 
ranges. 

UNIPOLAR OFFSET 
The first transition should occur at a level 112 LSB above analog 
common. UnipoIar offset is defmed as the deviation of the actual 
transition from that point. This offset can be adjusted as 

,discussed later. The unipolar offset temperature coefficient spec
ifies the maximum change of the transition point over tempera
ture, with or without external adjustment. 

BIPOLAR OFFSET 
In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 112 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation 8nd maximum change in 
the error over temperature. 
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QUANTIZATION lINCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization un
certainty of :±: 112 LSB. This uncertainty is a fundamental char
acteristic of the quantization process and cannot be reduced for 
a converter of given resolution. 

LEFT-JUSTIFIED DATA 
The output data format is left-justified. This means that the 
data represents the analog input as a fraction of full scale, rang
ing from 0 to 4095/4096 • . This implies a binary point 4095 to the 
left of the MSB. 

FULL-SCALE CALIBRATION ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value I 112 LSB below the nomina1 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is the deviation of the aCtual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in Fig
ures 7 and 8. The full-scale calibration error o'.'er temperature is 
given with and without the initial error trimmed out. The tem
perature coefficients for each grade indicate tile maximum 
change in the full-scale gain from the initial value using the in
ternal 10 V reference. 

TEMPERATURE DRIFT 
The temperature drift for full-scale calibration, unipolar offset, 
and bipolar offset specifies the maximum change from the initial 
(+ 25"C) value to the value at T MIN or T MAX' 

POWER SUPPLY REJECTION 
The standard specifications assume use of +5.00 V and 
:±:15.00 V or :±:12.00 V supplies. The only effect of power sup
ply error on the perfonnance of the device will be a small 
change in the full-scale calibration. This will result in a linear 
change in alliower-order codes. The specifications show the , 
maximum full-scale change from the initial value with the sup
plies at the various limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the 
code width. This is defmed as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to I least significant bit 
(LSB) of the full-scale range or 2.44 mV out of 10 volts for a 
12-bit ADC. 
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Symbol 

AGND 

1.0 

BIPOFF 

CE 

CS 

DB 11-DB8 

DB7-DB4 

DB3-DBO 

DGND 

REF OUT 

RIC 

REF IN 

STS 

V= 

VEE 

VLOGIC 

10VIN 

20VIN 

12/8 

TYPE: AI 

REV. A 

AO 
DI 
DO 
P 

AD674B/AD774B 
AD674B AND AD774B PIN DESCRIPTION 

Pin No. Type Name and Function 

9 

4 

12 

6 

3 

27-24 

23--20 

19-16 

15 

8 

5 

10 

28 

7 

11 

1 

13 

14 

2 

P Analog Ground (Common). 

DI Byte AddresS/Short Cycle. If a conversion is started with 1.0 Active LOW, a full 12·bit conversion 
cycle is initiated. If Ao is Active HIGH during a convert start, a shorter 8-bit conversion cycle 
results. During Read (RIC = 1) with 12/8 LOW, Ao = LOW enables the 8 most significant bits, 
and 1.0 = HIGH enables DB3-DBO and sets DB7.,-DB4 = o. 

AI Bipolar Offset. Connect through a 50 n resistor to REF OUT for bipolar operation or to Analog 
Common for unipolar operation. 

DI Chip Enable. Chip Enable is Active HIGH and is used to initiate a convert or read operation. 

DI Chip Select. Chip Select is Active LOW. 

DO Data Bits 11 through 8. In the 12-bit format (see 12/8 and 1.0 pins), these pins provide the upper 
4 bits of data. In the 8-bit format, they provide ~he upper 4 bits when Ao is LOW and are 
disabled when Ao is HIGH. 

DO Data Bits 7 through 4. In the 12-bit format these pins provide the middle 4 bits of data. In the 
8-bit format they provide the middle 4 bits when 1.0 is LOW and all zeroes when 1.0 is HIGH. 

DO Data Bits 3 through o. In both the 12-bit and 8-bit format these pins provide the lower 4 bits of 
data when 1.0 is HIGH; they are disabled when Ao is LOW. 

P Digital Ground (Common). 

AO + 10 V Reference Output. 

DI Read/Convert. In the full control mode RIC is Active HIGH for a read operation and Active LOW 
for a convert operation. In the stand-alone mode, the falling edge of RIC initiates a conversion. 

AI Reference Input is connected through a 50 n resistor to + 10 V Reference for normal operation. 

DO Status is Active HIGH when a conversion is in progress and goes LOW when the conversion is 
completed. 

P + 12 V/+ 15 V Analog Supply. 

P -12 Vi-15 V Analog Supply. 

P +5 V Logic Supply. 

AI 10 V Span Input, 0 to + 10 V unipolar mode or -5 V to +5 V bipolar mode. When using the 
20 V Span, 10 VIN should not be connected. 

AI 20 V Span Input, 0 to + 20 V unipolar mode or -10 V to + 10 V bipolar mode. When using the 
10 V Span, 20 VIN should notbe connected. 

DI The 12/8 pin determines whether the digital output data is to be organized as two 8-bit words 
(12/8 LOW) or a single 12-bit word (12/8 HIGH). 

Analog Input 
Analog Output 
Digital Input 
Digital Output 
Power 

PIN CONFIGURATION 

OB10 

REF IN 

BlPOFF 

10YIN 

2OY .. 

DB9 

DB8 

D87 

086 

D84 

D83 

DB2 

DB' 

080 (LSB) 

DONO 
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AD674B/AD774B 
CIRCUIT OPERATION 
The AD674B and AD774B are complete 12-bit monolithic AID 
conveners which require no external coDiponents to provide the 
complete successive-approximation analog-to-digital conversion 
function. A block diagram is shown in Figure 5. 

...sVSUPPLY STATUS 
VLOGIC 118 

DATA MODE SI1.ECT ,. DI11(MSB) 

CtlP8EUfJ 00" 

""'AIIDIIHW _CYCLE ... .. --RIC 
DII 

CHP ..... '" ..., 
CE 

.'IMIV 8UPPt.V D1G/TAL 
Vee DII DATA 

.,O¥ R!fIEIIENCE OIl 
0U1PUTII 

1IEFOUT 

ANALOG CO..aN ... 
"" ................ D03 _II 

-12f-15YSUPPLY D82 
VEE 

IIFOLAR OFFSET .. , -lOY SPAN INPUT DIO(LSll 
'OYIN 

IOY .. AN INPUT DIGITAL COMMON DC ""' .. 
Figure 5. Block Diagram of AD674B and AD774B 

When the control section is commanded to initiate a conversion 
(as described later), it enables the clock and resets the 
successive-approximation register (SAR) to all zeroes. Once a 
conversion cycle has begun, it cannot be stopped or restarted 
and data is not available from the output buffers. The SAR, 
timed by the clock, will sequence through the conversion cycle 
and return an end-of-convert flag to the control section. The 
control section will then disable the clock, bring the output 
status flag low, and enable control functions to allow data read 
by external command. 

During the conversion cycle, the internal12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur
rent which accurately balances the input signal current through 
the divider network. The comparator determines whether the 
addition of each successively-weighted bit current causeS the 
DAC current sum to be greater or less than the input current; if 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within 
±1I2 LSB. 

The temperature-compensated reference provides the primary 
voltage reference to the DAC and guarantees excellent stability 
with both time and temperature. The reference is ttimmed to-
10.00 volts ± 1%; it can supply up to 2.0 mA to an external load 
in addition to the requirements of the reference input resistor 
(0.5 mAl and bipolar offset resistor (0.5 mAl. Any external load 
on the reference must remain constant during conversion. The 
thin fUm application resistors are trimmed to match the full
scale output current of the DAC. The input divid~r network 
provides a 10 V or 20 V input range. The bipolar offset resistor 
is grounded for unipolar operation and connected to the 10 volt 
reference for bipolar operation. 
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DRIVING THE ANALOG INPUT 
The AD674B and AD774B are successive-approximation analog
to-dip,tal converters: During the conversion cycle, the ADC 

, inpuHurrent is modulated by the DAC test current at approxi
mately a I MHz rate. Thus it is important to recognize that the 
signal source drivinf-the ,ADC must be capable of holding a 
constant output voltage under dynarnically-changing load 
conditioll$ • 

ANALOG COMMON 

lIN IS MODULATED BY 
CHANGES IN TEST CURRENT. 
Alll'LlFIER PULSE LOAD 
RESPONIi LIMITED BY 
I;ftN LOOP OUTPUT 'fIWI'EDANCE. 

ADO 

Figure 6. Op Amp-ADC Interface 

The closed-loop output impedance of an op amp is equal to the 
open-loop output impedance (usually a few hundred ohms) di
vided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed-loop output impedance to 
a negligibly small value, panicularly if the signal is low fre
quency. However, the amplifier driving the ADC must either 
have sufficient loop gain at I MHz to reduce the closed-loop 
output impedance to a low value or have low open-loop output 
impedance. This cali be accomplished by using a wideband op 
amp, such as the AD711. 

If a sample-hold amplifier is, required, the monolithic AD585 
or AD781 is recommended, with the output buffer driving the 
AD674B or AD774B input directly. A better alternative is the 
ADI674 which is a IO J.l.S sampling ADC in the same pinout 
as the AD574A, AD674A or AD774B and is functionallv 
equivalent. . 

SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 
It is critically important that the power supplies be filtered, well 
regulated, and free from high frequency noise. Use of noisy sup
plies will cause unstable' output codes. Switching power supplies 
are not recommended for circuits attempting to achieve 12-bit 
accuracy unless great care is used in filtering any switching 
spikes present in the output. Few millivolts of noise represent 
several counts of error in a 12-bit ADC. 

Decoupling capacitors should be used on all power supply pins; 
the + 5 V supply decoupling capacitor should be connected di
rectly from Pin I to Pin IS (digital common) and the + Vee and 
.,. VEE pins should be decoupled directly to analog common (Pin 
9). A suitable decoupling capacitor is a 4.7 J.l.F tantalum type in 
parallel with a 0.1 J.l.F ceramic disc type. 

Circuit layout should attempt to locate the ADC, associated ana
log input circuitry, and interconnections as far as possible from 
logic circuitry. For this reason, the use of wire-wrap circuit con
struction is not recommended. Careful printed-circuit lavout and 
manufacturing is preferred. . 
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UNIPOLAR RANGE CONNECTIONS FOR THE AD674B 
and AD774B 
The AD674B and AD774B contain all the active components 
required to perform a complete 12-bit AID conversion. Thus, 
for most situations, all that is necessary is connection of the 
power supplies (+5 V, + 121+ 15 V and -12/-15 V), the analog 
input, and the conversion initiation command, as discussed on 
the next page. 

2 12ii STO 21 

3 co HIGH BITS 

OFFSET • Ao :14-27 

R, • RiC MIDDLE BITS 

-12J-15V 
, ... 

AD6748 20-23 • CE OR LOW BITS 
AD7748 '6-'9 , ... 

10 REF IN 

• REF OUT 
'00Il 

12 81POFF 

OTO+1OV 
+5V , 

..... LOG 1310YtN ·'5V 7 
INPUTS 14 20VIN -l6V 11 

OTO+2OV • ANA COM DIG COM 15 ; 
Figure 7. Unipolar Input Connections 

All of the thin-film application resistors of the AD674B and 
AD774B are factory trimmed for absolute calibration. There
fore, in many applications, no calibration trimming will be re
quired. The absolute accuracy for each grade is given in the 
specification tables. For example, if no trims are used, ±2 LSB 
max zero offset error and ±0.2S% (I0LSB) max full-scale error 
are guaranteed. If the offset trim is not required, Pin 12 can be 
connected directly to Pin 9; the two resistors and trimmer for 
Pin 12 are then not needed. If the full-scale trim is not required, 
a 50 n I % metal film resistor should be connected between Pin 
8 and Pin 10. 

The analog input is connected between Pins 13 and 9 for a 0 to 
+ 10 V input range, between Pins 14 and 9 for a 0 to + 20 V 
input range. Input ~ignals beyond the supplies are easily accom
modated. For the 10 volt span input, the LSB has a nominal 
value of 2.44 mY; for the 20 volt span, 4.88 mY. If a 10.24 V 
range is desired (nominal 2.5 mVlbit), the gain trimmer (R2) 
should be replaced by a 50 n resistor, and a 200 II trimmer in
serted in series with the analog input to Pin 13 (for a full-scale 
range of 20.48 V (5 mVlbit), use a 500 n trimmer into Pin 14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into Pin 13 is 5 k!l, and 10 kH 
into Pin 14. 

UNIPOLAR CALIBRATION 
The connections for unipolar ranges are shown in Figure 7. The 
AD674B or AD774B is trimmed to a nominal 112 LSB offset so 
that the exact analog input for a given code will be in the mid
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 0000 to 0000 0000 0001) will occur 
for an input level of + 112 LSB (1.22 mV for 10 V range). 
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Analog Circuit Details-AD674B/AD774B 
If Pin 12 is connected to Pin 9, the unit will behave in this man
ner, within specifications. If the offset trim (RI) is used, it 
should be'trimmed as above, although a different offset can be 
set for a particular system requirement. This circuit will give 
approximately ± IS mV of offset trim range. 

The full-scale trim is done by applying a signal I 112 LSB below 
the nominal full scale (9.9963 for a 10 V range). Trim R2 to 
give the last transition (1111 1111 1110 to 1111 1111 1111). 

BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 8. 
Again, as for the unipolar ranges, if the offset and gain specifi
cations are sufficient, one or both of the trimmers shown can be 
replaced by a 50 n ± I % fixed resistor. The analog input is ap
plied as for the unipolar ranges. Bipolar calibration is similar to 
unipolar calibration. First, a signal 112 LSB above negative full 
scale (-4.9988 V for the ±5 V range) is applied and RI is 
trimmed to give the first transition (0000 0000 0000 to 0000 
0000 0001). Then a signal I 112 LSB below positive full scale 
(+4.9963 V for the ±5 V range) is applied and R2 trimmed to 
give the last transition (1111 1111 1110 to 1111 1111 1111). 

ANALOG 
INPUTS 

GAIN 

OFFSET 

t.v 

nov 

; 

2 1M STS 28 

3 co 

• Ao !i RIC 

HIGH IllS 
:14-27 

• CE 

MIDDLE8.TS 
20-23 AD6748 

OR LOWBITS 
AD7748 , .. " 

10 REF IN 

• REF OUT 

12 ItPOFF 
+5V , 

13 tOVIN +l6V 7 "- ·l5V 11 

• ANACOM DIGCOM 15 

Figure 8. Bipolar Input Connections 

GROUNDING CONSIDERATIONS 
The analog common at Pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the ADC; it should be connected directly to the analog reference 
point of the system. In order to achieve the high accuracy per
formance available from the ADC in an environment of high 
digital noise content, it is required that the analog and digital 
commons be connected together at the package. In some situa
tions, the digital common at Pin 15 can be connected to the 
most convenient ground reference point; digital power return is 
preferred. 
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AD6748/AD7748 

AO 

121i 

VALUE OF AO AT LAST CONVERT COMMAND 

Q 
/' 
r-~""""-+--- EOC 12 

~~~-+------EOCB 

I----SAR 
RESET 

t----- CLK EN 

STATUS 

NYBBLEA 
ENABLE 

NYBBLEB 
ENABLE 

NYBBLEC 
ENABLE 

NYBBLEB=O 
ENABLE 

TO 
OUTPUT 
BUFFERS 

Figure 9. Equivalent Internal Logic Circuitry 

CONTROL LOGIC 
The AD674B and AD774B contain on-chip logic to provide con
version initiation and data read operations from signals com
monly available in microprocessor systems; this intemallogic 
circuitry is shown in Figure 9. . 

The control signals CE, CS, and RIC contrOl the operation of 
the converter. The state of RIC when CE and CS are both as
serted determines whether a data read (RIC = 1) or a convert 
(RI~ = 0) is in progress. The register contrOl inputs Ao and 
12/8 contrOl conversion length and data fonnat. If a conversion 
is started with Ao low, a full 12-bit conversion cycle is initiated. 
If Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During' data read operations, Ao determines 
whether the three-state buffers containing the 8 MSBs of the 
conversion result (Ao = 0) or the 4 LSBs (Ao = 1) are enabled. 
The 12/8 pin detertnines whether the output data is to be orga
nized as two 8-bit words (12/8 tied to DIGITAL COMMON) or 
a single 12-bit word (1218 tied to VLOG1C)' In the 8-bit mode, 
the byte addressed when Ao is high contains the 4 LSBs from 
the conversion followed by four trailing zeroes. This organiza
tion allows the data lines to be overlapped for direct interface to 
8-bit buses without the need for external three-state buffers. 

An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 
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Table I. Truth Table 

CE CS RIC 12/8 Ao Operation 

0 X X X X None 
X 1 X X X None 

1 0 0 X 0 Initiate 12-Bit Conversion 
1 0 0 X 1 Initiate 8-Bit Conversion 

1 0 1 1 X Enable 12-Bit Parallel Output 

I 0 1 0 0 Enable 8 Most Significant Bits 
1 0 1 0 1 Enable 4 LSBs +4 Trailing Zeroes 

The ADC may be operated in one of two modes, the full-contrOl 
mode and the stand-alone mode .. The full-control mode utilizes 
all the control signals and is useful in systems that address de
code multiple devices on a single data bus. The stand-alone 
mode is useful in systems with dedicated input ports available. 
In general, the stand-alone mode is capable of issuing start
convert commands on a more precise basis and, therefore, pro
duces higher accuracy results. The following sections describe 
these two modes in more detail. 
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FULL·CONTROL MODE 
Chip Enable (CE), Chip Select (CS) and Read/Convert (RIC) are 
used to control Convert or Read modes of operation. Either CE 
or CS may be used to initiate a conversion. The state of RIC 
when CE and CS are both asserted determines whether a data 
Read (RIC = I) or a Convert (RIC = 0) is in progress. RIC 
should be LOW before both CE and CS are asserted; if RIC is 
HIGH, a Read operation will momentarily occur, possibly re
sulting in system bus contention. 

STAND·ALONE MODE 
"Stand-alone" mode is useful in systems with dedicated input 
ports available and thus not requiring full bus interface capabil
ity. Stand-alone mode applications are generally able to issue 
conversion start commands more precisely than full-control 
mode, resulting in improved accuracy. 

CE and 12/8 are wired HIGH, CS and Ao are wired LOW, and 
conversion is controlled by RIC. The three-state buffers are en
abled when RIC is HIGH and a conversion starts when RIC goes 
LOW. This gives rise to rwo possible control signals-a high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 4a. In this case, the outputs are forced into the high im
pedance state in response to the falling edge of RIC and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes HIGH 200 ns after RIC goes LOW and returns 
low 600 ns after data is valid. 

If conversion is initiated by a high pulse as shown in Figure 4b, 
the data lines are enabled during the time when RIC is HIGH. 
The falling edge of RIC starts the next conversion, and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RIC. 

CONVERSION TIMING 
Once a conversion is started, the STS line goes HIGH. Convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers can be enabled up to 1.2 .... s 
prior to STS going LOW. The STS line will return LOW at the 
end of the conversion cycle. 

The register control inputs, Ao and 12/8, control conversion 
length and data format. If a conversion is started with Ao LOW, 
a full 12-bit conversion cycle is initiated. If Ao is HIGH during 
a convert start, a shorter 8-bit conversion cycle results. 

During data read operations, Ao determines whether the three
state buffers containing the 8 MSBs of the conversion result 
(Ao = 0) or the 4 LSBs (Ao = I) are enabled. The 12/8 pin de
termines whether the output data is to be organized as two 8-bit 
words (12/8 tied LOW) or a single 12-bit word (12/8 tied 
HIGH). In the 8-bit mode, the byte addressed when Ao is high 
contains the 4 LSBs from the conversion followed by four trail
ing zeroes. This organization allows the data lines to be-over
lapped for direct interface to 8-bit buses without the need for 
external three-state buffers. 

REV. A 

AD674B/AD774B 
GENERAL AID CONVERTER INTERFACE 
CONSIDERATIONS 
A typical AID converter interface routine involves several opera
tions. First, a write to the AOC address initiates a conversion. 
The processor must then wait for the conversion cycle to com
plete, since most integrated circuit AOCs take longer than one 
instruction cycle to complete a conversion. Valid data can, of 
course, only be read after the conversion is complete. The 
A0674B and A0774B provide an output signal (STS) which 
indicates when a conversion is in progress. This signal can be 
polled by the processor by reading it through an external three
state buffer (or other input port). The STS signal can also be 
used to generate an interrupt upon completion of conversion if 
the system timing requirements are critical and the processor 
has other tasks to perform during the AOC conversion cycle. 
Another possible time-out method is to assume that the AOC 
will take its maximum conversion time to convert, and insert a 
sufficient number of "no-op" instructions to ensure that this 
amount of processor time is consumed. 

Once conversion is complete, the data can be read. For convert
ers with more data bits than are available on the bus, a choice 
of data formats is required, and multiple read operations are 
needed. The A0674B and A0774B include internal logic to per
mit direct interface to 8-bit and 16-bit data buses, selected by 
the 12/8 input. In 16-bit bus applications (12/8 high) the data 
lines (OBII through OBO) may be connected to either the 12 
most significant or 12 least significant bits of the data bus. The 
remaining four bits should be masked in software. The interface 
to an 8-bit data bus (12/8 low) is done in a left-justified format. 
The even address (AO low) contains the 8 MSBs (OBII through 
OB4). The odd address (AO high) contains the 4 LSBs (OB3 
through OBO) in the upper half of the byte, followed by four 
trailing zeroes, thus eliminating bit masking instructions. 

It is not possible to rearrange the output data lines for right
justified 8-bit bus interface. 

Figure 10. Data Format for 8-Bit Bus 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AC and DC Specified 
Autocalibrating 
On-Chip Sample-Hold Function 
Two-Byte or Serial Output 
16-Bits No Missing Codes 
±1 LSB INL 
0.001% THD 
90 dB S/(N+DI 
1 MHz Full Power Bandwidth 
24-Pin "Skinny" DIP Package 

PRODUCT DESCRIPTION 
The AD675 is a multipurpose 16-bit parallel output analog-to
digital converter which utilizes a switched capacitor/charge 
redistribution architecture to achieve a 100 kSPS conversion 
(10 .... s total conversion time). Overall performance is 0 

by digitally correcting internal nonlinearities thro 
autocalibration. 

The AD675 includes a sample-hold 
processor compatible bus interfac 
ers and two-byte read. Output da 
format. 

The AD675 circuitry is segmented onto two 
digital control chip fabricated on Analog Device 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 

The AD675 is specified for ac (or "dynamic") parameters such 
as SIN + D Ratio, THD and IMD which are important in signal 
processing applications. In addition, dc parameters are specified 
which are important in measurement applications. 

CLOCK 
(INPUTJ---=-I:-! 

BUSY 
(OUTPUTJ-----' 

SCLK--'---1 ,...., ,...., rS 
(OUTPUT) U U U 
SDATA--------, 

(OUTPUT) __ P.;.;"c..EVJO=US",O:;..IT_'.:c0 _ 

HIIEH 

~NPUT)-----------~r-----+--~ 

iiii 
(INPUT) 

(~~:~-----------~r-----+--~~~~~~~ 

16-Bit 100 kSPS 
Sampling ADC 

AD675 I 
FUNCTIONAL BLOCK DIAGRAM 

DB7-D1Nl 

675 operates from +5 V and ±12 V supplies and typi
cally consumes 235 mW during conversion. The digital supply 
(V DO) is separated from the analog supplies (Vee, VEE) for re
duced digital crosstalk. An analog ground sense is provided for 
the analog input. Separate analog and digital grounds are also 
provided. 

The AD675 is available in a 24-pin plastic "skinny" DIP or 24-
pin side-brazed "skinny" DIP ceramic package. Screening to 
MIL-STD-883C Class B is available. 

PIN CONFIGURATION 

DB2JDB10 

DB3IDB11 

DB4IDB12 

DB5IDB13 

DB8IDB14 

DB71OB'5 (IISB) 

Voo 

VEE 

087-00. SSS PREVIOUS LOW ~ 
(OUTPUT} ___________ ~.:SS--"'OYT=E--'~ 

AD 
ALWAYS 
LOW 

Figure 1. Conversion Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD675 -SPECIFICATIONS (TMIN to TMAX• Vee = + 12 V ± 5%. VEE = -12,V~ 5%,. Vou = +5 V ± 10%)1 

Parameter Min Typ Max Units 

TOTAL HARMONIC DISTORTION (THD) 
-0.05 dB Input -98 -90 dB 

0.0015 0.003 % 

SIGNAL-TO-NOISE AND DISTORTION RATIO (S/(N+D)) 
dB -0.05 dB Input, 50 kHz Bandwidth 87 90 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -100 -92 dB 

INTERMODULATION DISTORTION (IMDi 
2nd Order Products -102 dB 
3rd Order Products -98 dB 

FULLPOWERBAND~DTH 1 MHz 

TEMPERATURE RANGE -40 +85 °C 

ACCURACY 
Resolution 16 Bits 
Integral Nonlinearity (INL) ±1 LSB 
Differential Nonlinearity (DNL)-No Missing Codes 16 Bits 
Bipolar Zero Erro~ ±1 LSB 
Gain Erro~ 0.003 %FSR 
Temperature Drift 

Bipolar Zero %FSR 
Gain %FSR 

VOLTAGE REFERENCE INPUT RANGEl (VREP) 10 V 

ANALOG INPUT 
Input Range (VIN) ±VREP V 
Input Capacitance During Sample pF 
Aperture Delay ns 
Aperture Jitter ps 

POWER SUPPLIES 
Power Supply Rejection 
V= = +12 V ± 5% ±1 ±2 LSB 
VEE = -12 V ,± 5% ±1 ±2 LSB 
Voo = +5 V ± 10% ±1 ±2 LSB 
Operating Current 

1= 9 12 mA 
lEE 9 12 mA 
IOD 3 12 mA 

Power Consumption 235 350 mW 

LOGIC INPUTS 
VIH High Level Input Voltage 2.4 V 
VIL Low Level Input Voltage -0.3 0.8 V 
IIH High Level Input Current VIH = VDO -10 +10 ,..A 
IlL Low Level Input Current VIL = OV -10 +10 ,..A 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.1 mA VDD -1 V V 

= 0.5 mA 2.4 V 
VOL Low Level Output Voltage IOL = 1.6 mA 0.4 V 
Ioz High-Z Leakage Current VIN = OorVDD -10 +10 ,..A 
VOL High-Z Output Capacitance 10 pF 

NOTES 
'Conversion rate = 100 kSPS. Values are post calibration. 
'fa = 1008 Hz, fb = 1055 Hz. 
'Values shown apply to any temperature from T MIN to T MAX after calibration at that temperature. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and speCifications are subject to change without notice. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Autocalibrating 
On-Chip Sample-Hold Function 
Twos Complement Parallel Output Format 
16 Bits No Missing Codes 
:t:1 LSB INL 
0.002% THO 
90 dB S/{N+O) 
1 MHz Full Power Bandwidth 

PRODUCT DESCRIPTION 
The AD676 is a multipurpose 16-bit parallel output 
digital converter which utilizes a switched-ca 
tribution architecture to achieve a 100 
(10 fJ.s total conversion time). Ove 
by digitally correcting internal no 
autocalibration. 

The AD676 circuitry is segmented onto tw 
a digital control chip fabricated on Analog D s 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 

The AD676 is specified for ac (or "dynamic") parameters such 
as S/(N + D) Ratio, THD and IMD which are important in sig
nal processing applications. In addition, dc parameters are speci
fied which are important in measurement applications. 

16-Bit 100 kSPS 
Sampling ADC 

AD676 I 
FUNCTIONAL BLOCK DIAGRAM 

BIT1-BIT16 
9 

AD676 

tes from + 5 V and ± 12 V supplies and typi
s 235 mW during conversion. The digital supply 

IS separated from the analog supplies (V ce, V BE) for re
uced digital crosstalk. An analog ground sense is provided for 

the analog input. Separate analog and digital grounds are also 
provided. 

The AD676 is available in a 28-pin plastic DIP or 28-pin side
brazed ceramic package. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676-SPECIFICATIONS 
AC SPECIFICATIONS (TMIN to TMU, Vee = +12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ± 10%)' 

AD676J/Aff AD676KIB 
Parameter Min Typ Max Min Typ 

Total Harmonic Distortion (THD) 
-0.05 dB Input -95 -88 -98 

0.002 0.004 0.0015 
-20 dB Input -78 -80 

0.01 0.Ql 
-60 dB Input -40 -45 

1.0 0.05 
Signal-to-Noise and Distortion Ratio (S/(N + D)) 

-0.05 dB Input 85 88 87 90 
-20 dB Input 67 70 
-60 dB Input 32 34 

Peak Spurious or Peak Harmonic Component -99 -89 -100 
Intermodulation Distortion (IMDi 

2nd Order Products -102 -102 
3rd Order Products -98 -98 

Full Power Bandwidth 1 1 

DIGITAL SPECIFICATIONS (for all grades TMIN to TMU, V 

Parameter yp 

LOGIC INPUTS 
VIH High-Level Input Voltage 
VIL Low-Level Input Vol 
IIH High-Level Input Curren 
IlL Low-Level Input Current 
Cw Input Capacitance 10 

LOGIC OUTPUTS 
High-Level Output Voltage 

Low-Level Output Voltage IOL = 1.6mA 

NOTES 

Max 

-90 
0.003 

-92 

0.8 
+10 
+10 

0.4 

Units 

dB 
% 
dB 
% 
dB 
% 

dB 
dB 
dB 
dB 

dB 
dB 
MHz 

Units 

V 
V 
!IA 
!IA 
pF 

V 
V 
V 

'VIUiF = 10.0 V, Conversion Rate = 100 kSPS, fIN = 1.0 kHz, VIN = -0.05 dB, Bandwidth = SO kHz unless otherwise indicated. All measurements referred 
to a 0 dB (20 V p-p) input signal. Values are post-calibration. 

'fa = 1008 Hz, fb = 1055 Hz. See Definition of Specifications section and Figure 15. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676 
DC SPECIFICATIONS (TMIN to TMAlI, Vee = +12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ±10%)1 

AD676J/A/T AD676KIB 
Parameter Min Typ Max Min Typ Max Units 

TEMPERATURE RANGE 
J, K Grades 0 +70 0 +70 °C 
A, B Grades -40 +85 -40 +85 °C 
T Grade -55 +125 °C 

ACCURACY 
Resolution 16 16 Bits 
Integral Nonlinearity (INL) ±2 ±I LSB 
Differential Nonlinearity (DNL)-No Missing Codes 15 16 Bits 
Bipolar Zero Error' ±2 ±I LSB 
Gain Error 0.006 0.003 %FSR 
Temperature Drift 

Bipolar Zero 
J, K Grades 0.001 %FSR 
A, B Grades 0.002 %FSR 
TGmde %FSR 

Gain 
J, K Grades 0.001 %FSR 
A, B Grades 0.002 %FSR 
T Grade %FSR 

VOLTAGE REFERENCE INPUT RANGE3 (V 5 10 V 

ANALOG INPUT' 
Input Range (VIN) ±VREF V 
Input Impedance * 
Input Settling Time 2 flos 
Input Capacitance During Sampl 50* pF 
Aperture Delay 6 ns 
Aperture Jitter 100 ps 

POWER SUPPLIES 
Power Supply Rejection 

V cc = + 12 V ± 5% ±1 ±2 ±1 ±2 LSB 
VEE = -12 V ± 5% ±1 ±2 ±1 ±2 LSB 
VDD = +5 V ± 10% ±I ±2 ±1 ±2 LSB 

Opemting Current 
Icc 9 12 9 12 rnA 
lEE 9 12 9 12 rnA 
IDD 3 12 3 12 rnA 

Power Consumption 235 350 235 350 mW 

NOTES 
lVRE• = 5.0 V, Conversion Rate = 100 kSPS. Values are post-calibration. 
'Values shown apply to any temperature from T MlN to T MAX after calibration at that temperature. 
'See "APPLICATIONS" section for recommended voltage reference circuit, and Figure 12 for dynamic performance with other reference voltage values. 
'See "APPLICA TlONS" section for recommended input buffer circuit. 
*For explanation of input characteristics, see "ANALOG INPUT" section. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676 

TIMING SPECIFICATIONS (TMIN to TMAX, Vee = +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10%, VREF = 10.0 VJ1 

Conversion Period2 

CLK Period 
Calibration Time 
Sampling Time (Included in tc) 
CAL to BUSY Delay 
BUSY to SAMPLE Delay 
SAMPLE to BUSY Delay 
CLKHIGH3 

CLKLOW3 

SAMPLE LOW to 1st CLK Delay 
SAMPLE LOW 
Output Delay 
Status Delay' 
CAL HIGH Time 

NOTES 

Symbol 

te 
tcLK 
teT 
ts 
teALB 
tBS 
tSB 
teH 
teL 
tse 
tSL 
toD 
tSD 
tcALH 

Min 

10 
480 

2 
0 
2 

SO 
SO 
50 
100 

2 

'See the "CONVERSION CONTROL" and "AUTOCALIBRA TION" sections for detailed expJanati 
2Depends upon external clock frequency; includes acquisition time and· conversion time. The min 
internal samplelhold function. Operation at slower rates may degrade performance. 

'1cH + !eL = !eLK and must be greater than 480 ns. 
'Tested with 100 pF load. 

Figure 1. Calibration Timing 

BUSY 
(OUTPU1) 

~------------tc----------~~ 

Is. 

BUSY 
(OUTPU1) 

20 

20 

200 
20 

Max Uoits 

1000 ,""s 
os 

85,530 te 
,""S 

os 
,""S 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
teLK 

timing. 
is specified to account for the droop of the 

Figure 2a. General Conversion Timing Figure 2b. Continuous Conversion Timing 

This information applies to a product. under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676 
ORDERING GUIDE 

Package 
Model Temperature Range S/(N+D) INL Package Description Option* 

CAUTION 

AD676JN O°C to +70OC 85 dB ±2 LSB Plastic 28-Pin DIP 
AD676KN O°C to +70°C 87 dB ±1 LSB Plastic 28-Pin DIP 
AD676AD -40°C to +85°C 85 dB ±2 LSB Ceramic 28-Pin DIP 
AD676BD -40°C to +85°C 87 dB ±1 LSB Ceramic 28-Pin DIP 
AD676TD - 55°C to + 125°C 85 dB ±2 LSB Ceramic 28-Pin DIP 

*D = Ceramic DIP; N = Plastic DIP. For outline information see Package Information section. 

ABSOLUTE MAXIMUM RATINGS* 
VDD to DGND ....................... 0 to +5.5 V 
Vee to AGND ....................... 0 to +12.6 V 
VEE to AGND ....................... 0 to - .6 V 
AGND to DGND ..................... .3 V 
Digital Inputs to DGND . . . . . . . . . . . . . . . 5 V 
Analog Inputs to AGND ......... . 
Soldering ................ . 
Storage Temperature ..... . 

*Stresses greater than those 
cause permanent da 
functional op 
indicated . 
Ex 

The AD676 features input protection circuitry " diodes and polysilicon 
series resistors to dissipate both high energy disc arges (Hu y Model) and fast, low energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL- TD-883C, the AD676 has been 
classified as a Category I Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa
tion on ESD precaution, refer to Analog Devices' ESD Prevention Manual. 

N-28 
N-28 
D-28 
D-28 
D-28 

WARNING! QJ 
~~EDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676 

Pin 

1-6 

7 

8 

9 

10 
11 
12 

13 

14 
15 

16 
17 

18 
19-28 

Type: 

Name 

BIT 11-BITI6 

BUSY 

CAL 
SAMPLE 

CLK 
DGND 

Vee 
AGND 

AGND SENSE 

VIN 

VREF 

VEE 
VDD 

BITl-BITlO 

AI = Analog Input 
DI = Digital Input 
DO = Digital Output 
P = Power 

BIT 16 (LSB) 6 

BUSY 7 

AGND SENSE 14 

Type 

DO 

DO 

DI 
DI 

DI 
P 
P 

PIAl 
AI 

AI 
AI 
P 

P 
DO 

PIN DESCRIPTION 

Description 

BIT11-BITI6 represent the six LSBs of data. 

Status Line for Converter. Active HIGH, indicating a conversion or calibration in 
progress. BUSY should be.buffered whencapacitively loaded. 

Calibration Control Pin (Asynchronous). 
VIN Acquisition Control Pin. Active HIGH. During conversion, SAMPLE controls the 
state of the internal sample-hold amplifier and the falling edge initiates conversion (see 
"Conversion Control" paragraph). During calibration, SAMPLE should be held LOW. If 
HIGH during calibration, diagnostic information will appear on the two LSBs (Pins 5 
and 6). 

Master Clock Input. The AD676 requires 17 clock cycles to execute a conversion. 

Digital Ground. 

+ 12 V Analog Supply Voltage. 

Analog Ground. 
Analog Ground Sense. 
Analog Input Voltage. 

External Voltage Reference Input. 
-12 V Analog Supply Voltage. 
+5 V Logic Supply Voltage. 

AD676 
TOP VIEW 

(Not to Scale) 

AD676 

BIT1-BIT16 
9 

Package Pinout Functional Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
frequency" of a converter is that input frequency which is one 
half the sampling frequency of the converter. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). For in
put signals or harmonics that are above the Nyquist frequency, 
the aliased components are used. 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion is defmed to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ
ing harmonics but excluding dc. 

GAIN ERROR 
The last transition should occur at an analog value loS LSB be
low the nominal full scale (4.99977 volts for a ±S V range). The 
gain error is the deviation of the actual difference between 
first and last code transition from the ideal difference b 
the first and last code transition. 

BIPOLAR ZERO ERROR 
Bipolar zero error is the difference 
input voltage (0 V) and the actual 
scale output code. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are one LSB apart. Differe 
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" oc
curs 112 LSB before the most negative code transition. "Full 
scale" is defined as a level loS LSB beyond the most positive 
code transition. Integral nonlinearity is the worst-case deviation 
of a code from the straight line. The deviation of each code is 
measured from the middle of that code. 

Definition of Specifications-AD676 
BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, 1,2,3 .... Intermodulation terms are • 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb), and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa -
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amp . e, and the peak value of their sum is 
-0.5 dB fr e. The IMD products are normalized to a 
o dB· 

e required after SAMPLE pin is taken 
mple-hold of the AD676 to open, thus 

Y,N. 

SUPPLY REJECTION 
C variations in the power supply voltage will affect the full

scale transition point, resulting in gain error. Power supply re
jection is the maximum change in the full-scale transition point 
due to a change in power-supply voltage from the nominal 
value. Additionally, there is another power supply variation to 
consider. AC ripple on the power supplies can couple noise into 
the ADC, resulting in degradation of dynamic performance. 
This is displayed in Figure IS. 

INPUT SETTLING TIME 
Settling time is a function of the SHA'a ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD676 
FUNCTIONAL DESCRIPTION 
The AD676 is a multipurpose 16-bit analog-to-digital converter 
and includes circuitry which performs an input sample/hold 
function, ground sense, and autocalibration. These functions are 
segmented onto two monolithic chips-an analog signal proces
sor and a digital controller. Both chips are contained within the 
AD676 package. 

The AD676 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, in
stead of the traditional laser-trimmed resistor-ladder approach, 
this device uses a capacitor-array, charge redistribution tech
nique. Binary-weighted capacitors subdivide the input sample to 
perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced mismatches of resistor values. Since a 
capacitor array is used to perform the data conversions, the sam
ple/hold function is included without the need for additional 
external circuitry. . 

Initial errors in capacitor matching are eliminated by an auto
calibration circuit within the AD676. This circuit employs an 
on-chip microcontroller and a calibration DAC to measure and 
compensate capacitor mismatch errors. As each error is deter
mined, its value is stored in on-chip memory (RAM). Subse
quent conversions use these RAM values to improve conv . 
accuracy. The autocalibration routine may be invoked 
time. Autocalibration insures high performance w . 
ing the need for any user adjustments and . 
below. 

The microcontroller controls all of the 
the AD676. These include the actual succ 
algorithm, the autocalibration routine, the sampl 
tion, and the internal output data latch. 

AUTOCALIBRATION 
The AD676 achieves rated performance without the need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 

In the autocalibration sequence, sample/hold offset is nulled by 
internally connecting the input circuit to the ground sense cir
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged to the reference voltage. This 
charge is then transferred to a capacitor of equal size (composed 
of the sum of the remaining lower weight bits). The difference 
in the voltage that results and the reference voltage represents 
the amount of capacitor mismatch. A calibration digital-to
analog converter (DAC) adds an appropriate value of error cor
rection voltage to cancel this mismatch. This correction factor is 
also stored in RAM. This process is repeated for each of the 
capacitors representing the remaining top eight bits. The accu
mulated values in RAM are then used during subsequent con
versions to adjust conversion results accordingly. 

As shown in Figure I, when CAL is taken HIGH the AD676 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard
ware reset and will intertupt any conversion or calibration cur
rently in progress. Actual calibration begins when CAL is taken 

LOW and completes in 85,530 clock cycles, indicated by BUSY 
going LOW. During calibration, it is preferable for SAMPLE to 
be held LOW. If SAMPLE is HIGH, diagnostic data will ap
pear on Pins 5 and 6. This data is of no value to the user. 

The AD676 requires one clock cycle after BUSY goes LOW to 
complete the calibration cycle. If this clock cycle is not pro
vided, it will be taken from the first conversion, likely resulting 
in first conversion error. 

In most applications, it is sufficient to calibrate the AD676 only 
upon power-up, in which case care should be taken that the 
power supplies and voltage reference have stabilized first. 

CONVERSION CONTROL 
The AD676 is controlled by two signals: SAMPLE and CLK, as 
shown in Figures 2a and 2b. It is assumed that the part has 
been calibrated and the digital I/O pins have the levels shown at 
the start of the timing diagram. 

ut acquisition followed by 17 
16-bit internal successive approx

put is acquired by taking the 
a minimum sampling time of ts. The 
voltage present on V IN one aperture 
ine is brought LOW, assuming the 

ted (signified by BUSY going 
en to ensure that this negative edge is 

r free in ac applications to reduce the un-
) in signal acquisition. With SAMPLE going 

mmits itself to the conversion - the input at 
m the internal capacitor array, BUSY 

SAMPLE input will be ignored until the 
completed (when BUSY goes LOW). SAMPLE 

held LOW for a minimum period of time tSL' A period 
time tsc after bringing SAMPLE LOW, the 17CLK cycles 

are applied; CLK pulses that start before this period of time are 
ignored. BUSY goes HIGH tSB after SAMPLE goes LOW, sig
nifying that a conversion is in process, and remains HIGH until 
the conversion is completed. BUSY goes LOW during the 17th 
CLK cycle at the point where the data outputs have changed 
and are valid. The AD676 will ignore CLK after BUSY has 
gone LOW and the output data will remain constant until a new 
conversion is completed. The data can, therefore, be read any 
time after BUSY goes LOW and before the 17th CLK of the 
next conversion (see Figures 2a and 2b). The section on Micro
processor Interfacing discusses how the AD676 can be interfaced 
to a 16-bit databus. 

Typically BUSY would be used to latch the AD676 output data 
into buffers or to interrupt microprocessors or DSPs. It is 
recommended that the capacitive load on BUSY be minimized 
by driving no more than a single logic input. Higher capacitive 
loads such as cables or multiple gates may degrade conversion 
quality unless BUSY is buffered. 

CONTINUOUS CONVERSION 
For maximum throughput rate, the AD676 can be operated in a 
continuous convert mode (see Figure 2b). This is accomplished 
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by utilizing the fact that SAMPLE will no longer be ignored 
after BUSY goes LOW, so an acquisition may be initiated even 
during the HIGH time of the 17th CLK pulse for maximum 
throughput rate while enabling full settling of the sample/hold 
circuitry. If SAMPLE is already HIGH when BUSY goes LOW 
at the end of a conversion, then an acquisition is immediately 
initiated and ts and tc start from that time. Data from the previ
ous conversion may be latched up to tSD before BUSY goes 
LOW or too after the rising edge of the 17th clock pulse. How
ever, it is preferred that latching occur on or after the falling edge 
of BUSY. 

Care must be taken to adhere to the minimum/maximum timing 
requirements in order to preserve conversion accuracy. 

GENERAL CONVERSION GUIDELINES 
During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is 
possible to run CLK continuously, even during the sample pe
riod. However, CLK edges during the sampling period, and 
especially when SAMPLE goes LOW, may inject noise into the 
sampling process. The AD676 is tested with no CLK cycles 
during the sampling period. The BUSY signal can be used to 
prevent the clock from running during acquisition, as· ' 
in Figure 3. In this circuit BUSY is used to 
which divides the system clock down to pro 
CLK. This serves to interrupt the cl 
signal has been acquired, which 
HIGH. When the conversion is c 

AD676 

Figure 3. 

Figure 3 also illustrates the use of a counter (74HC393) to de
rive the AD676 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro
vides a 96 kHz sample rate for the AD676 when used with a 
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be 
used for a 48 kHz rate. 

AD676 
If a continuous clock is used, then the user must avoid CLK 
edges at the instant of disconnecting V IN which occurs at the 
falling edge of SAMPLE (see tsc specification). The duty cy
cleofCLK may vary, but both the HIGH (tCH) and LOW (tcd 
phases must conform to those shown in the timing specifica
tions. The internal comparator makes its decisions on the rising 
edge of CLK. To avoid a negative edge transition disturbing the 
comparator's settling, tCL should be at least half the value of 
tCLK. To also avoid transitions disturbing the internal compara-
tor's settling, it is not recommended that the SAMPLE pin • 
change state toward the end of a CLK cycle. 

During a conversion, internal dc error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and 
used to correct for their corresponding errors when needed. Be
cause these voltages are stored on capacitors, they are subject to 
leakage decay and s quire refreshing. For this reason there is 

time te. 
AD676 is twos complement, as shown in 

By inverting the MSB, the coding can be 

el. Output Coding 

cale - 1 LSB 
cale + 1 LSB 

Ie 
idscale - 1 LSB 

- Full Scale + 1 LSB 
-Full Scale 

Output Code 

011 ... 11 
011 ... 10 
000 ... 01 
000 ... 00 
111 ... 11 
100 ... 01 
100 ... 00 

POWER SUPPLIES AND DECOUPLING 
The AD676 has three power supply input pins. V cc and VEE 
provide the supply voltages to operate the analog portions of the 
AD676 including the ADC and sample-hold amplifier (SHA). 
V DO provides the supply voltage which operates the digital por
tions of the AD676 including the data output buffers and the 
autocalibration controller. 

As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor
mance of the circuit. Optimally, well regulated power supplies 
with less than 1% ripple should be selected. The ac output im
pedance of a power supply is a complex function of frequency, 
and in general will increase with frequency. In other words, 
high frequency switching such as that encountered with digital 
circuitry requires fast transient currents which most power sup
plies cannot adequately provide. This results in voltage spikes 
on the supplies. If these spikes exceed the ±5% tolerance of the 
± 12 V supplies or the ± 10% limits of the + 5 V supply, ADC 
performance will degrade. Additionally, spikes at frequencies 
higher than 100 kHz will also degrade performance. To compen
sate for the finite ac output impedance of the supplies, it is nec
essary to store "reserves" of charge in bypass capacitors. These 
capacitors can effectively lower the ac impedance presented to 
the AD676 power inputs which in turn will signillcantly reduce 
the magnitude of the voltage spikes. For bypassing to be effec
tive, certain guidelines should be followed. Decoupling capaci
tors, typically 0.1 ",F, should be placed as closely as possible to 
each power supply pin of the AD676. It is essential that these 
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AD676 
capacitors be placed physically close to the IC to minimize the 
inductance of the PCB trace between the capacitor and the sup
ply pin. The logic supply (V DD) should be decoupled to digital 
common and the analog supplies (V cc and VEE) to analog com
mon. The reference input is also considered as a power supply 
pin in this regard and the same decoupling procedures apply. 
These points are displayed in Figure 4. 

• 5V AD676 

O.1~tF 

SYSTEM SYSTEM 12V -12V 
DIGITAL ANALOG 

COMMON COMMON 

Figure 4. Grounding and Decoupling the AD676 

Additionally, it is beneficial to have large capacitors (>47 J.LF) 
located at the point where the power connects to the PCB . 
10 J.LF capacitors located in the vicinity of the ADC 
reduce low frequency ripple. In systems that 
particularly harsh environmental noise, 
may be necessary. RC-fIitering on each 
with dedicated voltage regulation can s 
power supply ripple effects (this is furthe 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 rnA current through a 0.5 n trace will develop a voltage 
drop of 0.6 mY, which is 4 LSBs at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital 
signals. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops en
close a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point at the AD676 to minimize interference 
between analog and digital circuitry. Analog signals should be 
routed as far as possible from digital signals and should cross 
them, if at all, only at right angles. A solid analog ground plane 
around the AD676 will isolate it from large switching ground 
currents. For these reasons, the use of wire wrap circuit con
struction will not provide adequate performance; careful printed 
circuit board construction is preferred. 

GROUNDING 
The AD676 has three grounding pins, designated ANALOG 
GROUND (AGND), DIGITAL GROUND (DGND) and 

ANALOG GROUND SENSE (AGND SENSE). The analog 
ground pin is the "high quality" ground reference point for the 
device, and should be connected to the analog common point in 
the system. 

AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However no more than 100 mV is recom
mended between the AGND and the AGND SENSE pins for 
specified performance . 

Using AGND SENSE to remotely sense the ground potential 
of the signal source can be useful if the signal has to be carried 
some distance to the AID converter. Since all IC ground cur
rents have to return to the power supply and no ground leads 
are free from resistance and inductance, there are always some 
voltage differences from one ground point in a system to another. 

Over distance this voltage difference can easily amount to sev-
eral LSBs (in a 10 V . an, 16-bit system each LSB is 
about 0.15 mY). directly corrupt the AID input sig-
nal if the A put with respect to power ground 
(AG re Sa. To solve this problem the 

SENSE pin. Figure 5b shows how the 
to elimiruite the problem in Fig

ow the signal wires should be 
ent to avoid capacitive coupling. If 

coupling is expected to be dominant such 
ors are present, twisted-pair wires should be used 

is the reference point for all of the digital 
the AD676. This pin should be connected to 

common point in the system. As Figure 4 illustrated, 
anaIog and digital grounds should be connected together at 

one point in the system, preferably at the AD676. 

AD676 

....------------IV,N 
SOURCE 

'Is 

GROUNDLEAO ------ IGROUND > 0 

AGND 

TO POWER 
SUPPLVGND 

Figure 5a. Input to the AID Is Corrupted by IR Drop in 
Ground Leads: V'N = Vs + .:1V. 

SOURCE 

'Is 

GROUND LEAD 

SHIELDED CABLE 

---.. IGROUND > 0 

AD676 
V,N 

AGND 
SENSE 

AGND 

TO POWER 
SUPPLYGND 

Figure 5b. AGND SENSE Eliminates the Problem in 
Figure 5a. 
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VOLTAGE REFERENCE 
The AD676 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer
ence voltage; in general, a reference voltage of n volts allows an 
input range of ±n volts. The AD676 is specified for both 10 V 
and 5.0 V references. A 10 V reference will typically require 
support circuitry operated from ±15 V supplies; a 5.0 V refer
ence may be used with ± 12 V supplies. Signal-to-noise perfor
mance is increased proportionately with input signal range. In 
the presence of a fixed amount of system noise, increasing the 
LSB size (which results from increasing the reference voltage) 
will increase the effective S/(N + D) performance. Figure 12 
illustrates S/(N + D) as a function of reference voltage. In con
trast, INL will be optimal at lower reference voltage values 
(such as 5 V) due to capacitor nonlinearity at higher voltage 
values. 

During a conversion, the switched capacitor array of the AD676 
presents a dynamically changing current load at the voltage ref
erence as the successive-approximation algorithm cycles through 
various choices of capacitor weighting. The output impedance of 
the reference circuitry must be low so that the output voltage 
will remain sufficiently constant as the current drive changes. 
some applications, this may require that the output of 
age reference be buffered by an amplifier with I 
relatively high frequencies. In choosing a vol 
sideration should be made for selecting 
capacitor connected between REF 
the demands on the reference by 
high frequency components require 
reference. 

Figures 6 and 7 represent typical design approac 

+12V 

Figure 6. 

Figure 6 shows a voltage reference circuit featuring the 5 V out
put AD586. The AD586 is a low cost reference which utilizes a 
buried Zener architecture to provide low noise and drift. Over 
the O°C to +70°C range, the AD586L grade exhibits less than 
2.25 mV output change from its initial value at +25°C. A noise
reduction capacitor, CN' reduces the broadband noise of the 
ADS86 output, thereby optimizing the overall performance of 
the AD676. It is recommended that a 10 ",F to 47 ",F high 
quality tantalum capacitor be tied between the V REF input 
of the AD676 and ground to minimize the impedance on the 
reference. 

AD676 

100 

+15Vo----<H 

+5Vo---r-------'Wr-...,58l 

-15Vo----<H 

V'No---~ 

Figure 7. 

·th ±1O V input range (VREF = 10 V) typi
supplies to drive op amps and the voltage 

t available in the system, regulators 
12 can be used to provide power for the 

also the recommended approach (for any input 
he ADC system is subjected to harsh environments 

e power supplies are noisy and where voltage 
t. Figure 7 shows an example of such a system 

V AD587 reference, which provides a 
. Circuitry for additional protection against power 

disturbances has been shown. A 100 ",F capacitor at each 
tor prevents very large voltage spikes from entering the 

regulators. Any power line noise which the regulators cannot 
eliminate will be further filtered by an RC filter (10 OlIO ",F) 
having a - 3 dB point at 1.6 kHz. For best results the regulators 
should be within a few centimeters of the AD676. 

ANALOG INPUT 
As previously discussed, the analog input voltage range for the 
AD676 is ± V REF' For purposes of ground drop and common 
mode rejection, the V IN and V REF inputs each have their own 
ground. V REF is referred to the local analog system ground 
(AGND), and VIN is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 

The AD676 analog inputs (V,N, VREF and AGND SENSE) ex
hibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. During this time the input pin ex
hibits typically 20 kO input resistance, 10 pF input capacitance 
and ±40 ",A bias current. Next, the input is switched directly 
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AD676 
to the now precharged capacitor and allowed to fully settle. 
During this time the input sees only a 50 pF capacitor. Once 
the sample is taken, the input is internally floated so that the 
external input source sees a very high input resistance and a par
asitic input capacitance of typically only 2 pF. As a result, the 
only dominant input characteristic which must be considered is 
the high current steps which occur when the internal buffers are 
switched in and out. 

In most cases, these characteristics .require the use of an external 
op amp to drive the input of the AD676. Care should be taken 
with op amp selection; even .with modest loading conditions, 
most available op amps do not meet the low distortion require
ments necessary to match the performance capabilities of the 
AD676. Figure 8 represents a circuit, based upon the AD845, 
recommended for low noise, low distortion ac applications. 

For applications optimized more for low bias and low offset than 
speed or bandwidth, the AD845 of Figure 8 may be replaced by 
the OP-27. 

1kQ 

Figure 8. 

AC PERFORMANCE 
AC parameters, which include S/(N+D), THD, etc., reflect the 
AD676's effect on the spectral content of the analog input sig
nal. Figures 12 through 16 provide information on the AD676's 
ac performance under a variety of conditions. 

As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param
eters as S/(N + D). AD676 performance may be optimized by 
operating the device at its maximum sample rate of 100 kSPS 
and digitally filtering the resulting bit stream to the desired sig
nal bandwidth. This succeeds in distributing noise over a wider 
frequency range, thus reducing the noise density in the fre
quency band of interest. This subject is discussed in the follow
ing section. 

OVERSAMPLING AND NOISE FILTERING 
The Nyquist rate for a converter is defmed as one-half its sam
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its highest frequency component of interest in order 
to preserve the informational content. Oversampling is a conver
sion technique in which the sampling frequency is more than 
twice the frequency bandwidth of interest. In audio applications, 
the AD676 can operate at a 2 x Fs oversampling rate, where Fs 
= 48 kHz. 

In quantized systems, the informational content of the analog 
input is represented in the frequency spectrum from de to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency noise and signal components. Antialias, or low 
pass, filters are used at the input to the ADC to reduce these 
noise and signal components so that their aliased components do 
not corrupt the baseband spectrum. However, wideband noise 
contributed by the AD676 will not be reduced by the antialias 
filter. The AD676 quantization noise is evenly distributed from 
dc to the Nyquist rate, and this fact can be used to miuimize its 
overall affect. 

The AD676 quantization noise effects can be reduced by over
sampling-sampling at a rate higher than that defined by the 
Nyquist theorem. This spreads the noise energy over a band
width wider than the frequency band of interest. By judicious 
selection of a digital decimation filter, noise frequencies outside 
the bandwidth of interest may be eliminated. 

The process of analog to digital conversion inherently produces 
noise, known as quantizati noise. The maguitude of this noise 
is a function of the of the converter, and manifests 
itself as a r . al signal-to-noise ratio achievable. 
This S/(N+D) = (6.02n + 1.76 + 10 log 
F e resolution of the converter in bits, 

cy, and Fa is the signal bandwidth of 
applications, the AD676 is capa

sample rate (96 kSPS), which typi-
rovement in S/(N + D) of 3 dB compared 

at the Nyquist conversion rate of 48 kSPS. Over-
advantage as well; the demands on the 
ned. In summary, system performance is 
the AD676 at or near its maximum sam

kHz and digitally filtering the resulting spec
o lminate undesired frequencies. 

DC CODE UNCERTAINTY 
Ideally, a fixed dc input should result in the same output code 
for repetitive conversions. However, as a consequence of system 
noise and circuit noise, for a given input voltage there is a range 
of output codes which may occur. Figure 9 is a histogram of the 
codes resulting from 1000 conversions of a typical input voltage 
by the AD676 used with a 5 V reference. 
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Figure 9. Distribution of Codes from 1000 Conversions, 
Relative to the Correct Code. 
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The standard deviation of this distribution is approximately 
1 LSB. If less uncertainty is desired, averaging multiple conver
sions will narrow this distribution by the inverse of the square 
root of the number of samples; i.e., the average of 4 conversions 
would have a standard deviation of 0.5 LSBs and the average of 
16 conversions would have a standard deviation of 0.25 LSBs. 

NUCROPROCESSORINTERFACE 
The AD676 is ideally suited for use in both traditional dc mea
surement applications supporting a microprocessor, and in ac 
signal processing applications interfacing to a digital signal pro
cessor. The AD676 is designed to interface with a 16-bit data 
bus, providing all output data bits in a single read cycle. A vari
ety of external buffers, such as 74HC541, can be used with the 
AD676 to provide 3-state outputs, high driving capability, and 
to prevent bus noise from coupling into the ADC. The following 
sections illustrate the use of the AD676 with a representative 
digital signal processor and microprocessor. These circuits pro
vide general interface practices which are applicable to other 
processor choices. 

ADSP-2101 
Figure lOa shows the AD676 interfaced to the ADSP-21 
processor. The AD676 buffers are mapped in the 
memory space, requiring one wait state when 
processor clock. 

The falling edge of BUSY interru 
that new data is ready. The ADSP 
the appropriate service routine with rum 
terrupt routine then instructs the processor 
using a memory read instruction. 

IRQ2~------------------------, 

-,\0 1---------"-7 

A13 

AD ur"--""=:" 

DMS I'L------...J 

D8-023 

ADSP-2101 

Figure 10a. 

BIT 1- BIT 16 

AD676 

AD676 
Figure lOb shows circuitry which would be included by a typi
cal address decoder for the output buffers. In this case, a data 
memory access to any address in the range 3000H to 37FFH 
will result in the output buffers being enabled. 

The AD676 CLK and SAMPLE can be generated by dividing 
down the system clock as described earlier (Figure 3), or if the 
ADSP-2101 serial port clocks are not being used, they can be 
programmed to generate CLK and SAMPLE. 

icroprocessor can be interfaced to a buffered 
eneration of wait states. As seen in Figure 

oth to control the AD676 clock and to 
n new data is ready. In the system 

6 should be configured in an edge triggered, 
errupt mode (integrated controller provides the inter-

. ce the 80286 does not latch interrupt signals, 
s to be internally acknowledged before BUSY 

in during the next AD676 conversion (BUSY = 

ing on whether the AD676 buffers are mapped into 
ory or I/O space, the interrupt service routine will read the 

data by using either the MOV or the IN instruction. To be able 
to read all the 16 bits at once, and thereby increase the 80286's 
efficiency, the buffers should be located at an even address. 

Figure 11. 
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AD676 - Typical Dynamic Performance 
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Figure 15. IMD Plot for f,N = 1008 Hz (fa), 1055 Hz (fb) at 
96kSPS 

+5V 

~7 
+12V 

-12V 

o 100 lk 10k lOOk 1M 
RIPPLE FREQUENCY - Hz 

Figure 16. Power Supply Rejection (f'N = 1.06 kHz) 
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FEATURES 
AC and DC Characterized and Specified 

(K, Band T Grades) 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D (K, B, T Grades) 
Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 
10 MO Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Commercial, Industrial and Military Temperature 

Range Grades 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD678 is a complete, mUltipurpose 12-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 

The AD678 is specified for ac (or "dynamic") parameters such 
as SIN + D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD678K, Band T 
grades are fully specified for dc parameters which are important 
in measurement applications. 

The AD678 offers a choice of digital interface formats; the 12 
data bits can be accessed by a 16-bit bus in a single read opera
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input im
pedance (10 MO) allows direct connection to unbuffered sources 
without signal degradation. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-ftlm resistors provide 
high accuracy. The converter utilizes a recursive subranging al
gorithm which includes error correction and flash converter cir
cuitry to achieve high speed and resolution. 

The AD678 operates from +5 V and ±12 V supplies and dissi
pates 560 mW (typ). The AD678 is available in 28-pin plastic 
DIP, ceramic DIP, and 44 J-leaded ceramic surface mount 
packages. 

Screening to MIL-STD-883C Class B is also available. 

"Protected by U.S. Patent Nos. 4,804,960; 4,814,767; 4,833,345; 4,250,445; 
4,808,908; RE30,586. 
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PRODUCT HIGHLIGHTS 
1. COMPLETE INTEGRATION: The AD678 minimizes ex

ternal component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci
fied sampling AID function unattainable with discrete de
signs. 

2. SPECIFICATIONS: The AD678K, Band T grades provide 
fully specified and tested ac and dc parameters. The 
AD678J, A and S grades are specified and tested for ac pa
rameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor
tant in control and measurement applications. AC specifica
tions (such as SIN + D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the choice of single or two read cycle output pro
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim
ming to achieve rated performance. 

4. RELIABILITY: The AD678 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term reli
ability compared to multichip and hybrid designs. 

5. UPGRADE PATH: The AD678 provides the same pinout as 
the 14-bit, 128 kSPS AD679 ADC. 
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AD678 ~SPECIFICATIONS 
AC SPEC·IFIC· ATIONS (TonIn to Tmax' Vee = +12 V ±.5%, VEE = -12 V ± 5%, Voo = +5 V±10%, fSAMPLE = 200 kSPS, 

"I fiN = 1 0.06 kHz unless otherwise noted)' 

AD678JIAIS AD678K1B1f 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO" 
-0.5 dB Input (Referred to -0 dB Input) 70 71 72 73 dB 
- 20 dB Input (Referred to - 20 dB Input) 51 53 dB 
-60 dB Input (Referred to -60 dB Input) 11 13 dB 

TOTAL HARMONIC DISTORTION (THD)' -88 -SO -88 -SO dB 
0.004 0.010 0.004 0.010 % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -87 -SO -87 -SO dB 

FULLPOWERBAND~DTH 1 1 MHz 

FULL LINEAR BANDWIDTH 500 500 kHz 

INTERMODULATION DISTORTION (lMD)4 
2nd Order Products -85 -SO -85 -SO dB 
3rd Order Products -90 -SO -90 -SO dB 

NOTE 
'fIN amplitude = -0.5 dB (9.44 V p.p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997V p-p) input signal un
less otherwise indicated. 

2See Figures 13 and 14 for higher frequencies and other input amplitudes. 
'See Figure 12. 
'fA = 9.08 kHz, f. = 9.58 kHz, with fSAMPLE = 200 KSPS. See Definition of Specifications section and Figure 16. 

Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (All device types Tm;. to Tm .. , Vee = +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
VIH High Level Input Voltage 2.0 Voo V 
VIL Low Level Input Voltage 0 0.8 V 
IIH High Level Input Current VIN = Voo -10 +10 !LA 
IlL Low Level Input Current VIN = OV -10 +10 ... A 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.1 mA 4.0 V 

IOH = 0.5 mA 2.4 V 
VOL Low Level Output Voltage IOL = 1.6 rnA 0.4 V 
Ioz High Z Leakage Current VIN = OorVoo -10 +10 ... A 
Coz High Z Output Capacitance 10 pF 

NOTES 
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T min' + 25"C and T mo.. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 
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AD678 
DC SPECIFICATIONS (lml. tolma., Vee = +12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ± 10% unless otherwise indicated) 

Parameter 

TEMPERATURE RANGE 
j, K Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error (@ +2S·C)1 
Bipolar Zero Error (@ +2S·C)1 
Gain Error (@ +2S·C)I, 2 

Temperature Drift 
UnipolarlBipolar Zero 

j, K Grades 
A, B Grades 
S, T Grades 

Gain3 

j, K Grades 
A, B Grades 
S, T Grades 

Gain' 
j, K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Range 
Bipolar Range 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output VoltageS 
External Load 

Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

V cc = + 12 V ± 5% 
VEE =-12V±5% 
Vnn = +5 V ± 10% 

Operating Current 
Icc 
lEE 

Inn 
Power Consumption 

NOTES 
1 Adjustable to zero. See Figures 6 and 7. 
21ncludes internal voltage reference error. 
31ncludes internal voltage reference drift. 
'Excludes internal voltage reference drift. 
'With maximum external load applied. 

Specifications subject to change without notice. 

AD678J/AIS 
Min Typ 

0 
-40 
-55 

12 
±I 

12 
±4 
±4 
±4 

±2 
±4 
±S 

±4 
±7 
±IO 

±2 
±4 
±6 

0 
-5 

10 
10 

10 
ISO 

4.98 

±2 
±2 
±2 

18 
25 
8 
560 

AD678K1B1T 
Max Min Typ Max Units 

+70 0 +70 ·C 
+85 -40 +85 ·C 
+125 -55 +125 ·C 

12 Bits 
±0.7 ±1 LSB 

12 Bits 
±2 ±3 LSB 
±3 ±5 LSB 
±3 ±6 LSB 

±2 ±4 LSB 
±3 ±4 LSB 
±4 ±5 LSB 

±4 ±6 LSB 
±s ±7 LSB 
±8 ±10 LSB 

±2 ±4 LSB 
±3 ±4 LSB 
±S ±6 LSB 

+10 0 +10 V 
+5 -5 +5 V 

10 MO 
10 pF 

I I I1S 

10 ns 
ISO ps 

5.02 4.98 5.02 V 

+1.5 +1.5 rnA 
+0.5 +0.5 rnA 

±2 LSB 
±2 LSB 
±2 LSB 

20 18 20 rnA 
34 25 34 rnA 
12 8 12 rnA 
745 560 745 mW 

Specifications shown in boldface are tested on all devices at fInal electrical test with worst case supply voltages at T min' + 25°C and T max' Results from those 
tests are used to calculate outgOing quality levels. All min and max specifications are guaranteed. although only those shown in boldface are tested. 
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AD678 

TIMING SPECIFICATIONS ~~e~::s~~~ldlto Tma., Vee = +12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ± 10% unless 

Parameter Symbol Min Max 

SC Delay tsc 50 
Conversion Time te 3.0 4.4 
Conversion Rate' tcR 5 
Convert Pulse Width tep 97 
Aperture Delay tAD 5 20 
Status Delay tso 0 400 
Access Time2 , 3 tBA 10 100 

10 57' 
Float DelayS tpo 10 80 
Output Delay too 0 
Format Setup· tps 47 
OE Delay· tOE 0 
Read Pulse Width· tRP 97 
Conversion Delay te~ 150 
EOCEN Delay tEO 0 

NOTES 
lIncludes acquisition time. 
'Measured from the falling edge of OElEOCEN (0.8 V) to the time at which the data lineslEOC cross 2.0 V or 0.8 V. See Figure 3. 
'GoUT = 100 pF. 
'GoUT = SO pF. 
'Measured from the rising edge of OElEOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. See Figure 3; GoUT = 10 pF. 
·See Figures 4 and S. 

Specifications subject to change without notice. 

Units 

ns 
,...s 
,...s 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Specifications shown in boldface are tested on all devices at fmal electrical test with worst ca"; supply voltages at T nUn' + 2S'C and T ~ •. Results from those 
tests are used to calculate outgOing quality levels. All ntin and max specifications are guaranteed, although only those shown in boldface are tested. 

SHA __ T..;.R;;.A..;.CK~...,..,.LI......;H.;.;O;;;L;;.D_.JIc...,..,,.....;.TRA=C..;.K""";_LI_..;.H;.:O..;.LD......;_ 
~tci I 

EOC' ------i.\ ~r--"7"~-toD-:-I--
COwrnNTOF r......;-+--~-------

OUTPUT DATA 0 X I DATA 1 
REGISTER ----------''--....:.1---:-1-------

------VV CE' 

NOTES 
, IN ASYNCHRONOUS MODE. STATE Of CS DOES NOT AFFECT OPERATION. 
SEE THE START CONVERSION TRUTH TABLE FOR DETAILS. 

'EOCEN = LOW; SEE FIGURE 2. IN SYNCHRONOUS MODE. EOC IS A THREE· 
STATE OUTPUT. IN ASYNCHRONOUS MODE. EOC IS AN OPEN DRAIN OUTPUT. 

'DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 
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NOTE 
'SEE ENI).C)F·CONVERT (EOC) PARAGRAPH FOR DETAILS. 

Figure 2. EOC Timing 

TEST Vcp CollT 
ACCESS TIME HIGH Z TO LOGIC LOW 5V 100pF 
FLOAT TIME LOGIC HIGH TO HIGH Z OV 10pF 
ACCESS TIME HIGH Z TO LOGIC HIGH OV 100pF 
FLOAT TIME LOGIC LOW TO HIGH Z 5V 10pF 

VCP 

Figure 3. Load Circuit for Bus Timing Specifications 
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AD678 
ABSOLUTE MAXIMUM RATINGS· With 

With 
Respect 

Respect 
Specification To Min Max Units 

Specification To Min Max Units Operating Temperature 

Vee AGND -0.3 +18 V 
VEE AGND -18 +0.3 V 
Vee VEE -0.3 +26.4 V 
VDD DGND 0 +7 V 
AGND DGND -I +1 V 

AGND V 

J and K Grades 0 +70 °C 
A and B Grades -40 +85 °C 
S and T Grades -55 +125 °C 

Storage Temperature -65 +150 °C 
Lead Temperature 

(10 sec max) +300 °C AIN, REF'N VEE 
Digital Inputs DGND -0.5 
Digital Outputs DGND -0.5 
Max Junction 

Temperature 

Vee 
+7 
VDD +0.3 

175 

V 
V 

"C 

.. " *Stresses above those hsted under Absolute Maxunum RatIngs may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi· 
cared in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

ESDSENSITnnTY~ ______ ~ __ ~~ ____ ~~~~ __ ~~~~~~ __ ~~ ________________ __ 
The AD678 features input protection circuitry cODSlsnng of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD678 
has been classified as a Category I device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

ORDERING GUIDE 

Temperature Tested and 
Modell Package Range Specified 

AD678JN 28-Pin Plastic DIP O°C to +70°C AC 
AD678KN 28-Pin Plastic DIP O°C to + 70"C AC + DC 
AD678JD 28-Pin Ceramic DIP OOC to +70°C AC 
AD678KD 28-Pin Ceramic DIP O°C to +70°C AC + DC 
AD678AD 28-Pin Ceramic DIP -40°C to +85°C AC 
AD678BD 28-Pin Ceramic DIP -40°C to +85°C AC + DC 
AD678AJ 44-Lead Ceramic JLCC -40°C to +85°C AC 
AD678BJ 44-Lead Ceramic JLCC -40°C to +85°C AC+ DC 
AD678SJ 44-Lead Ceramic JLCC -55°C to + 125°C AC 
AD678TJ 44-Lead Ceramic JLCC -55°C to +125°C AC + DC 
AD678SD 28-Pin Ceramic DIP - 55°C to + 125°C AC 
AD678TD 28-Pin Ceramic DIP - 55°C to + 125°C AC + DC 

NOTES 

WARNING! c:J 
~~EOEVICE 

Package 
Option2 

N-28A 
N-28A 
D-28A 
D-28A 
D-28A 
D-28A 
J-44 
J-44 
J-44 
J-44 
D-28A 
D-28A 

'Por details on grade and package offerings screened in accordance with MIL-STD-883, refer to 
Analog Devices Military Products Databook or 1883 data sheet. 

REV. A 

'N = Plastic DIP; D = Ceramic DIP; J = J-Lesded Ceramic Chip Carrier. Por outline information 
see Package Information section. 

Functional Block Diagram 
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ADG78 
PIN DESCRIPTION 

28-Pin DIP 44-Lead 
Symbol Pin No_ JLCC Pin No. Type Name and Function 

AGND 7 II P Analog Ground. This is the ground return for AIN only. 

AIN 6 10 AI Analog Signal Input. 
BIPOFF 10 IS AI Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight binary 

output coding. Connect to REFoUT through son resistor for ±s V input bipolar mode 
and twos complement binary output coding. See Figures 7 and 8. 

CS 4 6 DI Chip Select. Active LOW. 

DGND 14 23 P Digital Ground 

DBII-DB4 26-19 40,39,37,36 DO Data Bits II through 4. In 12-bit format (see 12/8 pin), these pins provide 
35, 34, 33, 31 th~ upper 8 bits of data. In 8-bit format, these pins provide all 12 bits in two bytes (see 

RIL pin). Active HIGH. 

DB3, DB2 18,17 30,27 DO Data Bits 3 and 2. In 12-bit format, these pins provide Data Bit 3 and Data Bit 2. 
Active.HIGH. In 8-bit format they are undefmed and should be tied to VDD• 

OBI (RIL) 16 26 DO In l2-bit format, Data Bit I. Active HIGH. 

DBO(HBE) IS 25 DO In l2-bit format, Data Bit O. Active HIGH. 

EOC 27 42 DO End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the 
conversion is finished. In asynchronous mode, EOC is an open drain output and 
requires an external 3. k,o pull-up resistor. See EOCEN and SYNC pins for information 
on EOC gating. 

EOCEN I DI End-Of-Convert Enable. Enables EOC pin. Active LOW. 

HBE(DBO) IS 25 DI In 8-bit format, High Byte Enable. If LOW, output contains high byte. If HIGH, 
output contains low byte. 

OE 2 3 III Output Enable. The falling edge of OE enables DB 1 I-DBO .in 12-bit format and 
DBII-DB4 in 8-bit fornult. Gated with CS. Active LOW. . . 

REFIN 9 14 AI Reference Input. +5 V input gives 10 V full scale range. 

REFoUT 8 12 AO +5 V Reference Output. Tied to REFIN through SO .0 resistor for normal operation. 
RIL (DBI) 16 26 DI In 8-bit format, RightlLeft justified. Sets alignment of 12-bit result within 16-bit field. 

Tied to VDD for right~justified output and tied to DGND for left-justified output. 

SC 3 DI Start Convert. Active LOW. See SYNC pin for gating. 

SYNC 13 21 DI SYNC Control. If tied to V DD (synchronous mo~, SC,. EOC and EOCEN are gated_ 
by CS. If tied to DGND (asynchronous mode), SC and EOCEN are independent of CS, 
and EOC is an open drain output. EOC requires an external 3 k,o pull-up resistor in 
asynchronous mode. 

Vee II 17 P + 12 V Analog Power. 

VEE 5 8 P -12 V Analog Power. 

VDD 28 43 P + 5 V Digital Power .. 

12/8 12 19 DI Twelve/eight bit format. If tied HIGH, sets output format to 12-bit parallel. If tied 
LOW, sets output format to 8-bit multiplexed. 

No Connect 2,4,7,9, 13, These pins are unused and .should be connected to DGND or V DD' 

16, 18, 20, 22, 
24, 28, 29, 32, 
38,41,44 

Type: AI = Analog Input; AO = Analog Output; DI = Digital Input (TTL and 5 V CMOS compatible); DO = Digital Output (TTL and 5 V CMOS 
compatible). All DO pins are three-state drivers; P = Power. 

PIN CONFIGURATIONS 

DIP PACKAGE JLCC PACKAGE 

6543204443424140 
PIN 1 39 

IDENnAER 

AI. " 0 .. 
TOPYIEW TOP VIEW 

AGNO 7 (Not 10 ScaJ.) 22 DB7 

Al!l"out . ., 0 .. 

"EF. a 20 005 

RIPOFF 10 
" 0114 

Vee 11 ,. DB3 

1M 12 
" 0B2 18 19 20 21 22 23 24 25 26 Xl 28 

SYNC 13 ,. DB1(R!L) 

DGND 14 15 DBO(HaE) 
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NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a converter is that input frequency which is one
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO 
SIN + D is the ratio of the nns value of the measured input sig
nal to the nns sum of all other spectral components below the 
Nyquist frequency, including hannonics but excluding dc. 

TOTAL HARMONIC DISTORTION (TUD) 
THD is the ratio of the nns sum of the first six harmonic com
ponents to the nns value of a full-scale input signal and is ex
pressed as a percentage or in decibels. For input signals or 
hannonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak hannonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the nns value of a full
scale input signal. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at rwo frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 .... Intermodulation 
terms are those for which m or n is not equal to zero. For exam
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel ra
tio of the rms sum of the measured input signals to the nns sum 
of the distortion terms. The rwo signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V pop). The IMD products are 
nortnalized to a 0 dB input signal. 

BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 
At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis
tortion of the sampled input signal increases significantly. 

The AD678 has been designed to optimize input bandwidth, 
allowing the AD678 to undersample input signals with frequen
cies significantly above the converter's Nyquist frequency. 

APERTURE DELAY 
Aperture delay is a measure of the SHA's perfonnance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper
ture delay. 

REV. A 

Definition of Specifications-AD678 
APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 

INPUT SETTLING TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are ILSB apart. Differential 
nonlinearity is the maximum deviation from this ideal value. It 
is often specified in terms of resolution for which no missing 
codes (NMC) are guaranteed. 

UNIPOLAR ZERO ERROR 
In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (1111 1111 1111 
to 0000 0000 0000 ) should occur at an analog value 112 LSB 
below analog ground. Bipolar zero error is the deviation of the 
actual transition from that point. This error can be adjusted as 
discussed in the Input Connections and Calibration section. 

GAIN ERROR 
The last transition should occur at an analog value I 112 LSB 
below the nominal full scale (9.9963 volts for a 0-10 V range, 
4.9963 volts for a ±5 V range). The gain error is the deviation 
of the actual difference between the first and last code transition 
from the ideal difference berween the first and last code transi
tion. This error can be adjusted as shown in the Input Connec
tions and Calibration section. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn berween "zero" and "full scale." The point used as 
"zero" occurs 1/2LSB before the first code transition. "Full 
scale" is defmed as a level I 1I2LSB beyond the last code transi
tion. Integral nonlinearity is the worst-case deviation of a code 
from the straight line. The deviation of each code is measured 
from the middle of that code. 

POWER SUPPLY REJECTION . 
Variations in power supply will affect the full~scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power-supply voltage from the nominal value. 

TEMPERATURE DRIFT 
This is the maximum change in the parameter from the initial 
value (@ 25°C) to the value at T min or T max' 
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AD678 - Dynamic Performance 
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CONVERSION CONTROL 
In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver
sion. CS should be LOW tsc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started by 
bringing SC low, regardless of the state of CS. 

Before a conversion is started, End-of-Convert (EOC) is HIGH, 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. EOC goes HIGH when the con
version is finished. 

In track mode, the sample-hold will settle to ±0.01 % (12 bits) 
in I jJ.S maximum. The acquisition time does not affect the 
throughput rate as the AD678 goes back into track mode more 
than I jJ.S before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 

12-BIT MODE CODING FORMAT (I LSB = 2.44 mV) 

Unipolar Coding Bipolar Coding 
(Straight Binary) (Twos Complement) 

VIN• 
Output Code VIN· Output Code 

OV 000 ... 0 -5.000 V 100 ... 0 
5.000 V 100 ... 0 -0.002 V 111 ... 1 
9.9976 V III ... I 0.000 V 000 ... 0 

+2.500 V 010 ... 0 
+4.9976 V 011 ... I 

·Code center. 

OUTPUT ENABLE TRUTH TABLES 

12-BIT MODE (1218 = IUGH) 

INPUTS OUTPUT 

(CS U OE) DBll-DBO 

I High Z 
o Enable 12-Bit Output 

8-BIT MODE (1218 = LOW) 

INPUTS 

RJL HBE 

X X 

I 0 
Unipolar I I 
Mode 0 0 

0 I 

I 0 
Bipolar I I 
Mode 0 0 

0 I 

NOTES 
I = HIGH voltage level. 
o = LOW voltage level. 
X = Don't care. 
U = Logical OR. 
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(CS UOE) 

I 

0 
0 
0 
0 

0 
0 
0 
0 

a = MSB. 
I = LSB. 

0 
e 
a 
i 

a 
e 
a 
i 

OUTPUTS 

DB11 ••. DB4 

HighZ 

0 0 0 a b 
f g h i j 

b c d e f 
j k I 0 0 

a a a a b 
f g h i j 

b c d e f 
j k I 0 0 

c 
k 
g 
0 

c 
k 
g 
0 

d 
I 
h 
0 

d 
1 
h 
0 

AD678 
END-OF-CONVERT 
In asynchronous mode, End-of-Convert (EOC) is an open drain 
output (requiring a minimum 3 kfl pull-up resistor) enabled by 
End-of-Convert ENable (EOCEN). In synchronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
the Conversion Status Truth Table for details. Access (tBA) and 
float (tpo) timing specifications do not apply in asynchronous 
mode where they are a function of the time constant formed by 
the 10 pF output capacitance and the pull-up resistor. 

START CONVERSION TRUTH TABLE 

INPUTS 

SYNC CS 

I 
Synchronous I 

Mode 
I 

1 

0 
Asynchronous 

Mode 
0 

0 

NOTES 
I = HIGH voltage level. 
o = LOW voltage level. 
X = Don't care. 

I 

0 

0 

X 

X 

X 

SC STATUS 

X No Conversion 

Start Conversion 

0 Start Conversion 
(Not Recommended) 

0 Continuous Conversion 
(Not Recommended) 

1 No Conversion 

Start Conversion 

0 Continuous Conversion 
(Not Recommended) 

= HIGH to LOW transition. Must stay low for t = fcp. 

CONVERSION STATUS TRUTH TABLE 

INPUTS 

SYNC 

1 

1 

Synchronous 1 
Mode 1 

0 
Asynchronous 0 

Mode* 
0 

NOTES 
I = HiGH voltage level. 
o = LOW voltage level. 
X = Don't care. 

CS HOCEN 

0 0 

0 0 

1 X 

X 1 

X 0 

X 0 

X 1 

OUTPUT 

HOC 

0 

1 

HighZ 

HighZ 

0 

HighZ 

HighZ 

*EOC requires. pull-up resistor in asynchronous mode. 

STATUS 

Converting 

Not Converting 

Either 

Either 

Converting 

Not Converting 

Either 
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AD678 
OUTPUT ENABLE OPERATION 
The data bits (DBll-DBO) are three-state outputs enabled by 
Chip Select (CS) andOutpu~ Enable (OE). CS should be LOW 
tOB before OE;is brought LOW. Bits DBl (R/L) and DBO 
(HBE) are biciiCectional. In 12-bit mode they are data output 
bits. In 8-bit mode they are inputs which define the format of 
the output regi~er. 

In unipolar mode (BIPOFF tied to AGND), the output codirig 
is straight binary. In bipolar mode (BlPOFF tied to REFoUT), 
output codirig is twos complement binary. 

When EOC goes HIGH, the conversion is completed and the 
output data may be read. Bringing OE LOW toB after CS is 
brought LOW makes the output register contents available on 
the data bits. A period of time tc~ is required after OE is 
brought mGH before the .next SC instruction may be issued. 

Figure 10 illustrates the8-bit read mode (1218 = LOW), where 
only DBIl-DB4 are used as output lines onto an 8-bit bus. The 
output is read in two steps, with the high byte read first, fol
lowed by the low byte. High Byte Enable (HBE) controls the 
output sequence. The 12-bit result can be right or left justified 
dependirig on the state of RlI:. 

In 12-bit read mode (12/8 = HIGH), a single READ operation 
accesses all 12 output bits on DBll-DBO for interface to a 16-
bit bus. Figure 11 provides the output timing relationships. 
Note that feR must be observed, in that SC pulses should not be 
issued at intervals closer than 5 jJ.S. If SC is asserted sooner than 
5 jJ.s, conversion accuracy may deteriorate. For this reason, SC 
should not be held LOW in an attempt to operate in a continu
ously converting mode. 

Application Information 
INPUT CONNECTIONS AND CALmRATION 
The high (10 MO) input impedance of the AD678 eases the task 
of interfacing to high source impedances or multiplexer channel
to-channel mismatches of up to 1000 O. The 10 V p-p full-scale 
input range accepts the majority of signal voltages without the 
need for voltage divider networks which could deteriorate the 
accuracy of the ADG. 

The AD678 is factory trimmed to minimize linearity, offset and 
gain errors. In unipolar mode, the only external component that 
is required is a 50 0 ± 1 % resistor. Two resistors are required in 
bipolar mode. If offset and gain are not critical (as in some ac 
applications), even these components can be eliminated. 

In some applications, offset and gain errors need to be trimmed 
out completely. The following sections describe the correct pro
cedure for these various situations. 

UNIPOLAR RANGE INPUTS 
Offset and gain errors can be trimmed out by using the con
figuration shown in Figure 12. This circuit ailows approximately 
±25 mV of offset trim range (±1O LSB) and ±0.5% of gain 
trim (±20 LSB). 
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j.-----tc"----Il 

DB11-OB4 -,..--'----........ -----{ 

NOTe _ _ 
liN ASYN.CHRONOUS MODE, SC IS INDEPENDENT OF CS. 

Figure 10. Output Timing, 8-Bit Read Mode 

I i'ot;o~ 

D8,,-080 -----,-~.,~'---~~r-------

Figure 11. Output Timing, 12-Bit Read Mode 

POWER-UP 
The AD678 typicaily requires 10 jJ.S after power-up to reset in
ternal logic. 

The first transition (from 0000 0000 0000 to 0000 0000 0001) 
should nominally occur for an input level of + 112 LSB 
(1.22 mV above ground for a io V range). To trim unipolar zero 
to this nominal value, apply a 1.22 m V signal to AIN and adjust 
Rl until the first transition is located. 

The gain trim is done by,adjusting R2. If the nominal value is 
required, apply a signal 1 112 LSB below full scale (9.9963 V for 
a 10 V range) and adjust R2 until the last transition is located 
(1111 Illl 1110 to llll Illl lIll). 

If offset adjustment is not required, BIPOFF should be con
nected directly to AGND. If gain adjustment is not required, 
R2 should be replaced with a fixed 50 0 ± 1 % metal film resis
tor. If REFouT is connected directly to REF'N' the additional 
gain error will be approximately 1%. 
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BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure 13. In 
this mode, data output coding will be in twos-complement bi
nary. This circuit will allow approximately ±25 mV of offset 
trim range (± 10 LSB) and ±0.5% of gain trim range (20 LSB). 

Either or both of the trim pots can be replaced with 50 n ± 1% 
fixed resistors if the AD678 accuracy limits are sufficient for the 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 1%. 

To trim bipolar zero to its nominal value, apply a signal 
1/2 LSB below midrange (-1.22 mV for a ±5 V range) and ad
just RI until the major carry transition is located (1111 1111 
1111 to 0000 0000 0000). To trim the gain, apply a signal 
I 112 LSB below full scale (+4.9963 V for a ±5 V range) and 
adjust R2 to give the last positive transition (0111 1111 IIlO to 
0111 1111 1111). These trims are interactive so several iterations 
may be necessary for convergence. 

A single-pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
112 LSB above minus full scale (-4.9988 V for a ±5 V range) 
and adjust RI until the minus full-scale transition is located 
(1000 0000 0000 to 1000 0000 00 I). Then perform the gain error 
trim as outlined above. 

A'N 
01010 VINPUT 

~ REFoUT 
GA.N 

ADJUST 
R2 AD678 100 n 

+12 V 
REflN 

OFFSET R, 
ADJUST 100 k 

Figure 12. Unipolar Input 
Connections with Gain 
and Offset Trims 

BOARD LAYOUT 

AIN 
:!:5 V INPUT 

f REF'N 
GAIN 

ADJUST AD678 

REFouT 
OFFSET R, 

ADJUST '00 n 
BIPOFF 

AGND 

Figure 13. Bipolar Input 
Connections with Gain 
and Offset Trims 

Designing with high-resolution data converters requires careful 
attention to layout. Trace impedance is a significant issue. At 
the 12-bit level, a 5 rnA current through a 0.5 n trace will de
velop a voltage drop of 2.5 mY, which is 1 LSB for a 10 V full
scale span. In addition to ground drops, inductive and capacitive 
coupling need to be considered, especially when high-accuracy 
analog signals share the same board with digital signals. Finally, 
power supplies need to be decoupled in order to ftlter out ac 
noise. 

Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
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AD678 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD678 incorporates several features to help the user's 
layout. Analog pins (VEE' AIN, AGND, REFouT, REF1N, BI-
POFF, V cc) are adjacent to help isolate analog from digital sig- 2 
nals. In addition, the 10 Mn input impedance of AIN 
minimizes input trace impedance errors. Finally, ground cur-
rents have been minimized by careful circuit design. Current 
through AGND is 200 ..,.A, with no code-dependent variation. 
The current through DGND is dominated by the return current 
for DBIl-DBO and EOC. 

SUPPLY DECOUPLING 
The AD678 power supplies should be well ftltered, well regu
lated, and free from high-frequency noise. Switching power sup
plies are not recommended. These supplies generate spikes 
which can induce noise in the analog system. 

Decoupling capacitors should be located as close as possible to 
all power supply pins. A 10 ..,.F tantalum capacitor in parallel 
with a 0.1 ..,.F ceramic provides adequate decoupling. The power 
supply pins should be decoupled directly to AGND. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD678, associated analog input circuitry and interconnec
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD678 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful.printed circuit con
struction is preferred. 

GROUNDING 
If a single AD678 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD678. If multiple AD678s are used or the AD678 shares ana
log supplies with other components, connect the analog and dig
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana
log system. 

INTERFACING THE AD678 TO MICROPROCESSORS 
The I/O capabilities of the AD678 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 

The following examples illustrate typical AD678 interface 
configurations. 
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AD678 
AD678 TO TMS320C25 
In Figure 14 the AD678 is mapped into the TMS32OC25 110 
space. AD678 conversions are initiated by issuing an OUT in
struction to Port 8. EOC statuS and the conversion result are 
read in with an IN instruction to Port 8. A single wait state is 
inserted by generating the processor READY input from is, 
Port 8 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD678 
read instruction. 

AD678 TO 80186 
Figure 15 shows the AD678 interfaced to the 80186 micropro
cessor. This interface allows the 80186's built-in DMA control
ler to transfer the AD678 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

In this application the AD678 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent of the microprocessor clock. Mter 
each conversion, the AD678 EOC signal generates a DMA re
quest to Channell (DRQ1). The subsequent DMA READ op
eration resets the interrupt latch. The system designer must 
assign a sufficient priority to the DMA channel to ensure that 
the DMA request will be serviced before the completion 
of the next conversion. This configuration can be used with 
6-MHz and 8-MHz 80186 processors. 

AD678 TO ANALOG DEVICES ADSP-2101 
Figure 16 demonstrates the AD678 interfaced to an ADSP-2101. 
With a clock frequency of 12.5 MHz, and instruction execution 
in one 80 ns cycle, the digital signal processor supports the 
AD678 interface with one wait state. 

The converter is configured to run asynchronously using a sam
pling clock. The EOC output of the AD678 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2101 immediately asserts its FO pin LOW. In the 
following cycle, the processor starts a data memory read by pro
viding an address on the DMA bus. The decoded address gener
ates OE for the converter, and the high byte of the conversion 
result is read over the data bus. The read operation is extended 
with one wait state and thus started and completed within two 
processor cycles (160 ns). Next, the ADSP-2101 asserts its FO 
pin HIGH. This allows the processor to start reading the lower 
byte of data. This read operation executes in a similar manner to 
the first and is completed during the next 160 ns. 

AD678 TO ANALOG DEVICES ADSP-2100A 
Figure 17 demonstrates the AD678 interfaced to an 
ADSP-2100A. With a clock frequency of 12.5 MHz, and in
struction execution in one 80 ns cycle, the digital signal proces
sor will support the AD678 data memory interface with three 
hardware wait states. 

The converter is configured to run asynchronously using a sam
pling clock. The EOC output of the AD678 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2100A immediately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro
cessor starts a data memory read (high byte read) by providing 
an address on the DMA bus. The decoded address generates OE 
for the converter. OE, together with logic and latch, is used to 
force the ADSP-2100A into a one cycle wait state by generating 
DMACK. The read operation is thus started and completed 
within two processor cycles (160 ns). HBE is released during 
"high byte read." This allows the processor to read the lower 
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byte of data as soon as "high byte read" is complete. The low 
byte read operation executes in a similar manner to the fIrSt and 
is completed during the next 160 ns. 

Figure 14. AD678 to TMS320C25 Interface 

EXTERNAL"lftIGG£M------' 

Figure 15. AD678 to 80186 DMA Interface 

.. "" ... E 

lSi! .. 
Ci 
SYNC -ADSp·2101 -,. 

fO HiE 

.... EOC 

DATA 111-8) DATA BUS ., .... 

Figure 16. AD678 to ADSP-2101 Interface 

Figure 17. AD678 to ADSP-2100A Interface 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AC and DC Characterized and Specified (1(, B, T 

Grades) 
128k Conversions per Second 
1 MHz Fu" Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K, B, T Grades) 
Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 
10 MO Input Impedance 
8-Bit Bus Interface (See ADn9 for 16-Bit Interface) 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Pin Compatible with ADS78 12-Bit, 200 kSPS ADC 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD679 is a complete, multipurpose 140bit monolithic 
analog-ta-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage ref
erence and clock generation circuitry. 

The AD679 is specified for ac (or "dynamic'') parameters such 
as SIN + D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD679K, B and T 
grades are fully specified for dc parameters which are important 
in measurement applications. 

The 14 data bits are accessed in two read operations (8+6), with 
left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
I MHz and a full linear bandwidth of 500 kHz. High input im
pedance (10 MO) allows direct connection to unbuffered sources 
without signal degradation. Conversions can be initiated either 
under microprocessor control or by an external clock asynchro
nous to the system clock. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The convener utilizes a recursive subranging al
gorithm which includes error correction and flash converter cir
cuitry to achieve high speed and resolution. 

The AD679 operates from +5 V and ±12 V supplies and dissi
pates 560 mW (typ.). 28-pin plastic DIP, ceramic DIP and 44 
J-leaded ceramic surface mount packages are avai1able. 

*Protectecl by u.s. Patent Nos. 4,804,!IIiO; 4,814,767; 4,833,345; 4,250,445; 
4,808,908; RE 30,586 
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14-Bit 128 kSPS 
Complete Sampling ADC 

AD679* I 
FUNCTIONAL BLOCK DIAGRAM 

Cs sc Oe EoeEN SYNC 1218 Eoe 

FlEFOUT 

FlEFIN &-"::'==~h"---r~_.-:.;:.-rt oB7 

HiE 
BIPOFF vee 

VEE 

"N Yo. 
DGNo 

AGND 
DGND 

DGND 

PRODUCT HIGHLIGHTS 
1. COMPLETE INTEGRATION: The AD679 minimizes ex

ternal component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock 
and digital interface on a single chip. This provides a fully 
specified sampling AID function unattainable with discrete 
designs. 

2. SPECIFICATIONS: The AD679K, BandT grades provide 
fully specified and tested ac and dc parameters. The 
AD679J, A and S grades are specified and tested for ac 
parameters; de accuracy specifications are shown as typica1s. 
DC specifications (such as INL, gain and offset) are impor
tant in control and measurement applications. AC specifica
tions (such as SIN + D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the two read output provides compatibility with 
8-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD679 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term reli
ability compared to multichip and hybrid designs. 

5. UPGRADE PATH: The AD679 provides the same pinout as 
the 12-bit, 200 kSPS AD678 ADC. 

6. The AD679 is avai1able in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD679/883B data sheet for detailed 
specifications. 
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AD679-SPECIFICATIONS 
AC SPECIFIC.'IIONS (TMIN to TMAX, Vee = +12 V ± ~%, VEE = -12 V ± 5%, Voo = +5t.± 10%, fSAMPLE = 128 kSPS" 
. .ft '. , , ,fiN = .10.009 kHz unless othelWlse notelW .: ,.' , 

AD679J/AIS AD679K1B1I' 
param:eter Min Typ Max Min Typ Max Units 

SIGNAL-To-NOISE AND DISTORTION (SIN+D) RATIO> 
-0.5 dB Input (Referred to -0 dB Input) 78 79 80 81 dB 
- 20 dB Input (Referred to -20 dB Input) 58 59 60 61 dB 
-60 dB Input (Referred to -60 dB Input) 18 19 20 21 dB 

TOTAL HARMONIC DISTORTION (THDt 
@ +25"C -90 -84 -90 -84 dB 

0.003 0.006 0.003 0.006 % 
TMINtoTMAX -88 -82 ..,.88 -82", dB 

0.004 0.008 0.004 0.008 % 
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 " .,.90 -84 dB 

FULL POWER BANDWIDTH 1 1 MHz .' 
FULL LINEAR BANDWIDTH 500 500 ~ 
INTERMODULATION DISTORTION (IMD)4 

2nd Order Products -90 -84 -90 -84 dB 
3rd Order Products -90 -84 -90 -84 dB 

NOTES 
'fiN amplitude = -0.5 dB (9.44 V pop) bipolar mode fuJI scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 

'See Figure 15 for higher frequencies and other input amplitudes. 
'See Figures 13 and 14 for higher frequencies and other input, amplitudes. 
'fA = 9.08 kHz, fB = 9.58 kHz, with fSAMPLl! = 100 kSPS. See Definition of Specifications section. 
Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (All device typesTMIN to Tm , Vee = +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10%) 

Parameter Test Conditions Min Mal[ Units 

LOGIC INPUTS 
Vm High Level Input Voltage 2.0 VDD V 
VIL Low Level Input Voltage 0 0.8 V 
1m High Level Input Current VIN = SV -10 +10 JJA 
IlL Low LevdInput Current VIN = OV -10 +10 JJA 
Cm Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.1 mA 4.0 V 

IoH = 0.5 mA 2.4 .V 
VOL Low Levd Output Voltage IOL = 1.6mA 0.4 V 
loz High Z Leakage Current VIN = 0 or 5 V -10 +10 JJA 
Coz High Z Output Capacitance 10 pF 

NOTES 
Specifications sbown in boldface are tested on all devices at final electrical test with worst case supply voltages at TMlN, +2S'C and TAL\X' Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those sbown in boldface are tested. 
Specifications subject to change without notice. 
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AD679 
DC SPECIFICATIONS ~~;r!;S!indi:~~~ +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10% unless 

Parameter 

TEMPERATURE RANGE 
J, K, Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error' (@ +25°C) 
Bipolar Zero Error' (@ + 25°C) 
Gain Error" 2 (@ +25"C) 
Temperature Drift 

Unipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Bipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain' 
J, K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Mode 
Bipolar Mode 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output Vol. 
External Load 

Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

Vee = + 12 V ± 5% 
VEE = -12 V ± 5% 
Voo = +5 V ± 10% 

Operating Current 
lee 
lEE 
100 

Power Consumption 

NOTES 
1 Adjustable to zero. See FigUres 5 and 6. 
'Includes internal voltage reference error. 
'Includes internal voltage reference drift. 
'Excludes internal voltage reference drift. 
'With maximum externallosd applied. 
*% FSR = percent of full·scale range. 

AD679J/AIS 
Min Typ 

0 
-40 
-55 

14 
±2 

14 
0.08 
0.08 
0.12 

0.04 
0.05 
0.09 

0.02 
0.04 
0.08 

0.09 
0.10 
0.20 

0.04 
0.05 
0.09 

0 
-5 

10 
10 

10 
150 

4.98 

±6 
±6 
±6 

18 
25 
8 
560 

AD679KIBIT 
Max Min Typ Max Units 

+70 0 +70 "C 
+85 -40 +85 "C 
+125 -55 +125 "C 

14 Bits 
±I :1:2 LSB 

14 Bits 
0.05 0.07 % FSR* 
0.05 0.07 %FSR 
0.09 0.11 %FSR 

0.04 0.05 %FSR 
0.05 0.07 %FSR 
0.09 0.10 %FSR 

0.02 0.04 %FSR 
0.04 0.05 %FSR 
0.08 0.09 %FSR 

0.09 0.11 %FSR 
0.10 0.16 %FSR 
0.20 0.25 %FSR 

0.04 0.05 %FSR 
0.05 0.07 %FSR 
0.09 0.10 %FSR 

+10 0 +10 V 
+5 -5 +5 V 

10 MO 
10 pF 

1.5 1.5 j.Ls 
10 ns 
150 ps 

5.02 4.98 5.02 V 

+1.5 +1.5 mA 
+0.5 +0.5 mA 

:1:6 LSB 
:1:6 LSB 
:1:6 LSB 

20 18 20 mA 
34 25 34 mA 
12 8 12 mA 
745 560 745 mW 

Specifications shown in boldface are tested on all devices at fInal electrical test with worst case supply voltages at TMlN, 25'C and T MAX' Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to clIange without notice. 
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AD679 

TIMING SPECIFICATIONS (All ~ice types TMIN to T~, Vee = +12 V ± 5%, 
In VEE - -12 V ± 5%, VDD - +5 V ± 10%) 

Parameter Symbol Min Max Vaits 

SC Delay tsc SO ns 
Conversion Time tc 6.3 fLS 
Conversion Rate' tea 7.8 fLS 
Convert Pulse Width 1(:p 97 ns 
Aperture Delay tAD 5 20 ns 
Status Delay tSD 0 400 ns 
Access Time2· 3 tDA 10 100 ns 

10 5'" ns 
Float DelayS tFD 10 80 ns 
Output Delay toD 0 ns 
Format Setup tps 100 ns 
OE Delay toE 20 ns 
Read Pulse Width tRP 195 ns 
Conversion Delay teo 400 ns 
EOCEN Delay tli<> SO ns 

NOTES 
lIncludes Acquisition Time. 
2Measured from the falliDg edge of 0EIE0CllN (0.8 V) to the time at which the data Jines/EOC cross 2.0 V or 0.8 V. See Figure 4. 
"GoUT = 100 pF. 
"CoUT = SO pF. 
'Measured from the rising edge of 0EIE0CllN (2.0 V) to the time at which the outpUt voltage chanties by 0.5. See Figure 4; GoUT = 10 pF. 
Specifications shown in boldface are tested on all devices at final electrical test with worst ~ supply voltages at TMlN, +2S"C and Tl\4AX' Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 

~ DATA. X I DATA 1 
~R ---------------J~~1----71----------

----------------~----~vv~-----iii' 

NOTES 
'IN ASYNCHRONOUS MODE, STATE OF Cii DOES NOT AFFECT OPERATION. 
SEE THE START CONVERSION TRUTH TABLE FOR OETAiLS. 

'EOCEN • LOW (SEE FIGURE 3). IN SYNCHRONOUS MODE. Eoo II A THREE
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC II AN OPEN DRAIN OUTPUT. 

'DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 

DB7-OBO ---~~~~~}--_---<~LO~W~BYTE~) 
Figure 2. Output Timing. 
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NOTE 
'Eoo IS A THREE-8TATE OUTPUT IN SYNCHRONOUS 
MODE AND AN OPEN DRAIN OUTPUT IN ASYNCHftO. 

~~~N~cggs:J~P~:I~~~~k~~:U~ :5g':I. 
WHERE THEY ARE A FUNCTION THE TIME CONSTANT 
FORMED BY THE 10 pF OUTPUT CAPACITANCE AND 
THE PULL·UP RESISTOR. 

Figure 3. EOC Timing 

TEST 

~~~~~~~~~~~~~'T 
ACCESS TIME HIGH Z TO LOGIC HIGH 
FLOAT TIME LOGIC LOW TO HIGH Z 

5V lOOpF 
o V 10 pf 
OV lOOpf 
5 V 10 pF 

Figure 4. Load Circuit for Bus Timing Specifications 
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AD679 
ABSOLUTE MAXIMUM RATINGS* With 

With Respect 

Respect Specification To Min Max Units 
Specification To Min Max Units Operating 

Vee AGND -0.3 +18 V 
VEE AGND -18 +0.3 V 
Vee VEE -0.3 +26.4 V 
Voo DGND 0 +7 V 
AGND DGND -1 +1 V 

Temperature 
J and K Grades 0 +70 OC 
A and B Grades -40 +85 OC 
S and T Grades -55 +125 °C 

Storage Temperature -65 +150 °C 

AIN, REFIN AGND VEE Vee V 
Digital Inputs DGND -0.5 +7 V 

Lead Temperature 
(10 sec max) +300 °C 

Digital Outputs DGND -0.5 
Max Junction 

Temperature 

Voo +0.3 

175 

V 

°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo-
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

ESDSENSITnnTY~ ______ ~ __ ~~ __ ~~ __ ~~~~~~~~~ __ ~ ________________ __ 
The AD679 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD679 
has been classified as a Category 1 device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

ORDERING GUIDE 

Temperature Tested and 
Model Package Range Specified 

AD679}N 28-Pin Plastic DIP OOC to +70°C AC 
AD679KN 28-Pin Plastic DIP WC to +70°C AC+ DC 
AD679}D 28-Pin Ceramic DIP O°C to +70OC AC 
AD679KD 28-Pin Ceramic DIP O°C to +70OC AC+DC 
AD679AD 28-Pin Ceramic DIP -40OC to +85OC AC 
AD679BD 28-Pin Ceramic DIP -400C to +85°C AC+ DC 
AD679SD 28-Pin Ceramic DIP -55°C to +125°C AC 
AD679TD 28-Pin Ceramic DIP -55°C to + 125°C AC+ DC 
AD679AJ 44-Lead Ceramic JLCC -40°C to +85°C AC 
AD679B} 44-Lead Ceramic }LCC -40°C to +85OC AC+ DC 
AD679S} 44-Lead Ceramic JLCC - 55°C to + 1250C AC 
AD679T} 44-Lead Ceramic }LCC -55°C to +125°C AC+DC 

Package 
Option* 

N-28 
N-28 
D-28A 
D-28A 
D-28A 
D-28A 
D-28A 
D-28A 
}-44 
J-44 
}-44 
J-44 

*N = Plastic DIP; D = Ceramic DIP; I = I-Leaded Ceramic Chip Carr..,... For outline informanon, see Package Information section. 

PIN CONFIGURATION 

DIP Package JLCC Package 
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AD679 
PIN DESCRIPTION 

28-Pin 44·Lead 
DIP lLee 

Symbol Pin No. Pin No. Type Name and Function 

AGND 7 11 P Analog Ground. This is the ground return for AIN only. 

AIN 6 10 AI Analog Signal Input. 

BIPOFF 10 IS AI Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight 
binary output coding. Connect to REFoUT for ±S V input bipolar mode and 
twos complement binary output coding. 

CS 4 6 DI Chip Select. Active LOW. 

DGND 12, 14 23 P Digital Ground. 

DB7-DBO 26-19 40,39,37 DO Data Bits. These pins provide all 14 bits in two bytes (8+6 bits). Active HIGH. 
36, 3S, 34 
33,31 

EOC 27 42 DO End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when 
the conversion finishes. In asynchronous mode, EOC is an open drain output and 
requires an external 3 kO pull-up resistor. See EOCEN and SYNC pins for 
information on EOC gating. 

EOCEN 1 1 DI End-of-Convert Enable. Enables EOC pin. Active LOW. 

HBE IS 2S DI High Byte Enable. If LOW, output contains high byte. If HIGH, output 
contains low byte (corresponding to the most recently read high byte). 

OE 2 3 DI Output Enable. A down-going transition on OE enables DB7-DBO. Gated with 
CS. Active LOW. 

REFIN 9 14 AI Reference Input. +S V input gives 10 V full scale range. 

REFoUT 8 12 AO +S V Reference Output. Tied to REFIN for normal operation. 

SC 3 S DI Start Convert. Active LOW. See SYNC pin for gating. 

SYNC 13 21 DI SYNC Control. If tied to Voo (synchronous mode), SC and EOCEN are gated 
by CS. If tied to DGND (asynchronous mode), SC and EOCEN are independent 
of CS, and EOC is an open drain output. EOC requires an external 3 kO pull-up 
resistor in asynchronous mode. 

Vcr; 11 1'7 P + 12 V Analog Power. 

VEE S 8, P -12 V Analog Power. 

Voo 28 43 P +S V Digital Power. 

- 16 U TietoDGND. 

- 17-18 2,4,7,9, 13 U These pins are unused and should be connected to DGND or Voo. 
16, 18, 19, 20, 
22,24,26,27, 
28, 29, 30, 32, 
38,41,44 

Type: AI = Analog Input. 
AO = Analug Output. 
DI = Digital Input (ITL and 5 V CMOS compatible). 
DO = Digital Output (TIL and 5 V CMOS compatible). All DO pins are three-state driVelS. 

P = Power. 
U = Unused. 
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NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a· converter is that input frequency which is one
half the sampling frequency of the converter. 

SIGNAL·TO·NOISE AND DISTORTION (SIN+D) RATIO 
SIN + D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the fIrst six harmonic com
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full
scale input signal. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, 1,2,3 ... Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb) and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa -
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a O-dB input signal. 

BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-ampliller (SHA) is reached. 
At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis
tortion of the sampled input signal increases signillcantly. 

The AD679 has been designed to optimize input bandwidth, 
allowing it to undersample input signals with frequencies signill
cantly above the converter's Nyquist frequency. 

APERTURE DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper
ture delay. 
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Definition of Specifications-AD679 
APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 

INPUT SETTLING TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specilled as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are 1 LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci
fIed in terms of resolution for which no missing codes (NMC) 
are guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn between "zero" and "full scale." The point used as 
"zero" occurs 1/2 LSB before the fIrst code transition. "Full 
scale" is defmed as a level 1 112 LSB beyond the last code tran
sition. Integral linearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is mea
sured from the middle of that code. 

Note that the linearity error is not user adjustable. 

POWER SUPPLY REJECTION 
Variations in power supply will affect the full-scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power supply voltage from the nominal value. 

TEMPERATURE DRIFT 
This is the maximum change in the parameter from the initial 
value (@+25°C) to the value at TMIN or TMAx' 

UNWOLARZEROERROR 
In unipolar mode, the fIrst transition should occur at a level 
112 LSB above analog ground. Unipolar zero error is the devia
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (11 1111 1111 
1111 to 00 OOOu 0000 0000 ) should occur at an analog value 112 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 

GAIN ERROR 
The last transition should occur at an analog value 1 112 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 
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AD679 
CONVERSION CONTROL 
In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver
sion. CS should be LOW tse before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started 
by bringing SC low, regardless of the state of CS. 

Before a conversion is started, End-of-Convert (EOC) is HIGH 
and the sample-hold is in track mode. Mter a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. 

In track mode, the sample-hold will settle to :!:0.003% (14 bits) 
in 1.5 jJ.S maximum. The acquisition time does not affect the 
throughput rate as the AD679 goes back into track mode more 
than 2 fLS before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW. 

Bringing OE LOW toE after CS goes LOW makes the output 
register contents available on the output data bits (DB7-DBO). 
A period of time ten is required after OE is brought HIGH be
fore the next SC instruction is issued. 

If SC is held LOW, conversion accuracy may deteriorate. For 
this reason, SC should not be held low in an attempt to operate 
in a continuously converting mode. 

START CONVERSION TRUTH TABLE 

INPUTS 

SYNC CS 

I 
Synchronous I 

Mode 
I 

I 

0 
Asynchronous 

Mode 
0 

0 

NOTES 
I = HIGH voltage level. 
o = LOW voltage level. 
X = Don't care. 

I 

0 

t 

0 

X 

X 

X 

SC STATUS 

X No Conversion 

t Start Conversion 

0 Start Conversion 
(Not Recommended) 

0 Continuous Conversion 
(Not Recommended) 

I No Conversion 

t Start Conversion 

0 Continuous Conversion 
(Not Recommended) 

= HIGH to LOW transition. Must stay low for t = !cP. 

14-BIT MODE CODING FORMAT (1 LSB = 0.61 mY) 

Unipolar Coding Bipolar Coding 
(Straight Binary) (Twos Complement) 

VIN* Output Code VIN* Output Code 

0.00000 V 000 ... 0 -5.00000 V 100 ... 0 
5.00000 V 100 .•. 0 -0.00061 V 111 .•• I 
9.99939 V 111 ... I 0.00000 V 000 ... 0 

+2.50000 V 010 ... 0 
+4.99939 V 011 ... I 

*Code center. 
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END-OF-CONVERT 
In asynchronous mode, End-of-Convert (EOC) is an open drain 
output (requiring a minimum 3 ldl pull-up resistor) enabled by 
End-of-Convert Enable (EOCEN). In synchronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
Conversion Status Truth Table. Access (tBA) and float (tpo) 

timing specifications do not apply in asynchronous mode where 
they are a function of the time constant formed by the external 
load capacitance and the pull-up resistor. 

OUTPUT ENABLE OPERATION 
The data bits (DB7-DBO) are three-state outputs that are en
abled by Chip Select (CS) and OUtput Enable (OE). CS should 
be LOW toE before OE is brought LOW. 

When EOC goes HIGH, the conversion is completed and the 
output data may be resd. The output is resd in two steps as a 
16-bit word, with the high byte resd first, followed by the low 
byte. High Byte Enable (HBE) controls the outPut sequence. 
The 14-bit result is left justified within the 16-bit field. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFoUT), 

output coding is twos-complement binary. 

POWER-UP 
The AD679 typically requires 10 jJ.S after power-up to reset in
ternallogic. 

CONVERSION STATUS TRUTH TABLE 

INPUTS 

SYNC CS EOCEN 
1 

1 

Synchronous 1 
Mode 1 

0 
Asynchronous 

Mode* 
0 

0 

NOTES 
1 = HIGH voltage level. 
o = LOW voltage level. 
X = Don't care. 

0 0 

0 0 

1 X 

X 1 

X 0 

X 0 

X 1 

OUTPUT 

EOC 

0 

1 

HighZ 

HighZ 

0 

HighZ 

HighZ 

*EOC requires a pull-up resistor in aaynchronou. mod •• 

OUTPUT ENABLE TRUTH TABLE 

STATUS 

Converting 

Not Converting 

Either 

Either 

Converting 

Not Converting 

Either 

INPUTS OUTPUTS 

HBE (CSUOE) DB7 ••• DBO 

X 1 - High Z -----
Unipolar or 0 0 a b c d • f g h 
Bipa1ar 1 0 i j k 1 m n 0 0 

NOTES 
I = HIGH voltage level. a = MSB. 
o = LOW voltage level. n = LSB. 
X = Don't care. 
U = Logical OR. 
Data coding i. binary for Unipolar Mode and 2. Complement Binary for 
Bipolar Mode. 
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INPUT CONNECTIONS AND CALmRATION 
The high (10 MO) input impedance of the AD679 eases the task 
of interfacing to high source impedances or multiplexer channel
to-channel mismatches of up to 300 O. The 10 V p-p full scale 
input range accepts the majority of signal voltages without the 
need for voltage divider networks which could deteriorate the 
accuracy of the ADC. 

The AD679 is factory trimmed to minimize offset, gain and lin
earity errors. In unipolar mode, the only external component 
that is required is a 50 0 ± 1 % resistor. Two resistors are re
quired in bipolar mode. If offset and gain are not critical 
(as in some ac applications), even these components can be 
eliminated. 

In some applications, offset and gain errors need to be trimmed 
out completely. The following sections describe the correct pro
cedure for these various siruations. 

BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure 5. In 
this mode, data output coding will be twos complement binary. 
This circuit will allow approximately ± 25 m V of offset trim 
range (±40 LSB) and ±0.5% of gain trim range (±80 LSB). 

Either or both of the trim pots can be replaced with 50 0 ± 1 % 
fixed resistors if the AD679 accuracy limits are sufficient for 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 80 LSB. 

To trim bipolar zero to its nominal value, apply a signal 112 
LSB below midrange (-0.305 mV for a ±5 V range) and adjust 
R1 until the major carry transition is located (11 1111 1111 1111 
to 00 0000 0000 0000). To trim the gain, apply a signal 1 112 
LSB below full scale (+4.9991 V for a ±5 V range) and adjust 
R2 to give the last positive transition (01 1111 1111 1110 to 01 
1111 11111111). These trims are interactive so several iterations 
may be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
112 LSB above minus full scale (-4.9997 V for a ±5 V range) 
and adjust RI until the minus full scale transition is located 
(1000000000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 

AIN 

±5 V INPUT 

~ REF'N 
GAIN 

ADJUST AD679 
REFoUT 

OFFSET 
ADJUST 

BIPDFF 

AGND 

Figure 5. Bipolar Input Connections with Gain and 
Offset Trims 
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Application Information - AD679 
UNIPOLAR RANGE INPUTS 
Offset and gain errors can be trimmed out by using the configu
ration shown in Figure 6. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 

The nominal offset is 1/2 LSB so that the analog range that cor
responds to each code will be centered in the middle o{ that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 00 0000 0000 0000 to 
00 0000 0000 0001) should nominally occur for an input level of 
+ 112 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
AIN and adjust RI until the first transition is located. 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal I 112 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 
(111111 11111110 to 11 11111111 1111). 

If offset adjustment is not required, BIPOFF should be con
nected directly to AGND. If gain adjustment is not required, 
R2 should be replaced with a fIXed 50 0 ± 1 % metal film resis
tor. If REFouT is connected directly to REFIN, the additional 
gain error will be approximately 1 %. 

_--------tAIN 

OT010 VINPUT 

~ 
AD879 

Figure 6. Unipolar Input Connections with Gain and 
Offset Trims 

REFERENCE DECOUPLING 
It is recommended that a 10 JLF tantalum capacitor be con
nected between REFIN (Pin 9) and ground. This has the effect 
of improving the SIN + D ratio through filtering possible broad
band noise contributions from the voltage reference. 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 0 trace will develop a voltage 
drop of 0.6 mY, which is 1 LSB at the 14 bit level for a 10 V 
full scale span. In addition to ground drops, inductive and ca
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

Analog and digital signa1s should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
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AD679 
and digital ground planes are also desirable, with a single inter
connection point to minimize ground, loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD679 incorporates several features to help the user's lay
out. Analog pins (VEE' AIN, AGND, REFoUT, REF1N, 

BIPOFF, V cd are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mil input impedance of AIN mini
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 jJA, with no code dependent variation. 
The current through DGND is dominated by the return current 
for DB7-DBO and EOC. 

SUPPLY DECOUPLING 
The AD679 power supplies should be well ftltered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox
imity between all power supply pins and analog ground. A 
10 !iF tantalum capacitor in parallel with a 0.1 jLF ceramic ca
pacitor provides adequate decoupling. 

An effort should be tnade to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD679, associated analog input circuitry and interconnec
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD679 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con
struction is preferred. 

GROUNDING 
If a single AD679 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengrhs as short 
as possible. Then connect AGND and DGND together at the 
AD679. If multiple AD679s are used or the AD679 shares ana
log supplies with other components, connect the analog and dig
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana
log system. 

USE OF EXTERNAL VOLTAGE REFERENCE 
The AD679 features an on-chip voltage reference. For improved 
gain accuracy over temperature, a high performance external 
voltage reference tnay be used in place of the on-chip reference. 

The AD586 and AD588 are popular references appropriate for 
use with high resolution converters. The AD586 is a low cost 
reference which utilizes a buried Zener architecture to provide 
low noise and drift. The AD588 is a higher performance refer
ence which uses a proprietary ion-implanted buried Zener diode 
in conjunction with laser-trimmed thin-film resistors for low off
set and low drift. 

Figure 7 shows the use of the AD586 with the AD679 in a bipo
lar input mode. Over the 0 to + 70"C range, the AD586 L-grad,e 
exhibits less than a 2.25 mVoutput change from its initial value 
at 25°C. REFIN (Pin 9) scales its input by a factor of two; thus, 
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this change becomes effectively 4.5 mY. When applied to the 
AD679, this results. in a total gain drift of 0.09% FSR, which is 
an improvement over the on-chip .reference performance of 
0.11 % FSR. A noise-reduction capacitor, ~,has been shown. 

This capacitor reduces the broadband noise of the AD586 out
put, thereby optimizing the overallac and de perfomuince of the 
AD679. 

CN 

I"F 

+12V 

OFfSET 
ADJUST 

).-_-<l~;v...----I 81POFF 

AD679 

lOon 
L-_JW'W--..... ~ REF IN 

GAIN 
ADJUST 

AGND 

I"F 
+ 

AOND 

Figure 7. Bipolar Input with Gain and Offset Trims 

Figure 8 shows the AD679 in unipolar input mode with the 
AD588 reference. The AD588 output is accurate to 0.65 mV 
from its value at 25°C over the 0 to 70°C range. This results in a 
0.06% FSR total gain drift for the AD679, which is a substantial 
improvement over the on-chip reference perfOrtnance of 0.11 % 
FSR. A noise-reduction network on Pins 4, 6 and 7 has been 
shown. The 1 jLF capacitors form low pass filters with the inter
nal resistance of the AD588 Zener and amplifier cells and exter
nal reSistance. This reduces the high frequency (to 1 MHz) 
noise of the AD588, providing optimum ac and dc perfortnance 
of the AD679. 

+12V 

(1} .......... Nr_--!REF IN 

ADe79 

~-,I00kW;;Il:"--I BlPOfF 

-12V 

Figure 8. Unipolar Input with Gain and Offset Trims 

INTERFACING THE AD679 TO MICROPROCESSORS 
The I/O capabilities of the AD679 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asyochro
nous conversion control feature allows complete flexibility and 
control with minitnal external hardware. 
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The following examples illustrate typical AD679 interface 
configurations. 

AD679 to TMS320C25 
In Figure 9 the AD679 is mapped into the TMS320C25 110 
space. AD679 conversions are initiated by issuing an OUT in
struction to Port I. EOC status and the conversion result are 
read in with an IN instruction to Port 1. A single wait state is. 
inserted by generating the processor READY input from IS, 
Port I and MSC. Address line AO provides HBE decoding to 
select between the high and low bytes of data. This configura
tion supports processor clock speeds of 20 MHz and is capable 
of supporting processor clock speeds of 40 MHz if a NOP in
struction follows each AD679 read instruction. 

STRB I-::==;:::::l iiI-
TMS320C25 H"---::=----oIcs 

sc 
DE 

AD679 

r--------------------=~--~HBl 

Figure 9. AD679 to TMS320C25 Interface 

AD679 to 80186 
Figure 10 shows the AD679 interfaced to the 80186 micropro
cessor. This interface allows the 80186's built-in DMA control
ler to transfer the AD679 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

In this application the AD679 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent of the microprocessor clock. After 
each conversion, the AD679 EOC signal genemtes a DMA 
request to Channel I (DRQI). The subsequent DMA READ 
sequences the high and low byte AD679 data and resets the in
terrupt latch. The system designer must assign a sufficient pri
ority to the DMA channel to ensure that the DMA request will 
be serviced before the completion of the next conversion. This 
configuration can be used with 6 MHz and 8 MHz 80186 
processors. 

Figure 10. AD679 to 80186 DMA Interface 

AD679 to Analog Devices ADSP·2101 
Figure 11 demonstrates the AD679 interfaced to an ADSP-2101. 
With a clock frequency of 12.5 MHz, and instruction execution 
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AD679 
in one 80 ns cycle, the digital signal processor supports the 
AD679 interface with one wait state. 

The converter is configured to run asynchronously using a sam
pling clock. The EOC output of the AD679 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2101 immediately asserts its FO pin LOW. In the 
following cycle, the processor starts a data memory read by pro
viding an address on the DMA bus. The decoded address gener
ates OE for the converter, and the high byte of the conversion 
result is read over the data bus. The read operation is extended 
with one wait state and thus started and completed within two 
processor cycles (160 ns). Next, the ADSP-2101 asserts its FO 
HIGH. This allows the processor to start reading the lower byte 
of data. This read operation executes in a similar manner to the 
first and is completed during the next 160 ns. 

~~--------------~~ 
DE 
cs 
SYNC 

EOCEN ADSP-2101 

~-----------=~----~--oIHBE 
AIl679 

_ ~-----<o('" 1----+----------1 EOC 

DATA!15-8j DATA BUS 

Figure 1,. AD679 to ADSP-2101lnterface 

AD679 to Analog Devices ADSP·2100A 
Figure 12 demonstrates the AD679 interfaced to an ADSP-
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD679 data memory interface with three hardware 
wait states. 

The converter is configured to run asynchronously using a sam
pling clock. The EOC output of the AD679 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2100A intmediately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro
cessor starts a data memory read (high byte read) by providing 
an address on the DMA bus. The decoded address genemtes OE 
for the converter. OE, together with logic and latch, is used to 
force the ADSP-2100A into a one cycle wait state by generating 
DMACK. The read operation is thus started and completed 
within two processor cycles (160 ns). HBE is released during 
"high byte read." This allows the processor to read the lower 
byte of data as soon as "high byte read" is complete. The low 
byte read operation executes in a similar manner to the first and 
is completed during the next 160 ns. 

Figure 12. AD679 to ADSP-2100A Interface 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
2S0MHz Full Power Bandwidth 
200 MSPS Guaranteed Conversion Rate 
19pF typ Input Capacitance 
Unipolar and Bipolar Input Range 
+SV/-S.2V Power Supplies 
Overflow and Underflow Signals 

PRODUCT DESCRIPTION 
The AD770 is an 8-bit analog-to-digital converter that is designed 
for high-speed digitization of wide-bandwidth signals. It uses an 
advanced VLSI bipolar process and a proprietary design to 
achieve a combination of sampling rate and signal bandwidth 
previously unavailable in flash ADCs. 

The AD770 incorporates 257 high speed comparators that 
are optimized for low input capacitance and wide bandwidth, 
unaffected by temperature or signal amplitude. The multistage 
comparator design reduces the probability of errors due to meta
stable states or insufficient gain. 

The decoding logic further reduces errors by using a two-stage 
error-correcting architecture to virtually eliminate "sparkle 
codes." Inputs and outputs are ECL compatible. Output format 
controls allow stacking of two devices for 9-bit resolution. Overflow 
and underflow output signals are provided. 

The AD770 can operate with unipolar and bipolar signal ranges 
up to 4V p-p. End-point reference Force and Sense connections 
are provided to preserve high accuracy and minimize temperature 
drift. Midpoint and quarter-point reference taps are also provided 
to allow linearity or transfer function corrections. 

The AD770 is available in three grades. The JD and KD grades 
are specified for operation over the 0 to + 70°C temperature 
range, while the SD grade is specified for the - 55°C to + 125°C 
temperature range. All grades are packaged in a 4O-pin ceramic 
DIP. Other package options are available on request; please 
contact the factory. 

PROi>UCT HIGHLIGHTS 
1. Performance: The AD770 is specified for operation at 200 

MSPS. Full power bandwidth is 250MHz; small signal 
bandwidth is 4OOMHz. 

2. Ease of Use: The AD770 input has a typical capacitance of 
19pF, simplifying input buffering requirements. Bipolar and 
unipolar input signals can be converted without offsetting. 
Differential or single-ended clock inputs can be accommodated 
by pin-strapping. 

*Protected by U.S. Patent No. 4,884,075. 
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ANALOG INPUT 
lAIN) 

REFERENCEFORC.E 
IREFTFI 
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(REFMIDI 

QUARTER TAP 
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REFERENCESENSE , ..... , 
REffRENCE FORCE 
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200 MSPS Wideband 
8-Bit AID Converter 

AD770* I 
FUNCTIONAL BLOCK DIAGRAM 

__________ .J 
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OJ .. LATCH 
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00-D7 

UNDERRANGE 
fUNRI 

3. Features: Taps are provided at mid- and quarter-scale points 
of the reference ladder to permit linearity trimming or 
piecewise-linear transfer function modification. Overflow and 
underflow signals are also provided. These can be wire-or'd 
to provide an indication that the input signal has exceeded 
the range of the converter. 
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AD770 - SPECIFICATIONS 
DC SPECIFICATIONS (typical at +25°C, Vee = 5.0 V, VEE = 5.2 V, VREFTS =- 1.0 V, VREFBS = 1.0 V, unlessothBlWisespecifiedl 

AD770J/S AD770K 
Parameter Conditions Min Typ Max Min Typ Max Units 

TEMPERATURE RANGE AD770J, AD770K 0 +70 0 +70 °C 
AD770S -55 +125 ·C 

RESOLUTION 8 8 Bits 

DC ACCURACY 
Linearity Error +25°C -1 +1 -0.75 +0.75 LSB 

Tmin-Tmax -1.25 +1.25 -1 +1 LSB 
Differential Linearity + 25°C -0.9 +0.9 -0.75 +0.75 LSB 

Tmin-Tmax -1.25 +1.25 -0.9 +0.9 LSB 
Absolute Accuracy + 25°C -1.75 +1.75 -1 +1 LSB 

Tmin-Tmax -2 +2 -1.25 +1.25 LSB 

REFERENCE LADDER 
Ladder Resistance 160 200 260 160 200 260 0 
LadderTC 0.34 0.34 %rC 
Top Force-Sense Offset Tmin-Tmax 3 5 3 5 LSB 
Bottom Force-Sense Offset Tmin-Tmax 3 5 3 5 LSB 

ANALOG INPUT 
Input Current VIN= -IVto + IV 300 300 J.1A 

Tmin-Tmax 500 500 ,...A 
Input Capacitance 17 19 22 17 19 22 pF 

DIGITAL INPUTS Tmin-Tmax 
Logic HIGH (V IH) -1.0 -0.7 -1.0 -0.7 V 
Logic LOW (VII) -1.9 -1.6 -1.9 -1.6 V 
Logic HIGH Current (IIH) 200 200 J.1A 
Logic LOW Current (Iu) 200 200 ,...A 
Input Capacitance 3 3 pF 

DIGITAL OUTPUTS 
Logic HIGH (VOH) 1000 Load to -2V -1.0 -0.7 -1.0 -0.7 V 
Logic LOW (Vou 1000 Load to - 2V -1.9 -1.6 -1.9 -1.6 V 
VBB -1.2 -1.2 V 

POWER SUPPLIES 
Vex 4.75 5.0 5.25 4.75 5.0 5.25 V 
VEE -5.46 -5.2 -4.9 -5.46 -5.2 -4.9 V 
lex (Analog) 210 269 210 269 mA 
lex (Digital) 62 78 62 78 rnA 
lEE (Analog) 54 69 54 69 mA 
lEE (Digital) 69 88 69 88 rnA 
Power Consumption 2000 2550 2000 2550 mW 

Specifications subject to change without notice. 
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AC SPECIFICATIONS (typical at +25°C, Vee = 5.0 V, VEE = -5.2 V, unless otherwise noted) 

Parameter Conditions 

TIMING T min - T max, lOOn Load to 
Max Conversion Rate -2V 
Aperture Delay 
Aperture Jitter 
Pipeline Delay 
Output Delay 
Output Rise 
Output Fall 
Output Skew 

DYNAMIC PERFORMANCE FIN Full Scale 
(@200MSPS) (MHz) AIN(Volts) 

Full-Power Bandwidth ±I 
Small-Signal Bandwidth ±I 
Harmonic Distortion 1 I ±1 

10 ±1 
50 ±I 
100 ±I 
I ±0.5 
10 ±0.5 
50 ±0.5 
100 ±0.5 

Signal-to-Noise Ratio l I ±I 
10 ±I 
50 ±I 
100 ±I 
1 ±0.5 
10 ±0.5 
50 ±0.5 
100 ±0.5 

NOTES 
ISignal-to.Noise Ratio includes harmonics in the noise factor. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Figure 1. AD770 Timing Diagram 
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AD770 

AD770 PIN DESCRIPTION AD770 PINOUT (40-PIN DIP) 

SYMBOL PIN NO. TYPE NAME AND FUNCTION 

AGND 9,12 P Analog Ground AVec • NC 
AIN 10,11 AI Analog Input 

DVec 
AVec 1,2,15 P +5V Analog Power 
AV •• 7,13 P 5.2V Analog Power DVcc 

ClK 20 01 Clock Input REFTF DGND 

ClKBAR 19 01 Complementary Clock Input REFTS DGND 
DGND 36,37 P Digital Ground OVR 
DVcc 38,39 P +5V Digital Power • DV •• 23,24 P 5.2V Digital Power D7 

DO 26 DO Data Bit Output (LSB) D6 

01 27 DO Data Bit Output AD770 D5 
02 28 DO Data Bit Output AIN TOP VIEW D4 
03 29 DO Data Bit Output 

AIN (Not to Scale) OGND 
D4 31 DO Data Bit Output 
05 32 DO Data Bit Output AGND D3 

06 33 DO Data Bit Output AVEE D2 

07 34 DO Data Bit Output (MSB) REFBO D1 
DGND 30 P Digital Output Ground (collectors of AVec DO 

output transistors.) 
ORZ 3 01 Overrange Zero. Sets the Polarity of REFBS UNR 

the Data Bits for Overrange REFBF OVEE 

Condition. If ORZ%HIGH, 00-07 v •• DVEE 
are lOW for Overrange Conditions. 

ClKBAR NC OVR 35 DO Overrange Output. Indicates that 
AIN$ (REFTS - 0.5lSB). ClK NC 

REFBF 17 AI Negative Reference Force 
REFBQ 14 AI Negative Reference Quarter Point NC = NOCONNECT 

REFBS 16 AO Negative Reference Sense 
REFMID 8 AI Reference Midpoint 
REFTF 4 AI Positive Reference Force 
REFTQ 6 AI Positive Reference Quarter Point 
REFTS 5 AO Positive Reference Sense 
UNR 25 DO Underrange Output. UNR m= HIGH 

when AIN«REFBS - 0.5 LSB). 
V •• 18 DO ECl Threshold Output for Clocks 

TYPE: AI Analog Input 
AO Analog Output 
01 Digital Input 
DO Digital Output 
P Power 
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AD770 
EVALUATION BOARD 
The ADEB770 Evaluation Board allows the designer to easily 
evaluate the performance o( the AD770. The ADEB770 includes 
a pin-socketed AD770, an input signal buffer and an adjustable 
reference generator. The input buffer can be bypassed for 
maximum versatility. 

On the output side, latched and buffered digital data is available 
at the output connector along with an output clock. Decimation 
hardware allows output data to be undersampled by factors of 
16 throngh 2, auowing the user to interface the board to commonly 
available logic analyzers. 

A reconstructed analog output is also provided by an on-board 
D/A converter. 

ABSOLUTE MAXIMUM RA TINGS* 

Specification With Respect to Min Max Units 

AVec AGND -0.3 5.5 V 

DVec DGND -0.3 5.5 V 
AVEE AGND -5.72 0.3 V 
DVEE DGND -5.72 0.3 V 

AVec DVec -0.5 0.5 V 

AVEll DVEE -0.5 0.5 V 
AIN AGND -3 +2.25 V 
AIN REFTF,REFBF -4.3 4.3 V 
CLK, CLKBAR, ORZ AGND -4.0 0 V 
REFTF, REFBF AGND -3 +2.25 V 

AGND DGND -0.5 0.5 V 
CLK CLKBAR -4.5 4.5 V 

lAIN 110 mA 

IREFTF,IREFBF 30 mA 

IREFTS,IREFSS 3 mA 

IREFMID' IREFTQ, IREFRQ 30 mA 

IRS 4 rnA 

ICI.K' ICI.KBAR' IoRz 1 rnA 

lDO-D7' IOVR' ICNR 40 mA 

Junction Temperature 175 °C 
Power Dissipation ( + 25°C) 3 W 
Storage Temperature -65 + 150 °C 
Thermal Resistance 

aJA (Still Air) (typ) 36 °C/W 
OJc{typ) 10 °CIW 

* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliabililY. 

ORDERING GUIDE 

Linearity 
Temperature Error Max 

Model Description Range @ +25"C 

AD770JD 4O-Pin Ceramic DIP O°C to +70°C ±1 
AD770KD 4O-Pin Ceramic DIP acc to +70°C ±3/4 
AD770SD 40-Pin Ceramic DIP - 55°C to + 125°C ±1 
AD770EB-l Evaluation Board for AD770 ±l 
AD770EB-2 Evaluation Board for AD770 ±3/4 

*D = Ceramic DIP. For outline information see Package Information section. 
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DEFINmON OF SPECIFICATIONS 
Linearity Error 
Linearity Error is the deviation of the transfer function from a 
reference line. For the AD770, the linearity error is measured 
from the center of each code to the best-fit straight line. 

Differential Linearity 
In an ideal ADC, the code transitions are exactly lLSB apart. 
The Differential Linearity is the deviation of the transition 
spacing from the ideal value. A Differential Linearity spec of 
less than I LSB signifies that there are no missing output codes 
over the entire input range. 

Absolute Accuracy 
The Absolute Accuracy is the deviation of the center-point of 
each code from a straight line drawn between the reference 
sense points (REFTS, REFBS). 

Force-Sense Offset 
The Force-Sense Offset is the difference between the force and 
sense pin voltages divided by the input range. This offset will 
cause a corresponding offset error if the full-scale range is defined 
w.r.t. the reference force lines rather than with respect to the 
reference sense lines. 

Aperture Delay 
The delay between the falling edge of CLK and the time at 
which AIN is sampled. 

Aperture Jitter 
The sample-to-sample variation in aperture delay. 

Pipeline Delay 
The delay from the falling edge of eLK that samples the input 
to the rising edge of eLK that outputs the corresponding digital 
code. 

Output Delay 
The delay between the rising edge of eLK and the time when 
the output bits reach the logic threshold value for bits DO to D7 
andOVR. 

Output Skew 
The bit-to-bit variation in output delay for bits DO to D7 and 
OVR. 

Full-Power Bandwidth 
The input frequency at which the amplitude of the reconstructed 
output signal is reduced by 3dB for a full-scale input. 

Total Harmonic Distortion (THO) 
The rms sum of the first six harmonic components divided by 
the output signal amplitude. For frequencies above the Nyquist 
frequency, the aliased components are used. 

Signal-to-Noise Ratio (SNR) 
The ratio of the signal amplitude to the rms sum of all other 
spectral components, including harmonics but excluding dc. 
SNR is expressed in dB and in Effective Number Of Bits (ENOB). 
These two notations are related by the following formula for 
full-scale inputs: 

ENOB = (SNR - 1.8)16.02 
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Transfer Characteristics-AD770 

(For REFfS = + I.000V, REFBS = -1.000V) 

Input Output 

AIN> AIN< ORZ 07 ..... 00 UNR OVR 

O.996V 0 11111111 0 1 
O.996V 1 00000000 0 1 
0.988V 0.996V X 11111111 0 0 
0.980V 0.988V X 11111110 0 0 
0.973V 0.980V X 11111101 0 0 

-O.OO4V 0.OO4V X 10000000 0 0 

-0.998V 0.980V X 00000010 0 0 
-0.996V 0.998V X 00000001 0 0 
-1.004 -O.996V X 00000000 0 0 

-1.004V X 00000000 1 0 

x = Don'tcare 

I.' 
1.2 

1.0 

~ 0 .• 

I 0.6 ! 0.' 
C 0.2 

I!! 0.0 

~ -0.2 

= -0.4 

-0.' 
-0.8 

-1.0 

Table I. AD770 Truth Table 
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Figure 2. AD770 Transfer Function 
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AD770 - Dynamic Performance 
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AD770 
GROUNDING AND DECOUPLING 
The user is advised to provide separate, low impedance analog 
and digital ground planes and tie them together at one place on 
the board, preferably at, or as near to, the ADC as possible. 

The dominant consideration in the selection of bypass capacitors 
for the AD770 is minimization of series resistance and inductance. 
Ceramic and film-type capacitors generally feature lower series 
inductance than tantalum or electrolytic types. The capacitors 
should be installed on the board with the shortest possible lead 
lengths. Chip capacitors are optimal in this respect. As shown in 
Figure 18, the analog ground plane provides bypassing for the 
analog power supplies CAV ce, A V EIV as well as for the reference 
top, bottom, mid and quarter voltages. The digital ground plane 
should be used to bypass the digital supplies CDVce, DVEE). 

To prevent output ringing, a ferrite bead in series with DGND 
Pins 36 and 37 is recommended. Output lines should be single 
fanout, properly terminated 1000 striplines for best results. 

DRIVING THE AD770 
The AD770 can be driven directly from most signal sources. 
The termination of the signal source, however, will affect the 
input bandwidth. Two possibilities are shown in Figure 16. 

Figure 16a. 50ll Shunt Termination 

Figure 16b. 50n Termination (-6d8) Employing 25lJ 
Series and 25lJ Shunt Resistors 

Both terminations result in 500 to ground; however the network 
of Figure 16b provides a iower impedance to the AD770 over 
frequency as well as a higher - 3dB point at the device. The 
trade-off is that Figure 16b attenuates the signal source by a 
factor of two C - 6dB). These effects may be illustrated by modeling 
the inpUt to the AD770 as a 19pF capacitor and analyzing the 
two termination networks as shown in Figure 17. 

The - 6dB network requires an input signal with twice the 
amplitude of the simple 500 shunt termination, but the benefits 
can be easily justified. The termination impedance reaches a 
high frequency value of 250, versus 140 for the standard termi
nation network. Another advantage is that the half-power 
bandwidth is more than twice that of the· standard 500 shunt 
network. 
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500 200 

500 Zs 

1. IMPEDANCE SEEN BY ADnO: 
Zs=200 + (5011501 = 450 

2. -3dB POINT AT ADnO: 
f.=(2'1r450.19pFI-' 
f.=186MHz 

19pF 

Figure 17a. Network for 50ll Shunt Termination 
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1. IMPEDANCE SEEN BY ADnO: 
Zs=25011250+5001 = 190 

2. -3dB PoiNT AT AD770: 
f.=(21T,90·,9pFI-' 
f.=441MHz 

19pF 

Figure 17b. Network for 25lJ Series and 25lJ Shunt 
Termination. 
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Figure 18. AD770 Application Example 

LATCHING THE OUTPUT DATA 
A simplified AD770 timing diagram is illustrated in Figure 19. 
The input signal is sampled on the falling edge of eLK. The 
output data for that sample is delayed by the Pipeline Delay 
plus the Output Delay. The Pipeline Delay is two CLK low 
periods and one eLK high period, and thus depends on the 
conversion rate and the clock duty cycle. Output Delay is measured 
from the second eLK rising edge after the falling edge which 
samples the analog input signal. Output Delay is not dependent 
on the conversion rate. 
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ANALOG 
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Figure 79. AD770 Timing Diagram 

Output Delay varies from unit to unit due to manufacturing 
process variations. This factor, and the timing requirements of 
the external latch, must be considered when designing the output 
clock circuit. 
Figure 20 shows a more detailed timing diagram that illustrates 
the effect of Output Delay variations and external latch timing 
requirements. Data bit transitions are shown for units at the 
extreme limits of Output Delay (T D). For a unit with T D = T Dm;,,, 
the data bits will begin to slew after a delay of T Dmim and all 
bits will have settled after a further delay of T SK (Output Skew). 
The data will then be stable until the next output data transition. 

elK 

N+1 

I-t-- m~" CLOCK DELAY " "', i min CLOCK DELAY ~ DATA VALlO RANGE 

N-1 N N+1 

TD ""TDMo\II 

I I ~ 
I I OUTPUT I 
I I-SKEW----1 
I ITsili I 
t-'-- MAXOUTPUTDELAY ~ 

ITD ...... I -, 

I .. ~~: I 
tTsul I : 

.......j I-- LAT~~H~Ol.D 

Figure 20. Detailed Timing Diagram Showing Output 
Delay Variation 

However, the Setup and Hold times (T su and T H) of the external 
latch must be subtracted to obtain the interval during which the 
external latch can be clocked (Data Valid Range). Thus: 

The clock circuit will require a maximum delay that can also be 
easily derived: 

Max Clock Delay (for T D = T Dmin) = I1FcLK + T Dmin - T H 

For a unit with TD=TDmax, the clock delay will be determined 
by the Maximum Output Delay (T nmax): 

Min Clock Delay (for TD=To.nax)=Tnmax+Tsu 

REV. A 

Applying the AD770 

If the Maximum Clock Delay for T D = T Dmin is greater than the 
Minimum Clock Delay for T D = T Dmax, a fixed clock delay set 
between these two values can be used to latch the output of the 
AD770. 

T Dmax + T su<Fixed Clock Delay< I1FcLK + T Dmin - T H 

For example, a 120 MSPS system using lOOK ECL logic would 
have the following conditions: 

T Dmax = 6.0ns 
Tsu=0.7ns 
FCLK = 120MHz 
T Dmin =2.0ns 
TH=0.7ns 

Max Clock Delay (for T D = T Dmin) = I1FcLK + T Dmin - T H 
=9.6ns 

Min Clock Delay (for TD=TDmax)=TDmax+Tsu=6.7ns 

A fixed clock delay could thus be used, with the following 
limits: 

6.7ns<Clock Delay<9.6ns 

As the sample rate increases, the range of fixed clock delays 
becomes narrower. At 150 MSPS, using the same logic family, 
the range becomes: 

6.7ns<Clock Delay<8.0ns 

At 200 MSPS, a fixed delay can no longer be used, since 

Max Clock Delay (for TD=TDmin) = 6.3ns 
Min Clock Delay (for T D = T Dmax) = 6.7ns 

The user should calculate whether a fixed delay can be used in 
the system. If a fixed delay cannot be used, a variable delay line 
is needed. 

VARIABLE DELAY LINE 
Continuing with the example above, we can determine the span 
of delays that is needed. 

At 200 MSPS: 

Max Clock Delay (for TD=TDmin) = 6.3ns 
Min Clock Delay (for TD=TDmax) = 6.7ns 
Data Valid Range (for each device) < 1.25ns. 

The clock delay should have an adjustment range between (6.3 
- 1.25/2) = 5.7ns and (6.7 + 1.25/2) = 7.3ns to center the 
clock edge in the middle of the Data Valid range for all devices. 

If a variable delay line is used, some means must be provided to 
verify that the delay is correctly set for each device. This can be 
done by providing a test signal synchronized to the system 
timing and adjusting the delay to the centerpoint of the range 
that gives a stable output. 
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d. Internal Supply Connections 

DGNO OGNO 

f. Digital Outputs 
g. Analog Input 

Figure 21. Equivalent Circuits 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic 10-Bit 18 MSPS AID Converter 
Low Power Dissipation: 1.2 W 
Signal-to-Noise Plus Distortion Ratio 

f'N = 1 MHz: 55 dB 
f'N = 8 MHz: 52 dB 

Guaranteed No Missing Codes 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input 
Out of Range Output 
Twos Complement and Binary Output Data 
Available in Commercial and Military Temperature 

Ranges 

PRODUCT DESCRIPTION 
The AD773 is a monolithic 10-bit, 18 MSPS anaIog-to-digitai 
converter incorporating an on-board, high performance track
and-hold amplifier (THA). The AD773 converts video band
width signals without the use of an external THA. The AD773 
implements a multistage differential pipelined architecture with 
output error correction logic. The AD773 offers accurate perfor
mance and guarantees no missing codes over the fuJI operating 
temperature range. 

Output data is presented in binary and twos complement for
mat. An out of range (OTR) signal indicates the analog input 
voltage is beyond the specified input range. OTR can be 
decoded with the MSB/MSB pins to signal an underflow or 
overflow condition. The high impedance reference input aJIows 
multiple AD773s to be driven in paraJIel from a single reference. 

The combined dc precision and dynamic performance of the 
AD773 is useful in a variety of applications. Typical applications 
include: video enhancement, HDTV, ghost cancellation, ultra
sound imaging, radar and high speed data acquisition. 

The AD773 was designed using Analog Devices' ABCMOS-l 
process which utilizes high speed bipolar and 2-micron CMOS 
transistors on a single chip. High speed, precision analog cir
cuits are now combined with high density logic circuits. Laser 
trimmed thin fIlm resistors are used to optimize accuracy and 
temperature stability. 

The AD773 is packaged in a 28-pin ceramic DIP and is avail
able in commercial (O°C to + 70°C) and military ( - 55°C to 
+ 125°C) grades. 

REV. 0 

10-Bit 18 MSPS 
Monolithic AID Converter 

AD773 I 
FUNCTIONAL BLOCK DIAGRAM 

REFIN REFGND 

AD773 

PRODUCT HIGHLIGHTS 
1. On-board THA 

9 

OTR MSB BIT 1 BIT 10 
(MSB) (LSB) 

DRGND 

The high impedance differential input THA eJiminates the 
need for external buffering or sample and hold amplifiers. 
The THA offers the choice of differential or single-ended 
inputs. Input current is typicaJIy 5 /LA. 

2. High Impedance Reference Input 
The high impedance reference input (200 kO) aJIows direct 
connection with standard +2.5 V references, such as the 
AD680, AD580 and REF43. 

3. Output Data Flexibility 
Output data is available in bipolar offset and bipolar twos 
complement binary format. 

4. Out of Range (OTR) 
The OTR output bit indicates when the input signal is be
yond the AD773's input range. 
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AD773 ~SPECIFICATIONS 
. .., ,." , '. 

DC, SPECIFICATIONS (TMIN tOTM,AX, with,.AVoo = +5 V ± 5%, AVss = -5 V ± 5%, DVoo = +5 V,± ,5%, 
, , , DR'loll = +,5:: V' ± 5%, VREF = +2.500 V unless otherwise indicated) " 

Parameter 

RESOLUTION 

DC ACCURACY ( + 25°C) 
Integral Nonlinearity 

TMINto T MAX 

Differential Linearity Error 
TMINto T MAX 

Offset 
Gain Error 
No Missing Codes 

ANALOG INPUT 
Input Range 
Input Current 
Input Capacitance 

REFERENCE INPUT 
Reference Input Resistance 
Reference Input 

LOGIC INPUT 
High Level Input Voltage 
Low Level Input Voltage 
High Level Input Current (VIN = DVoo) 
Low Level Input Current (VIN = 0 V) 
Input Capacitance 

LOGIC OUTPUTS 
High Level Output Voltage (IoH = 0.5 mA) 
Low Level Output Voltage (IOL = 1.6 mAl 

POWER SUPPLIES 
Operating Voltages 

AVDD 

AVss 
DVDD, DRVDD 

Operating Current 
IAVDD 

IAVss 
IDVDD 

IDRVDD 
1 

POWER CONSUMPTION2 

POWER SUPPLY REJECTION 

TEMPERATURE RANGE 
Specified (JIK) 

NOTES 
teL = 15 pF typical. 
'100% production tested. 

AD773J 

Min Typ Max 

10 

±1 

±1 
0.5 
0.5 

1 
5 20 

10 

50 200 
2.5 

+3.5 
+1.0 

-10 +10 
-10 +10 

10 

+2.4 
'+0.4 

+4.75 +5.25 
-5.25 -4.75 
+4.75 +5.25 

85 100 
-140 -185 
15 20 
10 15 

1.2 1.5 

6 16 

0 +70 

Specifications subject to change without notice. See Definition of Specifications for additional information. 
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AD773K 

Min Typ 

10 

±0.75, 

±0.75 
0.5 
0.5 

GUARANTEED 

1 
5 

50 200 
2.5 

+3.5 

-10 
-10 

10 

+2.4 

+4.75 
-5.25 
+4.75 

85 
-140 
15 
10 

1.2 

6 

0 

Max Units 

Bits 

LSB 
±2 LSB 

LSB 
±1 LSB 
3.5 %FSR 
2.0 %FSR 

V p--p 
20 jJA 
10 pF 

kO 
Volts 

V 
+1.0 V 
+10 jJA 
+10 jJA 

pF 

V 
+0.4 V 

+5.25 Volts 
~4.75 Volts 
+5.25 Volts 

100 mA 
-185 mA 
20 mA 
15 mA 

1.5 W 

16 mVN 

+70 OC 
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AD773 

C CI C 1 ONS (TMIN to TMAlC with AVoo = +5 V ± 5%, AVss = -5 V ± 5%, DVoo = +5 V ± 5%, DRVoo = +5 V 
A SPE FI A I ± 5%, VREF = +2.500 V unless otherwise indicated, fSAMPLE = 18 MSPS, fiN amplitude = -0.3 dB) 

AD773J 

Parameter Min Typ Max Min 

DYNAMIC PERFORMANCE' 
Signal-to-Noise plus Distortion 

(SIN + D) Ratio 
fIN = I MHz 52 56 54 
fIN = 8.1 MHz 45 53 47 
fIN = 9 MHz 53 

Effective Number of Bits (ENOB) 
fIN = 1 MHz 9.0 
fIN = 8.1 MHz 8.5 
fIN = 9 MHz 8.5 

Total Harmonic Distortion (THD) 
fiN = 1 MHz -64 -57 
fIN = 8.1 MHz -55 -46 
fIN = 9 MHz -56 

Spurious Free Dynamic Range2 -67 
Full Power Bandwidth 100 
Intermodulation Distortion (IMD)3 

Second Order Products -69 
Third Order Products -63 

Differential Phase 0.2 
Differential Gain 0.8 
Transient Response 25 
Overvoitage Recovery Time 25 

NOTES 
'For typical dynamic performance curves at fSAMPLE = 16.2 MSPS and 18 MSPS, see Figures 2 through 13. 
'fIN = 1 MHz. 
'fa = 1.0 MHz, fb = 1.05 MHz. 
Specifications subject to cbange without notice. 

AD773K 

Typ Max Units 

56 dB 
53 dB 
53 dB 

9.0 Bits 
8.5 Bits 
8.5 Bits 

-64 -59 dB 
-55 -48 dB 
-56 dB 
-67 dB 
100 MHz 

-69 dB 
-63 dB 
0.2 Degree 
0.8 % 
25 ns 
25 ns 

T M NG S ECIF C liONS (for all grades TMIN to TMAlC with AVoo = +5 V ± 5%, AVss = -5 V ± 5%, DVoo = +5 V ± 5%, 
I I P I A DRVoo = +5 V ± 5%, VREf = +2.500 V unless otherwise indicated, fSAMPLE = 18 MSPS) 

Conversion Rate 
Clock Period 
Clock High 
Clock Low 
Output Delay 
Aperture Delay 
Aperture Jitter 
Pipeline Delay (Latency) 

REV. 0 

VIN 

CLOCK 

BIT 1-10 
MSB,OTR 

Symbol Min Typ Max Units 

18 MSPS 
teLK 55 ns 
teH 27 ns 
teL 27 ns 
too 20 ns 

7 ns 
9 32 ps 

4 Clock Cycles 

N 
N+1 

I teH I tCL -I I-- too 

=:J('--_-JX'-__ ..JX'-__ -'X'-__ ..JX D~A ~ 
Figure 1. AD773 Timing Diagram 
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AD773 
CAUTlON ____________ ~ ________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! cJ 
~~[D[VIC[ 

ABSOLUTE MAXIMUM RATINGS· 

Parameter With Respect to Min Max Units 

AVnn AGND -0.5 +6.5 V 
AVss AGND -6.5 +0.5 V 
DVnn, DRVnn DGND,DRGND -0.5 +6.5 V 
AGND DGND,DRGND -1.0 +1.0 V 
AVnn, AVss DVnn,DRVnn -6.5 +0.5 V 
CLK DVnn,DRVnn -6.5 +0.5 V 
REFIN REFGND, AGND -0.5 +6.5 V 
Junction Temperature +150 ·C 
Storage Temperature -65 +150 ·C 
Lead Temperature 

(10 sec) +300 ·C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device relisbility. 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option· 

AD773JD O·C to +70OC 28-Pin Ceramic DIP D-28 
AD773KD O·C to +70·C 28-Pin Ceramic DIP D-28 

*D = Ceramic DIP. For outline information see Package Information section. 

PIN DESCRIPTION 

Symbol Pin No. Type Name and Function 

AGND 5,28 P Analog Ground. 
AVnn 4 P +5 V Analog Supply. 
AVss 3,25 P - 5 V Analog Supply. 
BIT 1 (MSB) 18 DO Most Significant Bit. 
BIT 2-BIT9 17-10 DO Data Bit 2 through Data Bit 9. 
BIT 10 (LSB) 9 DO Least Significant Bit. 

PIN CONFIGURATION 

AGND 

v .... 

V'NA 

AD773 
AVss 

DV DD 

TOPVlEW CLK 
(Not to Scale) 

DRVDD 

DRGND 

OTR 

BIT 9 iiiii 

BIT a BIT 1 (MSa) 

BIT 7 BITZ 

BIT 6 BIT 3 

BITS BIT 4 

CLK 23 DI Clock Input. The AD773 will initiate a conversion on the falling edge of the clock input. See the 
Timing Diagram for details. 

DVnn 24 P +5 V Digital Supply. 
DRVnn 7,22 P + 5 V Digital Supply for the output drivers. 
DGND 6 P Digital Ground. 
DRGND 8,21 P Digital Ground for the output drivers. 
MSB 19 DO Inverted Most Significant Bit. Provides twos complement output data format. 
OTR 20 DO Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023. 

See Output Data Format Table II. 
REFGND 1 AI REF GND is connected to the ground of the external reference. 
REF IN 2 AI REF IN is the external 2.5 V reference input, taken with respect to REF GND. 
VINA 26 AI ( + ) Analog input signal to the differential input THA. 
V1NB 27 AI ( - ) Analog input signal to the differential input THA. 

Type: AI = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 
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INTEGRAL NONLINEARITY (INL) 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale." The point 
used as "zero" occurs 112 LSB before the first code transition. 
"Full scale" is defmed as a level 1 112 LSB beyond the last code 
transition. The deviation is measured from the center of each 
particular code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. 

OFFSET 
The first transition should occur at a level 112 LSB above 
"zero." Offset is defmed as the deviation of the actual first code 
transition from that point. 

GAIN ERROR 
The last code transition should occur for an analog value 1 1/2 
LSB below the nominal full scale. The gain error is the devia
tion of the actual level at the last transition from the ideal level. 

POWER SUPPLY REJECTION 
One of the effects of power supply variation on the performance 
of the device will be a change in gain error. The specification 
shows the maximum gain error deviation as the supplies are var
ied from their nominal values to their specified limits. 

SIGNAL-TO·NOISE PLUS DISTORTION (SIN+D) 
RATIO 
SIN + D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components including 
harmonics but excluding dc. The value for SIN + D is expressed 
in decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the following expression: 

SIN + D = 6.02N + 1.76, where N is equal to the effective 
number of bits. 

TOTAL HARMONIC DISTORTION (THO) 
THD is the ratio of the rms sum of the first six hannonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

SPURIOUS FREE DYNAMIC RANGE 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full
scale input signal. 

REV. 0 

Definitions of Specifications-AD773 
INTERMODULATION DISTORTION (IMO) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa±nfb, 
where m, n = 0, 1,2,3 .... Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa+fb) and (fa-fb) and the third order terms 
are (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). The IMD prod
ucts are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 

DIFFERENTIAL GAIN 
The percentage difference between the output amplitudes of a 
small high frequency sine wave at two stated levels of a low fre
quency signal on which it is superimposed. 

DIFFERENTIAL PHASE 
The difference in the output phase of a small high frequency 
sine wave at two stated levels of a low frequency signal on which 
it is superimposed. 

TRANsmNT RESPONSE 
The time required for the AD773 to achieve its rated accuracy 
after a full-scale step function is applied to its input. 

OVERVOLTAGE RECOVERY TIME 
The time required for the ADC to recover to full accuracy after 
an analog input signal 150% of full scale is reduced to 50% of 
the full-scale value. 

APERTURE DELAY 
The difference between the switch delay and the analog delay of 
the THA. This effective delay represents the point in time, rela
tive to the rising edge of the CLOCK input, that the analog in
put is sampled. 

APERTURE JITTER 
The variations in aperture delay for successive samples. 

PIPELINE DELAY (LATENCY) 
The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 

FULL POWER BANDWIDTH 
The input frequency at which the amplitude of the recon
structed fundamental is reduced by 3 dB for a full-scale input. 
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Figure 2. SIN+D vs. Input Frequency, fCLK = 18 MSPS 
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AD773 

Theory of Operation 
The AD773 uses a pipelined multistage architecture with a 
differential input, fast settling track-and-hold amplifier (THA). 
Traditionally, high speed ADCs have used parallel, or flash 
architectures. When compared to flash cOnverters, multistage 
architectures reduce the power dissipation and die siZe by reduc
ing the number of comparators. For example, the AD773 uses 
48 comparators compared to 1023 comparators for a 10-bit flash 
architecture. 

The AD773's main signa1 path transmits differential current 
mode signals. Low impedance current summing techniques are 
employed, increasing speed by reducing sensitivity to parasitic 
capacitances. Pipe1ining allows the stages to operate concurrently 
and maximizes system thtoughput. 

The input THA is followed by thtee 4-bit conversion stages. At 
any given time, the first stage operates on the most recent sam
ple, while the second stage operates on a signal dependent on 
the previous sample. This process continues throughout all three 
stages. The twelve digital bits provided by the three 4-bit stages 
are combined in the correction logic to produce a 10-bit repre
sentation of the sampled analog input. 

Pipeline delay, or latency, is four clock cycles. New output data 
is provided every clock cycle and is provided in both binary and 
twos complement format. The AD773 will flag an out-of-range 
condition when the analog input exceeds the specified analog 
input range. 

Applying the AD773 
DRIVING THE AD773 INPUT 
The AD773 may be driven in a single-ended or differential fash
ion. V1NA is the positive input, and V1NB is the negative input. 
In the signle-ended configuration either V1NA or VINB is con
nected to Analog Ground (AGND) while the other input is 
driven with a full-scale input of ±500 mV p-p. An inverted 
mode of operation can be achieved by simply interchanging the 
input connections. 

Both inputs of the AD773, VINA and V1NB, are high impedance 
and do not need to be driven by a low impedance source. Note, 
however, that as the source impedance increases, the input node 
becomes more susceptible to noise. The increased noise at the 
input will degrade performance. A 10 pF capacitor across V1NA 

and V INB as shown in Figure 14 is recommended to bypass high 
frequency noise. 

Figure 14. AD773 Single-Ended Input Connection 
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INPUT CONDmONING 
In some cases, it may be appropriate to buffer the input source, 
add dc offset, or otherwise condition the input signal of the 
AD773. Choosing an appropriate op amp will vary with system 
requireinents and the desired level of performance. Some sug
gested op amps are the AD9617, AD842, and AD827. 

Figure IS shows a typical application where a unipolar signal is 
level shifted to the bipolar input range of the AD773. Note that 
the reference used with the AD773 can also provide a noise-free 
voltage source to generate the dc offset. 

2.48Idl 488Q 

.2.SV o-...!t,f.>h-..... --Jo¢;fIt---, 

ANALOG 
................. --vlNA 

INPUT o-...!t,f.>h-..... ---1 
(0 TO .1V) 

2.48Jc<l 

Figure 15. Unipolar to Bipolar Input Connection 

DIFFERENTIAL INPUT CONNECTIONS 
Operating the AD773 with fully differential inputs offers the 
advantage of rejecting common-mode signals present on both 
V INA and V INB. The full-scale input range of V INA and V INB 

when driven differentially is ±250 mV p-p as shown in Table 1. 

Table I. AD773's Maximum Differential Input Voltage 

+250mV 
-250mV 

-250 mV 
+250mV 

+500mV 
-500mV 

In some applications it may be desirable to convert a single
ended signal to a differential signal before being applied to the 
AD773. Figure 16 shows a single-ended to differential video line 
driver capable of driving doubly terminated cables. 

ANALOG 
INPUT 

(.soomV) 

6100 

7&0 

6100 

Figure 16. Single-Ended to Differential Connection 
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REFERENCE INPUT 
The AD773's high impedance reference input allows direct con
nection with standard voltage references. Unlike the resistor lad
der requirements of a flash converter the AD773's single pin, 
high impedance input can be driven from one low cost, low 
power reference. The high impedance input allows multiple 
AD773's to be driven from one reference thus minimizing drift 
errors. 

Figure 17 shows the AD773 connected to the AD680. The 
AD680 is a single supply, low power, low cost 2.5 V reference 
with performance specifications ideally suited for the AD773. 
The low pass filter minimizes the AD680's wideband noise. 
Other recommended 2.5 V references are the AD580 and 
REF43. 

Figure 17. Recommended AD773 to AD680 Connection 

CLOCK INPUT 
The AD773's pipelined architecture operates on both the rising 
and falling edges of the clock input. A low jitter, symmetrical 
clock will provide the highest level of performance. The recom
mended logic families to drive the clock input are He and F. 
The AD773's minimum clock half cycle may necessitate the 
use of an external divide-by-two circuit as shown in Figure 18. 
Power dissipation will vary with input clock frequency. Fig
ure 19 shows the AD773's power dissipation vs. input clock 
frequency. 

+5V 

74XX74 

36MHz 
ClK 

+5V 

Figure 18. Divide-by-Two Clock Circuit 

REV. 0 

AD773 
1.29,.---------,r----------, 

1.281---------11---.,.C----I 

~ 1.27 t-------:;;;;J~I--------I 

I 1.26 1--::;;~=-------1I--------I 

1~5t--------~-------~ 

1~4~-------------~------------~ 

10M 15M 20M 
SAMPLE FREQUENCY - Hz 

Figure 19. Power Dissipation vs. Sample Frequency 

EQUIVALENT ANALOG INPUT CIRCUIT 
The AD773 equivalent analog input circuit is shown in Fig-
ure 20. The typical input bias current is 5 I1A, while input ca
pacitance is typically 5 pF. In the single-ended input configura
tion one input is connected to AGND while the second input is 
driven to full scale (±500 mY). Under nominal conditions the 
collector of the input transistor is at + LIS V. This allows sig
nals to be offset by up to +0.65 V without significantly degrad
ing performance. In the negative direction, the emitter of the 
input transistor should not drop below -1.25 V. Therefore, sig
nals can be offset by -0.65 V without significant performance 
degradation. Figure 21 shows signal-to-noise ratio vs. common
mode input voltage. 
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Figure 20. Equivalent Analog Input Circuit 
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Figure 21. SIN+D vs. Common-Mode Input Voltage, 
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AD773 
EQUIVALENT REFERENCE INPUT CIRCUIT 
The AD773 is desjgned to have a reference to analog input volt
age ratio of 2.5:1. When the AD773 is configured for single
ended operation a 2.5 volt reference input establishes a full-scale 
analog input voltage oil V p-p (±5oo mV with respect to . 
VINB). Although the AD773 is specilled and tested with VREF 

equal to 2.5 V and VIN equal to ±500 mV the reference input 
voltage and analog input voltages can be changed. To optimize 
the AD773's performance the 2.5:1 ratio should be maintained. 
The sinIplified model of the AD773's reference inpiIt circuit is 
shown in Figure 22. 

REFlN 

REFGND 

Figure .22. Typical Reference Input Circuit 

The 2.5 V external reference is applied across resistor Rl pro
ducing a current which in turn generates. a voltage V BIAS' Multi
ple reference currents are generated from V BIAS and are used 
throughout the converter. R3 is used to cancel errors induced by 
the input bias current of the REFGND buffer •. Figure 23 shows 
the SNR performance as the reference voltage is varied from its 
nominal value of 2.S V. The input full-scale voltage is dermed 
by the following equation, 

Reference Voltage 
Input Full-Scale Voltage = 2.5 

The power dissipation is modulated by variations in the refer
ence voltage. Figure 24 shows the variation in power dissipation 
versus reference voltage. 
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Figure 23. SIN+D VB. Reference Input Voltage, 
feLK = 18 MSPS, f'N= 1 MHz 
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Figure 24. Power Dissipation VB. Reference Input Voltage 

TRANSIENT RESPONSE 
The fast settling input THA accurately converts full-scale input 
voltage swings in under one dock cycle. The THA's high im
pedance, fast slewing performance is critical in multiplexed or 
de stepped (charge coupled devices, infrared detectors) systems. 
Figure 25 show the AD773's settliog performance with an input 
signal stepped from -500 mV to OV. As can be seen, the output 
code settles to its final value in under one clock cycle. 
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Figure 25. Typical AD773 Settling Time 
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OUTPUT DATA FORMAT 
The AD773 provides both MSB and MSB outputs, delivering 
positive true offset binary and twos complement output data. 
Table II shows the AD773's output data format. 

Table II. Output Data Format 

Analog Input Digital Output 

OtTset Twos 
VINA-VINB Binary Complement OTR 

2:499.S mV II 1111 1111 01 1111 1111 I 
499mV II IIll 1111 01 IIll IIll 0 
OmV 10 0000 0000 00 0000 0000 0 
-SOO mV 00 0000 0000 10 0000 0000 0 
,,;-SOO.S mV 00 0000 0000 100000 0000 1 

OUT OF RANGE 
An out-of-range condition exists when the analog input voltage 
is beyond the input range (±SOO mY) of the converter. [Note 
the AD773 has a 4 clock cycle latency rating.] OTR (Pin 20) is 
set low when the analog input voltage is within the analog input 
range. OTR is set HIGH and will remain HIGH when the ana
log input voltage exceeds the input range by 112 LSB from the 
center of the ± full-scale output codes. OTR will remain HIGH 
until the analog input is within the input range. By logical 
ANDing OTR with the MSB and its complement, overrange 
high or underrange low conditions can be detected. Table III is 
a truth table for the over/under range circuit in Figure 26. Sys
tems requiring programmable gain conditioning prior to the 
AD773 can immediately detect an out of range condition, thus 
e1iminating gain selection iterations. 

MSB]g OVER. "1·' 
OTR 

UNDER •. "1" 
MsB 

Figure 26. Overrange or Underrange Logic 

Table III. Out-of-Range Truth Table 

OTR MSB ANALOG INPUT IS 

0 0 In Range 
0 I In Range 
1 0 Underrange 
1 1 Overrange 
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GROUNDING AND LAYOUT RULES 
As is the case for any high performance device, proper ground
ing and layout techniques are essential in achieving optimal per
formance. The analog and digital grounds on the AD773 have 
been separated to optimize the management of return currents 
in a system. It is recommended that a 4-layer printed circuit 
board (PCB) which employs ground planes and power planes be 
used with the AD773. The use of ground and power planes of
fers distinct advantages: 

I. The minimization of the loop area encompassed by a signal 
and its return path. 

2. The minimization of the impedance associated with ground 
and power paths. 

3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 

These characteristics result in both a reduction of electro
magnetic interference (EMI) and an overall improvement in 
performance. 

It is important to design a layout which prevents noise from 
coupling onto the input signal. The wide input bandwidth of the 
AD773 permits noise outside the desired Nyquist bandwidth to 
be digitized along with the desired signal. This can result in a 
higher overallleveI of spurious noise in the digitized spectrum. 
Digital signals should not be run in parallel with the input sig
nal traces and should be routed away from the input circuitry. It 
is also suggested that the traces associated with V1NA and VINB 

be the same length. 

Separate analog and digital ground should be joined together 
directly under the AD773 (see Figure 30). Asolld ground plane 
under the AD773 is also acceptable if care is taken in the man
agement of the power and ground return currents. A general 
"rule-of-thumb" for mixed signal layouts dictate that the return 
currents from digital circuitry should not pass through critical 
analog circuitry. 

POWER SUPPLY DECOUPLING 
The analog and digital supplies of the AD773 have been sepa
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supplies (A V 00' 

AV 88). Each power supply pin should be decoupled with a 0.1 
... F capacitor located as close to the pin as possible. Additional 
0.1 ... F capacitors in parallel with the DRVoo and DDVoo 
bypass capacitors are required to adequately suppress high 
frequency noise. For optinIal performance, surface-mount 
capacitors are recommended. The induCtance associated with 
the leads of through-hole ceramic capacitors typically render 
them ineffective at higher frequencies. A cumplete system will 
also incorporate tantalum capacitors in the 10-100 ",F range to 
decouple low frequency noise and ferrite beads to limit high 
frequency noise. 

The digital supplies have additionally been separated into 
DRVoo and DVoo. The DRVoo pins provide power for the 
digital output drivers of the AD773 and are likely to contain 
high energy transients. Pin 22 should be decoupled directly to 
Pin 21 (DRGND) and Pin 7 should be decoupled directly to 
Pin 8 (DRGND) to minimize the lengtlI of the return path for 
these transients. A single + 5 V supply is all that is required for 
DRV 00 and DV 00' but decoupling DV 00 with an RC filter 
network is suggested (see Figure 27). 
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Figure 27. AD773 Evaluation Board Schematic 

Table IV. Components List 

Refuence Designator 

RZ,R4 
RS, R6, Rll-RZ2 
R7,R8 
R9 
RiO 
Cl, C3-C8, Cll, C14, C17-C21 
C2 
C9, C12, CIS 
CIO, Cl3, C16 
Ul 
U2 
U3 
U4 
US 
FBI-FB3 
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Description Quantity 

Resistor, 1%,49.90 2 
Resistor, 5%, 22 0 14 
Resistor, 5%, 390 2 
Resistor, 5%, 75 0 1 
Resistor, S%, 560 0 1 
Chip Cap, 0.1 tJ.I' 14 
Capacitor, Tantalum, iO fl.F 1 
Chip Cap, 0.01 fl.F 3 
Capacitor, Tantalum, 22 tJ.I' 3 
AD773 
ADV7122 
AD680 
AD589 
74AS04 
Ferrite Bead 

U4 
AD589 

o 
o 
o co 
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Figure 30. Ground Layer PCB Layout 
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Figure 31. Power Layer PCB Layout 
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Figure 32. Silkscreen Layer PCB Layout 
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IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic 18-Bit ADC 
Third-Order Noise Shaping 
96 dB Dynamic Range 
90 dB S/(N+DI 
16-Bit 100 kHz Output from RR Filter 
12-Bit 400 kHz Output from Comb Filter 
No Missing Codes 
<0.001 dB In-Band Ripple 

PRODUCT DESCRIPTION 
The AD776 is a 16-bit sigma-delta oversampled ADC, incorpo
rating a I-bit noise shaping modulator and third order digital 
decimating filter. An on-chip voltage reference circuit . 
included. 

The AD776 does not require the use of sam 
antialiasing filters as a result of its sj'gIIIj(ItNitJ 
output is available both before an 
Response (FIR) decimation filter. 
optimizing conversion speed or reso n: 
the Comb filter) or 16-bitllOO kHz (from the 
AD776 may be used with an input multiplexer a minim 
output sampling period of 15 ,""S in the Comb filter outpUt mode. 

The AD776 is specified for ac (or "dynamic") parameters such 
as SIN + D Ratio, THD and IMD which are important in signal 
processing and audio applications. 

The AD776 operates from a single + 5 V supply and typically 
consumes 350 mW during conversion. 

The AD776 is available in a 20-pin ceramic DIP (cerdip) or 20-
pin plastic DIP package. 

16-Bit 1 00 kSPS 
Oversampling ADC 

PIN CONFIGURATION 

AD776 

TOPV1EW 
(Not to scala) 

MHz maximum input sample rate 

12.8 MHz maximum internal clock rate 

AD776 I 

REFlN 

REFOUT 

AV •• 

TPO 

TP1 

TP2 

TP3 

DGND 

DOE 

FUNCTIONAL BLOCK DIAGRAM 

AGND DGND 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-189 

• 



AD776 --:-SPECIFICATIONS CTMIN to TMAX; AYDD, DYDD = +5 Y ± 5%, Clock"=i 12.8 MHz, FI~ filter output mode) 

Parameter 

RESOLUTION 
TEMPERATURE RANGE·' 

TOTAL HARMONIC DISTORTION (THD) 

SIGNAL'TO-NOISE DISTORTION RATIO (S/(N+D)) 
45.5 kHz Bandwidth 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
INTERMODllLATION DISTORTION (IMD) 

2nd Order Products 
3rd Order Products 

VOLTAGE REFERENCE OUTPUT (VREF) 

MAXIMUM ANALOG INPUT RANGE 
MAXIMUM INPUT SIGNAL' 
INPUT IMPEDANCE 
DC ACCURACY 

Differential Nonlinearity 
INL 
Gain Error 
Midscale Error 

DIGITAL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 

POWER SUPPLY REQUIREMENTS2 

Analog Supply Voltage (AVoo) 
Digital Supply Voltage (DVoo) 
Analog Supply Current 
Digital Supply Current 
Power Consumption 
Power Supply Rejection' 

NOTES 

Min 
16 

-40 

85 

o 

Typ 

-94 
0.002 

90 
-100 

-102 
-98 

2 

TBD 

+85 

-90 
0.003 

-92, 

2 X VREF 

±0.5 

0.001 

5.5 
AVoo 

400 

Units 

.Bits 

dB 
% 

dB 

dB 

dB 
dB 

V 

V 
V 

LSB 
LSB 
% 
% 

dB 
dB 

V 
V 
mA 
mA 
mW 
dB 

'The input signal may be centered at any choke of de offset 
'The ADn6 may be operated from a single + 5 V supply. 
'with extemaI voltage reference. 

. um AoaIog Input Range value. 

DIGITAL SPECIFICATIONS 
Parameter Test Conditiona Min Typ 
LOGIC INPUTS 

VlH High Level Input Voltage 2.0 

V'L Low Level Input Voltage -0.5 
IlH High Level Input Current VlH = Voo -10 
IlL Low Level Input Current Va = OV -10 
ILC Input Leakage Current 
en. Input Capacitance 
Iz Hi-Z Input Current for SDO 

LOGIC OUTPUTS 
VOH High Level Output Voltage IoH = 0.4mA 2.4 
VOL Low Level Output Voltage IOL = 2.0mA 

Specifications subject to change without notice. 

CAUTION 
The AD776 features input protection circuitry consisting of large "distributed" diodes and polysili
con series resistors to dissipate both high energy discharges (Hu,man Body Model) and fast, low 
energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD776 has been 
classified as a Category 1 Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or perfonilance 
degradation. Charges as high as 4000 volts readily accumulate on .the human body and test equip
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa-
tion on ESD precaution, refer to Analog Devices' ESD Prevention Manual. . 

Max Units 

Voo V 
0.8 V 
+10 I!A 
+10 I!A 
1.0 I!A 
10 pF 
10 I!A 

V 
0.5 V 

WARNING! cJ 
~~FDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change witho.ut notice. 
Analog Devices assumes no obligation regarding future. manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
AC and DC Characterized and Specified (K. B. T 

Gradesl 

14-Bit 128 kSPS 
Complete Sampling ADC 

AD779* I 
FUNCTIONAL BLOCK DIAGRAM 

128k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K. B. T Gradesl REFoUT 

Twos Complement Data Format (Bipolar Model 
Straight Binary Data Format (Unipolar Model 
10 M!l Input Impedance 
16-Bit Bus Interface (See AD679 for 8-Bit Interfacel 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD779 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 

The AD779 is specified for ac (or "dynamic") parameters such 
as SIN + D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD779K, Band T 
grades are fully specified for dc parameters which are important 
in measurement applications. 

The 14 data bits are accessed by a 16-bit bus in a single read 
operation. Data format is straight binary for unipolar mode and 
twos complement binary for bipolar mode. The input has a full
scale range of 10 V with a full power bandwidth of I MHz and 
a full linear bandwidth of 500 kHz. High input impedance 
(10 MO) allows direct connection to unbuffered sources without 
signal degradation. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging al
gorithm which includes error correction and flash converter cir
cuitry to achieve high speed and resolution. 

The AD779 operates from +5 V and ±12 V supplies and dissi
pates 560 mW (typ). Twenty-eight-pin plastic DIP, ceramic 
DIP, and 44-J-Ieaded ceramic surface mount packages are 
available. 

·Protected by U.S. Patent Numbers 4,804,960; 4,814,767; 4,833,345; 

4,250,445; 4,808,908; RE30,586. 

REV. A 

REF,~ t------+----, 

PRODUCT HIGHLIGHTS 

v~ 

DGND 

I. COMPLETE INTEGRATION: The AD779 minimizes ex
ternal component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci
fied sampling AID function unattainable with discrete de
signs. 

2. SPECIFICATIONS: The AD779K, Band T grades pro
vide fully specified and tested ac and dc parameters. The 
AD779J, A and S grades are specified and tested for ac pa
rameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor
tant in control and measurement applications. AC specifica
tions (such as SIN + D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the single cycle read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD779 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term 
reliability compared to multichip and hybrid designs. 

5. The AD779 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD779/883B data sheet for detailed 
specifications. 
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AD779 -SPECIFICATIONS 
AC SPECIFICATIONS (Tmln to T .... , Vee = +12 V ± ~%, VEE = -12 V ± 5%, VDD = +5 V ± 10%, 'SNfPLE :: 128 kSPS, 

'" fiN = 10.009 kHz unless otherwise noted)' 
AD779J/AIS AD779K1Bff 

Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATI02 

-0.5 dB Input (Referred to -0 dB Input) 78 79 80 81 dB 
- 20 dB Input (Referred to - 20 dB Input) 58 59 60 61 dB 
-60 dB Input (Referred to -60 dB Input) 18 19 20 21 dB 

TOTAL HARMONIC DISTORTION (THD)3 
@' +25"C -90 -84 -90 -84 dB 

0.003 0.006 0.003 0.006 % 
Tm;n to Tmax -88 -82 -88 -82 dB 

0.004 0.008 0.004 0.008 % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 -90 -84 dB 

FULL POWER BANDWIDTH 1 1 MHz 

FULL LINEAR BANDWIDTH 500 500 kHz 

INTERMODULATION DISTORTION (IMD)' 
2nd Order Products -90 -84 -90 -84 dB 
3rd Order Products -90 -84 -90 -84 dB 

NOTES 
'fIN amplitude = -0.5 dB (9.44 V pop) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 

'See Figure 15 for higher frequencies and other input amplitudes. 
'See Figures 13 and 14 for higher frequencies and other input amplitudes. 
"'fA = 9.08 kHz, f. = 9.58 kHz, with fSAMPLE = 128 kSPS. See Definition of Specifications section. 
Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (All device types TInin to Tma., Vee = + 12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ± 10%) 

Parameter Test Conditions Min Max 

LOGIC INPUTS 
VIH High Level Input Voltage 2.0 Voo 
VIL Low Level Input Voltage 0 0.8 
IIH High Level Input Current VIN = Voo -10 +10 
IlL Low Level Input Current VIN = OV -10 +10 
CIN Input Capacitance 10 

LOGIC OUTPUTS 
VOH High Level Output Voltage 10H = 0.1 rnA 4.0 

10H = 0.5 rnA 2.4 
VOL Low Level Output Voltage 10L = 1.6 rnA 0.4 

loz High Z Leakage Current VIN = Voo -10 +10 

Coz High Z Output Capacitance 10 

NOTES 
Specifications shown in boldface are tested on all devices at final electrical test with wont case supply voltages at T m;n' + 25'C and T _. Results from 
those tests are uSed to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 

2-192 ANALOG-TO-D/G/TAL CDNVERTERS 

Units 

V 
V 
... A 
... A 
pF 

V 
V 
V 
..,.A 
pF 

REV. A 



DC SPECIFICATIONS (Tmin to Tmax, Vee = +12 V ± 5%, VEE = -12 V ± 5%, VDD = +5 V ± 10% unless 
otherwise indicated) 

Parameter 

TEMPERATURE RANGE 
J, K Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error! (@ + 25°C) 
Bipolar Zero Error! (@ +25°C) 
Gain Error!' 2 (@ +25°C) 
Temperature Drift 

Unipolar Zero' 
J, K Grades 
A, B Grades 
S, T Grades 

Bipolar Zero' 
J, K Grades 
A, B Grades 
S, T Grades 

Gain' 
J, K Grades 
A, B Grades 
S, T Grades 

Gain4 

J, K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Mode 
Bipolar Mode 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output Voltage' 
External Load 

Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

Vex:. = + 12 V ± 5% 
VEE = -12 V ± 5% 
Voo = +5 V ± 10% 

Operating Current 
lex:. 
lEE 
100 

Power Consumption 

NOTES 
1 Adjustable to zero. See Figures 5 and 6. 
2Includes internal voltage reference error. 
'Includes internal voltage reference drift. 
4Exc1udes internal voltage reference drift. 
'With maximum external load applied. 
*% FSR = percent of full-scale range. 

Min 

0 
-40 
-55 

14 

14 

0 
-5 

4.98 

AD779J/A/S AD779K1Btr 
Typ Max Min Typ Max 

+70 0 +70 
+S5 -40 +S5 
+125 -55 +125 

14 
±2 ±I ±2 

14 
O.OS 0.05 0.07 
O.OS 0.05 0.07 
0.12 0.09 0.11 

0.04 0.04 0.05 
0.05 0.05 0.07 
0.09 0.09 0.10 

0.02 0.02 0.04 
0.04 0.04 0.06 
O.OS O.OS 0.09 

0.09 0.09 0.11 
0.10 0.10 0.16 
0.20 0.20 0.25 

0.04 0.04 0.05 
0.05 0.05 0.07 
0.09 0.09 0.10 

+10 0 +10 
+5 -5 +5 

10 10 
10 10 

1.5 1.5 
10 10 
150 150 

5.02 4.98 5.02 

+1.5 +1.5 
+0.5 +0.5 

±6 ±6 
±6 ±6 
±6 ±6 

IS 20 IS 20 
25 34 25 34 
S 12 S 12 
560 745 560 745 

AD779 

Unita 

°C 
OC 
°C 

Bits 
LSB 
Bits 
% FSR* 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

V 
V 
MO 
pF 
",s 
ns 
ps 

V 

rnA 
rnA 

LSB 
LSB 
LSB 

rnA 
rnA 
rnA 
mW 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T min, +2SoC and Tmax. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 
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A0779 
TIMING SPECIFIC"TIONS (All ~Vlce types Tml• to Tm~' Vee = +12 V ± 5%, 

" VEE - -12 V ± 5%, Voo - +5 V ± 10%) 
Parameter Symbol Min Max 
Conversion Rate! teR 7.8 
Convert Pulse Width tep 97 
Aperture Delay tAD 5 20 
Conversion Time te 6.3 
Status Delay tso 0 400 
Access Timel!. 3 tBA 10 100 

10 574 

Float Delay5 tpo 10 80 
Output Delay too 0 
OE Delay toE 20 
Read Pulse Width tRP 100 
Conversion Delay te~ 400 

NOTES 
'Includes Acquisition Time. 
'Measured from the falling edge of OElEOCEN (0.8 V) to the time at which the data IinesIEOC 
cross 2.0 V or 0.8 V. See FigUre 4. 

'CoUT = 100 pF. 
'COUT = 50 pF. 
'Measured from the rising edge of OElEOCEN (2.0 V) to the time at which the output voltage 
changes by 0.5 V. See Figure 4; COUT = 10 pF. 

Specifications shown in boldface are tested at final electrical test with worst case supply voltages 
at T min' + 2SoC, and T max' Results from those tests are used to calculate outgoing quality levels. 

All min and max specifications are guaranteed although only those in boldface are tested. 

Specifications subject to change without notice. 

SHA _..;T..;RA..;C..;K.:...,.~I~_..;HO..;L=D_---JL.-__ TRA_C_K_....,._.LI __ HO_L_D_ 

tAD"-I Ie-

EOC' 
~tSD1 tc1~-+--_ 

~I -----J/~ ... ~ CDNTENT OF _______ "-""'" r_...:...._..L-__ ..L-____ _ 

DUTPUT DATA 0 X DATA 1 
REGISTER . . I I 

'----11-----
NOTES 
'EOCEN = LOW. 
'DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 

cs -1'~1 
'----:-r--.RP----i--

0e~1 A 
~t"1 . ~t>o1 

Units 

II.S 

ns 
ns 
II.s 
ns 
ns 
ns 
ns 
ns 

' ns 
ns 
ns 

Figure 3. EOC Timing 

TEST Vep COUT 

ACCESS TIME HIGH Z TD LOGIC LOW 5 V 100 pF 
FLOAT TIME LOGIC HIGH TO HIGH Z 0 V 10 pF 
ACCESS TIME HIGH Z TO LOGIC HIGH 0 V 100 pF 
FLOAT TIME LOGIC LOW TO HIGH Z 5 V 10 pF 

DBt3-DBO ------« DATA )~. ----
Figure 4. Load Circuit for Bus Timing Specifications 

Figure 2. Output Timing 
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AD779 
ABSOLUTE MAXIMUM RATINGS· 

With 
Respect 

Specification To Min Max Units 

Vee AGND -0.3 
VEE AGND -18 
Vee VEE -0.3 
VDD DGND 0 
AGND DGND -I 

+18 
+0.3 
+26.4 
+7 
+1 

V 
V 
V 
V 
V 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi~ 
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

AIN, REFIN AGND VEE Vee V 
Digital Inputs DGND -0.5 +7 V 
Digital Outputs DGND -0.5 VDD +0.3 V 
Max Junction 

Temperature 175 °C 
Operating Temperature 

J and K Grades 0 +70 °C 
A and B Grades -40 +85 °C 
S and T Grades -55 +125 °C 

Storage Temperature -65 +150 °C 
Lead Temperature 

(10 sec max) +300 °C 

ESD SENSITIVITY 
The AD779 features input protection circuitry conslstmg of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL·STD·883C, the AD779 
has been classified as a Category I device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip· 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

ORDERING GUIDE' 

Temperature Tested and 
Model' Package Range Specified 

AD779JN 28·Pin Plastic DIP o to +70°C AC 
AD779KN 28·Pin Plastic DIP o to +70°C AC+ DC 
AD779JD 28·Pin Ceramic DIP o to +70°C AC 
AD779KD 28·Pin Ceramic DIP o to +70°C AC + DC 
AD779AD 28·Pin Ceramic DIP -40°C to +85°C AC 
AD779BD 28·Pin Ceramic DIP -40°C to +85°C AC + DC 
AD779AJ 44·Lead Ceramic JLCC -40°C to +85°C AC 
AD779BJ 44·Lead Ceramic JLCC -40°C to +85°C AC + DC 
AD779SD 28·Pin Ceramic DIP - 55°C to + 125°C AC 
AD779TD 28·Pin Ceramic DIP -55°C to +125°C AC + DC 
AD779SJ 44·Lead Ceramic JLCC - 55°C to + 125°C AC 
AD779TJ 44·Lead Ceramic JLCC -55°C to +125°C AC + DC 

NOTES 
'For two cycle read (8+ 16 bits) interface to 8·bit buses, see AD679. 

WARNING! ~ 

~~EDEVICE 

Package 
Option3 

N·28A 
N·28A 
D·28A 
D·28A 
D·28A 
D·28A 
J·44 
J44 
D·28A 
D·28A 
J·44 
J·44 

'For details on grade and package offerings screened in accordance witb MIL·STD·883, 
refer to tbe Analog Devices Military Products Databook or current AD779/883B data sbeet. 

REV. A 

3D = Ceramic DIP; J = J·Leaded Ceramic; N = Plastic DIP. For outline infonnation see Package 
Information section. 

ANALOG·TO·DIGITAL CONVERTERS 2-195 

• 



AD779 
AD779 PIN DESCRIPTION 

28-Pin DIP 

Symbol Pin No. 

AGND 7 

AIN 6 

BIPOFF 10 

CS 12 

DGND 14 

DB 13-DBO 28-15 

EOC 2 

EOCEN 13 

OE 3 

REFJN 9 

REFoUT 8 

SC 4 

Vee 11 

VEE 5 

VDD 1 

Type: AI = Analog Input. 
AO = Analog Output. 
DI = Digital Input. 

44-Lead JLCC 

Pin No. 

11 

10 

15 

19 

23 

43,42,40,39,37, 
36, 35, 34, 33, 31, 
30, 27, 26, 25 

3 

21 

5 

14 

12 

6 

17 

8 

1 

Type 

P 

AI 

AI 

DI 

P 

DO 

DO 

DI 

DI 

AI 

AO 

DI 

P 

P 

P 

DO = Digital Output. All DO pins are three-state drivers. 
P = Power. 

Name and Function 

Analog Ground. This is the ground return for AIN only. 

Analog Signal Input. 

Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight 
binary output coding. Connect to REFoUT for ±5 V input bipolar mode 
and twos-complement binary output coding. 

Chip Select. Active LOW. 

Digital Ground 

Data Bits. These pins provide all 14 bits in one 14 bit parallel output. 
Active HIGH 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH 
when the conversion is finished. EOC is a three-state output. See EOCEN 
pin for information on EOC gating. 

End-of-Convert Enable. Enables EOC pin. Active LOW. 

Output Enable. A down-going transition on OE enables data bits. Active LOW. 

Reference Input. + 5 V input gives 10 V full scale range. 

+5 V Reference Output. Tied to REF'N for normal operation. 

Start Convert. Active LOW. 

+ 12 V Analog Power. 

-12 V Analog Power. 

+5 V Digital Power. 

PIN CONFIGURATIONS 

BIPOfF 

Vee 

EOCEN 

DGND 

DIP Package 
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NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a converter is that input frequency which is one
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO 
SIN + D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full
scale input signal. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at rwo frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, 1,2,3 ... Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb) and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa -
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a O-dB input signal. 

BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 
At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis
tortion of the sampled input signal increases significantly. 

The AD779 has been designed to optimize input bandwidth, 
allowing it to undersample input signals with frequencies signifi
cantly above the converter's Nyquist frequency. 

APERTURE DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. 
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Definition of Specifications - AD779 
APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 

INPUT SETTLING TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are 1 LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn berween "zero" and "full scale." The point used as 
"zero" occurs 112 LSB before the first code transition. "Full 
scale" is defmed as a level I 112 LSB beyond the last code tran
sition. Integral nonlinearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is mea
sured from the middle of that code. 

Note that the linearity error is not user adjustable. 

POWER SUPPLY REJECTION 
Variations in power supply will affect the full-scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power supply voltage from the nominal value. 

TEMPERATURE DRIFT 
This is the maximum change in the parameter from the initial 
value (@+2S0C) to the value at Tmin or Tmax. 

UNIPOLAR ZERO ERROR 
In unipolar mode, the first transition should occur at a level 
112 LSB above analog ground. Unipolar zero error is the devia
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (11 1111 1111 
1111 to 00 0000 0000 0000 ) should occur at an analog value 112 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 

GAIN ERROR 
The last transition should occur at an analog value I 112 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±S V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 
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AD779 
CONVERSION CONTROL 
Before a conversion is started, End-of-Convert(EOC) is HIGH 
and the sample-hold is in track mode. A conversion' is started by 
bringing SC LOW, regardless of the state of CS. 

After a conversion is started, the sample-hold goes into hold 
mode and EOC goes LOW, signifying that a conversion is in 
progress. During the conversion, the sample-hold will go back 
into track mode and start acquiring the next sample. 

In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 fLS maximum. The acquisition time does not affect the 
throughput rate as the AD779 goes back into track mode more, 
than 2 fLS before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 

When EOC goes HIGH, the conversion is completed and the 
output data may be read. Bringing OE LOW makes the output 
register contents available on the output data bits (DBI3-DBO). 
A period of time te~ is required after OE is brought HIGH be
fore the next SC instruction is issued. 

If SC is held LOW, conversion accuracy ma:y deteriorate. For 
this reason, SC should not be held low in any attempt to operate 
in a continuously converting mode. 

END-OF·CONVERT 
End-of-Convert (EOC) is a three-state output which is enabled 
by End-of-Convert Enable EOCEN. 

CONVERSION TRUTH TABLE 

OUTPUT ENABLE OPERATION 
The data bits (DBI3-DBO) are three-state outputs that are en
abled by Chip Select (CS) and Output Enable (OE). CS should 
be LOW tOE before OE is brought LOW. The output is read in 
a single cycle as a 14-bit word. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFouT), 
output coding is twos complement binary. 

POWER·UP 
The AD779 typically requires 10 fLS after power-up to reset in
ternallogic. 

14-BIT MODE CODING FORMAT (1 LSB = 0.61 mY) 

Unipolar Coding Bipolar Coding 
(Straight Binary) (Twos Complement) 

VIN Output Code VIN Output Code 

0.00000 V 000 ... 0 -5.00000 V 100 ... 0 
5.00000 V 100 ... 0 -0.00061 V III ... I 
9.99939 V 111 ... I 0.00000 V 000 ... 0 

+2.50000 V 010 ... 0 
+4.99939 V Oll ... I 

INPUTS OUTPUTS 

Mode se 

Start Conversion 1 
t 
0 

Conversion Status X 
X 
X 

Data Access X 
X 
X 

NOTES 
I = HIGH voltage level. 
o = LOW voltage level. 
X = Don't care. 

EOeEN 

X 
X 
X 

0 
0 
I 

X 
X 
X 

es OE EOe 

X X 
X X 
X X 

X X 0 
X X 1 
X X HighZ 

X 1 
1 X 
0 0 

t. = HIGH to LOW transition. Must stay LOW for t = tc.. 
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DB13 •.. DBO Status 

No Conversion 
Start Conversion 
Continuous Conversion (Not Recommended) 

Converting 
Not Converting 
Either 

HighZ Three-State 
HighZ Three-State 
MSB ... LSB Data Out 
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INPUT CONNECTIONS AND CALIBRATION 
The high (10 MO) input impedance of the AD779 eases the 
task of interfacing to high source impedances or multiplexer 
channel-to-channel mismatches of up to 300 O. The 10 V POp 
full scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. 

The AD779 is factory trimmed to minimize offset, gain and lin
earity errors. In unipolar mode, the only external component 
that is required is a 50 0 ± 1 % resistor. Two resistors are re
quired in bipolar mode. If offset and gain are not critical, 
even these components can be eliminated. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 

BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure S. In 
this mode, data output coding will be twos complement binary. 
This circuit will allow approximately ±2S mV of offset trim 
range (±40 LSB) and ±O.S% of gain trim range (±80 LSB). 

0-----------\ AIN 
:t5 V INPUT 

GAIN 
AOJUST 

OFFSET 
ADJUST 

AD779 

..... ----1 REF OUT 

L-__ --I BIPOFF 

AGND 

Figure 5. Bipolar Input Connections with Gain and 
Offset Trims 

Either or both of the trim pots can be replaced with 50 0 ± 1 % 
fixed resistors if the AD779 accuracy limits are sufficient for the 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 80 LSB. 

To trim bipolar zero to its nominal value, apply a signal 112 LSB 
below midrange (-0.305 mV for a ±S V range) and adjust Rl 
until the major carry transition is located (11 1111 1111 1111 to 
00000000000000). To trim the gain, apply a signal 1 112 LSB 
below full scale (+4.9991 V for a ±S V range) and adjust R2 to 
give the last positive transition (01 1111 1111 1110 to 01 1111 
1111 1111). These trims are interactive so several iterations may 
be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
112 LSB above minus full scale (-4.9997 V for a ±S V range) 
and adjust Rl until the minus full scale transition is located 
(l0 0000 0000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 
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Application Information-AD779 
UNIPOLAR RANGE INPUTS 
Offset and gain errors can be trimmed out by using the configu
ration shown in Figure 6. This circuit allows approximately 
±2S mV of offset trim range (±40 LSB) and ±O.S% of gain 
trim range (±80 LSB). 

o---------~ AIN 

OT010 VINPUT 

.------1 REF OUT 

GAIN 
ADJUST 

+12 V 

200 II 

AD779 

AGND 

Figure 6. Unipolar Input Connections with Gain and 
Offset Trims 

The first transition (from 00 0000 0000 0000 to 00 0000 0000 
0001) should nominally occur for an input level of + 112 LSB 
(0.305 mV above ground for a 10 V range). To trim unipolar 
zero to this nominal value, apply a 0.305 mV signal to AIN and 
adjust Rl until the first transition is located. 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 112 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 
(11 1111 1111 1110 to 11 1111 1111 llll). 

If offset adjustment is not required, BIPOFF should be con
nected directly to AGND. If gain adjustment is not required, 
R2 should be replaced with a fixed 50 0 ± 1 % metal film resis
tor. If REFouT is connected directly to REF'N' the additional 
gain error will be approximately 1 %. . 

REFERENCE DECOUPLING 
It is recommended that a 10 I1F tantalum capacitor be con
nected between REF'N (pin 9) and ground. This has the effect 
of improving the SIN + D ratio through filtering possible broad
band noise contributions from the voltage reference. 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 0 trace will develop a voltage 
drop of 0.6 mY, which is 1 LSB at the 14-bit level for a 10 V 
full scale span. In addition to ground drops, inductive and ca
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 
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AD779 
The AD779 incorporates several features to help the user's lay
out. Analog pins (VEE' AIN, AGND, REFOUT> REFIN, BI
PO FF , Vee) are adjacent to help isolate analog from digital 
signals. In addition, the 10 M!l input impedance of AIN mini
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit design. Current through 
AGND is 200 .,.A, with no code dependent variation. The cur
rent through DGND is dominated by the return current for 
DBl3-DBO and EOC. 

SUPPLY DECOUPLING 
The AD779 power sJlPplies should be well flltered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used as close as possible to all 
power supply pins. A 10 .,.F tantalum capacitor in parallel with 
a 0.1 .,.F ceramic capacitor provides adequate decoupling. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD779, associated analog input circuitry and interconnec
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD779 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con
struction is preferred. 

GROUNDING 
If a single AD779 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD779. If multiple AD779s are used or the AD779 shares ana
log supplies with other components, connect the analog and dig
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana
log system. 

USE OF EXTERNAL VOLTAGE REFERENCE 
The AD779 features an on-chip voltage reference. For improved 
gain accuracy over temperature, a high performance external 
voltage reference may be used in place of the on-chip reference. 

The AD586 and AD588 are popular references appropriate for 
use with high resolution converters. The AD586 is a low cost 
reference which utilizes a buried Zener architecture to provide 
low noise and drift. The AD588 is a higher performance refer
ence which uses a proprietary ion-implanted buried Zener diode 
in conjunction with laser-trimmed thin-film resistors for low off
set and low drift. 

Figure 7 shows the use of the AD586 with the AD779 in a bipo
lar input mode. Over the 0 to +70°C range, the AD586 L-grade 
exhibits less than a 2.25 mV output change from its initial value 
at 25°C. REFIN (Pin 9) scales its input by a factor of two; thus, 
this change becomes effectively 4.5 mY. When applied to the 
AD779, this results in a total gain drift of 0.09% FSR which is 
an inIprovement over the on-chip reference performance of 
0.11% FSR. A noise-reduction capacitor, CN, has been shown. 
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This capacitor reduces the broadband noise of the AD586 out
put, thereby optimizing the overall ac and dc performance of the 
AD779. 

+12V 

GAIN 
ADJUST 

1000 

AGND 

+ 
AGND 

Figure 7. Bipolar Input with Gain and Offset Trims 

Figure 8 shows the AD779 in unipolar input mode with the 
AD588 reference. The AD588 output is accurate to 0.65 mV 
from its value at 25°C over the 0 to 70°C range. This results in a 
0.06% FSR total gain drift for the AD779, which is a substantial 
inIprovement over the on-chip reference performance of 0.11 % 
FSR. A noise-reduction network on Pins 4, 6 and 7 has been 
shown. The I .,.F capacitors form low pass fllters with the inter
nal resistance of the AD588 Zener and amplifier cells and exter
nal resistance. This reduces the high frequency noise of the 
AD588, providing optimum ac and dc performance of the 
AD779. 

+12V 
39k0 3.9kO 

l00kO 100kO 
OFFSET ~-,.,... .... -t 

ADJUST 

2000 
-12V 

REF IN 

AGND 

AD779 

BIPOFF 

Figure 8. Unipolar Input with Gain and Offset Trims 

INTERFACING THE AD779 TO MICROPROCESSORS 
The 1/0 capabilities of the AD779 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 

The following examples illustrate typical AD779 interface 
configurations. 

REV. A 



AD779 TO TMS32OC25 
In Figure 9 the AD779 is mapped into the TMS320C25 110 
space. AD779 conversions are initiated by issuing an OUT in
struction to Port I. EOC status and the conversion result are 
read in with an IN instruction to Port I. A single wait state is 
inserted by generating the processor READY input from IS, 
Port I and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD779 
read instruction. 

A21------I 
AI 1------1 
AO A 

74f138 

STRB 1------IG28 

TMS320C25 

I------IGI 
1---.......,-tG2A Vo 

PORT 
ONE 

014/-----------------1 
DD-D13 

'4 

Figure 9. AD779 to TMS320C25 Interface 

AD779 TO 80186 

AD779 

Figure 10 shows the AD779 interfaced to the 80186 micropro
cessor. This interface allows the 80186's built-in DMA control
ler to transfer the AD779 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

80186 

L==::]!OA!!T!:A !i8ul§s==~ 00-013 

sc 
EXTERNAL TRIGGER ---------' 

Figure 10. AD779 to 80186 DMA Interface 

AD779 TO Z80 
The AD779 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure II illustrates an I/O con
figuration, where the AD779 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 
A useful feature of the Z80 is that a single wait state is automat
ically inserted during I/O operations, allowing the AD779 to be 
used with Z80 processors having clock speeds up to 8 MHz. 
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AD779 
The AD779 is asynchronous which allows conversions to be ini
tiated by an external trigger source independent of the micro
processor clock. After each conversion, the AD779 EOC signal 
generates a DMA request to Channel I (DRQI). The subse
quent DMA READ resets the interrupt latch. The system de
signer must assign a sufficient priority to the DMA channel to 
ensure that the DMA request will be serviced before the com
pletion of the next conversion. This configuration can be used 
with 6 MHz and 8 MHz 80186 processors . 

iNA 
~ 1--~-------1~ 

lORa 1----, 
AD779 

A1-A7 

Z80 

DO-D13 k-___ --=0;;.AT:;cAc.::8.:;US=--__ ..... ,...I 00-0'3 

EOC 

Figure 11. AD779 to Z80 Interface 

AD779 TO ANALOG DEVICES ADSP-2100A 
Figure 12 demonstrates the AD779 interfaced to an ADSP-
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD779 data memory interface with two wait states. 

The converter runs asychronously using a sampling clock. The 
EOC output to the AD779 gets asserted at the end of each con
version and causes an interrupt. Upon interrupt, the ADSP-
2100A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latch, is used to force the ADSP-
2100A into a one cycle wait state by generating DMACK. The 
read operation is thus started and completed within two proces
sor cycles (160 ns). 

RD~------oCr-----~roc 

DMD 15-1 DATA BUS 
D13-0 

Figure 12. AD779 to ADSP-2100A Interface 
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'SAMPLE '" 128 kSPS 
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Figure 13. Harmonic Distortion vs. Input Frequency 
(-0.5 dB Input) 
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Figure 15. SI(N+D) vs. Input Frequency and Amplitude 
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Figure 14. Total Harmonic Distortion vs. Input Frequency 
and Amplitude 
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Figure 16. 5-Plot Averaged 2048-Point FFT at 128 kSPS, 
f,N = 10,009 kHz 
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Figure 18. Power Supply Rejection (f'N = 10 kHz, 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Nonlinearity: 

Integral: :i: 0.001% 
Differential: :i: 0.00035% 

Microcomputer-Based Design 
Programmable Integration Time: 1 to 350ms 

with Resolution from 7 to 18 Bits 
Programmable Output Dete Format 
Auto-Zeroed Operation and Electronic Calibration 

(No External Trim Potentiometers) 
Microproceaaor Compatible Interface 

High Throughput: Over 50 ConversionslSecond 
for Line Cycle Integration Period 

High Normal Mode Rejection: 54dB at 60Hz 
Small Size: 1.24" x 2.5" x 0.55" max 

APPLICATIONS 
Dete Acquisition Systems 
Scientific Instruments 
Medical Instruments 
Weighing Systems 
Automatic Test Equipment 

GENERAL DESCRIPTION 
The AD1l70 is a high resolution integrating AID converter 
intended for applications requiring high accuracy and high 
throughput at low cost. A novel conversion architecture provides 
the user with outstanding accuracy, stability and ease of use. 

The ADl170 is a complete microcomputer-based measurement 
subsystem, composed of three major elements: a highly precise 
charge balancing converter, a single chip microcomputer, and a 
custom CMOS controller chip. The ADIl70 offers independently 
programmable integration time (from one millisecond to 350 
milliseconds) and data format (offset binary or two's complement, 
from 7 to 22 bits). The converter is fully auto-zeroed and exhibits 
a span drift of only 9ppmrC, assuring stable, accurate readings. 

The ADIl70 may be interfaced to any microcomputer based 
system in a memory mapped or 110 mapped fashion via an 8-bit 
data bus. The AD1l70's advanced features are controlled by 
simple commands sent to it via this bus. 

The converter utilizes surface mount technology and is housed 
in a small 1.24" x 2.5" x 0.55" package. It operates from ± 15V dc 
and + 5V de power. 
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High Resolution, Programmable 
Integrating AID Converter 

ADl170 I 
FUNCTIONAL BLOCK DIAGRAM 

LEAVE NlC PINS UNCONNECTED 

PRODUCT HIGHLIGHTS 
1. The AD1l70, unlike dual slope converters, offers the user 

the capability of programming the integration time by selecting 
one of seven preset integration periods or by loading an 
arbitrary integration period over the interface bus. 

2. The ADIl70 architecture provides for user programmable 
data format independent of the integration time. All data is 
computed to 22-bit resolution and the user may specify any 
resolution from 7 to 22 bits. Usable resolution will typically 
be limited to 18-bits due to measurement and calibration 
noise error. 

3. Electronic digital calibration eliminates the need for trim 
potentiometers. Calibration can be performed at any time by 
applying an external reference voltage to the input and invoking 
a calibration command. The calibration data is stored in an 
internal nonvolatile memory chip. 

4. Internal calibration cycles may be programmed to occur 
whenever the converter is idle, assuring negligible offset drift 
and only 9ppmrC span drift. 

5. The conversion rate is greater than 50 conversions per second 
when programmed for 60Hz line cycle integration. The 
maximum conversion rate is greater than 250 conversions per 
second, using a one millisecond integration period. 
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ADl170 -SPECIFICATIONS (typical @ +25°C, Vs = +15V, Vu = +5V unless otherwise. specified.) 

Model 

RESOLUTION' 

ACCURACY 
Iu Nonlinearity' 

THROUGHPUT RATE' 
Time (lutegrate) = 1m. 
Tune (Integrate) = 16.667m. 
Time(luteJll'llte)= lOOms 

DIFFERENTIAL NONLINEARITY 
T (int) @ T(eal) 
1m. IOms 
16.667ms 100m. 
300m. 300ms 

STABILITY 
Span 

POWER SUPPLY REJECTION RATIO 
(Span Error VB. Analog 

SupplyVolrsge) 

INPUT CHARACTERISTICS 
Analog Iuput Raqe 

de 
de Plus Normsl-Mode Voltsge 
Absolute Maximum 

(Without Dsmsge) 
Normal-Mode Rejection 

@6OHz 
@50Hz 

[nputBiasCurrent 
Input Impedance 

REFERENCE 
OutputVolrsge 
Output Current 
InputRsoge 

DIGITAL LEVELS 
Inputs 

Low 
High 

Outputs 
Low(@4mA) 
Higb(@IOOIlA) 

WARMUP TIME 
to 60ppm SPAN 
to2OppmSPAN 

POWER REQUIREMENTS 
+Vsand -Vs 
+Vo 
Supply Current Drain 

@%15V 
@+5V 

MiD 

250 
50 
9 

-5 
-6 

-30 

4.5 

2.0 

2.4 

9 
4.75 

Typ 

+0.001 

%0.01 
%0.0008 
%0.00035 

%9 

60 

54 
60 
10 
100 

5 
15 

15 
5 

12 
llO 

Mu 

18 

+5 
+6 

+30 

5.5 

0.8 

0.45 

18 
5.25 

VailS 

Bits 

CODv/S 
CODv/S 
convlS 

% SPAN 
% SPAN 
% SPAN 

ppmSPANI"C 

ppm ofReadingIV 

v 
V 

V 

dB 
dB 
nA 
MO 

Vdc 
mA 
Vde 

V 
V 

V 
V 

min 
min 

V 
V 

mA 
mA 

TEMPERATURE RANGE 
Rated Performance 
Storsge 

0 +70 OC 
-25 +85 OC 

SIZE 1.24" x 2.5" x 0.55"max(31.4 x 63.5 x 14.0)mm 

NOTES 
IThe usable resolution is limiled by noise. which islarJdy determined by the intq:ral:ion period 
and calibration period. Consult the chart in Figure 4 for tYpical pcak.ta.peak noise versus 
iluesracion and calibration period. 

lThe inte,rallinearity is defmed as thedeviatioD (rom. scraigln Iinc drawn between the 
endpoints of the convener. This specificadon is independent of gain and/orofl'stt errors. 

~ro\llhput RateiscaJcul.ted by the formula: T(int) + l:iUiscamds - minimumconversionslsecond 

Where T(ine) isopresseciin Dumberofmil1iseconds. 
Specifications subject tochansc witbout Dotkc. 

IBM PCIXTIAT" camparibl. "",lruition hoard: AC5004 (see last 
page of this data sheet for description). 

*IBM PClXT/AT is a tndemuk of Jateraarional Business Machines Corp. 

OUTLINE DIMENSIONS 
Dimensicins sbown in inches and (mm). 

114.01 o .. 02010.025 r-~ MAX 10.05/0.061 

•• ,"~_ SOUARELEADS ==t 
.-- 0.018 = 0.001 

I f0.48:t:o.oll 

Ii== 1.24 f31.4IMAX ==11 

:-U~~ l 

11.01 (10.21 

2.' 
(63.5) 
MAX 

....... Xo 
L 4T" 
'.,J;- :,1,,1;, Ij~o~,..j 

11.0) GRID 4PLAC£S 

BOnOMVIEW 

CAUTION: OBSERVE PROPER PLUG-IN POLARITV TO 
PREVENT DAMAGE TO CONVERTER 

PIN DESCRIPTIONS 

PIN SIGNAL DESCIUPTION 

2,' 

10 

11 

12 

14 ,. 
17 ,. 
,. 
20 

21 

23 .. 

+5V DigitelPowerSupply 

AddressCo\'ltrol Lines 
Read Data Strobe 

Write DataStrobe 
Chi Select 

BUSY When Low. Indicates Device Busv 
When High, Indicates Device ReadyforCommand 

DTARDY When High,lnc:NcatesThatData From Most Recent 
Conversion Command is Reedy 

INT When High, Indicates Device is Currently Integrating 
Input Signal. Goes Lowto IndlcatelntegratlonComplete 

ELS External Line Sample Input. Usedwith ELSCommand 
to Sen .. an Externally Provided Sanlple of the Une Frequency 

PWR UP When High, Indicates PowerUplnltillllzation 
InProg ..... 

-1SV NegativeAnalogPowerSupply 

+1SV Positive Analog Power Supply 
ANA COM Analog Common: theReferencePointforAnalog 

PowerSuppl1ee 

+IN Po.itiveSlgnallnput 
-IN NegativeSJgnalinput 

OUT Internal +5V RaferenceOUtput 
REF IN Reference Input: Normally Connected to Ref Out 

DlOCOM Dighal Common; theRefentncePointforthe 
Di ital PowerSu 

29 ExtemelConvertCommandlnput 
30 RESET Reeetinput; UsuallyConnectedtoanRC Network 

for Automatic ReHt:Upon PowerUp 

31,32 ALOUT, Connectionsfor12MHzCrystal'SerlesRnonent. 
XTALIN IOU ESR). Alternatively. Xt8llnMaySeDriven 

From an Extemal12MHz Logic SIgnal 

33-40 7-D0 Bidirectional Date Bus 

8.9.13, 
15.22.24 DO NOT CONNECT 
",27 
28 
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FACTORY DEFAULT SETTINGS 
The AD1170's internal nonvolatile memory stores various AID 
parameters as programmed by the user (such as the integration 
period, output data format, calibration coefticicnt, etc.). The 
AD 1170 is calibrated at the factory with the following default 
settings: 

FORMAT: 16-bit, offset binary 
DEFAULT T(int): 16.667 milliseconds 
(code 2) 
DEFAULT T(cal): 100 mjlliseconds 
(code 4) 

AD1170 ARCIDTECTURAL OVERVIEW 
The AD1170 is a complete microcomputer-based measurement 
subsystem, containing three major elements: a highly precise 
charge balancing converter, a single chip microcomputer, and a 
custom CMOS controller chip. 

The heart of the measurement technique is the charge balancing 
converter (essentially a Voltage to frequency converter). This 
convener measures the input sigual by balancing a proportional 
current apinst a train of precisely controlled reference current 
puIaes using an integrator. The microprocessor, together with 
the counting and gating circuitry within the CMOS controller 
chip, measures the period of the reference current puIaes by 
interpolating them using a 12MHz clock sigual. The resulting 

~ ~r------
_ r--.... ,-I 1--""-1 
cs~ I I r 
___ :j ... j4- -I 'A. r,: 

AO.Al X I I X---
to.v"; t-- ..; '" r 

DO-Il7 ----~( )~---

READ CYClE TIMING REQUIREMENTS 

PARAMETER DESCRIPTION MIN TVP MAX UNITS 

'" RD Pulse Width 150 
te,,,- Chip Select to RD Low 0 .... Chip Select Hold Time 

'AS Address Setup Time 10 

' .. Address Hold Time 0 ns toAv Data Valid Time 100 no 
",. Data Hold Time 80 

ADl170 
data is converted to binary representation by the use of floating 
point firmware routines within the microprocessor. 

When the AD1170 is triggered to perform a conversion, two 
separate phases are performed: first, an integration phase, where 
the input sigual is actually measured, and then a computation 
phase, where the data from the integration phase is processed, 
along with both the volatile and nonvolatile calibration data, and 
formatted for output as the user desires. 

The duration of the integration phase can be programmed by 
the user, and may be as short as one millisecond, or as long as 
350 milliseconds. The computation phase always lasts approxi
mately three milliseconds and commences immediately after the 
integration phase is over. Therefore, the total conversion time 
will equal the user programmed integrate time plus a fixed 3 
milliseconds. Status siguals are provided to indicate when the 
data is ready and when the converter may be retriggered for the 
next conversion. 

For maximum stability, the AD 1170 periodically calibrates itself 
by performing measurements upon a zero input sigual and a 
full-scale sigual provided by the internal reference. This technique 
cancels any drift within the charge balancing convener itself, 
resulting in neglisible offset drift, and gain stability equal to 
that of the reference. Calibration cycles may be programmed to 
take place whenever the AD1l70 is idle, or they may be invoked 
under system control. 

___ 1-· ... ---11..--------

WR } lr-_ r-~w'l teH8~ __ 

cs ~ ~ 
___ :j ... j4- -I '" r,: 

AO,Al X to. ~ 
r,::to.j 

00·07 ----~~'-__ ___J)}----
WRITECVCLETIMING REQUIREMENTS 

PARAMETER DESCRIPTION MIN TYP MAX UNITS .... WRPulaeWldth 0.10 20 .... 
....... ChlpSelactto Willow .... Chip Select HoIdnme ... AdcIreasSatupTima 10 

t •• Addreu Hold Time 0 

to. Data SetuP Time 80 

to. DeteHoldTima 20 

Figure 1. Timing Diagrams and Requirements 

REV. A ANALOG-TO-DIGITAL CONVERTERS 2-205 



ADl170 
The AD1l70 contains no internal trims; its span accuracy is 
factory calibrated by using the ECAL (Electronic CAlibration) 
feature. This feature is a firmware routine which measures an 
externally applied reference voltage, compares it to the internal 
reference voltage, and computes a spall cOrrection factor which 
is stored in nonvolatile melnory. The correction factor is then 
applied to all subsequent measuri:ments, thereby compensating 
for the reference error. ,The ECAL function may be invoked by 
the uSer at any time, thereby replacing the usual trim potentiometer 
with a totally electronic calibration capability. ' 

UNDERSTANDING THE AD1l70 SPECIFICATIONS 
The AD1l70, because of its unique conversion technique, is 
specified quite differently from more conventiopal integratiug 
converters. The following sections will help the ,user to understand 
where the sources of error are, and how to extract the best 
possible performance from the converter. 

There are two primary sourceS of error in the AD1l70: integral 
nonlinearity of the charge balancing converter, which influences 
all conversions equally, regardless of the integration period and 
calibration period; and the noise error of the measurement/cali
bration process, which is a function of the integration period 
and calibration period as selected by the user. 

INTEGRAL NONLINEARITV 
The integral nonlinearity of the charge, balancing converter 
(CBC) is ± IOppm (± 0.001%) of Span. This specification is an 
"endpoint" nonlinearity measurement; i.e." the typical deviation 
seen from a straight line drawn between the CBC output at - 5 
volts and its output at + 5 volts. This specification excludes any 
gain or offset error. 

If the converter was externally calibrated at its end points ( - 5 
volts and + 5 volts), then the integral nonlinearity would also be 
the relative accuracy of the converter. This is not the case in the 
AD 1170, however, because calibration is performed internally at 
o and + 5 volts, rather than - 5 and + 5 volts. This calibration 
technique, superimposed upon the integral nonlinearity of the 
CBC, results in the curve Shown in Figure 2. 

ERROR 

-$ VOLTS 
~ ______ +5 VOLTS 

INTEGRAL 
NONLINEARITY 

Figure 2. Relative Accuracy and Integral Nonlinearity 
when Calibrated 

Tical) = 1ms 10ms 16.7ms 20ms 

Tlintj= 1ms 115 115 114 

10ms 16 

16.7ms 

20ms 

100ms 

166.7ms 

300ms 

As shown iii the diagram, the calibration technique tends to 
exaggerate the relative error at the negative end .of the scale, and 
reduce the error between 0 and .+ 5 volts. This characteristic 
happens to be most beneficial when using the AD1l70 in systems 
where the input comes from a sensor whose signal is mostly 
positive, such as a thermocouple. 

For systems where the user desires to minimize the relative 
error equally across the whole sPan of the converter, it is possible 
to intentionally introduce a span error during the ECAL procedure, 
as shown in Figure 3. This scheme sacrifices positive full-scale 
accuracy in order to mininiize 'negative full scale error. The net 
result is a relative accuacy equal to the integral nonlinearity. 

ERROR 

-5 VOLTS +5 VOLTS. 

t INTEGRAL -P" 

NONLINEARITY • /: w· ._ .. ___ ...... _____ ...... _ ... ____ •••. _. _____ • _:- __ ., _ • __ • ___ • 

INTENTIONALMISCAUBRATION 
EQUALIZES ERROR AT BOTH 
ENDS OF SCALE . 

Figure 3. Relative Accuracy with Intentional Span Error at 
+F.S. 

In both cases the accuracy of the input offset (which is servo 
controlled) is not compromjsed. 

MEASUREMENT/CALIBRATION NOISE 
Measurement noise refers to the conversion-to-conversion uncer
tainty caused either by mathematical truncation or device noise. 

Calibration noise is actually the measuri:ment noise resultiug 
from the calibration process. The COJ!,verter stabilizes itself by 
performing internal measurements of the reference, and of ground; 
these measurements have the same uncertainty due to noise as 
does the normal measuri:ment process. 

The measurement and calibration noise error of the AD1170 
determines the differential linearity , or useable resolution, of the 
converter. This parameter determines the usable resolution 
because it defines what codes can be seen through the noise. 
The specified value is the amount of error, in either direction 
from the average reading, which will not be exceeded for 95% 
of all conversions. This parameter, as in all integratiug converters, 
is a function of the integration time; long conversions result in 
very high resolution, while short conversions proVide lower 
resolution. In the AD1170, all internal computations are always 
carried out to 22-bit resolution, but useable resolution is limited 
by the peak-to-peak noise, as detemiined by T(cal) and T(int). 

The chart Shown in Figure 4, illustrates the typical peak-ta-peak 
noise (in ppm Span) versus T(int) and T(cal). These numbers 
can be used to indicate how much useable resolution can be 

CAL 
100ms 166.7ms 300ms DISABLED UNITS 

113 112 111 110 ±ppmofSPAN 

13 13 13 12 

8 8 8 8 

7 7 

3.5 3.5 

3.5 3.5 

3.5 3.5 

Figure 4. Typical Peak-ta-Peak Noise (in ppm Span) Versus T(int) and T(cal) 

2-206 ANALOG-TO-OIGITAL CONVERTERS REV. A 



expected under a given set of operating conditions. For example, 
a peak-to-peak noise of ± 8ppm is approximately analogous to a 
flicker of ± 0.5 LSB at 16 bits of resolution. Under these conditions, 
a user could set the default format for the AD1170 to 16-bit 
resolution, and observe no more than ± 1I2LSB of differential 
error. See Table I for conversion of typical peak-to-peak noise 
to Differential Nonlinearity and Useable Resolution. 

The chart in Figure 4 may also be used to determine the minimum 
effective calibration time for a specified integration period; the 
noise contributions of both the measurement cycle and the 
calibration cycle combine as the "root sum square", and the 
combined effect tends to asymptotically approach a baseline 
value determined by the shorter of the two. For example, a 
T(cal) greater than 10 milliseconds does little or nothing to 
improve the noise performance for conversions using a T(int) of 
I millisecond. 

RESOLUTION RESOLUTION 
ATll2LSB ATILSB DIFFERENTIAL 

NOISE DNLERROR DNLERROR NONLINEARITY 
(ppm Span) (NO. OF BlTS) (NO. OF BlTS) (%Span) 

244 11 12 0.024 
122 12 13 0.012 
61 13 14 0.006 
31 14 15 0.003 
15 15 16 0.0015 
8 16 17 0.00076 
4 17 18 0.00038 
2 18 19 0.00019 

Table I. Conversion of Noise Error to DNL and Usable 
Resolution 

SIGNAL INPUT CONNECTIONS 
The AD1170 has both a positive input pin ( + IN) as well as a 
negative input pin ( - IN), but the AD 1170 input is not a true 
differential input. The negative input pin is an input used during 
calibration cycles to establish the zero reference. In applications 
with static ground offsets, the - IN pin may be used as a ground 
sense input, to sense a signal reference point which is offset 
from analog common by a small differential. Both the - IN and 
+ IN signals must have a bias current path back to analog com
mon. Figure 5 illustrates the proper use of the input signal 
connections. 

+ INPUT o---..... rm 

-INPUT q,,---....,rm 
+ 15 VOLTS o-~....-l_rm 

-15 VOLTS 0--4-+..( 

+5 VOLTS 0--,<0--1-<,( 

ADI170 

+5V 

J,Ol'F 
8.2kO 

Figure 5. Input, Power, Reset, and Clock Connections 
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RESET 
A reset sequence must be accomplished after power-up and 
before any access to the converter. The RESET line initializes 
the internal logic of the AD1170. This line may be driven from 
an external source, such as may exist in most computer based 
systems, or it may be connected to a simple RC circuit which 
will automatically invoke a reset sequence at power-up. Figure 5 
illustrates the recommended circuit. 

When driving the RESET line from an external source, the line 
must be held high for at least 2 microseconds after the oscillator 
is running and stable (typically 300 microseconds after power is 
applied) in order to assure a proper reset. 

CLOCK 
The AD1170 requires a 12MHz clock for operation. This clock 
may be supplied by connecting the XT AL OUT and XT AL IN 
pins to a 12MHz crystal, along with two resistors and two capacitors 
as shown in Figure 5. 

The user may also supply a 12MHz logic signal from an external 
source, such as may be available in the user's system. In this 
case, the external clock should be applied to the XT AL IN pin, 
and the XT AL OUT pin should remain unconnected. 
POWERING THE AD1170 
For best performance, the user should pay careful attention to 
proper power supply bypassing, as well as grounding. Analog 
common and digital common are not connected internal to the 
module, but must be connected externally. Figure 5 illustrates 
the proper connection of power and ground to the AD11701 • 

REFERENCE CONNECTIONS 
The internal + 5 volt reference of the AD 1170 is brought out to 
Pin 21 of the module; for normal operation, it should be connected 
to the reference input (Pin 23). 

An external reference voltage of from 4.5 to 5.5 volts may be 
applied to the reference input (Pin 23), and the reference output 
may remain unconnected. The data will be ratiometric to that 
reference. The input impedance of the reference input is ap
proximately 16K ohms. The reference input is not dynamic; any 
external reference voltage must be an essentially static DC 
signal. 
INTERFACING TO THE AD1170 
The AD1170 contains an eight-bit microprocessor compatible 
interface structure, including control lines. It can be interfaced 
to any microprocessor-based system in either a memory mapped 
or 110 mapped mode, and occupies four successive bytes of 
read/write address space, as shown in Figure 6. 1 

CS 
H 
L 

w L !: 
a: L 
3:: L 

L 
C L « w L a: 

L 

RD WR Al AO FUNCTION 

X 
H 
H 
H 

H 

L 
L 
L 
L 

X X X Device Not Selected 
L H H (Unused) 

L H L Parameter 2 Write 

L L H Parameter 1 Write 

L L L Command Write 

H H H High Data Read 

H H L Mid Data Read 

H L H Low Data Read 
H L L Status Read 

X = DON'T CARE 

Figure 6. Control Functions 

'Attempting to READ and WRITE at the same time (RD and WR set low) 
may alter the contents of the internal nonvolatile memory. 
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ADl170 
The AD1170 is controlled by writing a command into the lowest 
byte of the device image. Upon receipt of the command byte, 
the BUSY line is set low, indicating that command interpretation 
is in progress. The BUSY line returns high, following command 
interpretation and a command dependent execution time. This 
signals that the command execution has been completed, and 
another command may now be written. The logical inverse of 
the BUSY line is available in the STATUS byte for use in polling. 
See the section below about THE STATUS BYTE. 

When the command requires one or two parameters, in addition 
to the command byte, they must be written into the second and 
third parameter bytes of the image before writing the command 
byte. This is because writing the command byte triggers the 
microprocessor to begin command interpretation. 

Following the execution phase of any command, the CMD ERR 
bit in the STATUS byte will indicate acceptance or rejection of 
the coinmand. When set, this bit indicates that there was a 
contextual or syntactic error in the command or parameters. 

Conversions may be initiated either by bus command, or by a 
high to low transition of the EXT CC line!. Externally triggered 
conversions behave in the same way as bus triggered conversions, 
except that the BUSY line and the BUSY bit in the status word 
remain inactive; the end of execution of externally triggered 
conversions must be determined by examination of the DTA 
RDY line or the DTA RDY bit in the STATUS word. 

THE STATUS BYTE 
The lowest readable byte of the device image is the STATUS 
byte; it contains six bits of information about the current status 
of the AD1170. This byte may be examined by the host processor 
at any time. The individual bits in the status byte (see Figure 7) 
are assigned the following functions: 

BITO The BUSY bit is an inverted version of the signal on Pin 
7 of the module. When low, it indicates that the AD1170 
is ready to receive a command. When high, it indicates 
that the AD1170 is busy executing the last command. 
Any commands loaded while the BUSY signal is high will 
be ignored. 

BIT! The DTA RDY bit (also available on Pin 10 of the module) 
goes high to indicate that the data from the most recent 
conversion is available in the LOW DATA, MID DATA, 
and HIGH DATA registers. This bit is cleared at the 
stan of the next. conversion. It may also be cleared by 
executing an EOI command. 

BIT2 The DATA SAT bit is set by any conversion which is 
saturated, i.e., any conversion whose output data exceeds 
positive or negative full scale. 

BIT3 The CMD ERR bit indicates that the most recently loaded 
command contained a contextual or syntactic error, or 
was not recognized. It is cleared when the next command 
is loaded. 

BIT4 The !NT bit (also available on Pin 11 of the module) goes 
high to indicate that the input signai is currently being 
integrated. It is used in multiplexed systems to determine 
when the input multiplexer may be switched. 

BITS The PWRUP bit (also available on Pin 14 of the module) 
goes high when the module is powered up or when the 
RST command is executed. It remains high until device 
initia1ization is complete. This signal is used to indicate 
readiness of the convener after system initia1ization. 

2-208 ANALOG-TOcDIGITAL CONVERTERS 

B7 B6 B5 B4 B3 B2 

* 
* UNUSED: CONTENTS INDETERMINATE 

Figure 7. The Status Byte 

OUTPUT DATA FORMAT 

Bl 

DATA 
RDY 

BO 

BUSY 

The AD1170 architecture allows a programmable data format 
independent of the integration time. The user may specify any 
resolution from 7 to 22 bits, and may specify either offset binary 
coding or two's complement coding. Programming the data 
format is accomplished via the use of the SDF command, using 
the format code described in the table in Figure 8 as the 
PARAMETER I value. 

C4 C3 C2 C, Co DATA FORMAT 

H X X X X Two's Complement 

L X X X X Offset Binary 

X H H H H 22 Bits 

X H H H L 21 Bits 

X H H L H 20 Bits 

X H H L L 19 Bits 

X H L H H 18 Bits 

X H L H L 17 Bits 
X H L L H 16 Bits 

X H L L L 15 Bits 

X L H H H 14 Bits 

X L H H L 13 Bits 

X L H L H 12 Bits 
X L H L L 11 Bits 

X L L H H 10 Bits 

X L L H L 9 Bits 

X L L L Ii 8 Bits 

X L L L L 7 Bits 

X=DON'TCAREIC7 C6 C5 = X FOR ALL DATA FORMATSI 
Figure 8. Format Code 

It should be noted that the AD 1170 computes all data to 22 bit 
resolution. However, not all 22 bits are useable, since the differ
ential performance is largely dependent upon factors such as 
integration period and calibration period. The SDF command 
simply serves to round off the result to the specified number of 
bits. The graph in Figure 4 can be used to estimate the amount 
of useable resolution achievable for a specified integration period 
and calibration period. 

The output data is always right justified within the three output 
bytes (LOW DATA, MID DATA, and HIGH DATA). If two's 
complement format is selected, the MSB of the data is invened 
and extended all the way to the top of the HIGH DATA byte. 
For example, if 16 bit two's complement format is selected, the 
data will appear in the LOW DATA and MID DATA bytes, 
and the MSB will be 0 for positive inputs.2 The format is a 
nonvolatile parameter; whenever an SA VA command is executed, 
the current format will be saved to nonvolatile memory, and 
will become the default format upon powerup. 

IThe minimum duaration for EXT CC is one microsecond. 
2Since the sign is extended all the way to the top of the uppermoat byte, the 
mGH DATA byte will be filled with the value of the MSB. 
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PROGRAMMING THE INTEGRATION PERIOD 
The key parameter of any integrating AJD converter is the 
integration period. As shown in Figure 9, an integrating AID 
convener provides maximum normal mode rejection at those 
frequencies which are integral multiples of Irr(int), where T(int) 
is the integration period. The most common way to exploit this 
characteristic is to set the integration period equal to one period 
of the power line frequency so that ac hum will be rejected. 

Relative inquoncy. f· -} • log ... Ia 

1 1 10 
iiiT T T 

O~----~ __ -=~------T---~~-;~~n 

f 
1 i -20 

I 
!8 

I ...... multlplo. I 
of lIT ..:::-.1 1 

asymptotically ~i .1 
..,11ed ou, I I 1 

I I 1 
I I I 

Figure 9. Normal Mode Rejection 

The duration of the integration also affects the resulting resolution 
of the data; long integration times result in more usable resolution 
than do shon integration periods. 

The AD1170, unlike most dual slope converters, offers the user 
the capability of programming the integration time. This feature 
can be used to great advantage in systems design, since the 
integration time can be optimized for differing system conditions. 
For example, in systems whose inputs are severely polluted by 
60Hz noise, the user may wish to program the AD1170 for a 
100 millisecond integration time, which will result in excellent 
60Hz normal mode rejection. In another application, a user may 
wish to scan a large number of channels rapidly, looking for 
gross input changes, then slow down in order to make a high 
resolution conversion before resuming rapid scanning. 

The AD 1170 offers the user a number of different ways to set 
the integration period. The simplest way is by using the SDI 
command to set the default integration period to one of seven 
preset periods (Ims, IOms, 16.66ms, 2Oms, lOOms, 166.66ms, 
300ms). The first two preset periods offer fairly rapid scanning 
at reduced resolution; the other five represent American and 
European line voltage standards or multiples thereof. For single 
conversions without altering the default integration time, the 
CNVP command may be used, which also allows the selection 
of one of these seven preset periods. These preset periods and 
their corresponding codes are listed in the table of Figure 10. 

Another way in which the integration period may be programmed 
is via the EIS command, which allows the user to load the externally 
defmable period register with a binary value l proponional to the 
desired integration period. Using this technique, the user Ill\IY 
specify any period from one millisecond to 350 milliseconds 
(with 200 microsecond accuracy). Access to this user defmable 
period is via the SDI or CNVP commands; the last entry in 
Figure 10 is used to select the period defined by the EIS or 
ELS command. 
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C2 C, Co INTEGRATION TIME NOTES 

L L L 1 Millisecond 

L L H 10 Milliseconds 

L H L 16.667 Milliseconds 1 cycle@60Hz 

L H H 20 Milliseconds 1 cycle@5OHz 

H L L 100 Milliseconds 50/60Hz 

H L H 166.67 Milliseconds 10cycles@60Hz 

H H L 300 Milliseconds 50/60Hz 

H H H (See Note) 

NOTE 
This code Is used for externally loaded integration times 
(defined with the EIS Command) or externally measured times 
(from the ELS Command). The value can be anywhere from 
1 Millisecond to 350 Milliseconds. 

Figure 10. Preset Integration Periods 

The third way to set the integration period is via the external 
line sampling feature, using the ELS command. This command 
samples the period of the logic signal presented to the ELS 
input pin (Pin 12), and sets the externally defmable period 
register accordingly. This feature is most useful in environments 
with fluctuating line frequencies. By executing an occasional 
ELS command, the convener effectively "tracks" the line fre
quency. To use this feature, a clean, bounce free logic represen
tation of the line frequency must be present at the ELS input 
during the execution of the ELS command. Once having performed 
the ELS command, the measured integration time may be selected 
using the SOl or CNVP commands along with the (HHH) code 
from the table in Figure 102. 

It should be noted that the actual integration period used in the 
measurement process is accurate to about ± 200jLs, due to the 
limitations of the charge balancing converter. This is adequate, 
however, for greater than SOdB of normal mode rejection at 
60Hz when using an integration period of 1160 second. Even 
greater normal mode rejection may be obtained when the inte
gration period is a multiple of the line frequency period. 

CONTROLLING THE CALIBRATION CYCLE 
The AD 1170 achieves its excellent span and offset stability by 
calibrating itself against its internal reference voltages. The user 
can control the frequency of occurrence for calibration cycles 
and their duration. 

The duration of the calibration cycle is an important parameter, 
because it affects the accuracy of the calibration cycle itself. 
Errors in the calibration cycle appear in the output data as 
instantaneous offset and span errors. If automatic "background" 
calibration is enabled, these errors effectively appear as noise. 
Just as in the case of input conversions, longer calibration times 
result in more accuracy and less noise. 

Of course there may be system applications where there simply 
isn't sufficient time to perform a long calibration cycle. For this 
reason, the AD1170 offers the user the ability to specify the 
calibration period, using the SOC command. 

The argument for the SDC command is the same three-bit code 
as is used for the SDI and CNVP commands. The reason for 

'See the section tided "The AD1170 Command Set" for the formula used to 
compute the proper binary value. 

'Caution is edvised; if no signal is present at the ELS input when the ELS 
command is executed, or if the signal is not within acceptable frequency 
limits, the module may "hang" and require a hardware reset to continue 
operation. 
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'Ao1170 
this is that each calibration cycle consists essentially of two 
ordinary conversion cycles, performed upon the internal zero 
and span references. For example, if an SOC command .with an 
argument of 3 is executed, the default calibration time will 
then be approximately 49 milliseconds (two conversions of 20 
milliseconds plus approximately 9 milliseconds for the internal 
mathematics). 

The user may also disable or enable background calibration. In 
systems where the AD1l70 may be periodically idle, i.e., not 
performing Input conversions, background calibration is a good 
choice. This mode is enabled with the CALEN command and 
will cause the AD 1170 to conwiuaJly initiate an internal calibration 
cycle whenever the converter is otherwise unoccupied. Any 
conversion commands received during a cal cycle will cause that 
cal cycle to be aborted in favor of the input conversion, thereby 
giving the user priority over calibration. This mode of operation 
is automatic and transparent. 

The CALDI instruction is used to disable background calibration. 
When this instruction is executed, the converter will be completely 
idle between convert commands, and calibration cycles will only 
occur when invoked by the SC1\L command. This mode of 
operation is best when the user would like to perform input 
conversions at the maximum rate, and/or when the system affords 
a specific convenient time to perform calibration. 

There are no hard and fast rules about the best way to apply all 
of this flexibility, but best performance will be obtained if the , 
following points are observed: 

• Consult the chart in Figure 4 to determine the minimum 
effective calibration period for use with a desired integration 
period. 

• Don't use automatic background calibration unless your system 
will allow the converter enough uninterrupted time to perform 
at least one calibration Cycle. For example, if you are using a 
calibration period code of 3, your system must periodically 
allow at least 49 milliseconds without a convert command or 
calibration will not occur. 

• Remember that the purpose of the calibration cycle is to 
cancel the intrinsic drift of the charge balancing converter 
within the AD1170 itself. If the converter is in a stable envi
ronment, calibration may be done less frequently. The best 
possible performance will be achieved in stable ambient tem
peratures, where calibration is manually invoked by the system 
at relatively long intervals; using the longest allowable calibration 
time. 

• Very short calibration times, although allowed by the AD1170 
firmware, are not ,especially useful because they introduce 
more error than they compensate. The only useful purpose of 
very short calibration times is in systems which are operating 
in rapidly changing ambient temperatures, and then only for 
relatively low resolution conversions. 

COMPENSATION .OF EXTERNAL OFFSETS 
An electronic "null" featUre compensates for offset errors of 
signal conditioning stages preceding the AD 1170. 

The null feature comprises three comniands: NULL measures 
the input signal (using the current integration time) and stores it 
in internal RAM; NULEN subtracts the measured value from 
all subsequent conversions; NULDI cancels the NULEN com
mand's effect. 

The sum of the offset value plus the full-scale input should be 
less than the ± 6 volts linear input range of the AD 1170. The 
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offset value to be nulled should ideally be no more than a few 
hundred millivolts in amplitude. 

The NULL commillld does not need to be executed every time 
the ADll70 is powered up. Since the value measured by the 
NULL command is saved and restored by the SA V A and RESA 
coinmands, the value of the null will be the one saved during 
the last SAVA command. Execute a NULL command only 
when a new null measurement is desired. 

When NVLEN is in effect, the length of each conversion will 
be extended by approximately 700 microseconds. 

ELECTRONIC CALmRATION 
The AIJI170 contains an Electronic CALibration capability, 
which, along with the internal nonvolatile memory chip, effectively 
eliffiinates'the need for trim potentiometers of any kind. This 
capability, abbreviated as ECAL, should not be confused with 
the internal background calibration cycles. ECAL is a completely 
distinct function used to calibrate the AD 1170 to an external 
reference standard. 

The ECAL function measures the ratio of the internal reference 
voltage in the module with respect to an externally applied 
reference voltage; The resulting coefficient is applied to the 
math computations for all subsequent conversions, effectively 
compensating the module for absolute value errors in its own 
reference. The ratio is stored in random access memory until 
the user invokes a SA V A command, which will save this coefficient 
(along with the other nonvolatile paramete~) in the nonvolatile 
memory chip. When the module is powered up, the previously 
saved coefficient is recalled from nonvolatile memory and stoted 
in random access· memory. 

In order to use the ECAL command, the input to the AD1170 
must first be presented with an external + 5 volt reference standard 
such as is usually found in many calibration labs. The ECAL 
command may then be'invoked; the external reference voltage 
must remain at the input until command execution is complete. 
If the calibration is to be made nonvolatile, a SA VA cominimd 
must then be invoked. 1 

ECAL may also be used as a means of making limited ratiometric 
measurements. For example, in some applications, it may be 
useful to be able to measure the output of some transducer with 
respect to its excitation; if the excitation can be scaled to the 
range of4.5 to 5.5 volts, then it can be used as an excitation for 
the,ECAL process. Having digitized the excitation, all subsequent 
conversions will be ratioed to the ECAL value. For example, if 
an ECAL procedure is performed upon a 4.5 volt source, and 
the converter subsequently digitizes a 2.25 volt signal, the converter 
output will be half of full scale, or 11000 ... (assuming offset 
binary coding). The converter can be restored to absolute cali
brationby eXecuting a RESA command, which will restore the 
last nonvolatile ECAL coefficient to random access memory. 

The user is cautioned that the nonvolatile memory used in the 
'ADU70'has a finite endurance of 1000 write cycles minimum. 
Assintting that th/i: AD1170 is calibrated weekly, this implies a 
device life span of greater than 19 years. Less frequent calibrations 
mean a proportionately longer life span. This means ECAL may 
bepelformed any number of times, but the user should limit 
the 'niunber of SA VA commands in order to extend the lifespim 
of the nonvolatile memory. 

·Since the SA VA command saves all nonvolatile parameters, the user should 
he sure that the other default parameters, such as integration time and data 
format, are set to their desired values before SA V A is invoked. 
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NONVOLATILE MEMORY 
The intema1 nonvolatile memory in the AD1170 is used to store 
the various nonvolatile parameters associated with AID operation 
(for example, the integration period, data format, ECAL c:oeffi
cient, etc.). 

In addition, eight 16-bit words of the nonvolatile memory are 
made available to the user for general purpose use. They may 
be accessed using the RDNV and WRNV commands. Because 
the nonvolatile memory is specified for a finite endurance of 
1000 write cycles minimum, it is best used for data which does 
not regularly need to change, such as configuration information 
or system calibration parameters. 

FACTORY DEFAULT SETTINGS 
The AD1170 is calibrated at the factory; the factory default 
settings are: 

Format: 16-bit, offset binary 
Default T(int): 16.667 milliseconds (code 2) 
Default T(cal): 100 milliseconds (code 4) 

THE AD1l70 COMMAND SET 
The AD1170 command code set includes 20 different functions. 
Some of the commands require no parameters, while others 
require one or two parameters which must be loaded into the 
PARAMETER I and PARAMETER 2 registers prior to loading 
the command register. Some commands (for eumple, CNVP) 
have their option parameter embedded in the lowest three bits 
of the command itself. 

The execution time for any command depends on the command. 
Figure II is a synopsis of the available commands, as well as 
estimates of their execution times. 

Each of the commands described below is preceded by an opcode 
name, along with the digital code (in binary). 

MNEMONIC FUNCTIONAL DESCRIPTION 

ADl170 
CALHN 10110000 
CALEN (CALibration ENable) enables automatic background 
calibration cycling. In this mode, background calibration cycles 
are executed automatically whenever the AD1170 is not otherwise 
occupied. If a command is received during a calibration cycle, 
that cycle will be aborted and the command will be executed. 

CALDI 10111000 
CALDI (CAlibration Disable) disables automatic background 
calibration. After executing this command, the AD1170 will be II 
completely idle between commands. While in this state, a single 
calibration cycle may be invoked with the SCAL command. 

CNV 00001000 
CNV (CoNVert) causes a single conversion to be performed, 
using the current default integration time and data format. 

CNVP OOOlOCaC,Co 
CNVP (CoNVert using specific Preset time) causes a single 
conversion to be performed, using one of the eight preset inte
gration times as listed in Figure 10. The default integration time 
is not changed. The three bit code for the desired integration 
time is embedded in the lowest three bits of the command code. 

HCAL 00011000 
ECAL (Electronic CAlibration) causes an electronic calibration 
cycle to be performed. An extema1 + S volt reference voltage . 
must be presented to the input before this command is executed, 
and the input must remain stable until the end of command 
execution is signaled by the BUSY line or the BUSY bit in the 
status word. The calibration data computed by this command is 
applied to all subsequent conversions, but is not made nonvolatile 
until a SA VA command is performed. 

EXECUTION TIME 
IAPPROX) 

CNV Perform a Single Conversion Using the Default Integration Time TUnt) + 3ms 

CNVP Perform a Single Conversion Using the Specified Integration Time TUnt) + 3ms 

ELS Measure Period of Signal atthe ELS Input 2 x Tlint) + 20ms 

ECAL Perform Electronic CALibration Routine 1.5 seconds 

SDI Set Default Integration Time for Input Measurements 150jLs 

SDC Set Default Calibration Period 160jLs 

SDF Set Default Data Format 140jLs 

RESA Restore All Nonvolatile Parameters from Memory 2.3ms 

SAVA Save All Nonvolatile Parameters to Memory 150ms 

WRNV Write a Word to the User EEPROM Area 22ms 

RDNV Read a Word from the User EEPROM Area 600":5 

EOI Clear the Data Ready Flag 260jLs 

SCAL Perform a Single Cal Cycle 2 x Tical) + 9ms 

CALEN Enable Background Calibration 300jL5 

CALDI Disable Background Calibration 310jL5 

EIS Set Integration Time to Arbitrary Value 130jLs 

RST Reset AD1170 to Power Up Conditions 210ms 

NULL Measurethe OfIsetVoltage Value at the AD1170 Input and Store TUnt) + 3ms 

NULEN Subtract NULL Measured Value from All Subsequent Conversions 250jLs 

NULDI Cancel the Effect ofthe NULEN Command 250jLs 

Figure 11. Synopsis of Commands 
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ADl170 
EOI 10001000 
EOI (End Of Interrupt) clears the DTA RDY bit in the status 
byte, as well as theDTA RDY line (Pin 10). It is provided as a 
means of clearing the interrupt source in systems w.hich use an 
interrupt upon data ready. 

ELS 00100000 
as (External Line Sample) measures the period of the logic 
sigoal applied to the as input (Pin 12)1. This period is loaded 
into the register associated with the last entry of the table in 
Figure 10. Input conversions using this measurement as the 
integration period may be performed by .inVoking a CNVP 
command, or by setting the default integration period with the 
SOl command. This command is intended for use in environmenta 
with varying line power frequency; periodically invoking this 
command allows effec:tive tracking for improved normal mode 
rejec:tion. 

ElS 00101000 
EIS (Extemal Integration Set) is used to ~blish an arbitrary 
integration period from 1 millisecond to 350 milliseconds. To 
use this command, rIM load the PARAMETER 1 and PARAM
ETER 2 registers with the 16-bit binary number N, which is 
calculated using the following expression: 

N=216 -T(int)l21.333E-6 

After the low and high bytes representing N are loaded into the 
pAMMETER 1 and PARAMETER 2 registers respectively, 
execUte the EIS command. Once this command Is ~ted, the 
extc:rna11y loaded integration time can be used via the CNVP or 
SOl c;ommands. 

RESA 01101000 
RESA (REStore All) restores all configuration parameters (default 
integration time, default calibration time, data format, ElSIELS 
period, NULL value and electronic calibration data) from non
Volatile memory. Mter executing this function, all parameters 
will be restored to their last value as saved by the SA VA com
mand. 

SAVA 01001000 
SA VA (SAVe All) saves all programmable attributes (default 
integration time, default calibration time, data format, EISIELS 
period, NULL value and electronic calibration data) into non
Volatile memory. 

SOl 00111<4C,Co 
SOl (Set Default Integration time) seta the default integration 
time to one of the eight preset times listed in Figure 10. The 
threc:-bit code for the desired integration time is embedded in 
the loweSt three bits of the command code. 

SDF 00110000 
SDF (Set Default Format) seta the default data format according 
to the five bit code loaded into the PARAMETER 1 register 
prior to execution of this command. The table in Figure 8 illustrates 
the construction of the five bit code accOrding to the desired 
data format and resolution. 

SCAL 11000000 
SCAL (Single CAlibration) performs a single backgroWld cali
bration cycle. This command is intended for use when auto
matic background calibration bas been disabled via the CALOI 
command. 
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Soc 010C1C!CzC,Co 
SOC (Set Default Calibration time) seta the default calibration 
time (Teal) according to the three bit code embedded in the 
lowest three bits of the command. The calibration times are 
shown in Figure 10. NC)te that the actus1 duration of a calibration 
cycle is approximately 2 x T(eal) + 9 milliseconds. 

WRNV l0011A.A,Ao 
WRNV (WRite NonVolatile) writes the user supplied data, in 
the PARAMETER 1 and PARAMETER 2 registers, into the 
user accessible area of the AD 1170's nonVolatile memory. Eight 
words of this memory are available, and are addressed by the 
lowest three bits of the command. 

RDNV 10100A2A,Ao 
RDNV (ReaD NonVolatile) reads one word from the user ac
cesaible portion of the nonvolatile memory within the AD1170, 
and places the data into the LOW DATA and MID DATA 
registers for retrieval by the user. The address of the desired 
word is embedded into the lowest three bits of the command. 

RST 10010000 
RST (ReSeT) is effec:tively equivalent to a hardware reset of the 
AD 1170. After executing this command, all nonVolatile parameters 
(including the ECAL c:oefticient, the default integration and 
calibration periods, ElSlELS period, NULL value and the 
default format) will be restored to their last saved values, automatic 
calibration will be enabled, and NULL will be disabled. 

NULL 01110000 
NULL measures the input sigoal (using the cutent integration 
time value) and stores the measurement in internal RAM. It 
allows the user to establish the value of offset voltqe at the 
input and subtract that offset from subsequent conversions 
through the execution of the NULEN command. The user must 
insure that the sum of the offset value plus the full scale input 
is less than the ±6 volts linear input range of the AD1170. 
Ideally the offset value to be nulled should be no more than a 
few hWldred millivolts in amplitude. The value measured by the 
NULL command is saved and restored by the SA VA and RESA 
commands - maintaining this value through subsequent powerups. 
The NULL command need only be invoked when a new null 
measurement is desired. 

NULEN 01111000 
NULEN (NUU ENable) subtracts the value, measured and 
stored by the last NULL command, from all subsequent con
versions. When NULEN is in effect, each conversion's length 
will be atcnded by approximately 700 microseconds. 

NULOI 10000000 
NULOI (NUU DIsable) cancels the effect of the NULEN 
command. 

'This Josie sipal ohouId be • TIL or CMOS compatible continuous 
waveform. It Deed not be &yIIIII!eIrical, but tbc IUGH or LOW time abou1cI 
not be lea than 2S microIecoada. 
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IBM PC INTERFACE 
Figure 12 is an example of an AD1170/lBM interface suitable 
for the IBM PC or XT personal computers. In this case, the 
AD1170 is interfaced in the 110 space; the DIP switch controls 
the specific location of the AD 1170 within the available address 
space. 

D71A21 

DeCAl) 

DlIM) 

D4IA&) 

D31MI 

DZIA71 

DllA8} 

DOIASI 

+5V 

A91A22) 

AlIAD) 

AllAN) 

"'fA2S) 

ASIA26) 

MIA271 

AENIA111 

iOW1B13) 

i6iiIB141 

A31A28) 

AZIA2t1 

A1IA30) 

AOIAl1I 

Figure 12. IBM PCIXT to AD1170 Interface 

INTERFACING TO AN 8051 MICROCONTROLLER 
Figure 13 shows how an AD 1170 may be interfaced to an 8051 
microcontroller using a technique commonly called "byte bang
ing", where the control lines and data bus of a device are man
ipulated under firmware control. This "byte banging" technique 
can be adapted to most microprocessors and is useful in situations 
where a conventional bus structure is either nonexistent or 
unavailable for use. I 

The AD 1170's data bus is connected to the 8051 using 1/0 lines 
P2.0 through P2.7. The address lines AO and Al are connected 
to 1/0 lines PLO and Pl.l respectively. The RDI and WRllines 
are connected to Pl.2 and P1.3. The CS/line of the AD1170 is 
grounded when it is the only device connected to the 8051, but 
multiple AD1170s could easily be connected in the same way if 
each CS/line were separately controlled. 

'Note that the 80S I microconttoller does contain a conventional bus structure; 
the "byte banging" interface shown here is presented as an example of an 
alternative technique. 
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Applying the ADl170 

J>----------~~4 AD 
AD1170 

DB7 

DB6 

DB5 

Figure 13. Simple 8051 to AD1170 Interface 

To initialize the interface, first write" 1 "s to the port pins connected 
to the data bus and the RDI and WRI control lines. This puts 
the 8051 110 lines into a lightly "pulled up" state, simulating a 
tri-stated condition on the bus to insure that neither RDI or 
WRI are selected: 

INIT: SETB P1.2 ;D1SABLERDt 
SETB PI.3 ;ANDWRI 

MOV P2,#OFFH ;SETP2TOALLONES 

To write a command to the AD 1170, first set the stille of the 
PI. I and PLO lines for the address corresponding to the byte to 
be written to. Set the P2 port to the command data, then strobe 
the WRlline by first clearing the PI.3 line and then setting it: 

WRCMD: CLR PI.O ;FIRSTCLEARAOANDAI 
CLR Pl.l ;TO POINT TO CMD BYTE 

; 
MOV P2,#CNV ;CNV IS THE OPCODE FOR 

;A SINGLE CONVERSION 
; 

CLR P1.3 ;STROBE THE WRI LINE 
SETB P1.3 ;ONETIME 

; 
MOV P2,#OFFH ;CLEAR DATA BUSTO 

;ALLONES 

To read a byte from the AD 1170, first set the PLO and PI. I 
lines to point to the address of the byte desired. Bring the RDI 
line low, reading the contents of P2; Return the RD/line high: 

RDSTAT: CLR PI.O ;POINTTOSTATUSBYTE 
CLR Pl.l 

CLRP1.2 
MOV A,P2 
SETB P1.2 

; 
;BRING RDt LINE LOW 
;READCONTENTSOFBUS 
;RESTORE RDt LINE HIGH 
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ADl170 
PRESSURE TRANSDUCER DATA ACQUISITION 
A two module solution for microcomputer based data acquisition 
uses a IB31 hybrid signal conditioner and an AD1170 as shown 
in Figure 14. A 3 millivoltlvoltpressure transducer (e.g., Dynisco's 
800 series) is interfaced to a model lB3l configured for a gain 
of 333.3, to provide a 0 to 5 volt output. The regulated excitation 
voltage is 5 volts, and is used as the reference input for the 
AD1170 to produce ratioinetric operation. This configuration 
yields verY high CMR enhanced by the lB3l low pass filter and 
the integrating conversion scheme of the AD1170. 

In addition, fixed offsets caused by bridge imbalance can be 
nulled out by the ADIl70 with a power-up initialization command 
from the microcomputer (see COMPENSATION OF EXTER
NAL OFFSETS section). The full-scale output of the lB3l and 
Transducer can also be normalized to AD 1170 full scale through 
the electronic calibration command ECAL. Both the offset and 
full-scale correction data can then be stored in nonvolatile memorY 
to eliminate repeating this trim process after each power-up. 
The AD 1170 eliminates a potentiometer or software overhead 
which might otherwise be needed for these functions. 

NOTES 
.3mVIYLOADCELL 
• +SVEXCITATlON.1&mVFS 
• GAIN .. 333 
• USE 10ppmJ"CGAINRESISTORFORLOWGAlNl'EMPCO 

Figure 14. Pressure Transducer Data Acquisition Using 
1831 and AD 1170 

AC5004 
an IBM PC/Xl/AT Compatible Evaluation Board for the ADl170 

FEATURES 
Compatible to the IBM PC/XT/AT or Equivalent 
Menu-Driven Demonstration Software 
Input Mating Connector 
Full Documentation 

Example Listings of BASIC Programs 
Schematic 
Assembly Drawing 

Complete Set of Tools to Evaluate an AD1170 
AID Converter 

GENERAL DESCRIPTION 
The AC5004. was designed as a support tool to enable the user 
to easily and quickly evaluate Analog Devices' AD1170 high
resolution programmable integrating ND converter. The ADI170 
is inserted directly into an AC5004 board which is desigued to 
plug into the backplane of an IBM PC/XT/AT. Thus, armed 
with an IBM PC, an AD1170, and an AC5004 evaluation board, 
the user is fully prepared to examine the operation of the 
AD1170. 

A User's Manual provides all the information required to put 
the AC50041 AD 1170 evaluation process into operation. In the 
manual are full descriptions of the AC5004 memory address and 
power source selection jumpers as well as a schematic documenting 
the interface of the AD1170 to a computer bus. 

The package also contains a comprehensive demonstration program 
written in BASIC that completely exercises all the functions of 
the AD1170. The AC5004 is an accessorY that will make readily 
available to the user all the tools needed to comprehensively test 
the ADll70. 
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PRODUCT HIGHLIGHTS 
1. AC5004 plugs directly into IBM PC/XT/AT or compatibles. 

Standard short slot card size (5 718" x 5" x I"). 

2. The AC5004 enables the user to evaluate the AD1170 high
resolution, programmable, integrating ND converter without 
having to build a bread-board or prototype. 

3. The evaluation boards come complete with software and 
programming examples designed to exercise all of the AD 1170's 
functions. 

4. AC5004 schematic and assembly drawings are provided to be 
used as examples of how to interface the AD1170 to a micro
processor bus. 

Please note: 
Order AC5004 (does not include AD1170). 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 16-Bit Converters with Reference 

and Clock 
±O.OO3% Maximum Nonlinearity 
No Missing Codes to 14 Bits over Temperature 
Fast Conversion 

17 .... s to 16 Bits (AD1376) 
10 .... s to 16 Bits (AD1377) 

Short Cycle Capability 
Adjustable Clock Rate 
Parallel and Serial Outputs 
Low Power: 645 mW Typical (AD1376) 

585 mW Typical (AD1377) 
Industry Standard Pin Out 

PRODUCT DESCRIPTION 
The AD1376 and AD1377 are high resolution, 16-bit analog-to
digital converters with internal reference, clock and laser
trimmed thin-film applications resistors. They are packaged in 
compact 32-pin, ceramic seam sealed (hermetic) dual-in-line 
packages (DIPs). Thin-film scaling resistors provide bipolar in
put ranges of ±2.S V, ±S V, ±1O V and unipolar input ranges 
of 0 to +S V, 0 to +10 V, and 0 to +20 V. 

Digital output data is provided in parallel and serial form with 
corresponding Clock and Status outputs. All digital inputs and 
outputs are TTL compatible. 

APPLICATIONS 
The AD1376 and AD1377 are excellent for use in high resolu-

Complete, High Speed 
16-Bit AID Converters 

AD1376/AD1377 I 
tion applications requiring moderate speed and high accuracy or 
stability over commercial (O°C to + 70°C) temperature ranges. 
For extended temperature ranges, the pin compatible AD1378 
is recommended. Typical applications include medical and ana-
lytic instrumentation, precision measurement for industrial 2 
robotics, automatic test equipment (ATE), and multichannel 
data acquisition systems, servo control systems, or anywhere 
wide dynamic range is required. A proprietary monolithic DAC 
and laser-trimmed thin-film resistors guarantee a maximum non-
linearity of ±0.OO3% (112 LSB w ) The converters may be short 
cycled to achieve faster conversion times-IS .... s to 14 bits for 
the AD1376, or 8 .... s to 14 bits for the AD1377. 

PRODUCT HIGHLIGHTS 
1. The AD1376 and AD1377 provide 16-bit resolution with a 

maximum linearity error of ±0.OO3% (112 LSB14) at +2SoC. 

2. AD1376 conversion time is 14 .... s (typical) short cycled to 14 
bits, and 16 .... s to 16 bits. 

3. AD1377 conversion time is 8 .... s (typical) short cycled to 14 
bits, and 9 .... s to 16 bits. 

4. Two binary codes are available on the digital output. They 
are CSB (Complementary Straight Binary) for unipolar input 
voltage ranges and COB (Complementary Offset Binary) for 
bipolar input ranges. Complementary Twos Complement 
(CTC) coding may be obtained by inverting Pin I (MSB). 

S. The AD1376 and AD1377 include internal reference and 
clock, with external clock rate adjust pin, and seria1 and par
allel digital outputs. 

FUNCTIONAL BLOCK DIAGRAM 

(MSBI BITS' 1 1----, 
..---------131 CONVERT COMMAND 

AD1376/AD1377 

BIT 10 

22 ANALOG COMMON 

BIT 12 21 -15VdcSUPPLVVEE 

ILSB FOR 13 BITS) BIT 13 

ILSB FOR 14 BITS) SIT 14 141---J 19 DIGITAl COMMON 

BIT 15 
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AD1376/AD1377-SPECIFICATIONS (typical at TA = +25°C, Vs = :1:15, +5V unless otherwise noted) 

Model AD1376JD/AD1377JD AD1376KD/AD1377KD Units 

RESOLUTION 16 (max) * Bits 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±2.5, ±5, ± 10 * Volts 
Unipolar 010 +5,Oto +10,0 to +20 * Volts 

Impedance (Direct Input) . 
o to +5 V, ±2.5 V 1.88 * kO 
o to + 10 V, ±5.0 V 3.75 * kO 
Oto +20 V, ±IOV 7.50 * kO 

DIGITAL INPUTS' 
Convert Command Positive Pulse 50 ns Wide (min) Trailing Edge Initiates Conversion 
Logie Loading 1 * LSTTLLoad 

TRANSFER CHARACTERISTICS' 
ACCURACY 

Gain Error ±0.05' (±0.2 max) * % 
Offset Error 

Unipolar ±0.05' (±0.1 max) * % of FSR4 

Bipolar ±0.05' (±0.2 max) * % ofFSR 
Linesrity Error (max) ±0.006 ±0.003 %ofFSR 
Inherent Quantization Error ±112 * LSB 
Differential Linesrity Error ±0.003 * % ofFSR 

POWER SUPPLY SENSITMTY 
±15 V de (±0.75 V) 0.0015 * %ofFSRI%flVs 
+5 V de (±0.25 V) 0.001 * % of FSRI% flVs 

CONVERSION TIME' 
12 Bits (AD1376) 11.5 (13 max) * Jl.s 
14 Bits (AD1376) 13.5 (15 max) * Jl.s 
16 Bits (AD1376) 15.5 (17 max) * Jl.s 
14 Bits (AD1377) 8.75 (max) * Jl.s 
16 Bits (AD1377) 10 (max) * Jl.S 

POWER SUPPLY REQUIREMENTS 
Rated Voltage, Analog ± 15, ±0.5 (max) * Vde 
Rated Voltage, Digital +5, ±0.25 (max) * Vde 
AD1376 Power Consumption 645 (800 max) * mW 

+ 15 V Supply Drain +16 * mA 
-15 V Supply Drain -21 * mA 
+5 V Supply Drain +18 * mA 

ADl377 Power Consumption 600 (800 max) * mW 
+15 V Supply Drain +10 * mA 
-15 V Supply Drain -23 * mA 
+5 V Supply Drain +18 * mA 

WARM-UPTIME 1 minute * Mioutes 

DRIFT" 
Gain ±15 (max) ±5 (±15 max) ppmfC 
Offset 

Unipolar ±2 (±4max) ±2 (±4max) ppm of FSRI'C 
Bipolar ±10 (max) ±3 (±10 max) ppm of FSRI'C 

Linesrity ±2(±3max) ±0.3 (±2 max) ppm of FSRI'C 
Guaranteed No Missing Code 

Temperature Range o to 70 (13 Bits) o to 70 (14 Bits) "C 

DIGITAL OUTPUT' 
(All Codes Complementary) 

Parallel & Serial 
Output Codes1 

Unipolar CSB * 
Bipolar COB,CTC" * 
Output Drive 5 * LSTTL Loads 

Status Logic "I" During Conversion 
Status Output Drive 5 (max) * LSTTL Loads 

Internal Clock· 
Clock Output Drive 5 (max) * LSTTL Loads 
Frequency 104011750 * kHz 
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AD1376/AD1377 
Model ADl376JD/AD1377JD AD1376KD/AD1377KD Units 

TEMPERATURE RANGE 
Specification o to +70 * °e 
Operating -25 to +85 * °e 
Storage -55 to +125 * °e 

NOTES 
ILogic "0" = 0.8 V, max. Logic "1" = 2.0 V, min for inputs. For digital outputs Logic "0" = +0.4 V max. Logic "1" = 2.4 V min. 
'Tested on ± 10 V and 0 to + 10 V ranges. 
'Adjustable to zero. 
'Pull-Scale Range. 
5Conversion time may be shortened with "Short Cycle" set for lower resolution. 
"Guaranteed but not 100% production tested. 
'eSB-Complementary Straight Binary. COB-Complementary Offset Binary. crC-Complementary Twos Complement. 
'cre coding obtained by inverting MSB (Pin 1). 
"With Pin 23, clock rate controls tied to digital ground. 

*Specifications same as AD1376JD/AD1377JD. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... ±18 V 
Logic Supply Voltage ....................... +7 V 
Analog Inputs (Pins 24 and 25) ................ ±25 V 
Analog Ground to Digital Ground .............. ±0.3 V 
Digital Inputs ................ -0.3 V to VDD + 0.3 V 
Junction Temperature ...................... + l75°e 
Storage ............................... + 1500e 
Lead Temperature (10 seconds) ................ +300oe 

ORDERING GUIDE 

Maximum Conversion 
Temperature Linearity Time Package 

Model Range Error (16 Bits) Option* 

AD 1376JD ooe to +70oe ±0.006% 17 fLS DH-32E 
AD 1376KD ooe to +70oe ±0.003% 17 fLS DH-32E 
AD 1377JD ooe to +70oe ±0.006% 10 fLS DH-32E 
AD1377KD ooe to +70OC ±0.003% 10 fLS DH-32E 

*DH-32E = Ceramic DIP. Por outline information see Package Information 
section. 

,'*'----::;01 +0.0195 

+0.012 

-0,012 

.25 .70 
TEMPERATURE - '"C 

Figure ,. Linearity Error vs. Temperature 
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Figure 2. AD1376 Nonlinearity VS. Conversion Time 
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Figure 3. Gain Drift Error vs. Temperature 
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AD1376/AD1377 
DESCRIPTION OF OPERATION 
On receipt of a CONVERT START command, the AD1376 or 
AD1377 converts the voltage at its analog input into an equiva
lent 16-bit binary number. This conversion is accomplished as 
follows: the 16-bit successive-approximation register (SAR) has 
its 16-bit outputs connected both to the device bit output pins 
and to the correspOnding bit inputs of the feedback DAC. The 
analog input is successively compared to the feedback DAC out
put, one bit at a time (MSB first, LSB last). The decision to 
keep or reject each bit is then made at the completion of each 
bit comparison period, depending on the state of the comparator 
at that time. 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100 ppml"C potentiometer 
connected across ± V s with its slider connected through a 
300 k!l resistor to the gain adjust Pin 29 as shown in Figure 4. 

If no external trim adjustment is deSired, Pin 27 (offset adj) and 
Pin 29 (gain adj) may be left open. 

AD13761 
AD1377 

Figure 4. Gain Adjustment Circuit (±0.2% FSR) 

OFFSET ADJUSTMENT 
The zero adjust circuit consists of a 100 ppml"C potentiometer 
connected across ± V s with its' slider connected through a 
1.8 M!l resistor to Comparator Input Pin 27 for all ranges. As 
shown in Figure 5, the tolerance of this fixed resistor is not 
critical, and a carbon composition type is generally adequate. 
Using a carbon composition resistor having a ~ 1200 ppml"C 
tempco contributes a worst-case offset tempco of 32 LSBl4 x 
61 ppmlLSBl4 x 1200 ppml"C = 2.3 ppml"C of FSR, if the 
OFFSET ADJ potentiometer is set at either end of its adjust
ment range. Since the maximum offset adjustment required is 
typically no more than ± 16 LSB.., use of a carbon composition 
offset summing resistor typiCally contributes no more than 
I ppml"C of FSR offset tempco. 

+15V 

10k!} 1.8Ml1 
TO 

lOOk!} 

-15V 

Figure 5. Offset Adjustment Circuit (±0.3% FS 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco < 100 ppml"C) are 
used, is shown in Figure 6. 

+15V 

-15V 

AD13761 
AD1377 

Figure 6. Low Tempco Zero Adjustment Circuit 
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In either adjust circuit, the fixed resistor connected to Pin 27 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 27 is quite sensitive to exter
nal noise pick-up and should be guarded by analog common" 

TIMING 
The timing diagram is shown in Figure 7. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in tum, removes the inhibit applied to 
the gated clock, permitting it to run through 17 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock in
hibit signal are initialized on the trailing edge of the CONVERT 
START signal. At time to, Bl is reset and B2 - Bl6 are set un
conditionally. At tl the Bit I decision is made (keep) and Bit 2 
is reset unconditionally. This sequence continues until the Bit 
16 (LSB) decision (keep) is II1Iide at t16' The STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic "0" state. Note that the dock remains low until the 
next conversion. 

Corresponding parallel data bits become valid on the same 
positive-going clock edge. 

.J----MAXIMUMTHROUGWUT nME :J 
CON:,r;::r; S~ CON ..... IONn ... a, "II L 
INTEJ~~ 

STATUS 

MSB-- ",'!'" iii' iii i . i i :"'1'" 
BrT2::~~ il ," 
:::~~~""I"O"I I I TIT 
BrTS=: T I r 
BITS::: "'" 
... ,--- 1"'''1 D I i I .;,:~~ ~"'''l:J63 II i I r-

§~~ q""l4d1: BIT15 ___ • ~ ",H 
LSB::: Msa "0'" LSB 

SERIAt.:::JZI1~r;&"'1.!!JZDU2iiU. 
DATA OUT !"O" ",6 .. , .. " ... T "'" "'" "t" "0" "'" "'" "'" "'" "0'" "'" '~"I 

N 
,. PULSE WIDTH IS 60 n. MIN AND MUST REMAIN LOW DURING 

• 3. 

CONVERSION IS INmATEO BY THE "TRAIUNG EDGE" OF THE 

Figure 7. Timing Diagram (Binary Code 0110011101111010) 

DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers is in 
negative trUe form (Logic "1" = 0 V and Logic "0" = 2.4 V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. Par
allel data becomes valid at least 20 ns before the STATUS flag 
returns to Logic "0", permitting parallel data transfer to be 
clocked on the "1" to "0" transition of the STATUS flag (see 
Figure 8). 

BIT16~ r--
VALID \ /I 

'--------'~-
Busv _________ ..:..I .... 1 

(STATUS) I L 
20no MIN TO SOns -..j ~ 

Figure 8. LSB Valid to Status Low 
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Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(nonreturn-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 120 ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 9. There are 17 

CLOCK~ I 
SERIAL 1 1:.-_____ ..... 
OUT~ x:::= 

...j j.- 30n5 TO 120n5 MAX 

Figure 9. Clock High to Serial Out Valid 

negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis
ter, which is shifted out on the last negative-going clock edge. 

AD1376/AD1377 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 

Short Cycle Input: A Short Cycle Input, Pin 32, permits the 
timing cycle shown in Figure 7 to be terminated after any num
ber of desired bits has been converted, permitting somewhat 
shorter conversion times in applications not requiring full 16-bit 
resolution. When 10-bit resolution is desired, Pin 32 is con
nected to Bit 11 output Pin II. The conversion cycle then ter-
minates and the STATUS flag resets after the Bit 10 decision • 
(timing diagram of Figure 7). Short cycle connections and asso-
ciated 8-, 10-, 12-, 13-, 14-, and IS-bit conversion times are 
summarized in Table I, for a 1.6 MHz clock (AD1377) or 
933 kHz clock (AD1376) . 

INPUT SCALING 
The ADC inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the AID converter. Connect the input signal 
as shown in Table II. See Figure 10 for circuit details. 

Table I. Short Cycle Connections 

REV. A 

Maximum Maximum 
Conversion Conversion Connect Short 

Resolution Time-f,ts Time-j.ts Status Flag Cycle Pin 32 to 
Bits 

16 
15 
14 
13 
12 
10 
8 

(% FSR) (AD1377) (AD1376) Reset Pin: 

0.0015 10 17.1 t16 N/C (Open) 
0.003 9.4 16.1 tiS 16 
0.006 8.7 15.0 t14 15 
0.012 8.1 13.9 t13 14 
0.024 7.5 12.9 t12 13 
0.100 6.3 10.7 tlO 11 
0.390 5.0 8.6 t. 9 

Table II. Input Scaling Connections 

Input Connect Connect Connect 
Signal Output Pin 26 Pin 24 Input 
Line Code to Pin to Signal to 

±10 V COB 27 Input 24 
Signal 

±5 V COB 27 Open 25 
±2.5 V COB 27 Pin 27 25 
o V to +5 V CSB 22 Pin 27 25 
o V to +10 V CSB 22 Open 25 
OVto +20 V CSB 22 Input 24 

Signa! 

Note: Pin 27 is extremely sensitive to noise and should be guarded by 
analog common. 
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AD1376/AD1377 
Table III. Transition Values vs. Calibration Codes 

Code Under Test Low Side Transition Values 
MSB LSB Range :dO V :!:5V ::t:2.5 V OVto +10V 

000 .000* + Full Scale +IOV +SV +2.5 V +IOV 
-3/2 LSB -3/2 LSB -3/2 LSB -3/2 LSB 

011 . III Mid Scale 0-112 LSB 0-112 LSB 0-1/2 LSB +5 V-1I2 LSB 

III .. 110 - Full Scale -IOV -5 V -2.5 V OV 
+112 LSB +112 LSB +112 LSB + 1/2 LSB 

*Voltages given are the nominal value for transition to the code specified. 
Note: For LSB value for range and resolution used, see Table IV. 

Table IV. Input Voltage Range and LSB Values 

Analog Input 
Voltage Range ±IOV ±5 V ±2.5 V OVto +IOV o V to +5 V 

Code COB* COB* COB* 
Designation orCTC** or CTC** or CTC** CSB*** CSB*** 

One Least FSR 20V 10V SV lOY SV 
Significant Tn Tn Tn Tn Tn -

2" 
Bit (LSB) 

n = 8 78.13 mV 39.06 mV 19.53 mV 39.06 mV 19.53 mV 
n = 10 19.53 mV 9.77 mV 4.88 mV 9.77 mV 4.88 mV 
n = 12 4.88 mV 2.44mV 1.22 mV 2.44mV 1.22 mV 
n = 13 2.44mV 1.22 mV 0.61 mV 1.22 mV 0.61 mV 
n = 14 1.22 mV 0.61.mV 0.31 mV 0.61 mV 0.31 mV 
n = IS 0.61 mV 0.31 mV 0.15 mV 0.31 mV 0.15 mV 

NOTES 
*COB = Complementary Offset Binary. 

·*CTC = Complementary Twos Complement - achieved by using an inverter to complement the most significant bit to 
product (MSB). 

***CSB = Complementary Straight Binary. 

o V to +5 V 

+5 V 
-3/2 LSB 

+2.5 V-1I2 LSB 

OV 
+112 LSB 

r- 25 lDV SP:: 

I 3.75kll 
L 24}-~"""..-.. 

20V SPAN 

COMP IN 

Zero is now calibrated. Set analog input to + FSR - 2 LSB = 
+ 9.99878 V. Adjust Gain for 0000000000000 1 digital output 
code; full scale (Gain) is now calibrated. Half scale calibration 
check: set analog input to +5.00000 V; digital output code 
should be 01111111111111. 

TOSAR 

BIPOLAR ~~~~ COMPARATOR 
OFFSET ®--yy~ V.EF 

ANALOG t22L-
COMMON \:::;t .,a.. 

Figure 10. Input Scaling Circuit 

CALIBRATION 
(14-Bit Resolution Examples) 
External ZERO AD] and GAIN AD] potentiometers, connected 
as shown in Figures 11 and 12, are used for device calibration. 
To prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for uni
polar and - FS for bipolar input ranges). Gain is adjusted with 
the analog input near the most positive end of the analog range. 

o V to + 10 V Range: Set analog input to + I LSB'4 = 
0.00061 V. Adjust Zero for digital output = 11111111111110. 
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NOTE: ANALOG I"'" AND DIGITAL 1+' ONDS ·15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

'-----~)'tl!·TO .,ov! 

Figure 11. Analog and Power Connections for Unipolar 
o V to + 10 V Input Range 
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-10 V to +10 V Range: Set analog input to -9.99878 V; ad
just zero for 1111111111110 digital output (complementary off
set binary) code. Set analog input to 9.99756 V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half scale calibration check: set analog input to 0.00000 V; 
digital output (complementary offset binary) code should be 
01111111111111. 

NOTE: ANALOG '.1 AND DIGITAL !.) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 12. Analog and Power Connections for Bipolar 
+ 10 V to + 10 V Input Range 

Other Ranges: Representative digital coding for 0 V to + 10 V 
and -10 V to + 10 V ranges is given above. Coding relation
ships and calibration points for 0 V to +5 V, -2.5 V to +2.5 V 
and - 5 V to + 5 V ranges can be found by halving proportion
aIly the corresponding code equivalents listed for the 0 V to 
+ 10 V and -10 V to + 10 V ranges, respectively, as indicated in 
Table III. 

Zero and full-scale calibration can be accomplished to a preci
sion of approximately ± 112 LSB using the static adjustment pro
cedure described above. By summing a smaIl sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, edited by D. H. Sheingold, Prentice
Hall, Inc., 1986. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition components have.two or more ground 
pins which are not connected together within the device. These 
"grounds" are usuaIly referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (pins 19 and 22) must be tied together 
at one point for the ADC as close as possible to the converter. 
Ideally, a single solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes of the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
ADC. Separate wide conductor stripe ground returns should be 
provided for high resolution converters to minimize noise and 
IR losses from the current flow in the path from the converter 
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AD1376/AD1377 
to the system ground point. In this way ADC supply currents 
and other digital logic-gate return currents are not summed into 
the same return path as analog signals where they would cause 
measurement errors. 

Each of the ADC supply terminals should be capacitively decou
pled as close to the ADC as possible. A large value capacitor 
such as 1 tJ.F in paraIlel with a 0.1 tJ.F capacitor is usually suffi
cient. Analog supplies are to be bypassed to the Analog Power 
Return pin and the logic supply is bypassed to the Logic Power 
Return pin. 

The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 

CLOCK RATE CONTROL 
The AD1376 and AD1377 may be operated at faster conversion 
times by connecting the Clock Rate Control (Pin 23) to an exter
nal multiturn trim potentiometer (TCR <100 ppm/DC) as shown 
in Figure 13. 

51d' ~""---''---{. 

Figure 13. Clock Rate Control Circuit. AD1376 Clock Fre
quencies are 1.4 MHz (+5 V) and 1040 kHz (DGND). 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 and AD1376 or AD1377 are shown in Figure 
14. Conversion is initiated by the falling edge of the CONVERT 
START pulse. This edge drives the AD 1376's or AD 1377's 
STATUS line high. The inverter then drives the AD386 into 
hold mode. STATUS remains high throughout the conversion 
and returns low once the conversion is completed. This aIlows 
the AD386 to reenter track mode. 

This circuit can exhibit nonlinearities arising from transients 
produced at the AID's input by the falling edge of CONVERT
START. This edge resets the AiD's internal DAC; the resulting 
transient depends on the SHA's present output voltage and the 
AiD's prior conversion result. In the circuit of Figure 14 the 
faIling edge of CONVERT-START also places the SHA into 
hold mode (via the AID's STATUS output), causing the reset 
transient to occur at the same moment as the SHA's track-and
hold transition. Timing skews and capacitive coupling can cause 
some of the transient signal to add to the signal being acquired 
by the SHA, introducing nonlinearity. 

A much safer approach is to add a flip flop as shown in Figure 
15. The rising edge of CONVERT START places the TIH into 
hold mode before the AiD reset transients begin. The falling 
edge of STATUS places the AD386 back into track mode. Sys
tem throughput will be reduced if a long CONVERT START 
pulse is used. Throughput can be calculated from 

Throughput = =T:-----=:------::=-
ACQ + TCONV + Tcs 

where TACQ is the T/H acquisition time, TcoNv is the time re
quired for the AID conversion, and T cs is the duration of CON
VERT START. The combination of the AD1376 and AD386 
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AD1376/AD1377 . 

-.--------~~--------------------~~+15V 

~--_1------r---~--------------~~r_-15V 

ANALOG 
INPUT ...-..I 

-10VTO 
+10 V 

,----1'---+--_t__ +5 V 

Figure 14. Basic Data Acquisition System Interconnections 

-.--------~~--------------------_1~+15V 

~--_1------r_--~--------------._~---,sv 

,---f"--t---1r_ +5 V 

Figure 15. Improved Data Acquisition System 

will provide greater than 50 kHz throughput. No significant 
TIH droop error will be introduced provided the width of CON
VERT START is small compared with the AID's conversion 
time. 
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Using the AD1376 or AD1377 at Slower Conversion Times 
The user may wish to run the ADC at slower conversion times 
in order to synchronize the AID with an external clock. This is 
accomplished by running a slower clock than the internal clock 
into the START CONVERT input. This clock must consist of 
narrow negative-going clock pulses, as seen in Figure 16. The 
pulse must be a minimum of 100 ns wide but not greater than 
700 ns. Having a rising edge immediately after a fa11ing edge 
inhibits the internal clock pulse. This enables the ADC to func
tion normally and complete a conversion after 17 clock pulses. 
The STATUS command will function normally and switch high 
after the first clock pulse and will fall low after the 17th clock 
pulse. In this way an external clock can be used to control the 
ADC at slower conversion times. 

(:xr:E~N~~Y~~1 --u---u--t..r ... ~ 
--l I- 701°:sn~''t. 2 

CLOCKOUT __ ~ ••• ~ 

I .. I t, I I t" I t" I 

STATUS __ J . .. ~ 

SERIAL OUT ::~ r---··'-::-"15'--' ___ '~.~~~~ 

NOTES 
tEXTERNAL elK RATE CTRL {PIN 231 GROUNDED. 
:SOns MIN, 400ns MAX FOR AD1377. 

Figure 16. Timing Diagram for Use with an External Clock 
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WDEVICES 

FEATURES 
Complete 16-Bit Converter with Reference 

and Clock 

Complete, Wide Temperature 
16-Bit AID Converter 

AD1378 I 
FUNCTIONAL BLOCK DIAGRAM 

%0.003% Maximum Nonlinearity Over Temperature 
Available with MIL-STD-883 Screening 

IMSBI BITS 1 1 

Fast Conversion -17,..5 Maximum (16 Bit) 
Short Cycle Capability 
Parallel and Serial Outputs 
Low Power: 800 mW Maximum 
Industry Standard Pin Out 
Specified Over Military Temperature Range 

~------------~31 ~D 

r+----; 21 COMPARATOR IN 

22 ANALOG COMMON 

21 -16V de SUPPLY VII 

(LSB FOR 13.::r: 13 

ILSB FOR '.c:T~ 14 19 DIGITAL COMMON 

PRODUCT DESCRIPTION 
The AD 1378 is a high resolution 16-bit hybrid IC analog-to
digital converter including reference, clock and laser-trimmed 
thin-fIlm components. It is packaged in a compact 32-pin, ce
ramic DIP. The thin-fIlm scaling resistors allow analog input 
ranges of ±2.S V, ±S V, ± 10 V, 0 to +5 V, 0 to + 10 V, and 
o to +20 V. 

Important performance characteristics of the devices are maxi
mum linearity error of ±0.003% of FSR, and maximum 14-bit 
conversion time of IS "'S. This performance is due to innovative 
design and the use of proprietary monolithic DI A converter 
chips. Laser-trimmed thin-fIlm resistors provide the linearity 
and wide temperarure range for no missing codes. 

The AD 1378 provides data in parallel and serial form with cor
responding clock and starus outputs. All digital inputs and out
puts are TTL compatible. 

APPLICATIONS 
The AD1378 is excellent for use in applications requiring 14-bit 
accuracy over extended temperature ranges. Typical applications 
include multichannel data acquisition systems, servo control sys
tems and anywhere that excellent stability and wide dynamic 
range in the srnallest space is required. The device may be short 
cycled to achieve 14-bit conversions in IS f.LS. 

REV. A 

PRODUCT HIGHLIGHTS 
1. The AD1378 provides 16-bit resolution with maximum lin

earity error less than ±0.003% (±0.006% for S grade) at 
+2SoC. 

2. Conversion time is 14 f.LS typical to 14 bits with short cycle 
capability, and 16 f.Ls to 16 bits. 

3. Two binary codes are available on the ADJ378 output. They 
are complementary straight binary (CSB) for unipolar input 
voltage ranges and complementary offset binary (COB) for 
bipolar input ranges. Complementary twos complement 
(CTC) coding may be obtained by inverting Pin 1 (MSB). 

4. The proprietary ICs used in this hybrid design provide excel
lent stability over temperature and lower chip count for im
proved reliability. 

S. The AD1378 includes an internal reference and clock, with 
external clock adjust pin, and a serial output. 
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AD1378-SPECIFICATIONS (typical at TA = +25°C, Vs = ±15, +5 V unless othelWise noted) 

Model AD1378SD AD1378TD 

RESOLUTION 16 (max) * 
ANALOG INPUTS 

Voltage Ranges 
Bipolar ±2.5, ±S, ± 10 * 
Unipolar o to +5,0 to +10, 0 to +20 * 

Impedance (Direct Input) 
Oto +5V, :!:2.5V 1.88 * o to +10 V, :!:5.0 V 3.75 * 
Oto +20 V, :!:IOV 7.50 * 

DIGITAL INPUTS' 
Convert Command Positive Pulse 50 os Wide (ntin) Trailing Edge Initiates ConversiOn 
Logie Loading 1 * 

TRANSFER CHARACfERISTICS2 

ACCURACY 
Gain Error :!:0.05' (:!:0.1 max) * 
Offset Error 

Unipolar :!:0.05' (:!:0.1 max) * 
Bipolar :!:O.OS' (:!:0.2 max) * 

Linearity Error (max) :!:0.006 :!:0.003 
Inherent Quantization Error :!:112 * 
Differential Linearity Error :!:0.003 * 

POWER SUPPLY SENSITIVITY 
:!:15 V de (:!:0.75 V) 0.00 1 (0.003 max) * 
+5 V de (:!:0.25 V) 0.001 (0.005 max) * 

CONVERSION TIME' 
14 Bits 14 (15 max) * 
16 Bits 16 (17 max) * 

WARM-UPTIME 1 * 
DRIFT 

Gain :!:15 (max) :!:5 (:!:15 max) 
Offi;et 

Unipolar :!:2 (:!:4 max) :!:2 (:!:4 max) 
Bipolar :!:10(max) :!:3 (:!:IO max) 

Linearity :!:2 (3 max) :!:0.3 (2 max) 
Guaranteed No Missing Code 

Temperature Range -55 to + 125 (13 Bits) -55 to + 125 (14 Bits) 

DIGITAL OUTPUT' 
(All Codes Complementary) 

Parallel & Setial 
Output Codes" 

Unipolar CSB * 
Bipolar COB,CTC7 * 
Output Drive 5 * 

Status Logic" 1" During Conversion * 
Status Output Drive 5 (max) * 

Internal Clock' 
Clock Output Drive ,5 (max) * 
Frequeney 1040 * 

POWER SUPPLY REQUIREMENTS 
Power Consumption 645 (800 max) * 
Rated Voltage, Analog :!:15 :!:0.75 (max) * 
Rated Voltage, Digital +5 :!:0.25 (max) * 
Supply Drain +15 V de +25 (max) * 
Supply Drain -15 V de -40 (max) * 
Supply Drain + 5 V de +25 (max) * 

TEMPERATURE RANGE 
Specification -55 to +125 * 
Storage -65 to +150 * 

NOTES 
lLogic "0" = 0.8 V, max. Logic "I" = 2.0 V, min for inputs. For digital outputs Logic "0" = +0.4 V max. Logic "1" = 2.7 V min. 
2Tested on ± 10 V and 0 to + 10 V ranges. 
'Adjustable to zero. 
'Full-Sesle Range. 
5ConversioD time may be shortened with "Short Cycle" set for lower resolution. 
<CSB - Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Twos Complement. 
7CTC coding obtained by inyening MSB (Pin 1). 
'With Pin 23, clock rate controls tied to digital ground. 

'Specifiestions same as ADl378SD. 
Specif1C8tions subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage ............................ ±18 V 
Logic Supply Voltage ...................•.... +7 V 
Analog Inputs (pins 24 & 25) ................... ±25 V 
Digital Inputs ............................ + 5.5 V 
Junction Temperature ....................... + 175·C 
Storage Temperature ................. -65·C to + 1500C 
Lead Temperature (Soldering, 10 sec) ............ +300OC 

*Suesses above those listed undet "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only sud functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

AD1378 
ORDERING GUIDE 

Max 
Linearity Temperature 

Model Error Range Package Option· 

AD1378SD 0.006% FSR -SSOC to + 12S·C Ceramic DH-32E 
AD1378TD 0.003% FSR -SS·C to +l2S·C Ceramic DH-32E 

*DH-32E = Bottom Brazed Ceramic DIP. For outline information see 
Package Information section. 

CAUTlON __ ~~ __ ~~~~~-= __ ~ ____ ~ ______________ ___ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

THEORY OF OPERATION 
A 16-bit conversion AID converter partitions the range of analog 
inputs into 216 discrete ranges or quanta. All analog values 
within a given quantum are represented by the same digital 
code, usually assigned to the nominal midrange value. There is 
an inherent quantization uncertainty of ± 112 LSB, associated 
with the resolution, in addition to the actual conversion errors. 

~ 
!; 
"# , 
i!i 
! .. , 
~ .. 
~ z 
::I 

~ 1I2LSB 12·BIT I ... , t--T'Hc-t-----t----__� 
~ ..... t---~~\t-----t----__I 
~ 1f2lSB 13·BIT 

; 0.003 t----..".,of"~---t--'I2-LS-B-' .. -B-IT--I 

::t 0.00'. ~----__:L,.-----,J...----~20 
CONVERSION TIME -p.. 

Figure 1. AD1378 Nonlinearity vs. Conversion Time 

The actual conversion errors that are associated with AID 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of monolithic DACs that include the scal
ing network. The initial gain and offset errors are specified at 
±0.2% FSR for gain and ±0.1% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 3 and 4. Linearity error is defmed for unipolar 
ranges as the deviation from a true straight line transfer charac
teristic from a zero voltage analog input, which calls for a zero 
digital outpUt, to a point which is defmed as a full scale. The 
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linearity error is based on the DAC resistor ratios. It is unad
justable and is the most meaningful indication of AID converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure 2). 

Monotonic behavior requires that the differential linearity error 
be less than I LSB, however a monotonic converter can have 
missing codes; the AD 1378 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS=YEG2 + E02+EL2 

EG = Gain Drift Error (ppm?C) 

EO = Offset Drift Error (ppm of FSRI"C) 

EL = Linearity Error (ppm of FSRI"C) 

000 ••• 000 

I 

~-1LSB 

Figure 2. Transfer Characteristics for an Ideal Bipolar AID 
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AD1378 
DESCRIPTION OF OPERATION 
On receipt of a CONVERT START command, the AD1378 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive-approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog in
put is successively compared to the feedback DAC output, one 
bit at a time (MSB first, LSB last). The decision to keep or re
ject each bit is then made at the completion of each bit compari
son period, depending on the state of the comparator at that 
time. 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100-ppmf'C potentiometer 
connected across ± V s with its slider connected through a 
300-kO resistor to the gain adjust Pin 29 as shown in Figure 3. 

If no external trim adjustment is desired, Pin 27 (offset adj) and 
Pin 29 (gain adj) may be left open. 

+15V 

100 ppm/'C TO 29 AD1378 l00kO~300kO 
100 kO 0.01 ... F 

-15V ~ ------~ 

Figure 3. Gain Adjustment Circuit (±0.15% FSR) 

OFFSET ADJUSTMENT 
The zero adjust circuit consists of a l00-ppmf'C potentiometer 
connected across ± V s with its slider connected through a 
1.8-MO resistor to Comparator Input Pin 27 for all ranges. As 
shown in Figure 4, the tolerance of this fixed resistor is not 
critical, and a carbon composition type is generally adequate. 
Using a carbon composition resistor having a -1200-ppmf'C 
tempco contributes a worst-case offset tempco of 32 LSBI4 x 
61 ppmlLSBI4 x 1200 ppmf'C = 2.3 ppmf'C of FSR, if the 
OFFSET ADJ potentiometer is set at either end of its adjust
ment range. Since the maximum offset adjustment required is 
typically no more than ± 16 LSBw use of a carbon composition 
offset summing resistor typically contributes no more than 
1 ppmf'C of FSR offset tempco. 

+15V 

TO 27 AD1378 
l00kO 

10k0!-9.8M1l 

----~ 
-ISV 

Figure 4. Offset Adjustment Circuit (±0.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal fIlm resistors (tempco <100 ppmf'C) are 
used, is shown in Figure S. 

OFFSET 1~ ~-""""'"'"--<r--'\""'---<i 
ADJ l00kO 

AD1378 

Figure 5. Low Tempco Zero Adjustment Circuit 
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In either adjust circuit, the fixed resistor connected to Pin 27 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 27 is quite sensitive to exter
nal noise pick-up and should be guarded by analog common. 

TIMING 
The timing diagram is shown in Figure 6. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit ap
plied to the gated clock, pertnitting it to run through 17 cycles. 
All the SAR parallel bits, STATUS flip-flops, and the gated 
clock inhibit sigual are initialized on the trailing edge of the 
CONVERT START signal. At time to, BI is reset and B2 - BI6 
are set unconditionally. At t I the Bit 1 decision is made (keep) 
and Bit 2 is reset unconditionally. This sequence continues until 
the Bit 16 (LSB) decision (keep) is made at t16' The STATUS 
flag is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock output 
to the low Logic "0" state. Note that the clock remains low un
til the next conversion. 

Corresponding parallel data bits become valid on the same 
positive-going clock edge. 

-.J • MAXIMUM THROUGHPUT TIME !:! 
:::~Jl' COMI .... ""nME'z' -IlL 

CLOCK, ,,1 I 

STATUS t,. 

MSB-' .,,!.3I iii iii iii i . iii ~ 1411 '" 
BIT z ;;~P=CJ. i I' 1 

:::::r "'"1--... 1 1 1 I I I 
BITS::: I"'" 1 1 
BITI--- L 
BlT1---

BIT'=:-

::~~~~i-----------==; BIT'2::~;-----------=:; 

BIT'3-:..J~~~~~~~~~~~~~~~~E£t~~ BIT "~::i' BIT 15 ___ • 

LSB---

DAT~~~::-=1ZJ2 

Figure 6. Timing Diagram (Binary Code 
0110011101111010) 
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DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers is in 
negative true form (Logic "I" = 0 V and Logic "0" = 2.4 V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. Par
allel data becomes valid at least 20 ns before the STATUS flag 
returns to Logic "0", permitting parallel data transfer to be 
clocked on the "I" to "0" transition of the STATUS flag (see 
Figure 7). 

BITI6~ r-
VALID \ /I 

~----------~----
(ST:TttSs1----------:.. I' .... L 

20n5 MIN TO 90n5 ....j ~ 
Figure 7. LS8 Valid to Status Low 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-retum-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 120 ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 8. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis
ter, which is shifted out on the last negative-going clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 

CLOCK~ r--
SERIAL ,,'--_____ _ 

OUT~ x:::= 
....j j.- 30n5 TO 120n5 MAX 

Figure 8. Clock High to Serial Out Valid 

Short Cycle Input: A Short Cycle Input, Pin 32, permits the 
timing cycle shown in Figure 11 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
16-bit resolution. When 10-bit resolution is desired, Pin 32 is 
connected to Bit 11 output Pin 11. The conversion cycle then 
terminates and the STATUS flag resets after the Bit 10 decision 
(timing diagram of Figure S). Short cycle connections and asso
ciated 8-, 10-, 12-, 13-, 14- and IS-bit conversion times are sum
marized in Table I, for a 933 kHz clock. 
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Maximum Connect Short 
Resolution Conversion Status Flag Cycle Pin 32 to 

Bit (%FSR) Time ( .... s) Reset Pin: 

16 0.0015 17.1 t'6 N/C (Open) 
IS 0.003 16.1 tIS 16 
14 0.006 15.0 t14 15 
13 0.012 13.9 tl3 14 
12 0.024 12.9 t'2 13 
10 0.100 10.7 tlO 11 
8 0.390 8.6 t. 9 

Table I. Short Cycle Connections 

INPUT SCALING 
The AD1378 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the AID converter. Connect the input signal 
as shown in Table II. See Figure 9 for circuit details. 

IOV SPAN 
r 25 R2 

I 3.75 kG 
L 241}---""",,--+ 

20V SPAN 

COMP IN 

COMPARATOR 
BIPOLAR~!~ 
OFFSET ~ ...... ,,------- VREF 

ANALOG t22L-
COMMON~ 

TOSAR 

Figure 9. A01378 Input Scaling Circuit 

Input Connect Connect Connect 
Signal Output Pin 26 Pin 24 Input 
Line Code to Pin to Signal to 

±IO V COB 27 Input 24 
Signal 

±S V COB 27 Open 25 
±2.S V COB 27 Pin 27 25 

o V to +5 V CSB 22 Pin 27 25 
o V to +10 V CSB 22 Open 25 
o V to +20 V CSB 22 Input 24 

Signal 

Note: Pin 27 is extremely sensitive to noise and should be guarded by 
analog common. 

Table II. A01378 Input Scaling Connections 
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AD1378 
Code Under Test Low Side Transition Values 

MSB LSB Range ±IO.V ±5 V ±2.5 V o to +10 V 

000 ... 000* +Full Scale +10 V +5V +2.5 V +10 V 
-3/2 LSB -3/2 LSB -3/2 LSB - 3/2 LSB 

OlJ ... III Midscale 0-112 LSB 0-112 LSB 0-112 LSB +5 V-1/2 LSB 

III ... lJO -Full Scale -10 V -5 V 
+112 LSB +112 LSB 

·Voltages given· are the nominal value for transition to the code specified. 
Note: For LSB value for range and resolution used, see Table IV. 

-2.5 V 
+112 LSB 

Table III. Transition Values vs. Calibration Codes 

Analog Input 

OV 
+112 LSB 

Voltage Range ±10 V ±5 V ±2.5 V o V to +10 V 

Code COB* COB* COB* 
Designation or CTC** orCTC** or CTC** CSB*** 

One Least FSR FSR 20V 10V 5V 10V 
Significant -- - - - -
(Bit LSB) 2" 2"- 2" 2" 2" 

n = 8 78.13 mV 39.06 mV 19.53 mV 39.06 mV 
n = 10 19.53 mV 9.77 mV 4.88 mV 9.77 mV 
n = 12 4.88 mV 2.44mV 1.22 mV 2.44 mV 
n = 13 2.44 mV 1.22 mV 0.61 mV 1.22 mV 
n = 14 1.22 mV 0.61 mV 0.31 mV 0.61 mV 
n = IS 0.61 mV 0.31 mV 0.15 mV 0.31mV 

NOTES 
"COB = Complementary Offset Binary. 

'"CTC = Complementary Twos Complement - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

""CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and [S8 Values 

CALWRATION (14-Bit Resolution Examples) 
External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figures 3 and 4, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always ad
justed first and then Gain. Zero is adjusted with the analog in
put near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 

o to + 10 V Range: Set analog input to + I LSB'4 = 0.00061 V. 
Adjust Zero for digital output = 1l1l11l1l1l1l0. Zero is now 
calibrated. Set analog input to +FSR - 2 LSB = + 9.99878 V. 
Adjust Gain for 00000000000001 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set analog 
input to +5.00000 V; digital output code should be 
o Illll1 II II 11 1. 

NOTE: ANALOG I~I AND DIGITAL ,?, GNDS 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALL V. 

-1&V 

o to +5 V 

+5V 
-3/2 LSB 

+2.5 V-1I2 LSB 

OV 
+112 LSB 

o V to +5 V 

CSB*** 

5V 
-
2" 

19.53 mV 
4.88 mV 
1.22 mV 
0.61 mV 
0.31 mV 
0.15 mV 

Figure 10. Analog and Power Connections for Unipolar 0 
to +10 V Input Range 
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-10 V to + 10 V Range: Set analog input to -9.99878 V; ad
just zero for 1111111111110 digital output (complementary off
set binary) code. Set analog input to 9.99756 V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 
0.00000 V; digital output (complementary offset binary) code 
should be 01111111111111. 

ZERO 
AOJ 

NOTE: ANALOG r,,1 AND DIGITAL 1*1 GNDS -15V 
ARE NOT TIED INTERNAlL V AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 11. Analog and Power Connections for Bipolar -10 
V to + 10 V Input Range 

Other Ranges: Representative digital coding for 0 to + 10-V and 
-IO-V to + IO-V ranges is given above. Coding relationships 
and calibration points for 0 to +5-V, -2.5-V to +2.5-V and 
-5-V to +5-V ranges can be found by halving proportionally 
the corresponding code equivalents listed for the 0 to + 10-V 
and -IO-V to + 10-V ranges, respectively, as indicated in 
Table III. 

Zero and full-scale calibration can be accomplished to a preci
sion of approximately ± 112 LSB using the static adjustment pro
cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, edited by D. H. Sheingold, Prentice-Hall, 
Inc., 1986. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 19 and 22) must be tied together 
at one point for the AD 1378 as close as possible to the con
verter. Ideally, a single solid analog ground plane under the con
verter would be desirable. Current flows through the wires and 
etch stripes of the circuit cards, and since these paths have resis
tance and inductance, hundreds of millivolts can be generated 
between the system analog ground point and the ground pins of 
the AD1378. Separate wide conductor stripe ground returns 
should be provided for high resolution converters to minimize 
noise and IR losses from the current flow in the path from the 
converter to the system ground point. In this way AD1378 sup-

REV. A 

AD1378 
ply currents and other digital logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement errors. 

Each of the AD1378 supply terminals should be capacitively 
decoupled as close to the AD1378 as possible. A large value ca
pacitor such as I jJ.F in parallel with a 0.1 jJ.F capacitor is usu
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal cover is internally grounded with respect to the • 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 

CLOCK RATE CONTROL 
The AD 1378 may be operated at faster conversion times by con
necting the Clock Rate Control (Pin 23) to an external multiturn 
trim potentiometer (TCR <100 ppm/"C) as shown in Figures 12 
and 13. The integral linearity and differential linearity errors 
will vary with speed as shown in Figure I. 

+15V de 

SkU <--..--------1 AD1378 

Figure 12. Clock Rate Control Circuit 

10 12 14 15 

PIN 23 CONTROL VOLTAGE 

Figure 13. Conversion Time vs. Control Voltage 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 and AD1378 are shown in Figure 14. Conver
sion is initiated by the falling edge of the CONVERT START 
pulse. This edge drives the AD 1378's STATUS line high. The 
inverter then drives the AD386 into hold mode. STATUS re
mains high throughout the conversion and returns low once the 
conversion is completed. This allows the AD386 to reenter track 
mode. 

This circuit can exhibit nonlinearities arising from transients 
produced at the AID's input by the falling edge of CONVERT
START. This edge resets the AID's internal DAC; the resulting 
transient depends on the SHA's present output voltage and the 
AID's prior conversion result. In the circuit of Figure 14 the 
falling edge of CONVERT-START also places the SHA into 
hold mode (via the AID's STATUS output), causing the reset 
transient to occur at the same moment as the SHA's track-and-
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hold transition. Timing skews and capacitive coupling can cause 
some of the transient signal to add to the signal being acquired 
by the SHA, introducing nonlinearity. 

_,----"",----------"",,-+15 V 

-4-_.---+----t-------..--l--15v 
.---...... -r.--t-- .5V 

ANALOG 
INPUT _ 

-10VTO 
+10Y 

Figure 14. Basic Data Acquisition System Interconnections 

A much safer approach is to add a flip flop as shown in Figure 
IS. The rising edge of CONVERT START places the TIH into 

-.-----,.-------------1>- +15V 

-4--,.---+--t-------.,----1--1. v 
.---...... -r.--t-- .5V 

Figure 15. Improved Data Acquisition System 
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hold mode before the AlD reset transients begin. The falling 
edge of STATUS places the AD386 back into track mode. Sys
temthroughput will be reduced if a long CONVERT START 
pulse is used. Throughput can be calculated from 

Throughput = =T--=----=--
ACQ + TCONV + Tcs 

where T ACQ is the T/H acquisition time, T CONY is the time re
quired for the AJD conversion, and T cs is the duration of CON
VERT START. The combination of the AD1378 and AD386 

will provide greater than SO kHz throughput over the full mili
tary temperature range. No significant TIH droop error will be 
introduced provided the width of CONVERT START is small 
compared with the AlD's conversion time. 

Using the AD1378 at Slower Conversion Times 
The user may wish to run the AD1378 at slower conversion 
times in order to synchronize the AlD with an external clock. 
This is accomplished by running a slower clock than the internal 
clock into the START CONVERT input. This clock must con
sist of narrow negative-going clock pulses, as seen in Figure 16. 
The pulse must be a minimum of 100 ns wide but not greater 
than 700 ns. Having a rising edge itnmediately after a falling 
edge inhibits the internal clock pulse. This enables the AD1378 
to function norma1ly and complete a conversion after 17 clock 
pulses. The STATUS command will function normally and 
switch high after the first clock pulse and will fall low after the 
17th clock pulse. In this wayan external clock can be used to 
control the AD1378 at slower conversion times. 

1I~1"=N~'l:=I--~"'~ 
-l I- 7~n~'=, 

CLOCKOUT __ ~ ••• ~ 

I to I t, I I t" I t" I 

STATUS __ J ... ~ 
SERIAL OUT ::~ r-.. . Ii 1st.-l.._!!'·...J6l!8l1S<im~ 

NOTE 
'EXTERNAL eLK RATE CTRL IPIN 23) GROUNDED. 

Figure 16. Timing Diagram for Use with an External Clock 

REV. A 



r-IIANALOG 
WDEVICES 

Low Cost 
16-Bit Sampling ADC 

AD1380 I 
FEATURES FUNCTIONAL BLOCK DIAGRAM 
Complete Sampling 16-Bit ADC With Reference 

and Clock 
50kHz Throughput 
±1I2LSB Nonlinearity 

SIH 
OUT 

20V SUMMING GAIN 
SPAN BIPOLAR JUNCTION ADJ 

Low Noise SHA: 300J.lV pop 
32-Pin Hermetic DIP 
Parallel and Serial Outputs 
Low Power: 900mW 

APPLICATIONS 
Medical and Analytical Instrumentation 
Signal Processing 
Data Acquisition Systems 
Professional Audio 
Automatic Test Equipment (ATE) 
Telecommunications 

PRODUCT DESCRIPTION 
The AD1380 is a complete, low cost 16-bit analog-to-digital con
verter, including internal reference, clock and sampleJhold 
amplifier. Internal thin-film-on-silicon scaling resistors aJlow 
analog input ranges of ±2.SV, ±SV, ±IOV, 0 to +SV and 0 to 
+lOV. 

5tH IN 

+5V 

DIGITAL 
GND 

ANALOG 
GND 

Model 

AD 1380JD 
AD 1380KD 

BIT 15 

START CLOCK 
CONVERT OUT 

ORDERING GUIDE 

Max Linearity Temperature Package 
Error Range Option* 

0.006% FSR o to +70°C Ceramic (DH-32E) 
0.003% FSR o to +70°C Ceramic (DH-32E) 

Important performance characteristics of the AD 1380 include 
maximum linearity error of ±0.003% of FSR (AD1380KD) and 
maximum 16-bit conversion time of 1411S. Transfer characteris
tics of the AD1380 (gain, offset and linearity) are specified for 
the combined ADC/SHA, so total performance is guaranteed as 
a system. The AD 1380 provides data in parallel and serial form 
with corresponding clock and status outputs. All digital inputs 
and outputs are TTL or SV CMOS compatible. 

*DH-32E ~ Bottom Brazed Ceramic DIP. For outline information see 
Package Information section. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... ±18V 
Logic Supply Voltage ........................ +7V 
Analog Ground to Digital Ground ............... ±0.3V 
Analog Inputs (Pins 6, 7, 31) ................... ±Vs 
Digital Input .................. -0.3V to VDD +0.3V 
Output Short Circuit Duration to Ground 

SamplelHold ......................... Indefinite 
Data ................... I sec for Any One Output 

Junction Temperature ...................... + 175°C 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
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AD1380 -SPECIFICATIONS (typical @ fA = +25°C: Vs = +15V, +5V combined sample and hold AID 
. converter unless otherwise noted) 

Model ADl380JD ADl380KD 

RESOLUTION 16 * 
ANALOG INPUTS 

Bipolar ±2.5, ±5, ± 10 * 
Unipolar o to +5, 0 to + 10 * 

DIGITAL INPUTS· 
Convert Command TTL Compatible * 

Trailing Edge of Positive 
sOns (min) Pulse 

Logic Loading I * 
TRANSFER CHARACTERISTlCS2 

(COMBINED ADClSHA) 
Gain Error ±O.I max, ±0.05 typ3 * 
Unipolar Offset Error ±0.05 max, ±0.02 typ3 * 
Bipolar Zero Error ±0.05 max, ±0.02 typ3 * 
Linearity Error ±0.006 ±0.003 
Differential Linearity Error ±0.003 * 
Noise (IOV Unipolar) 85 * 

(20V Bipolar) 115 * 
THROUGHPUT 

Conversion Time 14 max * 
Acquisition Time (20V Step) 6 max * 

SAMPLE & HOLD 
Input Resistance 4 * 
SmaIl Signal Bandwidth 900 * 
Aperture Time 50 * 
Aperture Jitter 100 * 
Droop Rate 50 * 

Tmin to Tmax 1 * 
Feedthrough -80 * 

DRIFT (ADC & SHAl 
Gain ±20 max * 
Unipolar Offset ±5 max (±2 typ) * 
Bipolar Zero ±5 max (±2 typ) * 
No Missing Codes (Guaranteed) o to +70 (13 Bits) o to +70 (14 Bits) 

DIGITAL OUTPUTS TTL Compatible * 
All Codes Complementaty 5 * 
Clock Frequency 1.1 * 

POWER SUPPLY REQUIREMENTS 
Analog Supplies ±15 ±0.5 * 
Digital Supply +5 ±0.25 * 
+ 15V Supply Current 25 * 
-15V Supply Current 30 * 
+ 5V Supply Current IS * 
Power Dissipation 900 * 

TEMPERATURE RANGE 
Specified o to +70 * 
Operating -25 to +85 * 

NOTE 
lLogic "O"=O.8V, max. Logic "1"=2.0V, min for inputs. For digital outputs Logic "O"=O.4V max. Logic "1"=2.4V min. 
'Tested on ± lOY and 0 to + IOV ranges. 
'Adjustable to zero. 
'Full scale range. 
'Guaranteed but not 100% production tested. 

·Specifications same as AD\380JD. 

Specifications subject to change without notice. 
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Units 

Bits 

Volts 
Volts 

LSTTL Load 

% FSR4 

%FSR 
%FSR 
%FSR 
%FSR 
fLV rms 
fLV rms 

fLS 
fLS 

kO 
kHz 
ns 
ps rms 
fLV/ms 
mV/ms 
dB 

ppmrc 
ppmrc 
ppmrc 
·C 

LSTTL Loads 
MHz 

Volts 
Volts 
rnA 
rnA 
rnA 
mW 

·C 
·C 
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THEORY OF OPERATION 
A l6-bit AID converter partitions tho: range of analog inputs into 
216 discrete ranges or quanta. All analog values within a given 
quanrum are represented by the same digital code, usually 
assigned to the nominal midrange value. There is an inherent 
quantization uncertainty of ± 1I2LSB, associated with the resolu
tion, in addition to the actual conversion errors. 

The actual conversion errors that are associated with AID con
verters are combinations of analog errors due to the linear cir
cui try, matching and tracking properties of the ladder and scal
ing networks, reference error and power supply rejection. The 
matching and tracking errors in the converter have been mini
mized by the use of monolithic DACs that include· the scaling 
network. The initial gain and offset errors are specified at 
±O.l% FSR for gain and ±O.OS% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 2 and 3. Linearity error is defined for unipolar 
ranges as the deviation from a true straight line transfer charac
teristic from a zero voltage analog input, which calls for a zero 
digital output, to a point which is defmed as a full scale. The 
linearity error is based on the DAC resistor ratios. It is unad
justable and is the most meaningful indication of AID converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure 1). 

Monotonic behavior requires that the differential linearity error 
be less than lLSB, however a monotonic converter can have 
missing codes; the AD 1380 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperarure: offset, 
gain and linearity. Offset drift causes a shift of the transfer char
acteristic left or right on the diagram over the operating temper
ature range. Gain drift causes a rotation of the transfer charac
teristic about the zero for unipolar ranges or minus full scale 
point for bipolar ranges. The worst case accuracy drift is the 
summation of all three drift errors over temperarure. Statisti
cally, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = VEG2 + E02 + EL3 

EG = Gain Drift Error (ppm/°C) 

Eo = Offset Drift Error (ppm of FSRI"C) 

EL = Linearity Error (ppm of FSRI"C) 

000 ... 000 

I 

~-lLSB 

Figure 1. Transfer Characteristics for an Ideal Bipolar AID 
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AD1380 
DESCRIPTION OF OPERATION 
On receipt of a CONVERT START command, the AD1380 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog 
input is successively compared to the feedback DAC output, one 
bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit com
parison period, depending on the state of the comparator at that 
time. 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100ppml°C potentiometer 
connected across ± V s with its slider connected through a 300k!l 
resistor to the gain adjust Pin 3 as shown in Figure 2. 

If no external trim adjustment is desired, Pin 5 (OFFSET ADD 
and Pin 3 (GAIN ADD may be left open. 

10kn 
100ppml"C TO ~>---¥.,..,.. ...... -{ AD1380 

100kn 

Figure 2. Gain Adjustment Circuit (±O.2% FSR) 

OFFSET ADJUSTMENT 
The zero adjust circuit consists of a 100ppmf'C potentiometer 
connected across ± V s with its slider connected through a 
1.8M!l resistor to Comparator Input Pin 5 for all ranges. As 
shown in Figure 3, the tolerance of this fixed resistor is not crit
ical, and a carbon composition type is generally adequate. Using 
a carbon composition resistor having a - 1200ppmf'C tempco 
contributes a worst-case offset tempco of 32LSB14 X 

61ppmlLSB14 x 1200ppmf'C = 2.3ppmf'C of FSR, if the OFF
SET AD] potentiometer is set at either end of its adjustment 
range. Since the maximum offset adjustment required is typi
cally no more than ± 16LSB14, use of a carbon composition off
set summing resistor typically contributes no more than 
Ippmf'C of FSR offset tempco. 

+15V 

TO 5 
10Dkn 

AD1380 
10kn~.8Mn 

-15V -------' 

Figure 3. Offset Adjustment Circuit (±O.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco < lOOppmf'C) are 
used, is shown in Figure 4. 

In either adjust circuit, the fixed resistor connected to Pin 5 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 5 is quite sensitive to external 
noise pickup and should be guarded by analog common. 
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AD1380 
+15V 

Figure 4. Low Tempco Zero Adjustment Circuit 

TIMING 
The timing diagram is shown in Figure 5. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock permitting it to run through 17 cycles. All the 

SAR parallel bits; STATUS flip-flops and the gated clock 
inhibit signal are initialized on the trailing edge of the CON
VERT START signal. At time to, BI is reset and B2 - BI6 are 
set unconditionally. At tl the Bit I decision is made (keep) and 
Bit 2 is reset unconditionally. This sequence continues until the 
Bit 16 (LSB) decision (keep) is made at tl6" The STATUS flag 
is reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic "0" state. Note that the clock remains low until the 
next conversion. 

Corresponding parallel data bits become valid on the same 
positive-going clock edge. 

!-----MAXIMUM THROUGHPUT TlME----------=>"""-t 

INTERNAL 
CLOCK 

:~:::~:E~tttttwmt£~ BIT 6::-
BIT7---r-------~, 

BIT8:::~-t====~~Jdd:::::bY=kc: BIU-U r-
BIT '0::: BIT 11---r------------....:::::;::.; 
BIT'2:::jr-------------~~ 
BIT '3-:.:J 
BlT'4~~:r=I=========:::=5~*=s. BIT '5 __ _ 
LSB---c=Mj~=_:_:__=_===:-::--=====_~~LSB 

DATSAEROIUATL :::lm 2 3 4 I 5 6 I 7 I 8 9 '0 " '2 '3 '4 '5 '6 l)iil/iiL r:' .. ,.. .., .. "0" "0" "'" "'" "'" "0" "'" "'" "'" "'" "0" "'" ": I 
NOTES 
,. THE CONVERT START PULSE WIDTH IS SOns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. teoNV = 14"s (MAX). tAca = 6"s (MAX). 
3. MSB DECISION. 
4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 

Figure 5. Timing Diagram (Binary Code 0110011101111010) 
DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers is in 
negative true form (Logic "I" = OV and Logic "0" = 2.4V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. 
Parallel data becomes valid at least 20ns before the STATUS 
flag returns to Logic "0", permitting parallel data transfer to be 
clocked on the "I" to "0" transition of the STATUS flag (see 
Figure 6). 

CLOCK-.J r-
SERIAL 1 1'--_____ .... 
OUT~ ><== 

-+I ~ 30ns TO 120ns MAX 

Figure 7. Clock High to Serial Out Valid 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 

BIT'6 ~ ,---
VALID \ II 

~--------~r---

(ST:TUUSS~---------I':"""L 
20ns MIN TO 90ns -+I ~ 

Figure 6. LSB Valid to Status [ow 

(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Setial data is guaran
teed valid 120ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 7. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis
ter, which is shifted out on the last negative-going clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 
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INPUT SCALING 
The AD1380 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the AiD converter. Connect the input signal 
as shown in Table I. See Figure 8 for circuit details. 

6 10V SPAN 
R2 

3.7Skll 

Input 
Signal Output 
Line Code 

±lOV COB 
±5V COB 
±2.5V COB 
OV to +5V CSB 
OV to +lOV CSB 

NOTE 

AD1380 

Connect Connect Connect Connect 
Pin 4 Pin 7 Input Pin 32 
to Pin to Signal to to 

5 32 31 7 
5 Open 31 6 
5 Pin 5 31 6 
NC Pin 5 31 6 
NC Open 31 6 

TOSAR 
Pin 5 is extremely sensitive to noise and should be guarded by analog common. 

Table I. AD1380 Input Scaling Connections 
7Skll COMPARATOR 

BIPOLAR ~:;:-;.--=--
OFFSET &--yy~ VREF 

ANALOG Ii'-------
COMMON~ 

Figure 8. AD1380 Input Scaling Circuit 

Code Under Test Low Side Transition Value 
MSB LSB Range ±lOV ±5V ± 2.5V 
000. 000* + Full Scale +lOV +5V +Z.5V 

-3/2LSB -3/ZLSB -3/ZLSB 

011 111 Mid Scale O-lIZLSB 0-1I2LSB O-lIZLSB 

III 110 -Full Scale -lOY -5V -2.SV 
+1I2LSB +1I2LSB +1I2LSB 

NOTE 
For LSB value for range and resolution used, see Table III. 

tfIVoltages given are the nominal value for transition to the code specified. 

Table II. Transition Values vs. Calibration Codes 

Analog Input 
Voltage Range ±IOV ±SV ±2.SV 

Code COB* COB* COB* 
Designation or CTC** or CTC** or CTC** 

One Least FSR FSR 20V lOY SV 
Significant -- ~ ~ -
(Bit LSB) 2" 2" 2" Z" 

n=8 78.13mV 39.06mV 19.53mV 
n=IO 19.53mV 9.77mV 4.88mV 
n=12 4.88mV 2.44mV l.22mV 
n=13 2.44mV 1. 22mV 0.61mV 
n=14 l.ZZmV 0.61mV 0.31mV 
n=IS 0.61mV 0.31mV O.ISmV 

NOTES 
'COB ~ Complementary Offset Binary. 

**eTC = Complementary Twos Complement - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

***CSB :::: Complementary Straight Binary. 

Table /II. Input Voltage Range and LS8 Values 

o to +lOV 

+lOV 
-3/ZLSB 

+5V-1I2LSB 

OV 
+lIZLSB 

OV to +lOV 

CSB*** 

lOY 
~ 

2" 

39.06mV 
9.77mV 
2.44mV 
1. 22mV 
0.61mV 
0.31mV 

o to +5V 

+SV 
-3/ZLSB 

+2.SV-lIZLSB 

OV 
+1I2LSB 

OV to +SV 

CSB*** 

SV 
2n 

19.53mV 
4.88mV 
l.22mV 
0.61mV 
0.31mV 
O.ISmV 
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AD1380 
CALIBRATION (14-Bit Resolution Examples) 
External ZERO AD] and GAIN AD] potentiometers, connected 
as shown in Figures 2 and 3, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 

o to + lOY Range: Set analog input to + ILSB'4 = 
O.OOO6IV. Adjust Zero for digital output = 11111111111110. 
Zero is now calibrated. Set analog input to + FSR - 2LSB 
= + 9.99878V. Adjust Gain for 00000000000001 digital output 
code; full scale (Gain) is now calibrated. Half-scale calibration 
check: set analog input to +5.00000V; digital output code 
should be 01111111111111. 

-lOY to + lOY Range: Set analog input to -9.99878V; adjust 
zero for 1I111l1111110 digital output (complementary offset 
binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.oooOOV; 
digital output (complementary offset binary) code should be 
011ll1l1l11111. 

NOTE: ANALOG Ii'I AND DIGITAL (~I GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 9. Analog and Power Connections for Unipolar 0 to 
+ 10V Input Range 

NOTE: ANALOG Ii') AND DIGITAL (* I GNDS -lSV 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 10. Analog and Power Connections for Bipolar -10V 
to + 10V Input Range 
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Other Ranges: Representative digital coding for 0 to + lOY 
and -lOY to + lOY ranges is given above. Coding relationships 
and calibration points for 0 to +5V, -2.5V to +2.5V and -5V 
to + SV ranges can be found by halving proportionally the corre
sponding code equivalents listed for the 0 to + 10V and -lOY to 
+ lOY ranges, respectively, as indicated in Table II. 

Zero and full-scale calibration can be accomplished to a preci
sion of approximately ± 1I2LSB using the static adjustment pro
cedure described above. By summing a sma1l sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, edited by D. H. Sheingold, Prentice-Hall, 
Inc., 1986. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 
Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 8 and 30) must be tied together at 
one point for the AD 1380 as close as possible to the converter. 
Ideally, a single, solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes on the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD 1380. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise and 
IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD1380 supply cur
rents and other digital logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement errors. 

Each of the AD 1380 supply terminals should be capacitively 
decoupled as close to the AD 1380 as possible. A large value 
capacitor such as Ij.LF in parallel with a O.Ij.LF capacitor is usu
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 
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APPLICATION 
AD1380 Dynamic Performance 
High performance sampling analog-to-digital converters like the 
AD 1380 require dynamic characterization to assure they meet or 
exceed their desired performance parameters for signal process
ing applications. Key dynamic parameters include signal-to-noise 
ratio (SNR) and total harmonic distortion (THD), which are 
characterized using Fast Fourier Transform (FFT) analysis 
techniques. 

The results of that characterization are shown in Figure II. In 
the test a 13.ZkHz sine wave is applied as the analog input (fa) 
at a level of IOdB below full scale; the AD1380 is operated at a 
word rate of SOkHz (its maximum sampling frequency). 

0 

-10 

-20 

-30 
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AD1380 
The results of a 10Z4-point FFT demonstrate the exceptional 
performance of the converter, particularly in terms of low noise 
and harmonic distortion. 

In Figure II, the vertical scale is based on a full scale input ref
erenced as OdB. In this way, all (frequency) energy cells can be 
calculated with respect to full scale rms inputs. 

The resulting signal-to-noise ratio is 83.ZdB, which corresponds 
to a noise floor of -93.ZdB. 

Total harmonic distortion is calculated by adding the RMS • 
energy of the first four harmonics and equals -97.SdB. Increas-
ing the input signal amplitude to -O.4dB of full scale, causes 
THD to increase to -80.6dB as shown in Figure lZ. 

FUNDAMENTAL = 13232 
SAMPLE RATE = 50000 
SIGNAL (dB) = -10.0 
NOISE (dB) = -93.2 
THD (dB) = -97.5 

2f (dB) = -100.9 
3f (dB) = -101.8 
4f (dB) = -111.9 

I 
iii. LlI.,L .... .~L.I. d.I,~~ LI JI -120 

1 44 86 129 171 214 257 299 342 384 427 469 512 

FREOUENCY (x48.8281Hz) 

iii 
:!;! 
> 
!:: 
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Z 
w 
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~ 
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w 
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Figure 11. 

FUNDAMENTAL = 13232 
SAMPLE RATE = 50000 
SIGNAL (dB) = -0.4 
NOISE (dB) = -91.0 
THD (dB) = -80.6 

2f (dB) = -80.7 ~ 
3f (dB) = -99.9 
4f (dB) = -102.9 r--

I I I I 

111.1~ ... J,6. 11~1I1. ..I'~.J wi Ilull. l.aJj IL IIIl",UL.111 1.~Lllll"Uh ~rlt. 
44 86 129 171 214 257 299 342 384 427 469 512 

FREOUENCY (x48.8281Hz) 
20V SPAN 

Figure 12. 
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AD1380 
At lower input frequencies, however, THD performance is 
improved. Figure 13 shows a full scale (-O.3dB) input signal at 
1.41kHz. THD is. now -96.0dB . 

The ultimate noise floor can be seen with low level input signals 
of any frequency. In Figure 14 the noise floor is at -94dB, as 
demonstrated with an input signal of 24kHz at -39.8dB. 
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Figure 13. 

FUNDAMENTAL = 23975_ 
SAMPLE RATE = 50000 I--
SIGNAL (dB) = -39.8_ I--
NOISE (dB) = -94.3 
THO (dB) = -107.9 ~ f....-

2f (dB) = -116.0 - - -
3f (dB) = -113.6 _ 
4f (dB) = -112:4 - '--

dolll~ 1.1 i,,, , ... 1, hili ... 1..1 JI 1.1, 1 .1. Id III. 
44 86 129 171 214 257 299 342 384 427 469 512 

FREQUENCY (x48.8281Hz) 
20V SPAN 

Figure 14. 
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11IIIIIIII ANALOG 
WDEVICES 

PRODUCT FEATURES 
Single Package 
16-Bit Resolution 
500 kHz Sampling Rate 
SNR 90 dB @ 100 kHz (min) 
THO -88 dB @ 100 kHz (min) 
0.0015% FSR INL (typ) 
±5, ±10 V Bipolar Input 
Zero Offset Autocalibration 

APPLICATIONS 
Medical Imaging 

CAT 
Magnetic Resonance 

Vibration Analysis 
Parametric Measurement Unit (ATE) 
Waveform/Transient Recorders 
Analytical Instruments 
Sonar 
Radar 

PRODUCT DESCRIPTION 
The AD1382 is a complete 500 kHz, 16-bit, sampling analog
to-digital converter contained in a single package. This high res
olution, high speed converter offers outstanding noise and dis
tortion performance along with excellent INL and DNL 
performance, all in a single dual-in-line package. 

The AD 1382 guarantees outstanding noise and distortion perfor
mance for both ± 5 V and ± 10 V input ranges. The AD 1382 
architecture includes a low noise and low distortion tracklhold 
with a three-pass digitally corrected subranging ADC. Precision 
thin film resistors and a new proprietary DAC provide for out
standing dynamic and static performance. Output data is multi
plexed over an eight-bit CMOSITTL compatible data bus. 

REV. A 

HOLD 

l6-Bit 500 kHz 
Sampling ADC 

AD1382 I 
FUNCTIONAL BLOCK DIAGRAM 

CLOCK & CONTROL 
SIGNALS 
~ 

DATA 

The AD1382 uses four power supplies, ±5 V and ±15 V, and 
an external 10 MHz clock. Power dissipation is nominally 
2.8 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V are provided. Careful attention to grounding and a single 
package make it easy to design PCBs to achieve specified 
performance. 
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AD1382 _. SPECIFICATIONS (lA ~ +25°C, Vs = ±15 v, VDD ~ +5 V, Vss = -5 V, 10 MHz External Clock, 
. 5 MlDute Wano-up, unlass othal'Wlsa noted) 

AD1382KD 
Parameter Min Typ Max Units 

RESOLUTION 16 Bits 

ANALOG INPUT 
Input· Ranges ±5, ±10 V 
Input Impedance 2.45 2.5 2.55 kn 

TRANSFER CHARACTERISTICS 
(Combined ADCffrackIHold) 
Integral Nonlinearity' ±0.0015 % FSR2 

Differential Nonlinearity' ±0.0006 ±0.0015 %FSR 
Missing Codes None 
Gain Error' ±0.07 ±0.15 %FSR 
Bipolar Zero' ±0.03 ±0.1O %FSR 
PSRR ±0.006 ±0.10 %FSRN 
Noise4 55 ,...VRMS 

DYNAMIC CHARACTERISTICS 
±5 V FSR, VIN = -0.4 dB 
Sample Rate 500 kHz 
Signal-to-Noise Ratio5 

f=5kHz 90 93 dB 
f = 100 kHz 90 92 dB 
f = 200 kHz 88 91 dB 

Peak Distortion 
f=5kHz -90 -98 dB 
f = 100 kHz -88 -93 dB 
f = 200 kHz -82 -85 dB 

Total Harmonic Distortion6 

f=5kHz -90 -96 dB 
f = 100 kHz -88 -92 dB 
f = 200 kHz -82 -85 dB 

DYNAMIC CHARACTERISTICS 
±10 V FSR, VIN = -0.4 dB 
Sample Rate 500 kHz 
Signal-ta-Noise Ratio5 

f=5kHz 90 95 dB 
f = 100 kHz 90 94 dB 
f = 200 kHz 88 93 dB 

Peak Distortion 
f=5kHz -90 -98 dB 
f = 100 kHz -80 -87 dB 
f = 200 kHz -74 -81 dB 

Total Harmonic Distortion6 

f=5kHz -90 -96 dB 
f = 100 kHz -80 -87 dB 
f = 200 kHz -74 -81 dB 

DIGITAL INPUTSY 

Input Voltage 
VIL 0.8 V 
VIH 2.0 V 

Input Current :1;:200 jiA 
Input Capacitsnce 2 pF 
Stsrt Command 

Setup Time, tscs 10 3 ns 
Hold Time, tsCH 10 0 ns 

Autozero 
Setup Time, tAZS 10 0 ns 
Hold Time, tAZH 20 6 ns 

Clock 
Frequency 2.S 10 MHz 
Duty Cycle 40 60 % 
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AD1382KD 
Parameter Min Typ Max 

DIGITAL INPUTS (Continued) 
Aperture Delay7 7 

DIGITAL OUTPUTS8, 9 

Output Voltage 
VOL @ IOL = 3.2 rnA 0.2 0.4 
VOH @ IOH = -3.2 rnA 2.4 4.5 

Output Capacitance 10 
Leakage, Outputs Disabled ±200 
Data Valid 

Setup Time, tOYS 75 ISO 
Hold Time, tovH 25 50 

Hold Command Time, tH 1300 
Hold Command Delay, tHO 6 
Data Strobe Pulse Width, tos 200 
Data Strobe Delay, toso 1650 

OUTPUT CODING Complementary Offset Binary or 
Complementary Twos Complement 

PERFORMANCE OVER TEMPERA TURE8, 10 

Operating Temperature Range 0 70 
Specified Temperature Range 10 40 
Missing Codes None 
Gain Drift 8 15 
Offset Drift 5 IS 
Differential Linearity 0.3 

INTERNAL REFERENCE 
Voltage 9.990 10.010 
Current 2 10 

POWER REQUIREMENTS 
Operating Range 

±Vs 14.25 15.75 
+Voo 4.75 5.25 
-Vss -5.25 -4.75 

Current Drains 
+Vs 50 73 
-Vs 45 65 
+Voo 115 160 
-Vss 160 200 

Power Dissipation 2.8 3.9 

NOTES 
'Integral linearity is inferred from FFT. Differential linearity is derived from histogram. 
'FSR, full-sca1e range. 
• Adjustable to zero. 
'Noise based on sma1l signa1 FFT excluding qusntization noise. 
'SNR fundsmental to noise minus harmonics 2-9. 
'THD includes harmonics 2-9 of the fundamental. 
1 Aperture delay is the time from the rising edge on the Hold Commsnd Input to the opening of the switch in the TracklHold. 
&ouaranteed but not 100% production tested. 
"Tinting baaed on 10 MHz clock. Refer to Figures 13 and 14. 

AD1382 

Units 

ns 

V 
V 
pF 
,..A 

ns 
ns 
ns 
ns 
ns 
ns 

DC 
DC 

ppmJ"C 
ppml"C 
ppml"C 

V 
rnA 

V 
V 
V 

rnA 
rnA 
rnA 
rnA 
Watts 

'''Case to ambient temperature is assunted to be 3O"C. The AD 1382 case temperature will stabilize about 3O"C above ambient while operating in free air without 
a heat sink. Factory caIibtation is done in this condition. See the application section for further information. 

Specifications subject to change without notice. 
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AD1382 
ABSOLUTE MAXIMUM RATINGS AD1382 PIN CONNECTIONS 
+Vs,to AGND .....................•...... 18 V 
-VstoAGND .•..................... ; ... -18V 
VDDtOPGND ..•...............•....•..... 7V 

The AD1382 is housed in a 48-pin bottom-brazed ceramic bath
tub package. The pinout is as follows: 

Vss to PGND , ............................ -7 V 
AGND to PGND ...•..... ' ..............•. ±0.3 V 
Analog Inputs ............................. ± V s 
Digital Inputs ................ -0.3 V to V DD + 0.3 V 
Output Short Circuit Duration 

Reference Output . . . . . . . . . . . . . . . . . . . . . . Indefinite 
TrackIHold Output ........................ 1 sec 
Digital Outputs ............ 1 sec for Any One Output 

Ambient Temperature (Operating) .......... O°C to + 70°C 
Storage Temperature ..........•..... -65°C to + 150°C 

*Streoses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

FUNCTION 

CLOCK IN 

POWER GROUND 

B1/89 MSB 

82/B10 

83/B11 

84/B12 

B5/B13 

B6/B14 

B7/B15 

86/B16 LSB 

VDD' (+5 V SIGNAL) 

POWER GROUND 

V .. , (-5 V SIGNAL) 

SIGNAL GROUND 

DATA STROBE 

HIILO BYTE SELECT 

OE DATA ENABLE 

START CONVERT 

HOLD COMMAND OUT 

SIGNAL GROUND 

+V .. (+15V) 

HOLD COMMAND IN 

-V •• (-15 V) 

POWER GROUND 

DNC = DO NOT CONNECT 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

Model 

AD1382KD 

ORDERING GUIDE 

Temperature 
Range 

lOOC to 40°C Ambient 
(40°C to 70°C Case) 

Package 
Option* 

DH-48A 

*DH-48A = Hermetic Ceramic DIP. For outline information see Package 
Information section. 
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PIN FUNCTION 

48 VDD• (+5 V POWER) 

47 POWER GROUND 

46 V ... (-5 V POWER) 

45 AUTOZERO 

44 B1 SELECT 

43 POWER GROUND 

42 POWER GROUND 

41 DNC 

40 GAIN ADJUST 

39 +10 V REFERENCE OUT 

38 -V., (-15V) 

37 SIGNAL GROUND 

36 +V., (+15V) 

35 SIGNAL GROUND 

34 DNC 

33 DNC 

32 +10 V REFERENCE IN 

31 V'N B 

30 VIN A 

29 OFFSET ADJUST 

28 DNC 

27 TRACKIHOLD OUTPUT 

26 SIGNAL GROUND 

25 TRACKIHOLD INPUT 
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-~H-~-4~4--1--1--+--+--+--t-~--~~ 
-UH--r~~1--1--1--+--+--+--+--r--r-~ 

-~H-~-4~4--1--1--+--+--+--t-~--~~ 
-NH--r~~1--1--1--+--+--+--+--r--r-~ 

-'00 HT~-4~4--1--1--+--+--+--t-~--~~ 
-113 1-H--r~~1--1--1--+--+--+--+--r--r-~ 
-'25 

-'38 

FREQUENCY - kHz 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 5.279410kHz 
INPUT AMPLITUDE -O.3dB 
2nd HARMONIC -99.8dB 
3rd HARMONIC -116.9dB 
4th HARMONIC -117.1dB 
SNR 93.1dB 
THD -99.2dB 

Figure 1. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 

-'3r--r~--1--1--+--+--+--+--+ 

-'5~~-4--1--1--1--+--+--+--~~--~~ 

FREQUENCY - kHz 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 202.54516kHz 
INPUT AMPLITUDE -O.4dB 
2nd HARMONIC -88.2dB 
3rd HARMONIC -104.7dB 
4th HARMONIC -112.4dB 
SNR 91.5dB 
THD -88.OdB 

Figure 3. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 
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Dynamic Performance -AD1382 

-'3~+-1--1--+ 
-'5~~-4--1--+--t--+--t-~--~~-4~~ 
-38~~-4--1--+--*--+--+--r--r--r~~~ 

-OO~~-4--1--+--t--+--t--+--~~~~~ 
-63~-r~--1--+--*--+--+--r--r--r~~~ 

-~~~-4--4--+--t--+--t--+--~+~~~ 
-N~-r~--1--+--*--+--+--r--~~--~~ 

-113 ~-r~--1--+--;*--+--+--+--t+--H---r-~ 
-'25 

-'38 

FREQUENCY - kH:r: 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 102.50855kHz 
INPUT AMPLITUDE -O.4dB 
2nd HARMONIC -93.0dB 
3rd HARMONIC -107.4dB 
4th HARMONIC -115.6dB 
SNR 92.5dB 
THD -92.7dB 

Figure 2. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 

62.5 ,.5 
fREQUENCY - kHz 

187.5 

f, FREQUENCY 192.77954kHz 
f, AMPLITUDE -6.1dB 
f. FREQUENCY 197.54028kHz 
f. AMPLITUDE -6.OdB 
f.-f, -110.2dB f.+ 2f, -116.0dB 
f2+ f, -94.9dB 2f, -100.8dB 
2f2-f, -106.0dB 2f2 -101.2dB 
2f,-f. -128.0dB 3f, -117.2dB 
f, + 2f2 -116.8dB 3f2 -t09.6dB 

250 

Figure 4. Intermodulation Performance, ±5 V Scale, 
16384-Point FFT, 500 kHz Sample Rate 
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AD1382 - Dynamic Performance 

-nH--r~--+--+--~-r~--+--+--~-r~ 
-nH--r~--+--+--~-r~--+--+--~-r~ 

-H~-r~--+--+--~-r~--+--+--~-r~ 
-'OOHT-r~--+--+--~-r~--+--+--~-r~ 
-113 1+fTt-~--+--+--~-r~--+--+--~-r~ 
-'25 
-'38 

82.5 '25 
FREQUENCY - kHz 

'87.5 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 5.279541 kHz 
INPUT AMPLITUDE -O.3dB 
2nd HARMONIC -98.3dB 
3rd HARMONIC -112.9dB 
4th HARMONIC -116.9dB 
SNR 94.BelB 
THD -97.9dB 

... 

Figure 5. Full-Scale Sine Wave Power Spectral Density, 
±10 V Scale, 16384-Point FFT 

-'3 t--+--+--+--t---t--+--+--t--t-
-25~4--+--+-~--t--+--+--~-r-H--+--4 

-38t--+--+--+--t---t--+--+--t--r-H--+--4 
~ -~~~-+--+--r~--+--+--~-r-H--+-~ 
~ -63 t--+--+--+--t---t--+--+--t--r-H--+--4 
~ -75 ~-t--+---1f---+,.+~--+--t-~~+--t-~ 
~ -H ~+--+----;f--+-H---t--+--+--t--t+--+--t 
~-,oot--+--+--+--t-~~+--+--t--t--H--+--; 

62.5 '25 '87.5 250 
FREQUENCY - kHz 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 202.54516kHz 
INPUT AMPLITUDE -O.4dB 
2nd HARMONIC -81.6dB 
3rd HARMONIC -98.2dB 
4th HARMONIC -112.4dB 
SNR 93.0dB 
THD -81.5dB 

Figure 7. Full-Scale Sine Wave Power Spectral Density, 
± 10 V Scale, 16384-Point FFT 
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-'3~-+--+--+--+ 

-25~~-+--+--t-~f----t--+--+--r~--+-~ 
-38~--+--+--+--+-4~4--+--+-~--t--+--1 

'II -50~--+--+--+--+~t--+--+--+--t---t--+--; 
~ -n~~-+--+--+~~~-+--+--r~--+--i 
~ -n ~--+--+--+--+~t--+--+--+--t-rl--+--; 
~ -H ~~-+--+--+~I--~-+--+--r---1-l-+--i 
~-,oo~--+--+-+--+~~4--+-+-~~-+--1 

SAMPLE RATE 500.000kHz 
INPUT FREQUENCY 102.50855kHz 
INPUT AMPLITUDE - O.4dB 
2nd HARMONIC -86.9dB 
3rd HARMONIC -103.4dB 
4th HARMONIC -118.1dB 
SNR 94.1dB 
THD -86.BelB 

Figure 6. Full-Scale Sine Wave Power Spectral Density, 
± 10 V Scale, 16384-Point FFT 

~ -~t--r~--+--+-~-r~-+--+H-t---+--1 
I 

~ -75~_~-r~~~-+-t--r~-+H-+-t-~ 
! -
,oo~.-~l--~~~l~~++~--~~~~~ 

62.5 '25 
FREQUENCY -_ 

"FREQUENCY 192.77954kHz 
',AMPLITUDE -6.1dB 
'2 FREQUENCY 197.54028kHz 
'2 AMPLITUDE -6.0dB 
'2-" -105.1dB '2+ 21, -106.2dB 
'2+', -87.3dB 21, -93.5dB 
212-', -96.9dB 212 -93.7dB 

21'-'2 -127.OdB 3', -110.5dB 
',+ 2'2 -106.3dB 3'2 -102.2dB 

250 

Figure 8. Intermodulation Performance, ±.10 V Scale, 
16384-Point FFT, 500 kHz Sample Rate 
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HOLD 
COMMAND our 

~~ 01 REFERENCE I 
HOLD 

COMMAND IN 

TIH 
IN 

<> ..... 

Rt 

START elK 
CONVERT IN 

AUTO 
ZERO 

LOGICARRAV 

AD1382 

DATA STROBE 

54 

Figure 9. AD1382 Functional Block Diagram 

THEORY OF OPERATION 
The AD1382 performs conversions using a three-pass subrang
ing technique. This proven circuit concept, implemented with 
state of the art components, allows the ADC, track-hold, and a 
low noise reference to fit into a single hermetic package, simpli
fying the task of board design. The TIH and ADC portions of 
the AD1382 are distinct circuits with inputs and outputs avail
able on separate pins. This functional division allows greatest 
application flexibility. The AD 1382's major functional blocks 
are shown in Figure 9. 

The TIH uses a low noise high performance hybrid amplifier 
and high speed analog switches to achieve precision perf or
II18;Ilce. It operates as an inverting amplifier during Track mode. 
Summing junction switch Sl disconnects the analog input to 
place the circuit into Hold mode; the amplifier's output stays 
constant because the dc path to its inverting input is broken. SI 
also grounds the junction of RI and R2 to minimize signal feed
through. Pedestal is independent of the analog input level be
cause all switching is done near ground. This ensures very low 
nonlinearity and distortion. 

A precision reference DAC and an 8-bit flash ADC form the 
heart of the AD 1382's subranging design. High speed amplifiers 
combine the analog input and DAC output to produce the volt
ages encoded by the flash ADC during each pass. A logic array 
provides all necessary timing, control, and computation. 

The first rising clock edge after Start Convert goes high begins 
the conversion (provided the previous conversion is complete). 
The Hold Command goes high and switches the TIH into hold. 
The held signal from the TIH goes through S2, S3, and Error 
Amp 2 to the flash ADC. During this pass Error Amp 2 actually 
attenuates the ADC input to keep the voltage within the flash 
ADC's input range. The flash ADC is strobed after a 100 ns 
settling period. The 8-bit result is saved in the logic array and is 
routel! to the MSBs of the reference DAC. 

Error Amp I amplifies the difference between the reference 
DAC output and the held input signal during the second pass. 
54 routes this error signal to the flash ADC, which is strobed a 
second time after Error Amp I has settled. The new 8·bit result 
is used to correct the previous result, increasing the accuracy of 
this intermediate answer to 13-bit precision. Following this the 
reference DAC is updated. 
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Both error amplifiers are active during the third pass. S2 is 
switched, allowing Error Amp 2 to amplify Error Amp I's out
put. S3 now brings Error Amp 2's output to the flash ADC. 
The flash ADC is strobed a final time after the DAC and both 
error amplifiers have settled. The logic array combines the data 
from the third flash conversion with the earlier 13-bit word to 
produce the final 16-bit result. The TIH is returned to track 
mode1 and Error Amp 2 is reconnected as an attenuator 50 ns 
after the completion of the third flash conversion to prepare for 
the next conversion. 

The output data are placed on the data bus in two 8-bit bytes to 
be read by the host system. The Data Strobe output synchro
nizes the data transfer by providing a rising edge for the first 
byte and a falling edge for the second byte. The HiILo Byte Se
lect input allows the user to choose which data byte is presented 
first. B I Select sets the polarity of the MSB to provide either 
twos complement or offset binary data. 

CONNECTION AND OPERATION OF THE AD1382 
Analog Input 
The analog input should be connected to the TrackIHold Input 
(Pin 25). Two pin programmable operating ranges are available: 
±5 V and ±IO V. Connect the Track/Hold Output to VIN A 
and/or V,N B as follows: 

Desired Scale 

±5 V 
±IOV 

Connect V IN A to 

TrackIHold Output 
TrackIHold Output 

Connect VIN B to 

TracklHold Output 
Analog Signal GND 

Harmonic distortion is lower when using the ± 5 V range, while 
noise is lower when using the ±IO V range. . 

The AD1382's noise and distortion performance exceed the ca
pability of most signaJ sources. Maintaining this performance at 
the system level requires attention to every detail o(grqunding, 
bypassing, and signal sources. A low impedance high bandwidth 
signal source is essential to achieve low distortion. Few mono
lithic amplifiers exist which can maintain signaJ fidelity at levels 
comparable with the AD 1382's performance, even at low fre
quencies. High bandwidth means increased noise and decreased 
SNR. See Testing the AD1382 for techniques of achieving the 
lowest possible noise and distortion. 
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AD1382 
Grounding 
Proper treatment of the AD 1382's power and ground connec
tions is vital to achieve the best possible system performance. 
The ideal grounding arrangement is to have a single, solid, low 
impedance ground plane beneath the device to which all ground 
and supply bypassing connections are made. This results m the 
lowest possible ground noise and minimizes undesired interac
tions between the sensitive circuits inside the AD1382. Aperture 
uncertainty, for example, can be degraded by noise in Power 
Ground because the Hold Command signals are referenced to 
this ground. The digital interface between the AD 1382 and the 
rest of the user's system is also critical. The following discussion 
will help in obtaining optimal performance. These guidelines are 
general and apply equally well to other high performance analog 
and digital circuits. 

The AD 1382 must connect to three other parts of the system: 
the input signal(s), the power supplies, and the digital interface. 
The system designer must determine the magnitude and type of 
ground currents and whether they are constant or dynamic. A 
system block diagram is a valuable aid to understanding how 
grounds should be connected for good performance. Figure 10 
shows recommended ground corinections for the AD1382 in a 
typical system. 

::~/ ... 
LOOP '.. 

,-------------...... ---_ .... __ ... . 
: . GROUND PLANE : 

SYSTEM DIGITAl 
: ":'" GROUNDOR USE 

ISOLATED BUFfER 

Figure 10. AD1382 Grounding 

The AD1382 has a net ground current of about 40 mAo Most of 
this flows in the power grounds. There are also substantial dy
namic currents in the power grounds. The signal grounds have 
primarily low level static (dc) currents. Signal and power 
grounds are separated inside the hybrid because the resistance 
and inductance inherent in thick-film construction would cause 
interactions between ground currents, leading to poor perfor
mance. (Remember that an LSB can be as small as 156 J.LV.) 

Care must be taken to prevent the AD 1382's ground currents 
from flowing in the signal ground between the signal source and 
the AD 1382 if this ground lias significant resistance. This is not 
usually a problem if the signal source is located on the same 
board as the AD 1382 because the resistance can be made very 
low through the use of aground plane. 

The signal source's gl'llund and supply currents must be consid
ered when the source and ADC share common power supplies. 
A ground loop formed by the AD1382; the signal source, and 
the power supplies can cause significant errors. 

The connection between the AD1382's ground plane and the 
system's digital ground is best made away from the ADl382~ 
This will prevent noisy system ground currents from passing 
through critical parts 'Of the ADC. In a very noisy environment 
it may be wise to isolate the entire analog circuit. Figure 10 
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shows the required isolation provided by a digital buffer. The 
buffer can then drive resistive and/or capacitive loads without 
compromising ground at the ADC. Using separate isolated sup
plies for the ADC and signal source will result in a single-point 
connection between system digital ground and the ADC's 
ground plane at the digital buffer. 

Power Supplies and ByPassing 
The AD1382 has four sets of power supply pins. These are: 

±5 V Analog (VoDllVss,) 
±15 V (+Vs,!-Vs ,) 
±15 V (+Vs,/-Vsz) 
±5 V Power (Voo,}Vssz) 

A Single source may be used to supply like voltages (e.g., Vo~" 
VOD2 from the same +5 V supply). Each of the four ±5 V sup
ply pins should have a distinct low impedance connection to a 
wellcbypaSsed central source node. This is required because each 
pin draws large transient currents. These dynamic currents, if 
passed through a common supply path, would introduce cross
talk and increase the AD 1382's apparent noise. The two sets of 
± IS V supplies need not be split in this fashion. 

Every AD1382 supply pin should be bypassed to the ground 
plline with a high quality ceramic capacitor of 0.01 ... F to· 
0.1 ... F. This capacitor should be located as close as possible to 
the AD1382 to miIIimiU lead lengths. Each Voo and Vss pin 
must also be bypassed to the ground plane with a 10 ... F solid 
tantalum bypass capacitor located close to the AD1382. Ten mi
crofarad bypass capacitors for ±Vsz (Pins 21 and 23) are also 
necessary. These power distribution concepts are ·shown in 
Figure 11. 

-15V 

38 36 
48 

VDD2 

+5V--......",. 

VDD1 
AD1382 

VSS2 

-SV--..... 

VSS1 

Figure 11. Recommended AD 1382 Sl,Ipply Distribution. 
AU 10 p.F and 0.01 p.F Capacitors Must Be Located 
Close to the AD1382. Make All Ground Connections to 
Groundplene 

All poVier supplies should be of the linear type. Switching 
power supplies are not recommended as they can introduce con
siderable high frequency noise into sensitive aRa10g signa1 paths, 
degrading the AD1382's apparent p¢'ormance. 

SllPpiy pins of equivalent voltage should not be allowed to differ 
by more tIian 0.3 V. .. 
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If separate ground planes are used for Signal and Power 
Ground, the supplies should be bypassed as follows: 

Supply Bypass to 

±5 V Analog 
±IS V (+Vs,/-Vs,) 
±15 V (+VS,l-VS2) 

±5 V Power 

Signal Ground 
Signal Ground 
Power Ground 
Power Ground 

Care is also required when using a + 5 V powered crystal oscilla
tor to provide the AD 1382's clock signal. These devices produce 
considerable supply noise and proper bypassing is essential. The 
oscillator should be bypassed with both ceramic and solid tanta
lum capacitors using minimum lead lengths. A 10 n resistor in 
series with the +5 V supply provides additional isolation and 
low pass filtering of transients produced by the oscillator. 

Reference 
The AD 1382 has an excellent internal reference with a typical 
temperature coefficient of 5 ppml"C. The Reference Out (Pin 
39) is normally connected to Reference In (Pin 32). An external 
reference may be connected to the reference input if desired. 
The reference input pin requires negligible current. The refer
ence input voltage should not exceed + 11 V and must remain 
more positive than -0.3 V. The reference output requires no 
bypassing and should not be capacitively loaded. If an external 
reference is used, it must have low noise to avoid degrading the 
signal to noise ratio of the AD1382. 

The reference output can source up to 2 mA of static (dc) cur
rent without affecting the performance of the AD1382. 

DIGITAL INTERFACES 
10 MHz Clock 
The AD1382 requires a stable external clock. A 10 MHz clock 
provides a sample rate of 500 kilosamples per second. Since 
the ADC operates synchronously with this clock, clock phase 
noise will appear as jitter in the aperture time. Lower clock fre
quencies may be used, and the sample rate will be reduced 
proportionately. 

CONVERSION TIMING 

AD1382 
Standard TTL and CMOS crystal oscillator modules may be 
used successfully to generate the required 10 MHz clock signal. 
These oscillators often create considerable power supply tran
sient noise. The oscillator should be bypassed with both ceramic 
and solid tantalum capacitors using minimum lead lengths. A 
10 n resistor in series with the + 5 V supply provides additional 
isolation and low-pass filtering of transients produced by the 
oscillator. See Figure 12. 

Figure 12. Isolating Clock Noise. Bypass Capacitors 
Should Be Located Close to the Oscillator 

START CONVERT (Pin 18) 
Synchronous Operation 
The Start Convert signal acts like the data input of a flip-flop. A 
conversion begins on the first rising clock edge after Start Con
vert goes high (provided setup time requirements are met). This 
edge drives Hold Command Out high, switching the TIH into 
Hold mode. Hold Command Out (Pin 19) should be connected 
to Hold Command In (Pin 22) for synchronous operation. Con
tinuous conversions at a 500 kHz rate may be obtained by hold
ing Start Convert high. The 10 MHz clock may be divided 
down and used to drive the Start Convert input when a lower 
conversion rate is desired. This will provide clock-synchronized 
conversions at the lower rate. Synchronous conversion timing is 
shown in Figures 13 and 14. 

START CONVERT ______ ..... ilE:uCEElLEEuCEDiL _____ _ 

REV. A 

CLOCK IN 

H~DCOM~ND !NO~T~E~C ___ ~~p=====~lq.3~".~~N~m~E~B~.~I-------
I. 

1 .. -1 t-
DATA STROBE _______ .!::I.====..:'.!!!oso!!!.:::::N:;OT;:E=:B===:!:i ~ 

~ 1-10vs 
~NO~T~E~B ________ ~~~~~lowvs~~ ~~I~~~ 

DATA HIGH BVTE DATAN-1 ~HIBYTEDATAN 
(PIN 16 HIGH) IDVH -I ~ NOTEB 

DATA LOWBYTEDATAN-1 ~LOWBYTEDATAN 
(PtN'BLOW) ---------------~. T'--""Tj--

NOTES 
A. DO NOT ALLOW TRANSmONS TO START CONVERT TO OCCUR 

DURtNG THIS TIllE. 
B. TillES SHOWN ARE BASED ON A 10MHz CLOCK AND ARE 

PROPORTIONAL TO THE CLOCK PERIOD. 
C. HOLD COMMAND IN CONNECTED TO HOLD COMMAND OUT. 

BYTE" BYTE 1 

Figure 13. Start-Convert Controlled Conversion Timing 
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~Mrr~an-----------------------------------------------(HIGH) 

CLOCKIN 

..J!-IHD 
HOLD.cPMIIAHD ~F::;:==I,IH;-===:::;'=LI--------JI=:::-:----

SAMPLE N SAMPLE N + 1 

11+·---- 'DSD ----+I 
DATASrRoeE ..['1 __________________________ ~ 

Ma~r_----------------~~=u~~nr~~~~-------
(PIN 16 HIGH) ..J'-____ ...;H.:;IG;;;H~ • ...;YTE=DA...;T.:.;.A.:;N_-1~ ___ ,'Y='!:::!I~--------------

(PIN 18 ~= :x ..... __ -'-_LO_W_._YTE __ M_T_A_N_-_' ____ --'~ LOW BYTE DATAN 

NOTE A: HOLD COMMAND IN CONNECTED TO HOLD COMMAND OUT 

Figure 14. Free Running Conversion Timing 

Start Convert may also be used as a gate to capture data only in 
a time window. The rising and falling edges of Start Convert 
derme the beginning and end of the window during which con
versions are desired. 

Some restrictions apply to the timing of Start Convert. Transi
tions on the Start Convert pin should be limited to the 700 ns 
interval before the rising edge of Hold Command Out and to the 
100 ns period after this edge. This minimizes coupling between 
Start Convert lind sensitive internal circuit nodes. 

nodes. In asynchronous operation the TIH will remain in Hold 
mode as long either Hold Command Out or Start Convert is 
high. System timing requires careful scrutiny to ensure that the 
TIH has a minimum of 700 ns for signal acquisition before an
other conversion begins. The minimum width of Start Convert 
is 20 ns, the sum of tses and tSCH' the minimum setup and hold 
times. 

Asynchronous Operation 
In synchronous operation the TIH is placed into Hold mode by 
the first rising clock edge after Start Convert goes high. This 
mode of operation provides maximum rejection of system clock 
noise. Some applications may require the AD1382 to operate 
asynchronously, that is, with the Start Convert input directly 
controlling the track-to-hold transition. This may be achieved 
using a 2-input OR gate connected as shown in Figure 15. The 
rising edge of Start Convert places the TIH into Hold mode; the 
AID conversion cycle begins with the first rising clock edge after 
the Start Convert transition, and Start Convert must remain 

AD1382 

--..----{18 START CONVERT 

HOLD COMMAND IN 

L-----{t19 HOLD COMMAND OUT 

high during at least one rising clock edge in order to begin the 
conversion. The width of Start Convert should be either less 
than 150 ns or greater than 1400 ns to minimize coupling be
tween the falling edge of Start Convert and sensitive internal 

Figure 15. Connecting the AD1382 to Sample the Input 
Signal Asynchronously from the Clock 

HOLD COMMAND 

DATA ~~~'---___ ~o ______ ~oc= 
,-, DATAN+l DATA 11+2 

DATAN-l DATAN (NEW OFFsET) IIINUS 
DATAN-l DATAN+l 

M .. ue 
PREVIOUS OFFSET 

Figure 16. Autozero Cycle Operation 
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Output Data 
The output data are multiplexed in two bytes onto an 8-bit data 
bus. Data are guaranteed to be stable at the time of the edges of 
Data Strobe (Pin IS). HiILo Byte Select (Pin 16) controls which 
byte is presented first. If HilLo Byte Select is high, then 
BYTEO is B9-BI6 and BYTEI is BI-B8. The order of the data 
bytes is interchanged when HilLo Byte Select is low. BYTE 0 
and BYTE I are defmed in the timing diagram Figure 13. BI is 
the most signillcant bit of the reconstructed 16-bit data. 

BI SELECT (Pin 44) determines whether data is presented in 
complementary twos complement or complementary offset bi
nary form. Complementary twos complement data is provided 
when BI Select is LOW. OE may be used to place the data bus 
into a high impedance state. 

The arithmetic unit in the AD 1382 saturates at all Os or all Is if 
the input range is exceeded. 

AUTOZERO (Pin 45) 
The Autozero function may be used to digitally correct internal 
offsets in the TrackIHold and ADC as well as external offsets. 
To use Autozero the TracklHold input must be connected to a 
zero reference prior to the zeroing conversion. This connection 
is external to the AD1382 and must be provided by the user; 
the resistance of this connection is not critical but should be less 
than 1000 O. An Autozero cycle forces the AD 1382's digital 
output to indicate exactly zero when its input is at the zero 
point, nominally 0 V. (This assumes that the twos complement 
data format is used. Autozero forces the digital output to mid
scale when the selected data format is offset binary.) Autozero 

operates by storing the digital result of a zeroing conversion and 
subtracting it from all subsequent conversion results. This re
duces the maximum nonsaturating input of the AD1382 a small 
amount at one end of it& range depending on the magnitude and 
polarity of the offset. 

The Autozero feature is enabled by driving the Autozero Input 
(Pin 45) low at the time of a falling edge at the Data Strobe out
put. Offset data will be stored on the first falling edge of Data 
Strobe after Autozero is brought high; the offset data are also 
available on the AD 1382's data bus during this Data Strobe 
pulse. Autozero operation is illustrated in Figure 16. All subse
quent AID conversions will be digitally corrected by the offset 
term as long as Autozero remains high. The offset register is 
cleared when Autozero goes low and the contents of the data 
output registers will revert to their uncorrected value. Figure 17 
shows Autozero timing requirements. Autozero cannot be 
activated until the first conversion after powerup has been 
completed. 

The Autozero feature may be disabled by keeping Autozero low. 

DS~ 

AUTOZERO 1"'l1!::on-.-:u"'IN,.,-..l--"""20::-na--:-u"'IN-:--·1 

Figure 17. Autozero Setup and Hold Times 
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GAIN ADJUST (Pin 40) 
The internal reference of the AD 1382 may be adjusted by vary
ing the voltage applied to the Gain Adjust pin. The input im
pedance of this pin is nominally 20 kO, with a tolerance of 
±20%. A change of I V on Pin 40 will change the reference 
voltage by about 10 mY. The reference may be adjusted by 
±ls0 mV without degrading the AD 1382's performance. The 
simplest method of implementing the gain adjust is to connect a 
potentiometer between the ± IS V supplies, with the wiper con
nected to the Gain Adjust pin. Care should be taken to ensure 
that noise does not enter the ADC through the Gain Adjust pin. 

AD1382 
SOk 
20 TURN 

Figure 18a. AD1382 Gain Adjust Circuit 

OFFSET ADJUST (pin 29) 
The ADC's offset voltage may be adjusted by means of a voltage 
applied to the Offset Adjust pin. The nominal adjustment sensi
tivity is 0.005% FSRN. The input impedance is 20 kO with a 
±20% tolerance. The simplest way to implement the offset ad
just is to connect a potentiometer between the ± 15 V supplies, 
with the wiper connected to the Offset Adjust pin. Care should 
be taken to ensure that noise does not enter the ADC through 
the Offset Adjust pin. 

SOk 
20ruRN 

Figure 18b. AD1382 Offset Adjust Circuit 

APPLICATIONS 
Mounting and Thermal Considerations 
Although the AD1382 will operate over a wide temperature 
range, best performance is obtained by maintaining the case 
temperature between 40°C and 70OC. This can usually be 
achieved without a heat sink provided there is a moderate 
amount of air flow. Under these conditions the case temperature 
will rise about 200C. Performance will degrade gradually outside 
the specilled temperature range due to linearity drift in the ref
erence DAC. 

System thermal analysis or experimental evidence may show that 
a heat sink is necessary. A thin heat transfer plate can be 
mounted under the package to conduct heat into the ground 
plane. This plate may be made of metal or from an elastomeric 
heat conducting material. Elastomeric materials will conform to 
the board and to the AD 1382 package to improve heat ttansfer 
while reducing mechanical stress. They also have the advantage 
of not requiring thermally conductive grease. 
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AD1382 
Testing the AD1382 
It is difficult to test the AD 1382 with ordinary test methods be
cause of the part's very low distortion and noise. The number of 
output codes and the nature of the analog to digital conversion 
make static tests of performance especially cumbersome. Sub
ranging converters with error correction circuitry can have flaws 
at any place in their transfer function and all codes must be ex
ercised for a complete test. 

Histograms provide a convenient way to measure all codes in a 
modest amount of time. Even histograms can be slow, though, 
when 20 million conversions (40 seconds) may be required to 
achieve statistically valid results. 

Distortion and dynamic range tests based on FFfs are the most 
powerful tests. They quantify noise and nonlinearity as a func
tion of input frequency. From them one can infer qualitative 
integral and differential nonlinearity performance while deter
mining the ADC's specific dynamic performance. FFTs are es
pecially useful for systems which require excellent dynamic 
response, such as magnetic resonance imaging. They also un
cover performance problems that don't show up in static tests of 
linearity. 
The difficulty in doing FFT tests stems from the requirement 
for ultra pure sine wave inputs at various frequencies over the 
operating bandwidth of the ADC. Even the best available gener
ators are not capable of supplying signals with sufficiently low 
noise and low distortion for testing the AD 1382 .. Few generators 
permit phase-locking to the ADC clock. Phase-locking makes it 
possible to obtain an integral number of cycles of the input sine 
wave within the FFf data window, which in tum eliminates the 
need for windowing functions and the spectral spreading they 
cause. 

The best generator currently available for this purpose is the 
Brliel and Kjrer Model 1051 (or 1049). This generator provides a 
programmable output frequency up to 250 kHz with better than 
0.001 Hz resolution. The generator's distortion performance at 
frequencies below 20 kHz is better than the AD 1382 but de
grades at 100 kHz and higher. Noise is a problem at all frequen
cies, being about -85 dB over the AD1382's bandwidth. Both 
noise and distortion can be reduced to acceptable levels with 
filters. Passive filters with narrow bandwidth will reduce har
monic distortion to less than - 100 dB. Inductors wound on 
large pot cores with air gaps can be made quite linear, and with 
careful winding will provide low loss and low capacitance. Such 
filters will reduce noise to negligible levels outside their pass 
band to provide a much better view of actual ADC performance. 
The effect of aperture jitter, for example, cannot be observed 
without a filter. 

The FFTs shown in Figures 1-8 were produced using these 
methods. These tests are done as a nortna1 part of production 
testing to guarantee the dynamic performance of the AD 1382. 

High Impedance Inputs 
Using the AD1382 in multiplexed applications requires buffer
ing the part's 2.5 kO input impedance to eliminate the distort
ing effects of nonlinear multiplexer on-resistance. The choice of 
buffer amplifier depends on the nature of the input signals. 

"Static" Applications 
Amplifier noise, CMRR linearity, and settling time are of pri
mary importance when the inputs are low frequency or DC. 
This is the case in a CAT scan imager, for example, when sig
nals are produced by integrating photocurrents. Noise limits 
ultimate system resolution. The AD1382 has a typical input
referred noise of 55 ... V rms. Buffer noise must be added to this 
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in a root-sum-squares fashion to detertnine total system noise. A 
buffer amplifier which adds noise of 18 ... V rms, for example, 
will result in a system noise level of (182 +552)112 = 58 ... V rms, 
a l!egligible increase. Detailed system noise calculations require 
knowledge of the buffer's noise spectral density and eqnivalent 
noise bandwidth. The AD 1382's equivalent noise bandwidth is 
2.2 MHz. Low Noise Electronic Design (C.D. Motchenbacher 
and F.C .. Fitchen, John Wiley and Sons, New York, 1973) pro
vides excellent discussions of noise analysis and calculations. 
Buffer amplifier CMRR produces an apparent gain error as long 
as the value of CMRR is independent of signa1level. The size 
of this "gain error" is directly related to the actual value of 
CMRR; an amplifier with 60 dB cMRR will create an apparent 
gain error of 0.1 %. The precise value of CMRR is not critical as 
long as.it remains constant with signal level. Any variation in 
CMRR with input level will introduce nonlinearity. The smaller 
the value of CMRR (in dB), the more critical variations in this 
value become. An amplifier with CMRR ranging from 100 dB to 
llO dB over the range of -10 V to + 10 V will produce negligi
ble nonlinearity, while an amplifier whose CMRR varies from 
60 dB to 70 dB over the same range would be completely 
unacceptable. 

Buffer settling time will affect the system's throughput. The 
system sample rate can be maintained at 500 kHz provided the 
buffer's settling time is less than about 1.7 microseconds. The 
input channel should be·switched just after the AD 1382's SHA 
enters Hold mode as indicated by a rising edge at Hold Com
mand In (Pin 22). 

"Dynamic" Applications 
Dynamic applications complicate the choice of buffer amplifier. 
The amplifier's harmonic distortion performance now becomes 
as important as its noise, CMRR linearity, and settling beltavior. 
Few manufacturers specify amplifier THD in the noninverting 
configuration. These specifications, when available, scldom ad
dress signals greater than 10 V p-p or at frequencies above 
I kHz. It may be necessary to characterize candidate amplifiers 
from several vendors to frod the best fit to the particular ampli
tude and frequency requirements of a particular application. 
Such evaluations are easily performed using a spectrum ana
lyzer. A notch ftIter tuned to the ful)damental frequency greatly 
improves measurement resolution. It is also possible to use the 
AD1382 as the measuring device by perfortning FFfs on the 
output data. Refer to the discussion of signal sources in Testing 
theADl38Z. 

Unipolar Operation 
The AD 1382 does not provide a direct unipolar input capability. 
Unipolar inputs can be achieved using the circuits of Figures 19 
and 20. The circuit in Figure 19 is snitable when a low input 
intpedance is acceptable. Multiplexed applications should use 
the circuit of Figure 20. The discussions under High Impedance 
Inputs also apply to amplifier selection for unipolar operation. 

Data Bus Interface 
The AD 1382's data outputs are CMOS 4 mA drivers and are 
not intended to be connected directly to a system data bus. 
Charging and discharging a capacitive data bus creates 1arge sup
ply transients and ground spikes which can interfere with the 
AD 1382's operation and result in erroneous data. Registers 
and/or buffers should be used to isolate the AD1382 from the 
bus. Buffering devices should be located close to the AD1382 to 
minimize the capacitive load presented to the converter's data 
outputs. Control will be sintplified by permanently grounding 
the AD 1382's OE input when using buffers. A schematic of a 
typical 16-bit bus interface is shown in Figure 21. 
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Figure 19. Unipolar-to-Bipolar Conversion (Low Input 
Impedance) 

Sample Board Layout 
Figures 22-27 show the layout of an evaluation board for the 
AD1382. This layout incorporates the grounding, power distri-

MSB 
Q D 

74ALS574 

CLK 
OC p-

Q D 

74ALS574 

LSB 
CLK -

OC D-1 

OUTPUT ENABLE 

74ALS04 

START -CONVERT 7 

AD1382 

-10,s,VOUT ,s,+10 

3.3k 

3.3k 

Figure 20. High Input Impedance Unipolar-to-Bipolar Con
version Circuit 

bution, and interface concepts described in previous sections. 
This 4-layer layout makes extensive use of ground and power 
planes and provides optimal AD1382 performance. 

--1 CLOCK AD1382 V OO2 48 

.2 PGND PGND 47 

3 B1/B9 V SS2 46 

4 B2/B10 AUTOZERO 

~ 5 B3/B11 B1 SELECT 

6 B4/B12 PGND 43 

PGND 42 7 B5/B13 

8 B6/B14 DNC 41 

9 B7/B15 GAINADJ 40 

10 B8/B16 REF OUT 39 

---1.1 V OO1 
-V S1 38 

~ PGND SGND 37 

--.l§ V SS1 
+VS1 36 

~ SGND SGND 35 

15 DSTROBE DNC 34 

16 HI/LO BYTE SEL DNC 33 

Lz OS REF IN 32 

18 START-CONVERT VINB 31 

.----li HOLD COM OUT VINA 30 

~ SGND OFFSETADJ 29 

---1l +VS2 DNC 28 

~ {HOLD TRACK/HOLD OUT 27 

~ 
COM IN 

SGND 26 -VS2 

....M PGND TRACK/HOLD IN 25 

Figure 21. Basic AD 1382 Digital Interface (16-Bit 2s Complement 
Data, Autozero Not Used) 
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Figure 22. AD1382 Evaluation Board Schematic 
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Figure 23. AD1382 Evaluation Board Layout, Layer 1 
(Component Side) 

Figure 25. AD1382 Evaluation Board Layout, Layer 3 
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Figure 24. AD1382 Evaluation Board Layout, Layer 2 
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Figure 26. AD1382 Evaluation Board Layout, Layer 4 
(Solder Side) 

" SIB IN. o 
Figure 27. AD1382 Evaluation Board Silkscreen 
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WDEVICES 

PRODUCT FEATURES 
16·Bit Resolution 
500 kHz Sampling Rate 
Differential Linearity AutocaJibration 
Specified over -55"C to +125"C Range 
SNR 90 dB @ 100 kHz (minI 
THD -88 dB @ 100 kHz (minI 
0.0006% FSR DNL (typl 
0.0015% FSR INL (typl 
:5. :10 V Bipolar Input Ranges 
Zero Offset Autocalibration 

APPLICATIONS 
Medical Imaging 

CAT 
Magnetic Resonance 

Radar 
Vibration Analysis 
Parametric Measurement Unit (ATEI 
Digital Storage Oscilloscopes 
Waveform Recorders 
Analytical Instruments 

PRODUCT DESCRIPTION 
The AD1385 is a complete 500 kHz, 16-bi 
digital converter contained in a single package. differenti 
linearity autocalibration feature allows this high resolution, big 
speed converter to offer outstanding noise and distortion perfor
mance, as well as excellent INL and DNL specifications, over 
the full military temperature range. Autocaiibration effectively 
eliminates DNL drift over temperature. 

The AD1385 architecture includes a low noise, low distortion 
tracklhold, a three pass digitally corrected subranging ADC, and 
linearity calibration circuitry. A complete linearity calibration 
requires only IS ms. Precision thin-film resistors and a propri
etary DAC contribute to the part's outstanding dynamic and 
static performance. 

16-Bit 500 kHz 
Wide Temperature Range 

Sampling ADC 
AD1385 I 

FUNCTIONAL BLOCK DIAGRAM 

DATA 

385 uses four power supplies, ±5 V and ±15 V, and 
external 10 MHz clock. Power dissipation is nominally 

2.76 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V, are provided. Careful attention to grounding and a sin
gle package make it easy to design PCBs to achieve specified 
performance. 

The AD1385's pinout is nearly identical to that of the AD1382. 
Just two additional connections, to enable and monitor autoCaii
bration, are required. This commonality provides an easy up
grade path to extend system performance and operating 
temperature range. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1385 ~SPECIFICATIONS ~T~e=:S ;~:;!S n~~)15 V, Vuu = +5 V, Vss = -5 V, 10 MHz External Clock, 

ADl38SKD ADl38STD 
Parameter Min Typ Max Min Typ Max Units 

RESOLUTION· 16 16 Bits 

ANALOG INPUT 
Input Ranges ±5, ±IO ±5, ±IO V 
Input Impedance 2.45 2.5 2.55 2.45 2.5 2.55 kO 

TRANSFER CHARACTERISTICS 
(Combined ADCffracklHold) 
Integral Nonlinearity!· 2, T MIN to T MAX ±0.0015 ±0.0015 % FSR3 

Differential Nonlinearity! ±0.0006 ±0.0015 ±0.0006 ±0.0015 %FSR 
Drift, T MIN to T MAX 0.3 0.3 ppmfC 

Missing Codes, T MIN to T MAX None None 
Gain El"l"Ol" ±0.05 ±0.15 ±0.05 ±0.15 %FSR 

Drift, T MIN to T MAX 8 IS 8 IS ppmfOC 
Bipolar Zero' ±0.05 ±O)O ±0.05 ±O.IO %FSR 

Drift, T MIN to T MAX 5 IS 5 IS ppmfOC 
PSRR ±0.006 ±O.IO ±0.006 ±O.IO % FSRIV 
Noise 70 70 ILVRMS 

DYNAMIC CHARACTERISTICS2 

±5 V FSR, VIN = -0.4 dB, TMJN to TMAX 
Sample Rate 500 500 kHz 
Signal-ta-Noise Ratios 

f=5kHz 90 dB 
f= 100kHz 90 dB 
f= 200kHz 88 dB 

Peak Distortion 
f=5kHz 107 dB 
f = 100kHz -95 dB 
f = 200kHz -88 dB 

Total Harmonic Distortion" 
f=5kHz -lOS dB 
f= 100kHz -95 dB 
f= 200kHz -88 dB 

DYNAMIC CHARACTERISTICS2 

±IO V FSR, VIN = -0.4 dB, TMJN to TMAX 
Sample Rate 500 kHz 
Signal-to-Noise Ratios 

f=5kHz 90 95 90 95 dB 
f = 100 kHz 90 94 90 94 dB 
f= 200 kHz 88 93 88 93 dB 

Peak Distortion 
f=5kHz -90 -108 -90 -108 dB 
f= 100kHz -80 -87 -80 -87 dB 
f = 200kHz -74 -82 -74 -82 dB 

Total Harmonic Distortion" 
f=5kHz -90 -lOS -90 -lOS dB 
f = 100 kHz -80 -87 -80 -87 dB 
f = 200 kHz -74 -82 -74 -82 dB 

DIGITAL INPUTS? 
Input Voltage 

VIL 0.8 0.8 V 
VIH 2.25 2.25 V 

Input Current ±200 ±200 ..,.A 
Input Capacitance 2 2 pF 
Stan Command 

Setup Time, tscs 10 10 ns 
Hold Time, tSCH 10 10 ns 

Autozero 
Setup Time, tAZS 10 10 ns 
Hold Time, tAZH 20 20 ns 

Calibrate Pulsewidth 20 20 ns 
Clock 

Frequency 2.5 10 2.5 10 MHz 
Duty Cycle 40 60 40 60 % 

ApertUre DelayS 7 7 ns 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

DIGITAL OUTPUTS' 
Output Voltage 

VOL @ IOL = 3.2 mA 
VOH @ IOH = -3.2 mA 

Output Capacitance 
Leakage, Outputs Disabled 
Data Valid 

Setup Time, tnvs 
Hold Time, tnvH 

Hold Command Time, tH 
Hold Command Delay, tHn 
Data Strobe Pulse Width, tDS 
Data Strobe Delay, tDsD 
Calibration Status Duration 

Min 

2.4 

75 
25 

AD1385KD 
Typ 

0.2 
3.5 
10 

125 
50 
1300 
6 
200 
1650 
IS 

ADl385TD 
Max Min Typ Max 

0.4 0.2 0.4 
2.4 3.5 

10 
±200 ±200 

75 125 
25 50 

1300 
6 
200 
1650 
IS 

OUTPUT CODING Complementary Offset Binary or Complementary Twos Complement 

INTERNAL REFERENCE 
Voltage 
Current 
Drift 

TEMPERATURE RANGE, CASE 
Specified 
Storage 

POWER REQUIREMENTS 
Specified Operating Range 

±Vs 
+VDD 
-Vss 

Current Drains 
+Vs 
-Vs 
+Vnn 
-Vss 

Power Dissipation 

NOTES 

9.990 
2 

2.76 

'Integral linearity is inferred from FFTs. Oifferentiallinearity is derived from histograms. 

5 
5 

52 
48 
104 
148 
2.76 

'Performance over temperature is specified within ± 15"C of the temperature at which the last calibration was performed. 
'FSR = Full-Scale Range. 
4 Adjustable to zero. 
'SNR excludes harmonics 2-9 of the fundamental. 
"THO includes harmonics 2-9 of the fundamental. 
'Refer to Figures 17, 18 and 24. Guaranteed over operating temperature raoge, not 100% production tested. 
8 Aperture delsy is the time from the rising edge on the Hold Command Input to the opening of the switch in the TrackIHold. 

Specifications subject to change without notice. 

10.010 

IS 

+125 
+150 

15.75 
5.25 
-4.75 

80 
75 
160 
200 
4.125 

AD1385 

Units 

V 
V 
pF 
IJ.A 

ns 
ns 
ns 
ns 
ns 
ns 
ms 

V 
mA 
ppmfC 

°C 
°C 

V 
V 
V 

mA 
mA 
mA 
mA 
Watts 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD1385 
ABSOLUTE MAXIMUM RATINGS· AD1385 PIN CONNECTIONS 
+Vs to AGND .......•.................... 18 V 
-VS to AGND ..................•........ -18 V 

The AD1385 is housed in a 48-pin bottom-brazed ceramic bath
tub package. The pinout is as follows: 

VootoPGND ............................. 7V 
Vss to PGND •................•.......... -7 V 
AGND to PGND ......................... ±0.3 V 
Analog Inputs .................•........... ± V s 
Reference Input ...................... 0 V to + 11 V 
Digital Inputs ................ -0.3 V to Voo + 0.3 V 
Output Short Circuit Duration 

Reference Output . . . . . . . . . . . . . . . . . . . . . . Indefinite 
TrackIHold Output ........................ 1 sec 
Digital Outputs .........••• 1 sec for Any One Output 

Case Temperature (Operating) .......... - 55°C to + 125°C 
Storage Temperature ................ -65°C to + 150°C 

·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress ratiog only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum ratiog conditions for extended periods may, 
affect device reliability. 

Model 

AD1385KD 
Ad1385TD 
ADl385TD/883B 

ORDERING GUIDE 

Temperature 
Rance (Case) 

O"C to +70"C 
-55"C to +125"C 
-55"C to + 125 

*DH-48A = Bottom Brazed Ceramic DIP. For 
age Information section. 

Pin Function 

1 CLOCK IN 
2 POWER GROUND 
3 BIIB9 (MSB) 
4 B2IBI0 
S B31B1l 
6 B41B12 
7 BSIB13 
8 B6IB14 
9 B71BlS 

10 B8IB16 (LSB) 
11 VODl (+S V SIGNAL) 
12 POWER GROUND 
13 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

Pin Function 

48 V002 (+5 V POWER) 
47 POWER GROUND 
46 VSS2 (-5 V POWER) 
45 AUTOZERO 
44 BISELECT 
43 POWER GROUND 
42 POWER GROUND 
41 CAL 
40 GAIN ADJUST 
39 + 10 V REFERENCE OUT 

'38 -VSl (-IS V) 
37 SIGNAL GROUND 
36 +VSl (+IS V) 
3S SIGNAL GROUND 
34 DNC 
33 DNC 
32 + 10 V REFERENCE IN 
31 VINB 
30 VINA 
29 OFFSET ADJUST 
28 CAL STATUS 
27 TRACKflHOLDOUTPUT 
26 SIGNAL GROUND 
25 TRACKflHOLDINPUT 

WARNING! d 
~~EDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-258 ANALOG-TO-DIGITAL CONVERTERS REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Conversion Time: 800 ns 
1.25 MHz Throughput Rate 
Complate: On-Chip Sample-and-Hold Amplifier and 

Voltage Reference 
Low Power Dissipation: 570 mW 
No Missing Codes Guaranteed 
Signal-to-Noise Plus Distortion Ratio 

fIN = 100 kHz: 69 dB Minimum 
Pin Configurable Input Voltage Ranges 
Twos Complement or Offset Binary Output Data 
28-Pin DIP or 28-Pin Surface Mount Package 
Out of Range Indicator 

PRODUCT DESCRIPTION 
The AD1671 is a monolithic 12-bit, 1.25 MSPS ana~og-to-·diI!:il 
converter with an on-board, high performance sanlplle-lIlnc 
amplifier (SHA) and voltage reference. The 
no missing codes over the full operating 
combination of a merged high speed 
a novel architecture results in a 
consumption far superior to 
mentations. Additionally, the 
construction offers improved system 
than hybrid designs. 

The fast settling input SHA is equally suited for 
plexed systems that switch negative to positive full-scale voltage 
levels in successive channels and sampling inputs at frequencies 
up to and beyond the Nyquist rate. The ADI671 provides both 
reference output and reference input pins, allowing the on-board 
reference to serve as a system reference. An external reference 
can also be chosen to suit the dc accuracy and temperature drift 
requirements of the application. 

The ADI671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro
vides strobe pulses for each of the four internal flssh cycles. A 
single ENCODE pulse is used to control the converter. The dig
ital output data is presented in twos complement or offset binary 
output format. An out-of-range signal indicates an overflow con
dition. It can be used with the most signfficant bit to determine 
low or high overflow. 

The performance of the AD1671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-l 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 

Complete 12-Bit 1.25 MSPS 
Monolithic AID Converter 

AD1671 I 
FUNCTIONAL BLOCK DIAGRAM 

SHA 
OUT UPOJBPO ENCODE Vee ACe.. VeE VLOGIC DCOII 

is available in two performance grades and three 
. The AD1671] and K grades are available 

70"C temperature range. The AD1671A grade 
the -4O"C to +85°C temperature range. The 

grade is available over the -55"C to + 125°C tempera-

PRODUCT HIGHUGHTS 
The AD1671 offers a complete single chip sannpling 12-bit, 
1.25 MSPS analog-to-digital conversion function in a 28-pin 
package. 

The AD1671 at 570 mW consumes a fraction of the power of 
currently available hybrids. 

An OUT OF RANGE output bit indicates when the input sig
nal is beyond the ADI671's input range. 

Input signal ranges are 0 V to + 5 V unipolar or ± 5 V bipolar, 
selected by pin strapping, with an input resistance of 10 kG. 
The input signal range can also be pin strapped for 0 V to 
+ 2.5 V unipolar or ±2.5 V bipolar with an input resistance of 
10M!}. 

Output data is available in unipolar, bipolar offset or bipolar 
twos complement binary format. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1671-SPECIFICATIONS 
DC SPECIFICATIONS ~di:a::iwith Vcc = +5 V :!: 5%, VL081C = +5 V :!: 10%, VEE =. -5V :!: 5%, unless otherwise 

AD167lj/AlS AD1671K 
Parameter Min Typ Max Min Typ Max UIlit8 
RESOLUTION 12 12 Bits 
CONVERSION TIME 800 800 os 
ACCURACY 

Integral Nonlinearity (lNL) ±1.5 ±2 ±0.7 ±1.5 LSB 
Differential Nonlinearity (DNL) 11 12 Bits 
No Missing Codes 11 Bits Guaranteed 12 Bits Guaranteed 
Ullipolar Offset' (+ 25OC) ±8 ±8 LSB 
Bipolar Zero' (+ 25OC) ±10 ±10 LSB 
Gain Error" 2 (+ 25OC) 0.1 0.25 0.1 0.25 %FSR 

TEMPERATURE COEFFICIENTS' 
Ullipolar Offset ±10 ±10 ppmf'C 
Bipolar Zero ±15 ±15 ppmf'C 
Gain Error' ±30 ±30 ppmf'C 
Gain Error" ±20 ±20 .ppmf'C 

POWER SUPPLY REJECTION' 
Vcr; (+5 V ± 0.25 V) ±2 ±2 LSB 
VLOGIC (+5 V ± 0:25 V) ±2 LSB 
VEE (-5 V ± 0.25 V) ±2 LSB 

ANALOG INPUT 
Input Ranges 

Bipolar +2.5 Volts 
+5.0 Volts 

Ullipolar +2.5 Volts 
+5.0 Volts 

Input Resistance 
(0 V to +2.5 Vor ±2.5 V Range) 10 MO 
(0 V to +5.0 V or ±5 V Range) 10 12 kO 

Input Capacitance 10 pF 
Aperture Delay 15 os 
Aperture Jitter 20 ps 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 2.5 Volts 
Output Current 

Ullipolar Mode +2.5 mA 
Bipolar Mode +1.0 mA 

LOGIC INPUTS 
High Level Input Voltage, VIH 2.0 2.0 Volts 
Low Level Input Voltage, V'L 0.8 0.8 Volts 
High Level Input Current, I'H (V IN = V LOGlcl -10 +10 -10 +10 IlA 
Low Level Input Current, IlL (V IN = 0 V) -10 +10 -10 +10 IlA 
Input Capacitance, CIN pF 

LOGIC OU1'PUTS 
High Level Output Voltage, VOH (lOH = 0.5 mAl 2.4 2.4 Volts 
Low Level Output Voltage, VOL (loL = 1.6 mAl 0.4 0.4 Volts 

POWER SUPPLIES 
Operating Voltages 

Vcr; +4.75 +5.25 +4.75 +5.25 Volts 
VLOO1C +4.5 +5.5 +4.5 +5.5 Volts 
VEE -4.75 -5.25 -4.75 -5.25 Volts 

Operating Current 
1cr; 55 68 55 68 mA 

ILOO1C• 3 5 3 5 mA 
lEE -55 -68 -55 -68 mA 

POWER CONSUMPTION 570 750 570 750 mW 
TEMPERATURE RANGE (SPECIFIED) 

JIK 0 +70 0 +70 OC 
A -40 +85 -40 +85 OC 
S -55 +125 -55 +125 OC 

NOTES 'ChaDge in gain error as a function of the de supply voltage. 
'Adjustable to zero with external potentiometers. "Tested under static conditions. See Figure 10 for typical curve 
'Includes internal voltage reference error. of lLOG,c ¥s. load capacitance at maximum Ie. 
'+25"<: to TMIN and +25"<: to TMAX• Specifications subject to chauge without notice. 
'Excludes internal reference drift. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1671 

AC SPECIFIC.'JIONS (TMIN to TMAl( with Vcc = +5 V ~ 5%, VLOGIC = +5 V ± 10%, VEE= -5 V ± 5%, fSAMPLE = 1 MSPS, 
" f lNPUT = 100 kHz, unless otherwise noted)1 

AD167lJ/A/S AD1671K 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
(SIN + D) 

-0.5 dB Input 69 70 70 71 dB 
-20 dB Input 50 51 dB 

EFFECTIVE NUMBER OF BITS (ENOB) 11.2 11.3 

TOTAL HARMONIC DISTORTION (mD) -80 -75 -83 -78 dB 

SPURIOUS FREE DYNAMIC RANGE -80 -77 -81 -78 dB 

SMALL SIGNAL BANDWIDm 12 12 MHz 

FULLPOWERBAND~Dm 2 2 MHz 

INTERMODULATION DISTORTION (IMD)2 
2nd Order Products -80 TBD dB 
3rd Order Products -85 TBD dB 

NOTES 
'fIN amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unleso oth 
otherwise indicated. 

2fA = 99 kHz, fB = 100 kHz with fSAMPLE = 1 MSPS. 

Specifications subject to cIumge without notice. 

SWITCHING SPECIFIC 
Parameters Typ Max Units 

Conversion Time 800 ns 
ENCODE Pulse Width H Figure la) 20 50 ns 
ENCODE Pulse Width Low (Figure Ib) tENCL 20 ns 
DAV Pulse Width tDAV 150 300 ns 
ENCODE Falling Edge Delay tp 0 ns 
Start New Conversion Delay tR 20 ns 
Data and OTR Delay from DAV Falling Edge tDD 1 20 75 ns 
Data and OTR Valid before DAV Rising Edge ts/ 20 75 ns 

NOTES 
'too is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on eacb output pin. 
2too is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DA V crosses 2.4 V with a 25 pF luad capacitor on eacb output pin. 

Specifications subject to cIumge without notice. 

~--------Ic----------~ 

ENCODE 
-l~i+ 

ENCODEJ ~ F 
~I-~====~I~C=======~~L 

}-- l DAV I. r-

~.:h: 
Bm~2------__ ------------~~ 

MBB, om DATA 0 (PREVIOUS) ~ 

-
DAY DAY 

I- ~I· ~I IDD Iss 
Bm~2--------------------~\i 

Iiii, OTR DATA 0 (PREVIOUS) 1t DATA 1 

Figure 1a. Encode Pulse HIGH Figure 1b. Encode Pulse LOW 

This information applies to a product under development. Its characteristics and specifications are subject 10 change without notice. 
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AD1671 
PIN DESCRIPTION 

Symbol Pin No. Type Name and Fnnction 

ACOM 27 P Analog Ground. 

AIN 22,23 AI Analog Inputs, AINI and AIN2. The AD1671 can be pin strapped for four input ranges: 
Range Pin Strap Signal Input 
o to +2.5 V, ±2.5 V Connect AINI to AIN2 AINI or AIN2 
o to +5 V, ±5 V Connect AINI or AIN2 to ACOM AINI or AINZ 

BIT I (MSB) 13 DO Most Significant Bit. 
BIT 2-BIT II 12-3 DO Data Bits 2 through II. 
BIT 12 (LSB) 2 DO Least Significant Bit. 
BPOIUPO 26 

DAV 16 

AI 

DO 

Bipolar or Unipolar Configuration Pin. See section on Input Range Connections for details. 

Data Available Output. The rising edge of DAV indicates an end of conversion and can be used 
to latch current data into an external register. The falling edge of DAV can be used to latch 
previous data into an external register. 

DCOM 19 P Digital Ground. 

ENCODE 17 DI The analog input is sampled on the rising edge of ENCODE. 

MSB 14 DO Inverted Most Significant Bit. Provides twos complem put data format. 

OTR 15 DO Out of Range is Active HIGH when the analo range. See Output Data Format, 

REF COM 20 AI 

REF IN 24 AI 

REF OUT 21 AO 
SHAOUT 25 AO 

Vee 28 P 

VEE P 

VLOG1C 18 P 

Table III. 

BIT 2 

Brr1 (MSB) 

MSB 

Vee 

ACOM 

BPO/UPO 

SHAOUT 

REF IN 

AIN1 

AIN2 

REF OUT 

REF COM 

DCOM 

CAUTION ____________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 

Parameter With Respect to Min Mu: Units 

Vee ACOM -0.5 +6.5 Volts 
VEE ACOM -6.5 +0.5 Volts 
VLOGIC DCOM -6.5 +0.5 Volts 
ACOM DCOM -1.0 +1.0 Volts 
Vee VLOGIC -6.5 +6.5 Volts 
ENCODE DCOM -0.5 VLOGIc+0.5 Volts 
REF IN ACOM 
AIN ACOM 
BPOIUPO ACOM 
Junction Temperature +150 OC 
Storage Temperature -65 +150 ·C 
Lead Temperature (10 sec) +300 ·C 
·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a streSs I8ting only and functional 
operation of the device at these or any other conditions above those indicated 
in the opeI8tional sections of this specification is not implied. Exposure to 
absolute maximum I8tings for extended periods may effect device reliability. 

ORDERING GUIDE 

Modell 

ADl671JN 
ADl671KN 
ADI671AQ 
ADl671SQ 
NOTES 

Linearity 

±2LSB 
±I LSB 
±2 LSB 
±2LSB 

Temperature 
Range 

'For details on grade and package ofti 
MIL-STD-883, refer to Analog Devices' 
rent ADI6711883 data sheet. 

'N = Plastic DIP; Q = Cerdip. For outline information 
mation section. 

DEFINITIONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY (lNL) 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 112 LSB (1.22 mV for a 10 V span) 
before the fIrSt code transition (all zeros to only the LSB on). 
"Full-scale" is defmed as a level I 112 LSB beyond the last code 
transition (to all ones). The deviation is messured from the low 
side transition of each particular code to the true straight line. 

DIFFERENTIAL UNEARITY ERROR (NO MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from the ideal value. Thus every 
code has a fmite width. Guaranteed no missing codes to II or 
12-bit resolution indicates that all 2048 and 4096 codes, respec
tively, must be present over all operating ranges. No missing 
codes to 11 bits (in the case of a l2-bit resolution ADC) also 
means that no two consecutive codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 112 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature coefficient specifies the maxi
mum change of the transition point over temperature, with or 
without external adjustments. 

AD1671 
BIPOLAR ZERO 
In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 112 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 

GAIN ERROR 
The last transition (from llll lll1 ll10 to Illl 1111 1111) 
should occur for an analog value I 112 LSB below the nominal 2 
full scale (4.9963 volts for 5.000 volts full scale). The gain error 
is the deviation of the actual level at the last transition from the 
ideal level. The gain error can be adjusted to zero as shown in 
Figures 4 through 7. 

TEMPERATURE COEFFICIENTS 
lcients for unipolar offset, bipolar zero 
the maximum change from the initial 

ue at TMIN or TMAx' 

JECTION 
power supply error on the performance of 

change in gain. The specifications 
-scale change from the initial value with 

various linrits. 

C SPECIFICATIONS 
OISE PLUS DISTORTION (S/N+D) RATIO 
'0 of the rms value of the measured input sig

sum of all other spectral components, including 
but excluding dc. The value for SIN + D is expressed 

decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the expression SNR = 6 .02N + 
1. 76 dB, where N is equal to the effective number of bits. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the fIrSt six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products 
of order (m +n), at sum and difference frequencies of mia ± 
nib, where m, n = 0, I, 2, 3 .... Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb), and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (2fb -
fa). The IMD products are expressed as the decibel ratio of the 
rms sum of the measured input signals to the rms sum of the 
distortion terms. The two signals are of equal amplitude and the 
peak value of their sum is -0.5 dB from full scale. The IMD 
products are normalized to a 0 dB input signal. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component, excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full
scale input signal. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD1671 
APERTURE DELAY 
Aperrure delay is the difference between the switch delay and 
the analog delay Of the SHA. This delay represents the point in 
time, relative to the rising edge of ENCODE input, that the 
analog input is sampled. 

APERTURE JITI'ER 
Aperrure jitter is the variation in aperrure delay for successive 
samples. 

THEORY OF OPERATION 
The AD1671 uses a successive subranging architecture. The 
analog-to-digital conversion takes place in four independent 
steps or flashes. The sampled analog input signal is subranged 
to an intermediate residue voltage for the ftnal 12-bit result by 
utilizing multiple flashes with subtraction DACs (see the 
ADl671 functional block diagram). 

The AD1671 can be conftgured to operate with unipolar (0 V to 
+5 V, 0 V to +2.5 V) or bipolar (±5 V, ±2.5 V) inputs by 
connecting AIN (pins 22, 23), SHA OUT (Pin 25) and 
BPO/UPO (Pin 26) as shown in Figure 2. 

The ADl671 conversion cycle begins by simply providing an 
active HIGH level on the ENCODE pin (Pin 17). The rising 
edge of the ENCODE pulse starts the conversion. The falling 

a. 0 V to +2.5 V Input Range b. ±2.5 V Input Range 

o TO .5V AlN1 51< AlN1 5k 

c. 0 V to +5 V Input Range d. ±5 V Input Range 

Figure 2. AD1671 Input Range Connections 

edge of the ENCODE pulse is specifted to operate within a win
dow of time, less than 50 ns after the rising edge of ENCODE 
or after the falling edge of DAV. The time window prevents 
digitally coupled noise from being introduced during the ftnal 
stages of conversion. An internal timing generator circuit accu
rately controls SHA, flash and DAC timing. 

Upon receipt of an ENCODE command the input voltage is 
held by the front-end SHA and the ftrst 3-bit flash converts the 
analog input voltage. The 3-bit result is passed to a correction 
logic register and a segmented current output DAC. The DAC 
output is connected through a resistor (within the Range/Span 
Select Block) to SHA OUT. A residue voltage is created by sub
tracting the DAC output from SHA OUT, which is less than 
one eighth of the full-scale analog input. The second flash has 
an input range that is conftgured with one bit of overlap with 
the previous DAC. The overlap allows for errors during the 
flash cOnversion. The ftrst residue voltage is connected to the 
second 3-bit flash and to the noninverting input of a high speed, 
differential, gain of eight The second flash result is 
passed to the register and to the second seg-
mented The output of the second DAC is 

of the differential amplifter. 
is connected to a two-step, 

flash consists of coarse and fme 
the coarse 4-bit flash converter, 
bit of DAC 2, is connected to the 

and selects one of 16 resistors from 
flash will establish its span voltage. The fme 
ed directly to the output latches. 

erator automatically places the SHA into 
when DAV goes LOW. Upon completion of 

en DAV is set HIGH), the SHA has acquired the 
input to the specified level Of accuracy and will remain in 

sample mode until the next ENCODE command. 

The ADI671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (pin 15) is active 
HIGH when an out-of-range high or low condition exists. Bits 
1-12 are HIGH when the analog input voltage is greater than 
the selected input range and LOW when the analog input is less 
than the selected input range. 

APPLYING THE AD1671 
GROUNDING AND DECOUPLlNG RULES 
Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The 
ADI671 separates analog and digital grounds to optimize the 
management of analog and digital ground currents in a system. 
The ADl671 is designed to minimize the current flowing from 
REF COM (Pin 20) by directing the majority of the current 
from Vee (+5 V-Pin 28) to VEE (-5 V-Pin 1). Minimizing ana
log ground currents hence reduces the potential for 1arge ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. REF COM is also 
conftgured to be code independent, therefore reducing input 
dependent· analog ground voltage drops and errors. Code depen
dent ground current is diverted to ACOM (Pin 27). Also critical 
in any high speed digital design is the use of proper digital 
grounding techniques to avoid potential CMOS "ground 
bounce." Figure 3 is provided to assist in the proper layout, 
grounding and decoupling techniques. 

This information applies to a product underdevelopment. Its characteristics and specifications are subject to change without notice. 
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.5V .5V 

;--1-.. O.1 .. ~_F __ .. 

UNIPOLAR (0 V TO +5 V) CALmRATION 
The AD1671 is factory ttimmed to minimize offset, gain and 
linearity errors. In some applications the offset and gain errors 
of the AD 1671 need to be externally adjusted to zero. This is 
accomplished by trimming the voltage at AIN2 (Pin 22). The 
circuit in Figure 4 is recommended for calibrating offset and 
gain errors of the AD1671 when configured in the 0 V to +5 V 
input range. If the offset trim resistor R1 is used, it should be 
trimmed as follows, although a different offset can be set for a 
particular system requirement. This circuit will give approxi
mately ±5 mV of offset trim range. Nominally the AD1671 is 
intended to have a 112 LSB offset so that the exact analog input 
for a given code will be in the middle of that code (halfway 
between the transitions to the codes above it and below it). 
Thus, the first ttansition (from 0000 0000 0000 to 0000 0000 
0001) will occur for an input level of + 112 LSB (0.61 mV for 
5 V range). 

The gain trim is done by applying a signal 1 112 LSBs below the 
nominal full scale (4.998 for a 5 V range). Trim R2 to give the 
last transition (1111 1111 IHO to llll 1111 1111). This circuit 
will give approximately ±0.5% FS of adjustment range. 

AD1671 
Table I is a list of grounding and decoupling rules that should 
be reviewed before laying out a printed circuit board. 

Table I. Grounding and Decoupling Guidelines 

Power Supply 
Decoupling 

Capacitor Values 

Capacitor Locations 

Reference (REF OUT) 

VIN 
OTO.5V 250 

+5V 

Comment 

0.1 ... F (Ceramic) and 1 ... F 
(Tantalum) Surface Mount Chip 
Capacitors Recommended to 
Reduce Lead Inductance 

Directly at Positive and Negative 
Supply Pins to Common Ground 
Plane 

I ... F (Tantalum) to ACOM 

Ground Plane or Wide Ground 
Return Connected to the Analog 
Power Supply 

Critical Common Connections 
Should be Star Connected to REF 
COM (as Shown in Figure 3) 

Ground Plane or Wide Ground 
Return Connected to the Digital 
Power Supply 

Connected Together Once at the 
AD1671 

AJN1 51< 

o~ 1:~>-O"""W"""'''''-U...ItJ 
-5V 

Figure 4. Unipolar (0 V to +5 V) Calibration 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1671 
BIPOLAR (:1:5 V) CALIBRATION 
The connections for the bipolar ±5 V input range is shown in 
Figure 5. 

Bipolar calibration is similar to unipolar calibration. First, a sig
nal 112 LSB above negative full scale (-4.9988 V) is applied and 
R1 is trimmed to give the first transition (0000 0000 0000 to 
0000 0000 0001). Then a signa11 112 LSB below positive full 
scale (+4.9963 V) is applied and R2 is trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 llll). 

Figure 5. Bipolar (±5 V) 

UNIPOLAR (0 V TO +2.5 V) CAI..JBJtlTl() 
The connections for the 0 V to +2.5 V input 
shown in Figure 6. Figure 6 shows an example of h the offset 
error can be trimmed in front of the ADl671. The procedure 
for trimming the offset and gain errors is the same as for the 
unipolar 5 V range. 

Figure 6. Unipolar (0 V to +2.5 V) Calibration 

BIPOLAR (:1:2.5 V)·CALlBRATION 
The connections for the bipolar ±2.S V input range is shown in 
Figure 7. 

connected to the 74HC574 octal 
with 3-state outputs. The latch 

loads (i.e., bus lines, I/O ports) while 
integrity. The maximum setup and 

type latch must be less than 20 ns (tDD 

To satisfy the requirements of the 574 type 
recommended logic families are S, AS, ALS, F or 

BCT. New data from the AD1671 is latched on the rising edge 
of the DAV (Pin 16) output pulse. Previous data can be latched 
by inverting the DAV output with a 7404 type inverter. 

74HC574 
DATA.US 

Bm lD 
BIT2 2D 
BIT3 SD 
BIT4 4D 
BITS 5D 
BITS 5D 
BITT TD 
BITS 5D 
DAY CLOCK 

74HC574 
BmI. lD lQ 

amo 2D 2Q 
Bml 3D 2Q 

amI 4D 4Q 

5D 50 
5D eo 
TD 7Q 

AD1671 BD 8Q 
3-11TATE 

CLOCK oc CONTROL 

Figure 8. AD1671 to Output Latches 

This information applies to a product under development, Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-266 ANALOG-TO-DIGITAL CONVERTERS REV. 0 



OUT OF RANGE 
An out-of-range condition exists when the analog input volt-
age is beyond the input range (0 V to +2.5 V, 0 V to +5 V, 
:t2.5 V, :t5 V) of the converter. OTR (Pin IS) is set low when 
the analog input voltage is within the analog input range. OTR 
is set IDGH and will remain HIGH when the analog input volt
age exceeds the input range by typically 112 LSB (OTR transi
tion is tested to ± 6 LSBs of accuracy) from the center of the 
:tfull-scale output codes. OTR will remain HIGH until the ana
log input is within the input range and another conversion is 
completed. By logical ANDing OTR with the MSB and its com
plement, overrange high or underrange low conditions can be 
detected. Table II is a truth table for the over/under range 
circuit in Figure 9. Systems requiring programmable gain condi
tioning prior to the AD 1671 can immediately detect an out-of
range condition, thus eliminating gain selection iterations. 

Input 
Range 

-2.5 V to +2.5 V Offset Binary 

-5 V to +5 V Offset Binary 

-2.5 V to +2.5 V 2s Complement 
(Using MSB) 

-5 V to +5 V 2s Complement 

NOTES 

:s; -2.5006 V 
-2.5 V 
+2.5 V 
2: +2.4994 V 

:s; -5.0012 V 
-5 V 
+5 V 
2: +4.9988 V 

:s; -2.5006 V 
-2.5 V 
+2.5 V 
2: +2.4994 V 

:s; -5.0012 V 
-5V 
+5V 
2: +4.9988 V 

IVoitages listed are with offset and gain errors adjusted to zero. 
'Typical performance. 

AD1671 

Table II. Out-of-Range Truth Table 

OTR MSB Analog Input Is 

0 0 In Range 
0 I In Range 
I 0 Underrange 
I I Overrange 

Mse-----1 
OVER ="1" 

OTR-_p--j 

UNDER="1" 
Msii----j 

verrange or Underrange Logic 

OTR2 

1 
0 
0 
1 

0000 0000 0000 1 
0000 0000 0000 0 
1111 1111 1111 0 
1111 1111 1111 1 

0000 0000 0000 1 
0000 0000 0000 0 
1111 1111 1111 0 
llli 1111 1111 1 

0000 0000 0000 1 
0000 0000 0000 0 
1111 1111 1111 0 
1111 1111 1111 I 

1000 0000 0000 I 
1000 0000 0000 0 
0111 1111 1111 0 
0111 1111 llli I 

1000 0000 0000 I 
1000 0000 0000 0 
0111 1111 llli 0 
0111 1111 1111 1 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1671 
OUTPUT DATA FORMAT 
The ADI671 provides both MSB and MSB outputs, delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 
input ranges. Straight binary coding is used for systems that 
accept positive-only signals. If straight binary coding is used 
with bipolar input signals, a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Host registers typically 
perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence the total system throughput is 
increased. 

OPTIONAL EXTERNAL REFERENCE 
The ADI671 includes an on-board +2.5 V reference. The refer
ence input pin (REF IN) can be connected to reference output 
pin (REF OUT) or a standard external +2.5 V reference can be 
selected to meet specific system requirements. Fast switching 
input dependent currents are modulated at the reference input. 
The reference input voltage can be held with the use of a capaci
tor. To prevent the ADI671's on-board reference from oscillat
ing when not connected to REF IN, REF OUT must be 
connected to analog ground. Connecting REF OUT to anal 
ground, due to its output circuit implementation 
reference output. 

ILOG1C vs. CONVERSION RATE 
Figure 10 is the typica1logic supply current vs. conversion rate 
for various capacitor .loads. 

6.5 r-...,.---,r--r-r...,....-.---.--.-..,....,-...,.......,....,. ......... 
6.01--+-1f-H+-!-+-+-+t-+-+-+-H 
5.51--+-1f-H-f--f--I--I--H-+-+-+-H 
5AI--+-1f-H-f--f--I--I--H-+-+-+-H 
4.51--+-1f-H-f--f--I--I--H-+-+-+-H 
~ol--+-1f-H+-I-+-+-+t-+-+-+-H 

1 a51--+-1f-H+-!-+-+-+t-~ 
3.01--+-1f-H+-t-+-+-+t-+-+-f.A-I 
~51--+-1f-H-f--f--I--I--H-+~~~ 

2.01--+-1f-H-f--f-+ 
1~1--+-1f-H-f--f--I--I--H~~-+~~ 

1.0 1=**~*"-+-+-"'~4=-0.5 L---L---IL....L.......l...J..._L-..L.....I-.J....L_...I---L--L~ 
lk 

This information applies to a product under development. Its characteristics and .specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic 12-Bit 10 JLS Sampling ADC 
On-Board Sample-and-Hold Amplifier 
Industry Standard Pinout 
8- and 16-Bit Microprocessor Interface 
AC and DC Specified and Tested 
Unipolar and Bipolar Inputs 
±5 V, ±10 V, 0-10 V, 0-20 V Input Ranges 
Commercial, Industrial and Military Temperature 

Range Grades 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD1674 is a complete, multipurpose, 12-bit analog-to
digital converter, consisting of a user-transparent on-board 
sample-and-hold amplifier (SHA), 10 volt reference, clock and 
three-state output buffers for microprocessor interface. 

The AD1674 is pin compatible with the industry standard 
ADS74A and AD674A, but includes a sampling function while 
delivering a faster conversion rate. The on-chip SHA has a wide 
input bandwidth supporting 12-bit accuracy over the full 
Nyquist bandwidth of the converter. 

The AD1674 is fully specified for ac parameters (such as 
S/(N+D) ratio, THD, and IMD) and dc parameters (offset, 
full-scale error, etc.). With both ac.and dc specifications, the 
AD1674 is ideal for use in signal processing and traditional dc 
measurement applications. 

The AD1674 design is implemented using Analog Devices' 
BiMOS II process allowing high performance bipolar analog 
circuitry to be combined on the same die with digital CMOS 
logic. 

Five different grades are available. The AD1674J and K grades 
are specified for operation over the O°C to + 70°C temperature 
range. The A and B grades are specified from -40°C to +8SoC; 
the AD1674T grade is specified from -SsoC to + 12SoC. The J 
and K grades are available in a 28-pin plastic DIP or 28-lead 
SOIC. All other grades are available in a 28-pin hermetically 
sealed ceramic DIP. 

'Protected by U. S. Patent Nos. 4,962,325; 4,250,445; 4,808,908; RE30586. 

REV.S 

12-Bit 100 kSPS 
AID Converter 

AD1674* I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 

1------t~STS 

DB11 (IISB) 
080 (LS8) 

1. Industry Standard Pinout: The AD1674 utilizes the pinout 
established by the industry standard ADS74A and AD674A. 
In stand-alone mode, the AD1674 has identical interface re
quirements as the ADS74A and AD674A. In full control 
mode, the AD1674 requires slight control timing n;todification. 

2. Integmted SHA: The AD1674 has an integmted SHA which 
supports the full Nyquist bandwidth of the converter. The 
SHA function is transparent to the user; no wait-states are 
needed for SHA acquisition. 

3. DC and AC Specified: In addition to traditional dc specifica
tions, the AD1674 is also fully specified for frequency 
domain ac parameters such as total harmonic distortion, 
signal-to-noise ratio and input bandwidth. These parameters 
can be tested and guaranteed as a result of the on-board 
SHA. 

4. Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+ 10 V and 0 to +20 V unipolar, -S V to +S V and -10 V 
to + 10 V bipolar. The AD1674 operates on +S V and 
±12 V or ±IS V power supplies. 

S. Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. 
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AD1674-SPECIFICATIONS 
DC SPECIFIC.'JIONS (TOIl. to T .... , Vcc = +15 V ~ 1.0~ or +12 V ± 5%, VL08IC = +5 V ± 10%, VEE = -15 V. ± 10% or 

". -12 V ± 5% unless othelWlse Indicated) . 

Parameter 

RESOLUTION 

INTEGRAL NONLINEARITY (INL) 

DIFFERENTIAL NONLINEARITY (DNL) 
(No Missing Codes) 

UNIPOLAR OFFSET' @ 25°C 

BIPOLAR OFFSET' @ 250C 

FULL-SCALE ERROR" 2 @ 250C 
(with Fixed 50 G Resistor from REF OUT to REF IN 

TEMPERATURE RANGE 

TEMPERATURE DRIFT' 
Unipolar Offset2 

Bipolar Offset2 

Full-Scale Error 

POWER SUPPLY RE]ECfION 
Vee = 15 V ± 1.5 V or 12 V ± 0.6 V 
VLOGIC = 5 V ± 0.5 V 
VEE = -15 V ± 1.5 V or -12 V ± 0.6 V 

ANALOG INPUT 
Input Ranges 

Bi~la(" 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

POWER SUPPLIES 
Operating Voltages 

VLOGIC 

Vee 
VEE 

Operating Current 
ILOGlc 

lee 
lEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 
Output Current (Available for External Loads) 
(External Load Should Not Change During Conversion) 

NOTES 
'Adjustable to zero. 
21ncludes internal voltage reference error. 
3Maximum change from 250C value to the value at Tmin or Tm,.o 

AD1674J 
Min Typ 

12 

12 

0.1 

0 

-5 
-10 
0 
0 

3 5 
6 10 

+4.5 
+11.4 
-16.5 

5 
10 
14 

385 

9.9 10.0 

AD1674K 
Max Min Typ Max Units 

12 Bits 

±1 ±112 LSB 

12 Bits 

:1:3 :1::2 LSB 

±6 ±4 LSB 

0.25 0.1 0.25 %ofFSR 

+70 0 +70 OC 

±2 :1::1 LSB 
±2 ±1 LSB 
±6 ±3 LSB 

±2 ±1 LSB 
±112 ±112 LSB 
±2 ±1 LSB 

+5 -5 +5 Volts 
+10 -10 +10 Volts 
+10 0 +10 Volts 
+20 0 +20 Volts 

7 3 5 7 kG 
14 6 10 14 kG 

+5.5 +4.5 +5.5 Volts 
+16.5 +11.4 +16.5 Volts 
-11.4 -16.5 -11.4 Volts 

8 5 8 rnA 
14 10 14 rnA 
18 14 18 rnA 

575 385 575 mW 

10.1 9.9 10.0 10.1 Volts 
2.0 2.0 rnA 

Specifications sbown in boldface are tested on all devices at final electrical test with worst case supply voltageS at T m;n' 25"<:, and T ~.' Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are gouanteed, although only those sbown in boldface are tested. 

Specifications subject to change without notice. 
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AD1674 
AD1614A AD1614B AD1614T 

Parameter Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

INTEGRAL NONLINEARITY (INL) (a 25°C :1:1 :1:112 :1:112 LSB 

TmintoTDlIIJl :1:1 :1:112 :1:1 LSB 

DIFFERENTIAL NONLINEARITY (DNL) 
(no missing codes) 12 12 12 Bits 

UNIPOLAR OFFSET' @ 25°C :1:2 :1:2 :1:2 LSB 

BIPOLAR OFFSET' @ 25°C :1:6 :1:3 :1:3 LSB 

FULL-SCALE ERROR" 2 @ 250C 
(with Fixed 50 G Resistor from REF OUT to REF IN) 0,1 0,25 0,1 0,125 0,1 0,125 % ofFSR • TEMPERATURE RANGE -40 +S5 -40 +S5 -55 +125 OC 

TEMPERATURE DRIFT' 
Unipolar Offset' :1:2 :1:1 :1:1 LSB 
Bipolar Offset' :1:2 :1:1 :1:2 LSB 
Full-Scale Error :l:S :1:5 :1:1 LSB 

POWER SUPPLY REJECTION 
V cc = 15 V ± 1.5 V or 12 V ± 0,6 V :1:2 :1:1 :1:1 LSB 
VLOGIC = 5 V ± 0,5 V :1:112 :1:112 :1:112 LSB 
VEE = -IS V ± 1.5 Vor -12 V ± 0,6 V :1:2 :1:1 :1:1 LSB 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 +5 -5 +5 Volts 
-10 +10 -10 +10 -10 +10 Volts 

Unipolar 0 +10 0 +10 0 +10 Volts 
0 +20 0 +20 0 +20 Volts 

Input Impedance 
10 Volt Span 3 5 1 3 5 1 3 5 1 kG 
20 Volt Span 6 10 14 6 10 14 6 10 14 kG 

POWER SUPPLIES 
Operating Voltages 

VLOG1C +4,5 +5,5 +4,5 +5,5 +4,5 +5,5 Volts 
Vec +11.4 +16,5 +11.4 +16,5 +11.4 +16,5 Volts 
VEE -16,5 -11.4 -16,5 -11.4 -16,5 -IL4 Volts 

Operating Current 
ILOG1C 5 S 5 S 5 S rnA 
Icc 10 14 10 14 10 14 rnA 
lEE 14 IS 14 IS 14 IS rnA 

POWER DISSIPATION 385 515 385 515 385 515 mW 

INTERNAL REFERENCE VOLTAGE 9,9 10,0 10,1 9,9 10,0 10,1 9,9 10,0 10,1 Volts 
Output Current (Available for External Loads) 2,0 2,0 2,0 rnA 
(External Load Should Not Change During Conversion) 
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(Tm;. to Tm"., with Vee = +15 V ± 10% or +12 V ± 5%, VLOGIC = +5 V ± 10%, VEE = 
. . -15 V ± 10% or -12 V ± 5%, fSAMPLE = 100 kSPS, fiN = 10 kHz, stand-alone mode 

AD1674-AC SPECIFICATIONS unless otherwise noted)1 

AD1674J/A AD1674K1Bff 
Parameter Min Typ Max Min Typ Max Units 

Signal to Noise and Distortion (SIN + D) Rati02• 3 69 70 70 71 dB 

Total Harmonic Distortion (THD)4 -90 -82 -90 -82 dB 
0.008 0.008 % 

Peak Spurious or Peak Harmonic Component -92 -82 -92 -82 dB 

Full Power Bandwidth 1 1 MHz 
Full Linear Bandwidth 500 500 kHz 

Intermodulation Distortion (IMD), 
Second Order Products -90 -SO -90 -SO dB 
Third Order ProductS -90 -SO -90 -SO dB 

SHA (specifications are included in overall timing specifications) 
Aperture Delay IS IS ns 
Aperture Jiner ISO ISO PS 
Acquisition Time I I I.I.s 

DIGITAL SPECIFICATIONS 
(for all grades Tml• to TOIl.' with Vcc = +15 V ± 10% or +12 V ± 5%, VLOGIC = +5 V ± 10%, 
VEE = -15 V ± 10% or -12 V ± 5%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
VIH High Level Input Voltage +2.0 V LOGIC +0.5 V V 
VIL Low Level Input Voltage -0.5 +0.8 V 
IIH High Level Input Current (VIN = 5 V) VIN = VLOGIC -10 +10 ,...A 
IlL Low Level Input Current (VIN = 0 V) VIN = OV -10 +10 ,...A 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.5 mA +2.4 V 
VOL Low Level Output Voltage IOL = 1.6mA +0.4 V 
Ioz High-Z Leakage Current VIN = 0 to VLOG1C -10 +10 ,...A 
Coz High-Z Output Capacitance 10 pF 

NOTES 
If IN amplitude = -0.5 dB (9,44 V p-p) 10 V bipolar mode unless otherwise indicated. All measurements referred to -0 dB (9.997 V p-p) input signal unless 
otherwise indicated. 

'Specified at worst case temperstures and supplies after one minute warm·up. 
'See Figures 12 and 13 for other input frequencies and amplitudes. 
'See Figure II. 
'fa = 9.08 kHz, fb = 9.58 kHz with fSAMPLE = 100 kHz. See Definition of Specifications section and Figure IS. 

Specifications shown in boldface are tested on all devices at fmal electrical test with worst case supply voltages at T min' 2S'C, and T mo' Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are guarsnteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 
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AD1674 

SWITCHING SPECIFICATIONS 
(for all grades 'min to 'm •• with Vcc = +15 V ± 10% or +12 V ± 5%, VLOGIC = +5 V ± 
10%, VEE = -15 V ± 10% or -12 V ± 5%; VIL = 0.4 V, VIH = 2.4 V unless otherwise 
noted) 

CONVERTER START TIMING (Figure 1) 

Parameter Symbol Min Typ Max Units 

Conversion Time 
8-Bit Cycle tc 7 8 .... s 
12-Bit Cycle tc 9 10 .... S 

STS Delay from CE @ 25°C tosc 200 ns 
Tmin to Tmax 250 ns 

CE Pulse Width @ 25°C tHEC 50 ns 
Tmin to Tmax 75 ns 

CS to CE Setup tssc 50 ns 
CS Low During CE High @ 25°C tHSC 50 ns 

Tmin to Tmax 75 ns 
RIC to CE Setup tSRC 50 ns 
RIC Low During CE High @ 25°C tHRC 50 ns 

Tmin to Tmax 150 ns 
Ao to CE Setup t SAC 0 ns 
Ao Valid During CE High tHAC 50 ns 

READ TIMING - FULL CONTROL MODE (Figure 2) 

Parameter Symbol Min Typ Max Units 

Access Time 
CL = 100 pF too 

1 75 150 ns 
Data Valid After CE Low tHO 25 ns 
Output Float Delay tHL2 150 ns 
CS to CE Setup tSSR 50 ns 
RIC to CE Setup tSRR 0 ns 
An to CE Setup tSAR 50 ns 
CS Valid After CE Low tHSR 0 ns 
RIC High After CE Low tHRR 60 ns 
Ao Valid After CE Low tHAR 50 ns 

NOTES 
\m is measured with the load circuit of Figure 3 and is defined as the time 
required for an output to cross 0.4 V or 2.4 V. 

ZtHL is defined as the time required for the data lines to change O.S V when 
loaded with the "circuit of Figure 3. 

Specifications shown in boldface are tested on all devices at final electrical 
test with worst case supply voltages at T'lUli' 25°C, and T,m,,' Results from 
those tests are used to calculate outgoing qualitr levels. All min and max 
specifications are guaranteed, although only those shown in boldface are 
tested. 

Specifications subject to change without notice. 

Test 

Access Time High Z to Logic Low 
Float Time Logic High to High Z 
Access Time High Z to Logic High 
Float Time Logic Low to High Z 

REV. B 

5 V 100 pF 
o V 10 pF 
o V 100 pF 
5 V 10 pF 

CE 

cs 

AO 

STS 

DB11 - DBO ___ --Ir-I..,D"'SC"- HIGH IMPEDANCE --

Figure 1. Converter Start Timing 

CE 
irs 

STS --------t7--~-t_+----------

Figure 2. Read Timing 

DOUT 0---...... 

Figure 3. Load Circuit for Bus Timing Specifications 
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AD1674 
TIMING - STAND-ALONE MODE (Figures 4a and 4b) 

Parameter Symbol Min Typ Max Units 

Data Access Time tooR 150 ns 
Low RIC Pulse Width tHRL 50 ns 
STS Delay from RIC (u 25°C tos 200 ns 

Tmin toTmax 250 ns 
Data Valid After RIC Low tHOR 25 ns 
STS Delay After Data Valid tHs 0.6 0.8 1.2 jJ.s 
High RIC Pulse Width tHRH 150 ns 

NOTE 
Specifications shown in boldface are tested on aU devices at final electrical 
test with worst case supply voltages at T min' 25OC, and T ttUI:Il" Results from 
those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are 
tested. 

Specifications subject to change without notice. 

DATA 
DBll-DBD VALID 

~=..L._...J 

}-_..:.H::lG=Hc:.-=Z_~ DATA VALID 

Figure 4a. Stand-Alone Mode Timing Low Pulse for RIC 

CAUTION: 

ABSOLUTE MAXIMUM RATINGS· 
V cc to Digital Common ................. 0 to + 16.S V 
VEE to Digital Common ................. 0 to -16.S V 
V LOGIC to Digital Common ................. 0 to + 7 V 
Analog Common to Digital Common ..... ; . . . . . . . . ± I V 
Digital Inputs to Digital Common . -O.S V to VLOGIC +0.5 V 
Analog Inputs to Analog Common ........... VEE to V cc 
20 VIN to Analog Common ................... ±24 V 
REF OUT ............... Indefmite Short to Common 

................. Momentary Short to V cc 
Junction Temperature ..... ' .............. , .. + 17SoC 
Power Dissipation ........................ 825 mW 
Lead Temperature, Soldering ............. 300OC, 10 sec 
Storage Temperature ................ -6SoC to + ISO°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions abo.ve those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

RIC 

STS 

DB11-DBD --'-'=:":"<1 HIGH-Z 

Figure 4b. Stand-Alone Mode Timing High Pulse for RIC 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices su bject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protecth'e foam 
should be discharged to the destination socket before de"ices are inserted. 

WARNING! LJ 
~~EDEVICE 

ORDERING GUIDE 

INL S/(N+D) Package 
Modell Temperature Range (TwD to TmaJ (T..un to T max) Option' 

ADl674JN O°C to +70°C ±l LSB 69 dB N-28A 
ADl674KN O°C to +70°C ±1I2 LSB 70 dB N-28A 
ADl674JR O°C to +70°C ±I LSB 69 dB R-28 
ADl674KR O°C to +70OC ±1I2 LSB 70 dB R-28 
ADl674AD -40°C to +8SOC ±1 LSB 69 dB D-28A 
ADl674BD -40°C to +8SoC ±1I2 LSB 70 dB D-28A 
ADl674TD -SsoC to + 12SoC ±1 LSB 70 dB D-28A 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to 
the Analog Devices Military Products Databook or current ADl674/883B data sheet. 

'N = Plastic DIP; D = Hermetic Ceramic DIP; R = plastic sore. For outline information see 
Package Information section. 
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DEFINITION OF SPECIFICATIONS 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" 
occurs 112 LSB before the first code transition. "Full scale" is 
defined as a level I 112 LSB beyond the last code transition. In
tegral nonlinearity is the worst-case deviation of a code from the 
straight line. The deviation of each code is measured from the 
middle of that code. 

DIFFERENTIAL NONLINEARITY (DNL) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing se
quence as the analog input level is increased. Thus every code 
must have a finite width. The ADI674 guarantees no missing 
codes to 12-bit resolution; all 4096 codes are present over the 
entire operating range. 

UNIPOLAR OFFSET 
The first transition should occur at a level 112 LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point at 25°C. This offset can be adjusted as 
shown in Figure 6. 

BIPOLAR OFFSET 
In the bipolar mode the major carry transition (0111 III I 1111 
to 1000 0000 0000) should occur for an analog value 112 LSB 
below analog common. The bipolar offset error specifies the de
viation of the actual transition from that point at 25°C. This off
set can be adjusted as shown in Figure 7. 

FULL-SCALE ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value 1 112 LSB below the nominal 
full scale (9.9963 volts for 10 volts full scale). The full-scale er
ror is the deviation of the actual level of the last transition from 
the ideal level at 25OC. The full-scale error can be adjusted to 
zero as shown in Figures 6 and 7. 

TEMPERATURE DRIFT 
The temperature drifts for full-scale error, unipolar offset and 
bipolar offset specify the maximum change from the initial 
(25°C) value to the value at T min or T max. 

POWER SUPPLY REJECTION 
The effect of power supply error on the performance of the de
vice will be a small change in full scale. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at various limits. 

FREQUENCY-DOMAIN TESTING 
The AD1674 is tested dynamically using a sine wave input and a 
2048 point Fast Fourier Transform (FFT) to analyze the result
ing output. Coherent sampling is used, wherein the ADC sam
pling frequency and the analog input frequency are related to 
each other by a ratio of integers. This ensures that an integral 
multiple of input cycles is captured, allowing direct FFT pro
cessing without windowing or digital filtering which could mask 
some of the dynamic characteristics of the device. In addition, 
the frequencies are chosen to be "relatively prime" (no common 
factors) to maximize the number of different ADC codes that 
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are present in a sample sequence. The result, called Prime 
Coherent Sampling, is a highly accurate and repeatable measure 
of the actual frequency-domain response of the converter. 

NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a converter is that input frequency which is one
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (SIN+D) RATIO 2 
S/(N + D) is the ratio of the rms value of the measured input 
signal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/(N + D) is expressed in decibels. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of a full-scale input signal and is ex
pressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa ± nfb, 
where m,n = 0,1,2,3 ... Intermodulation terms are those for 
which m or n is not equal to zero. For example, the second or
der terms are (fa + fb) and (fa - fb) and the third order terms 
are (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). The IMD 
products are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 dB from full-scale. The IMD products are 
normalized to a 0 dB input sig!lal. 

FULL-POWER BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

FULL-LINEAR BANDWIDTH 
The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 
At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis
tortion of the sampled input signal increases significantly. 

APERTURE DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Read/Convert (RIC) to when 
the input signal is held for conversion. 

APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 
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PIN DESCRIPTION 

" 
Symbol Pin No. Type Name and Function 

AGND 

Ao 

BIPOFF 

CE 

CS 

DB 11-DB8 

DB7-DB4 

DB3-DBO 

DGND 

REF OUT 

RIC 

REF IN 

STS 

Vee 

VEE 

VLOGIC 

lOVIN 

20VIN 

121S 

TYPE: AI 
AO 
DI 
DO 
P 

9 

4 

12 

6 

3 

27-24 

23-20 

19-16 

IS 

8 

5 

10 

28 

7 

11 

I 

13 

14 

2 

P Analog Ground (Common). 

DI Byte AddresS/Short Cycle. If a conversion is started with Ao Active LOW, a full 12-bit conversion 
cycle is initiated. If Ao is Active HIGH during a convert start, a shorter 8-bit conversion cycle 
results. During Read (RIC = I) with 1218 LOW, Ao = LOW enables the 8 most significant bits 
(D84-DB11), and Ao = HIGH enables DB3-DBO and sets DB7-DB4 = O. 

AI Bipolar Offset. Connect through a 50 n resistor to REF OUT for bipolar operation or to Analog 
Common f{lr unipolar operation. 

DI Chip Enable. Chip Enable is Active HIGH and is used to initiate a convert or read operation. 

DI Chip Select. Chip Select is Active LOW. 

DO Data Bits 11 through 8. In the 12-bit format (see 1218 and Ao pins), these pins provide the upper 
4 bits of data. In the 8-bit format, they provide the upper 4 bits when Ao is LOW and are 
disabled when Ao is HIGH. 

DO Data Bits 7 through 4. In the 12-bit format these pins provide the middle 4 bits of data. In the 
8-bit format they provide the middle 4 bits when Ao is LOW and all zeroes when Ao is HIGH. 

DO Data Bits 3 through O. In both the 12-bit and 8-bit format these pins provide the lower 4 bits of 
data when Ao is HIGH; they are disabled when Ao is LOW. 

P Digital Ground (Common). 

AO + 10 V Reference Output. 

DI Read/Convert. In the full control mode RIC is Active HIGH for a read operation and Active LOW 
for a convert operation. In the stand-alone mode, the falling edge of RIC initiates a Conversion. 

AI Reference Input is connected through a 50 n resistor to + 10 V Reference for normal operation. 

DO Status is Active HIGH when a conversion is in progress and goes LOW when the conversion is 
completed. 

P +.12 V/+15 V Analog Supply. 

P -12 VI-IS V Analog Supply. 

P +5 V Logic Supply. 

AI 10 V Span Input, 0 to + 10 V unipolar mode or -5 V to +5 V bipolar mode. When using the 
ADI674 in the 20 V Span 10 VIN should not be connected. 

AI 20 V Span Input, 0 to +20 V unipolar mode or -10 V to + 10 V bipolar mode. When using the 
ADI674 in the 10 V Span 20 VIN should not be connected. 

DI The 12/8 pin determines whether the digital output data is to be organized as two 8-bit words 
(1218 LOW) or a single 12-bit word (1218 HIGH). 

Analog Input 
Analog Output 
Oigital Input 
Digital Output 
Power, 

PIN CONFIGURATION 

FUNCTIONAL BLOCK DIAGRAM 
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GENERAL CIRCUIT OPERATION 
The ADI674 is a complete 12-bit, lOllS sampling analog-to
digital converter. A block diagram of the ADI674 is shown on 
the previous page. 

When the control section is commanded to initiate a conversion 
(as described later), it places the sample-and-hold amplifier 
(SHA) in the hold mode, enables the clock, and resets the suc
cessive approximation register (SAR). Once a conversion cycle 
has begun, it cannot be stopped or restarted and data is not 
available from the output buffers. The SAR, timed by the clock, 
will sequence through the conversion cycle and return an end
of-convert flag to the control section when the conversion has 
been completed. The control section will then disable the clock, 
switch the SHA to sample mode, and delay the STS LOW go
ing edge to allow for acquisition to 12-bit accuracy. The control 
section will allow data read functions by external command any
time during the SHA acquisition interval. 

During the conversion cycle, the internal 12-bit, I rnA full-scale 
current output DAC is sequenced by the SAR from the most 
significant bit (MSB) to the least significant bit (LSB) to provide 
an output that accurately balances the current through the 5 kO 
resistor from the input signal voltage held by the SHA. The 
SHA's input scaling resistors divide the input voltage by 2 for 
the 10 V input span and by 4 for the 20 V input span, maintain
ing a I rnA full-scale output current through the 5 kO resistor 
for both ranges. The comparator determines whether the addi
tion of each successively weighted bit current causes the DAC 
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current sum to be greater than or less than the input current. If 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within 
±1I2 LSB. 

CONTROL LOGIC 
The ADI674 may be operated in one of two modes, the full
control mode and the stand-alone mode. The full-control mode 
utilizes all the ADI674 control signals and is useful in systems • 
that address decode multiple devices on a single data bus. The 
stand-alone mode is useful in systems with dedicated input ports 
available and thus not requiring full bus interface capability. 
Table I is a truth table for the AD1674, and Figure 5 illustrates 
the internal logic circuitry. 

CE CS RIC 12/8 Ao Operation 

0 X X X X None 
X I X X X None 

I 0 0 X 0 Initiate 12-Bit Conversion 
I 0 0 X I Initiate 8-Bit Conversion 

I 0 I I X Enable 12-Bit Parallel OutPUt 

I 0 I 0 0 Enable 8 Most Significant Bits 
I 0 I 0 I Enable 4 LSBs +4 Trailing Zeroes 

Table I. AD1674A Truth Table 

VALUE OF A 0 AT LAST CONVERT COMMAND , 
r-<&--t---EOC 12 
+-~-+----EOC8 

es--c>-+t~ 
r--<t---------~_l-i====~======~----SAMP~.HOLD 

REV.S 

A, 

STATUS 

'--1J.lS DELAY· ACOUlstnON 

).-!1iEAii!!!E!!ADL!--_-I-__ --I':>-.t'-i>-- N:::~~EB TO 
L..._-f:>r--'---" NYBBLE c ~~~~s 

N:::~~EA J 
ENABLE 

NY:~~~.D 
12~1)~--~::::::::::::::::::~j2:;t::r==> 

Figure 5. Equivalent Internal Logic Circuitry 
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FULL·CONTROL MODE 
In full-control mode, the AD1674 departs slightly from the 
AD674A timing requirements. These differences are discussed 
in Table II. In fulJ.control mode, ADI674 timing should be re
viewed for compliancy with AD674A applications. 

Specification AD674A AD1674 

tHRC 50 ns (min) 50 ns (i, 25°C 
150 ns T min to T max 

tHRR' o ns (min) 60 ns 
,tosc 200ns(max) 200 ns (ii 25°C 

250 ns T min to T max 

tHs 600 ns{max) I I1S 

Table II. 

Chip Enable (CE), Chip Select (CS) and Read/Convert (RIC) are 
used to control Convert or Read modes of operation. Either CE 
or CS may be used to initiate a conversion. Note that the short
est delay path to the SHA control is from the RIC input (see 
Figure 5). SHA accuracy has been optimized for use in stand
alone mode and consequently results in the Table II differences 
for the full-control mode of operation. The state of RIC when 
CE and CS are both asserted determines whether a data Read 
(RIC = 1) or a Convert (RIC = 0) is in progress. RIC should be 
LOW before both"CE and CS are asserted; if RIC is HIGH, a 
Read operation will momentarily occur, possibly resulting in 
system bus contention. 

STAND·ALONE MODE 
The ADI674 can be used in a ~'s~d-a1one",mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. Stand-alone mode 
applications are generally able to issue conversion start com-
mands more precisely than full-control mode. This improves ac 
performance by reducing the amount of control-induced aper
ture jitter. 

In stand-alone mode, the control interface for the ADI674 and 
AD674A are identical. CE and 12/8 are wired HIGH, CS and AD 
are wired LOW, and conversion is controlled by RIC. The 
three-state buffers are enabled when RIC is HIGH and a conver
sion starts when RIC goes LOW. This gives rise to two possible 
control signals - a high pulse or a low pulse. Operation with a 
low pulse is shown in Figure 4a. In this case, the outputs are 
forced into the high-impedance state in response to the falling 
edge of RIC and return to valid logic levels after the conversion 
cycle is completed. The STS line goes HIGH 200 ns after RIC 
goes LOW and returns low I I1S after data is valid. 

If conversion is initiated by a high pulse as shown in Figure 4b, 
the data lines are enabled during the time when RIC is HIGH. 
The falling edge of RIC starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RIC. ' 

CONVERSION TIMING 
Once a conversion is started, the STS line goes HIGH. Convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers can be enabled up to 1.2 I1S 
prior to STS going LOW. The STS line will return LOW at the 
end of the conversion cycle. 

The register control inputs, Ao and 12/8, control conversion 
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length and data format. If a conversion is started with Ao LOW, 
a full 12-bit conversion cycle is initiated. If AD is HIGH ,during 
a convert start, a shorter 8-bit conversion cycle results. 

During data read operations, AD determines whether the three
state buffers containing the 8 MSBs of the conversion result 
(Ao = 0) or the 4 LSBs (Ao = I) are enabled. The 12/8 pin de
termines whether the output data is to be organized as two 8-bit 
words (12/8 tied LOW) or a single 12-bit word (12/8 tied 
HIGH). In the 8-bit mode, the byte addressed when An is high 
contains the 4 LSBs from the conversion followed by four trail
ing zeroes. This organization allows the data lines to,be over
lapped for direct interface to 8-bit buses without the need for 
external three-state buffers. 

INPUT CONNECTIONS AND CALIBRATION 
The 10 V p-p and 20 V p-p full-scale input ranges of the 
ADI674 accept the majority of signal voltages without the need 
for external voltage divider networks which could deteriorate the 
accuracy of the ADC. 

The ADI674 is factory trimmed to minimize offset, linearity, 
and full-scale errors. In many applications, no calibration trim
ming will be required and the ADI674 will exhibit the accuracy 
limits listed in the specification tables. 

In some applications, offset and full-scale errors need to be 
trimmed out completely. The following Sections describe the 
correct procedure for these various situations. 

UNIPOLAR RANGE INPUTS 
Figure 6 illustrates the external connections for the ADI674 in 
unipolar-input mode. The first output-code transition (from 
0000 0000 0000 to 0000 0000 0001) should nominally occur for 
an input level of + 112 LSB (1.22 mV above ground for a 10 V 
range; 2.44 mV for a 20 V range). To trim unipolar offset to 
this nominal value, apply a + lI2 LSB signal between Pin 13 and 
ground (10 V range) or Pin 14 and ground (20 V range) and ad
just RI until the first transition is located. If the offset trim is 
not required, Pin 12 can be connected directly to Pin 9; the two 
resistors and trimmer for Pin 12 are then not needed. 

RI 

.'5V~.'SV 

21vi STS 21 

3 CS HIGH BITS 

• A, 
, RIC 

• CE 

10 REfIN 

· R"OUT 

12 •• OFF 

""VIN 

14 .vIN 

t _COlI 

"." 
IIIDDLEIITS ..., 

LOW BITS ,1-1. 
AD1674 

.sv 1 

+11'1 7 

.15'1 " 

DIGCOM 15 

Figure 6. Unipolar Input Connections with Gain and Offset 
Trims 

The full-scale trim is done by applying a signal I 1/2 LSB below 
, the nominal full scale (9.9963 V for a 10 V range) and adjusting 

R2 until the last transition is located (III I III I II 10 to II II 
11111111). If full-scale adjustment is not required, R2 should 
be replaced with a fixed 50 n :!: I % metal film resistor. If REF 
OUT is connected directly to REF IN, the additional full-scale 
error will be approximately 1%. 
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BIPOLAR RANGE INPUTS 
The connections for the bipolar-input mode are shown in Figure 
7. Either or both of the trimming potentiometers can be re
placed with SO n ± 1% fixed resistors if the specified ADI674 
accuracy limits are sufficient for the application. If the pins are 
shorted together, the additional offset and gain errors will be 
approximately 1%. 

2 12'8 STS 28 

3 CS HIGHSIlS 
24·27 · " MIDDLE BITS 

5 AIC 20·23 

• CE LOW BITS 
16·19 

10 REF IN 

8 REF OUT 
AD1674 

12 BIPOFF 
+SV 1 

!"sv 
ANALOG 13 10VIN +15V 7 

INPUTS 
14 20VIN ·15V 11 

flOY 

~ 
• ANA COM DeGCOM 15 

Figure 7. Bipolar Input Connections with Gain and Offset 
Trims 

To trim bipolar offset to its nominal value, apply a signal 112 
LSB below midrange (-1.22 mV for a ±S V range) and adjust 
RI until the major carry transition is located (0111 1111 1111 to 
1000 0000 0000). To trim the full-scale error, apply a signal 1 
112 LSB below full scale (+4.9963 V for a ±S V range) and ad
just R2 to give the last positive transition (1111 1111 111 0 to 
1111 1111 1111). These trims are interactive so several iterations 
may be necessary for convergence. 

A single-pass calibration can be done by substituting a negative 
full-scale trim for the bipolar offset trim (error at midscale), us
ing the same circuit. First, apply a signal 112 LSB above minus 
full scale (-4.9988 V for a ±S V range) and adjust Rl until the 
minus full-scale transition is located (0000 0000 0001 to 0000 
0000 0000). Then perform the gain error trim as outlined above. 

REFERENCE DECOUPUNG 
It is recommended mat a 10 ILF tantalum capacitor be con
nected between REF IN (Pin 10) and ground. This has me ef
fect of improving the S/(N + D) ratio ilirough filtering possible 
broad-band noise contributions from me voltage reference. 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
At the 12-bit level, a 5 rnA current through a 0.5 n trace will 
develop a voltage drop of 2.5 m V, which is 1 LSB for a 10 V 
full-scale range. In addition to ground drops, inductive and ca
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies should be decoupled in order to 
filter out ac noise. 

The AD1674 has a wide bandwidth sampling front end. This 
means mat me AD1674 will "see" high frequency noise at the 
input, which nonsampling (or limited-bandwidth sampling) 
ADCs would ignore. Therefore, it's important to make an effort 
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to eliminate such high frequency noise through decoupling or by 
using an anti-aliasing filter at the analog input of the AD1674. 

Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- • 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them (if necessary) only at right angles. 

The AD1674 incorporates several features to help the user's lay
out. Analog pins are adjacent to help isolate analog from digital 
signals. Ground currents have been minimized by careful circuit 
architecture. Current through AGND is 2.2 rnA, with little 
code-dependent variation. The current through DGND is domi
nated by the return current for DBIl-DBO. 

SUPPLY DECOUPUNG 
The AD1674 power supplies should be well filtered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox
imity between all power supply pins and ground. A 10 ILF tan
talum capacitor in parallel with a 0.1 ILF disc ceramic capacitor 
provides adequate decoupling over a wide range of frequencies. 

An effort should be made to minimize me trace length between 
me capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD1674, associated analog input circuitry, and interconnec
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD1674 will isolate large switching 
ground currents. For these reasons, the use of wire-wrap circuit 
construction is not recommended; careful printed-circuit con
struction is preferred. 

GROUNDING 
If a single AD1674 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD1674. If multiple AD1674s are used or the AD1674 shares 
analog supplies with other components, connect the analog and 
digital returns together once at the power supplies ramer than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana
log system. 

GENERAL MICROPROCESSOR INTERFACE 
CONSIDERATIONS 
A typical ND converter interface routine involves several opera
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to com
plete, since most ADCs take longer than one instruction cycle to 
complete a conversion. Valid data can, of course, only be read 
after the conversion is complete. The AD1674 provides an out
put signal (STS) which indicates when a conversion is in progress. 
This signal can be polled by the processor by reading it through 
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an external three-state buffer (or other input port). The STS 
signal can also be used to generate an interrupt upon completion 
of a conversion, if the system timing requirements are critical 
(bear in mind that the maximum conversion time of the ADI674 
is only 10 microseconds) and the processor has other tasks to 
perform during the ADC conversion cycle. Another possible 
time-out method is to assume that the ADC will take 10 micro
seconds to convert, and insert a sufficient number of "no-op" 
instructions to ensure that 1 0 microseconds of processor time is 
consumed. 

Once it is established that the conversion is fmished, the data 
can be read. In the case of an ADC of 8-bit resolution (or less), 
a single data read operation is sufficient. In the case of convert
ers with more data bits than are available on the bus, a choice of 
data formats is required, and multiple read operations are 
needed. The AD1674 includes internal logic to permit direct 
interface to 8-bit or 16-bit data buses, selected by the 1218 in
put. In 16-bit bus applications (1218 HIGH) the data lines 
(DBll through DBO) may be connected to either the 12 most 
significant or 12 least significant bits of the data bus. The re
maining four bits should be masked in software. The interface 
to an 8-bit data bus (1218 LOW) contains the 8 MSBs (DBll 
through DB4). The odd address (Ao HIGH) contains the 
4 LSBs (DB3 through DBO) in the upper half of the byte, 
followed by four trailing zeroes, thus eliminating bit masking 
instructions. ., DO 

XXXOIEVENADDR): I r,:~, I DB'O oat ... DBl I .... ... I DB4 

XXX110DDADDRI: I .B3 I DB. DB' r~, I • I • • I • 
AD1674 Data Format for 8-Bit Bus 

80SSA INTERFACE 

I 
I 

Figure 8 illustrates the use of the AD1674 operating in full
control mode from the 808SA. This provides an example of the 
implementation of the timing modifications necessary when us
ing the AD1674 in place of an existing AD674Aapplication, 
discussed in Table II and associated text. Figure 9 shows the 
convert start timing diagram; Figure 10 provides information on 
read timing. 

P-------i CE 
v •• 

BOSSA 

AD1674 

Al5-AB 1-4>---.,---\65 

r;:::::::==:..----'--l ... 
ALE DB. 

DBD 
AD7 OB11 
ADD 1-____________ -1 DB' 

Figure 8; 8085A - AD1674 with RIC-Delayed Control 
Interface 
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Wii~ 

CE~ 
CUi~ 
cs~ 

STS __ ...J/ 

Figure 9. 8085A Convert Start 

The convert start cycle starts when the WR signal goes LOW, 
forcing CE to go HIGH. With CLR signal LOW prior to this, 
RIC is set LOW. When CLR goes HIGH, RIC will remain 
LOW until the next rising edge of CLK. 

AO 

DATA 

Figure 10. 8085A Read 

The High Byte is read first. The Read cycle starts when RD 
goes LOW, causing CE to go HIGH. CS is already LOW, mak
ing CLR and PR HIGH on the D-flop. This causes RIC to go 
HIGH on the rising edge of CLK. RIC will not go LOW until 
CS goes HIGH, forcing CLR to go LOW thus putting the D
flop in a steady state of Q LOW. The cycle repeats for the Low 
Byte read. . 
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Typical Dynamic Performance-AD1674 
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Figure 13. SI(N+D) vs. Input Amplitude Figure 14. Nonaveraged 2048 Point FFT at 100 kSPS, 
f'N = 25.049 kHz 
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Figure 15. IMD Plot for f,N = 9.08 kHz (fa), 9.58 kHz (fb) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Autocalibrating 
0.002%THD 
90 dB S/(N+D) 
1 MHz Full Power Bandwidth 
On-Chip Sample & Hold Function 
2x Oversampling for Audio Applications 
16-Pin DIP Package 
Serial Twos Complement Output Format 
Low Input Capacitance-typ 50 pF 
AGND Sense for Improved Noise Immunity 

PRODUCTION DESCRIPTION 
The AD1876 is a 16-bit serial output sampling AID converter 
which uses a switched capacitor/charge redistribution archi
tecture to achieve a 100 kSPS conversion rate (10 .. s total 
conversion time). Overall performance is optimized by 
digitally correcting internal nonHnearities through on-chip 
autocalibration. 

The circuitry of the AD1876 is partitioned onto two monolithic 
chips, a digital control chip fabricated with Analog Devices' 
DSP CMOS process and an analog ADC chip fabricated with 
the BiMOS II process. Both chips are contained in a single 
package. 

The serial output interface requires an external clock and sample 
command signal. The output data rate may be as high as 2.08 
MHz, and is controlled by the external clock. The twos comple
ment format of the output data is MSB first and is directly com
patible with the NPC SM5805 digital decimation filter used in 
consumer audio products. The AD1876 is also compatible with 
a variety of DSP processors. 

The AD 1876 is packaged in a space saving 16-pin plastic DIP 
and operates from +5 V and ±12 V supplies; typical power con
sumption is 235 mW. The digital supply (VDD) is isolated from 
the linear supplies (VEE and V cd for reduced digital crosstalk. 
Separate analog and digital grounds are also provided. 
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AD1876-SPECIFICATIONS (lmi.to Tma .. Vee = +12V ± 5%, VEE = -12V ± 5%, VDD =:+5V ± 10%)1 

AD1816J 
Parameter Min Typ Max 

TEMPERATURE RANGE 0 70 

TOTAL HARMONIC DISTORTION (THD)2 
-0.05 dB Input -95 -88 

0.002 0.004 
-20 dB Input -78 

0.01 
-60 dB Input -40 

1.0 

D-RANGE, -60 dB, A-WEIGHTED 92 

SIGNAL-TO-NOISE AND DISTORTION (S/(N+D)) RATI03 

-0.05 dB Input, A-Weighted 92 
-0.05 dB Input, 48 kHz Bandwidth 83 90 
-20 dB Input, A-Weighted 73 
- 20 dB Input, 48 kHz Bandwidth 70 
-60 dB Input, A-Weighted 34 
-60 dB Input, 48 kHz Bandwidth 31 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -99 -89 

INTERMODULATION DISTORTION (IMDt 
2nd Order Products -102 
3rd Order Products -98 .. 

FULL POWER BANDWIDTH 1 

VOLTAGE REFERENCE INPUT RANGE' (VREP) 3 5 10.0 

ANALOG INPUT" 
Input Range (VIN) ±VREP 

Input Impedance * 
Input Capacitance During Sample 50* 
Aperture Delay 6 
Aperture Jitter 100 

POWER SUPPLIES 
Operating Current 

Icc 9 12 
lEE 9 12 
100 3 12 

Power Consumption 235 350 

NOTES 
'VRBF = 5.00 V; conversion rate = 96 kSPS; fIN = 1.06 kHz; VIN = -0.05 dB unless othetWis. indicated. All measurements referred to a 0 dB 
(10 Vyp) input signal. Values lire post calibration. 

21ncludes fIrst 19 harmonics. 
'Minimum value of S/(N+D) corresponds to 5.0 V reference; typical values of s/(N+D) correspond to 10.0 V reference. 
4£. = 1008 Hz; fb = 1055 Hz. See DefInition of Specifications section and Figure 14. 
'See Applications section for recommended voltage reference circuit and Figure II for performance with other reference voltage values. 
·See Applications section for recommended input buffer circuit. 
*For explanation of input characteristics, see "Analog Input" section. 
Specifications subject to cltange without notice. 

Units 

°C 

dB 
% 
dB 
% 
dB 
% 

dB 

dB 
dB 
dB 
dB 
dB 
dB 

dB 

dB 
dB 

MHz 

V 

V 

pF 
ns 
ps 

rnA 
rnA 
rnA 
mW 

SpecifIcations shown in boldface are tested on all devices at f1na1 electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and msx specifIcations are guaranteed, although only those shown in boldface are tested. 

ORDERING GUIDE 

Temperature THD Package Package 
Model Range dB Description Option* 

ADl876JN O°C to +70°C -95 Plastic 16-Pin DIP N-16 

*N = Narrow Plastic DIP. For outline information see Package Information section. 
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AD1876 

DIGITAL SPECIFICATIONS (Tmi. to 1m_x, Vee = +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10%) 

Parameter Test Conditions Min Typ Max Units 

LOGIC INPUTS 
VIH High Level Input Voltage 2.4 V 
VIL Low Level Input Voltage -0.3 0.8 V 
IIH High Level Input Current VIH = VDD -10 +10 fLA 
IlL Low Level Input Current VIL = OV -10 +10 fLA 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VOH High Level Output Voltage IOH = 0.1 rnA VDD-l V V 

IOH = 0.5 rnA 2.4 V 
VOL Low Level Output Voltage IOL = 1.6 mA 0.4 V 

SpecIficatIons subject to change WIthout notice. 

Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

ABSOLUTE MAXIMUM RATINGS· 
Vcc to VEE' .................... -0.3 V to +26.4 V 
VDD to DGND .................... -0.3 V to +7 V 
V= to AGND .................... -0.3 V to +18 V 
VEE to AGND .................... -18 V to +0.3 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ................. 0 V to 5.5 V 
Analog Inputs, VREF to AGND ......... (V= + 0.3 V) to 

(VEE -0.3 V) 

Soldering ......................... + 300°C, 10 sec 
Storage Temperature ................ -60°C to + 100°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause pennanenr damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

ESD SENSITIVITY ______________________________ _ 

The ADI876 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the 
AD1876 has been classified as a Category 1 Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For 
further information on ESD precaution, refer to Analog Devices' ESD Prevenlilm Manual. 

WARNING! LJ 
~~EDEVICE 

1 

TIMING SPECIFICATIONS (Tmi. to 1max, Vee = +12 V ± 5%, VEE = -12 V ± 5%, Voo = +5 V ± 10%, VREF = 5.00 V) 

Parameter Symbol Min Typ Max Units 

Sampling Rate2 fs = 1lts I 100 kSPS 
Sampling Period2 ts = IIfs 10 1000 fLS 
Acquisition Time (Included in ts) tA 2 jJ.S 
Calibration Time tcr 5000 te 
CLKPeriod tc 480 ns 
CAL to BUSY Delay !cALB 0 ns 
CLK to BUSY Delay tcs 50 120 175 ns 
CLK to DOUT Hold Time teD 10 ns 
CLKHIGH IcH 160 ns 
CLKLOW tCL 50 ns 
DouTCLKLOW tDCL 30 80 200 ns 
SAMPLE LOW to lst CLK Delay tsc 50 ns 
CAL HIGH Time !cALH 4 te 
CLK to DOUT CLK teDH 150 200 275 ns 
SAMPLE LOW tSL 50 ns 

NOTES 
'See Figure 1 and Figure 2 and the Conversion Control and Autocalibration sections for detailed explanations of the above timing. 
2Depends upon external clock frequency; includes acquisition time and conversion time. The minimum sampling rate/maximum sampling period is specified to 
account for droop of the internal samplelhold. Operation at slower rates than specified may degrade performance. 
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AD1876 
CAL --.J 

-J~'~~--t-C-A-l-B----------

BUSY Wj I~ .tl~ ~I tCH tCl 

ClK 

tCT 
IS 

IS 

Figure 1. AD1876 Calibration Timing 

r-____ ~I~·~----------ts-~-1-n·-)----~IS~----------------------~·~1 

~~;'~tA-1~~~~~I~~~~I~~:c~I,~;I~~~~~I-j:~.~tA~.: 
SAMPLE 

BUSY Jt;!.!:tCB !CH.I,tC\ -l !-~-tC-B----
ClK 

DOUT PREVIOUS LSB LSB 

DOUTClK 

Figure 2. Recommended AD1876 Conversion Timing 

Definition of Specifications 
NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a converter is that input frequency which is one
half the sampling frequency of the converter. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is measured as the ratio of the 
rms sum of the first nineteen harmonic components to the rms 
value of a I kHz full-scale sine wave input signal and is ex
pressed in percent (%) or decibels (dB). For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion (SIN + D) is defined to be the ra
tio of the rms value of the measured input signal to the rms sum 
of all other spectral components below the Nyquist frequency, 
including harmonics but excluding dc. 

D-RANGE DISTORTION 
D-range distortion is the ratio of the distortion plus noise to the 
signal at a signal amplitude of -60 dB. In this case, an A
weight filter is used. The value specified for D-range perfor
mance is the ratio measured plus 60 dB. 
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BANDWIDTH 
The full power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fhO any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa ± nfb , 

where m, n = 0, I, 2, 3 .... Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa + fb) and (fa - fb), and the third order 
terms are (2fa + fb), (2f. - fb), (fa + 2fb) and (fa - 2fb). The 
IMD products are expressed as the decibel ratio of the rms sum 
of the measured input signals to the rms sum of the distortion 
terms. The two signals applied to the converter are of equal am
plitude, and the peak value of their sum is -0.05 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

APERTURE DELAY 
Aperture delay is the time required after SAMPLE is taken 
LOW for the internal sample-hold of the AD1876 to open, thus 
holding the value OfVIN• 

APERTURE JITTER 
Aperature jitter is the variation in the aperture delay from 
sample to sample. 
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Pin 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Type: 

Name 

SAMPLE 

CLK 

DOUT 

DGND 

Vee 

N/C 

N/C 

AGND 

AGND SENSE 

VIN 

VREF 

VEE 

VDD 

DouTCLK 

BUSY 

CAL 

AI = Analog Input. 
DI = Digital Input. 
DO = Digital Output. 
P = Power. 

AD1876 
PIN DESCRIPTION 

Type Description 

DI 

DI 

DO 

P 

P 

PIAl 

AI 

AI 

AI 

P 

P 

DO 

DO 

DI 

V IN Acquisition Control Pin. During conversion, SAMPLE controls the state of the internal 
Sample-Hold Amplifier and initiates conversion (see "Conversion Control" paragraph). 
During calibration, SAMPLE is active HIGH, forcing DOUT (Pin 3) LOW. If SAMPLE is 
LOW during calibration, DOUT will output diagnostic information (See "Autocalibration" 
paragraph.) 

Master Clock Input. The ADI876 requires 17 clock pulses to execute a conversion. CLK is 
also used to derive DOUT CLK (Pin 14). During calibration, 5000 clock pulses are applied. 

Serial Output Data, Twos Complement format. 

Digital Ground. 

+ 12 V Analog Supply Voltage. 

No Connection. 

No Connection. 

Analog Ground. 

Analog Ground Sense. 

Analog Input Voltage, referred the AGND SENSE. 

External Voltage Reference Input, referred to AGND. 

-12 V Analog Supply Voltage. 

+5 V Logic Supply Voltage. 

The rising edge of DOUT CLK may be used to latch DOUT (Pin 3). DOUT CLK is derived 
fromCLK. 

Status Line for Converter. Active HIGH, indicating a conversion or calibration in progreSs. 

Calibration Control Pin (asynchronous). 

SAMPLE CAL 

ClK 

Dour 

AD1876 
DGND TOP VIEW 

Vce 
(Not to Scale) 

N/C 

N/C 

AGND 

Package Pinout 

REV. A 

BUSY 

DourClK 

VDD 

VEE 

VREF 

VIN 

AGNDSENSE 

VREF 

AGND 8 

SAMPLE 1 

AD1876 

Functional Block Diagram 

BUSY 

DourCLK 

Dour 
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AD1876 
FUNCTIONAL DESCRIPTION 
The ADI876 is a 16-bit analog-to-digital converter including a 
sampleihold input circuit, successive approximation register, 
ground sensing circuitry, serial output port and a microcon
troller based autocalibration circuit. These functions are seg
mented onto two monolithic chips, an analog sig~al processor 
and a digital controller. Both chips are contained within the 
AD1876 package. 

The ADI876 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, in
stead 'of the traditional laser-trimmed resistor-ladder approach, 
the AD1876 uses a capacitor-array, charge-redistribution tech
nique. An array of binary-weighted capacitors subdivides the 
input value to perform the actual analog to digital conversion. 
This capacitor array also serves a sampleihold function without 
the need for additional external circuitry. 

The autocalibration circuit within the ADI876 employs a micro
controller and calibration DAC to measure and compensate ca
pacitor mismatch errors. As each error is determined, its value 
is stored in on-chip memory (RAM). Subsequent conversions 
use these RAM values to improve conversion accuracy. The au
tocalibration routine may be invoked at any time. Autocalibra
tion insures high performance while eliminating the need for any 
user adjustments, and is described in detail below. 

The microcontroller controls all of the various functions within 
the AD1876. These include the actual successive approximation 
routine, the autocalibration routine, the sample/hold operation, 
and the serial data transmission. 

AUTOCALIBRATION 
The AD 1876 achieves rated performance without the need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 

In the autocalibration sequence, samplelhold offset is nulled by 
internally connecting the input circuit to the ground sense cir
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged to the reference voltage. This 
charge is then inverted and shared between the MSB capacitor 
and one of equal size composed of all the least significant bits. 
The difference in the summation of the charges in each of the 
equally sized capacitors represents the amount of capacitor mis
match. A calibration DI A converter (DAC) adds an appropriate 
value of error correction voltage to cancel the mismatch. This 
correction factor is also slored in RAM. This process is repeated 
for each of the capacitors representing the remaining bits. The 
accumulated values in RAM are then used during subsequent 
conversions to adjust conversion results. 

As shown in Figure I, when CAL is taken HIGH the AD1876 
internal circuitry is reset, the BUSY pin is driven HIGH and 
the part prepares for calibration. This is a 'hard' reset and will 
interrupt any conversion or calibration currently in progress. In 
order to guarantee that all internal undefined states are cleared, 
the CAL pin should be held HIGH for at least 4 CLK cycles. 
Actual calibration begins when the CAL pin is taken LOW and 
completes in less than 5000 clock cycles or about 2;5 msec with 
a continuous 500 nsec clock. 

During calibration the SAMPLE pin adopts an alternative func
tion. If it is held LOW, DOUT provides diagnostic test informa
tion (not intended to be used by the customer). If SAMPLE is 
held HIGH, DOUT will be forced LOW. In either case, DouT 
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CLK will continue pulsing. Since the SAMPLE pin has no con
trol over the actual calibration process, normal conversion tim
ing may also be used for calibration. In this case, however, the 
DOUT pin will output test information during those periods that 
SAMPLE is LOW. BUSY going LOW will always indicate the 
end of calibration. 

A calibration sequence should be followed by one "dummy" 
conversion to clear the internal circuitry of the ADI876 in order 
to guarantee subsequent conversion accuracy. 

In most applications, it is sufficient to calibrate the AD1876 
only upon power-up, in which case care should be taken that 
the power supplies and voltage reference have stabilized first. 

CONVERSION CONTROL 
The AD1876.is controlled by two signals: SAMPLE and CLK, 
as shown in Figure 2. It is assumed that the part has been cali
brated and the digital 110 pins have the levels shown at the start 
of the timing diagram. 

A conversion consists of an input acquisition followed by 17 
clock pulses which are required to run the 16-bit internal suc
cessive approximation routine. The analog input is acquired by 
taking the SAMPLE line HIGH for a minimum acquisition time 
of tAo The actual sample taken is the voltage present on VIN at 
the instant the SAMPLE pin is brought LOW. Care should be 
taken to ensure that this negative edge is well defined and jitter 
free to reduce the uncertainty (noise) in ac signal acquisition. 
On that edge the ADI876 commits itself to the initiated conver
sion-the input at VIN is disconnected from the internal capaci
tor array and the SAMPLE input will be ignored until the 
conversion is completed (i.e., BUSY goes LOW). After a delay 
of at least tsc (SAMPLE to CLK setup) the 17 CLK cycles are 
applied. BUSY is asserted after the first positive edge on CLK 
and reset after the 17th. Both the DOUT and the DOUT CLK 
outputs are generated in response to the rising edges of valid 
CLK pulses. As indicated in the timing diagram, the 2s comple
ment output data is presented MSB first. This data may be cap
tured with the rising edge of DOUT CLK or the falling edge of 
CLK provided teH 2: tCDH' The AD1876 will ignore CLK after 
BUSY has gone LOW and not change DOUT or DOUT CLK 
until a new sample is acquired. SAMPLE will no longer be ig
nored after BUSY goes LOW, and so an acquisition may be ini
tiated even during the HIGH time of the 17thCLK pulse for 
maximum throughput rate while enabling full settling of the 
sample/hold circuitry. Note that if SAMPLE is already HIGH 
when BUSY goes LOW, then an acquisition is immediately ini
tiated and tA starts from that time. 

During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is not 
recommended that CLK be running during VIN sampling. If a 
continuous CLK is used, then the user must avoid CLK edges 
at the instant of disconnecting VIN, i.e., the falling edge of 
SAMPLE (see the tsc specifications). The LOW level time of 
CLK (ted should be at least 100 ns to avoid the negative edge 
transition disturbing the internal comparator's settling (whose 
decision is latched on the positive edge of each valid CLK). For 
the same reason, it is also not recommended that the SAMPLE 
pin change state during conversion (i.e., until after BUSY re
turns LOW). 

Internal dc error terms such as comparator voltage offset are 
sampled, stored on internal capacitors and used to correct for 
their corresponding errors when needed. Because these voltages 
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are stored on capacitors, they are subject to leakage decay and 
so require refreshing. For this reason the part is required to be 
run continuously-i.e., there is a minimum ts specification. If 
the part has been idle for too long (i.e., ts has expired) then a 
dummy conversion cycle is required to refresh these correction 
voltages. 

BUSY is HIGH during a conversion and goes LOW when the 
conversion is completed. The twos complement output data is 
presented MSB first, with MSB data valid on the rising edge of 
the second DOUT CLK pulse. Subsequent data is valid on rising 
edges of subsequent DOUT CLK pulses. Table I illustrates the 
AD1876 output coding. 

-Full Scale 
- Full Scale + 1 LSB 
Midscale - I LSB 
Midscale 
Midscale + 1 LSB 
Full Scale - 1 LSB 
Full Scale 

Output Code 

100 ... 00 
100 ... 01 
111. .. 11 
000 ... 00 
000 .... 01 
OIl. .. 10 
OIL .. 11 

Table I. Serial Output Coding Format (Twos Complement) 

A simple method for generating the required signals for the 
AD1876 is to connect one or more ADI876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the ADI876 at a 96 kHz sample rate, which is 2 x Fs for audio 
applications. This is more fully discussed in the applications sec
tion of this data sheet, accompanied by Figures 9 and 10. 

APPLICATIONS 
POWER SUPPLIES AND DECOUPLING 
The ADI876 has three power supply input pins. VEE and Vee 
provide the supply voltages to operate the analog portions of 
the AD1876 including the ADC and SHA. V DO provides the 
supply voltage which operates the digital portions of the 
AD1876 including the serial output port and the autocalibration 
controller. 

Decoupling capacitors should be used on all power supply pins. 
These capacitors should be placed as close as possible to the 

SYSTEM SYSTEM Cl 12V -12V 
DIGITAL ANALOG 

COMMON COMMON 

Figure 3. Grounding and Decoupling the AD1876 
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AD1876 
package pins as well as the ground connections. The logic sup
ply (Voo) should be decoupled to digital common (DGND) 
with a 0.1 ,...F ceramic capacitor, and the analog supplies (VEE 
and Vee) should be decoupled to analog common (AGND) with 
4.7 fLF and 0.1 ,...F tantalum capacitors in parallel, represented 
by CLAn effort should be made to minimize the trace length 
between the capacitor leads and the respective converter power 
supply and common pins. The recommended decoupling scheme 
is illustrated in Figure 3. 

As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor
mance of the circuit. Analog Devices recommends that well 
regulated power supplies with less than 1 % ripple be incorpo
rated into the design of any system using these devices. 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 rnA current through a 0.5 n trace will develop a voltage 
drop of 0.6 mV, which is 4 LSBs at the 16 bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and ca
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
filter ac noise. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops en
close a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them, if at all, only at right angles. A solid analog 
ground plane around the AD1876 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con
struction is preferred. 

GROUNDING 
The AD1876 has three grounding pins, designated ANALOG 
GROUND (AGND), DIGITAL GROUND (DGND) and ANA
LOG GROUND SENSE (AGND SENSE). The analog ground 
pin is the "high quality" ground reference point for the device. 
The analog ground pin should be connected to the analog com
mon point in the system. 

AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However, no more than 100 mV is recom
mended between the analog ground pin and the analog ground 
sense pin for specified performance. 

The digital ground pin is the reference point for all of the digital 
signals that operate the AD1876. This pin should be connected 
to the digital common point in the system. As illustrated in 
Figure 3, the analog and digital grounds should be connected 
together at one point in the system. 
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AD 1876 
VOLTAGE REFERENCE 
The AD 1876 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer
ence voltage; in general, a reference voltage of n volts produces 
an input range of ±n volts. Signal-to-noise performance is in
creased proportionately with input signal range. The ADl876 is 
specified with a 5.0 V reference and an analog input of ±5 V. 
In the presence of a fixed amount 'of system noise, increasing 
the LSB size (which results from increasing the reference volt
age) will increase the effective S/(N + D) performance for input 
values below the point where input distortion occurs. Figure II 
illustrates S/(N + D) as a function of input amplitude and refer
ence voltage. 

During a conversion, the switched capacitor array of the 
ADl876 presents a dynamically changing current load at the 
voltage reference as the successive-approximation algorithm cy
cles through various choices of capacitor weighting. The output 
impedance of the reference circuitry must be low so that the 
output voltage will remain sufficiently constant as the current 
drive changes. In most applications, this requires that the out
put of the voltage reference be buffered by an amplifier with 
low impedance at relatively high frequencies. A (10 f.LF or 
larger) capacitor connected between VREF and AGND will re
duce the demands on the reference by decreasing the magnitude 
of high frequency components. 

The following two sections represent typical design approaches. 

VOLTAGE REFERENCE-AUDIO APPLICATIONS 
Audio applications require optimal ac performance over a rela
tively narrow temperature range, with low cost being important. 
Figure 4 shows one such approach towards attaining these goals. 
A voltage reference, consisting of a Zener diode, capacitor, resis
tor and op amp with typical component values, is shown. This 
simple circuit has the advantage of low cost, but the reference 
voltage value is sensitive to changes in the + 12 V supply. Addi
tionally, changes in the Zener value due to temperature varia
tions will also be reflected in the reference voltage. RoPTION 

may be required for other component selections if the Zener 
requires more current than the op amp can supply. 

Figure 4. Low Cost Voltage Reference Circuit 

VOLTAGE REFERENCE-PRECISION MEASUREMENT 
APPLICATIONS 
In applications other than audio, parameters such as low drift 
over temperature and static accuracy are important. Figure 5 
shows a voltage reference circuit featuring the 5 V AD586. The 
AD586 is a low cost reference which utilizes a buried Zener ar
chitecture to provide low noise and drift. Over the O°C to + 70°C 

2-290 ANALOG-TO-DIGITAL CONVERTERS 

range, the AD586L grade exhibits less than a 2.25 mVoutput 
change from its initial value at + 25OC. A noise-reduction capaci
tor, eN, reduces the broadband noise of the AD586 output, 
thereby optimizing the overall performance of the AD1876. 

+12V 

Figure 5. 

For higher performance needs, the AD588 reference provides 
improved drift, low noise, and excellent initial accuracy. The 
AD588 uses a proprietary ion-implanted buried Zener diode in 
conjunction with laser-trimmed thin-film resistors for low offset 
and gain. The AD588 output is accurate to 0.65 m V from its 
value at + 25°C over the O°C to + 70°C range. The circuit shown 
in Figure 6 includes a noise-reduction network on Pins 4, 6 and 
7. The I f.LF capacitors form low pass filters with the internal 
resistance of the AD588 and external 3.9 kG resistor. This re
duces the wide-band (to I MHz) noise of the AD588, providing 
optimum performance of the AD1876. 

Figure 6. 

ANALOG INPUT 
As previously discussed, the analog input voltage range for the 
ADl876 is ±VREF• For purposes of ground drop and common
mode rejection, the VIN and VREF inputs each have their own 
ground. V REF is referred to the local analog system ground 
(AGND), and VIN is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. If AGND SENSE is not used, it should be con
nected to the AGND pin at the package. The AGND SENSE 
pin is intended to be tied to potentials within 100 mV of AGND 
to maintain specified performance. 

The ADl876 analog inputs CVIN' VREF and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre
sponding pin. The capacitor is disconnected when SAMPLE is 
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taken LOW and the stored charge is used in the subsequent 
AID conversion. In order to limit the demands placed on the 
external source by this high initial charging current, an internal 
buffer amplifier is employed between the input and this capaci
tance for a few hundred nanoseconds. During this time the 
input pin exhibits typically 20 kG input resistance, 10 pF in
put capacitance and ±40 ,...A bias current. Next, the input is 
switched directly to the now precharged capacitor and allowed 
to fully settle, after which SAMPLE is taken LOW. During this 
time the input sees only a 50 pF capacitor. Once the sample is 
taken, the input is internally floated so that the external input 
source sees a very high input resistance and a parasitic input 
capacitance of typically only 2 pF. As a result, the only domi
nant input characteristic which must be considered is the high 
current steps which occur when the internal buffers are switched 
in and out. 

In most cases, it is desirable to use external op amps to drive 
the AD1876. For ac applications where low cost and low distor
tion are desired, the AD711 may be used as shown in Figure 7. 
Another option is the 5532/5534 series. Care should always be 
taken with op amp selection-many available op amps do not 
meet the necessary low distortion requirements with even mod
erate loading conditions. 

lkQ 

+12V 

Figure 7. 
TESTING THE AD1876 
Analog Devices employs a high performance mixed signal VLSI 
tester to verify the electrical performance of every AD1876. The 
test system consists of two main sections, an input signal genera
tor and a digital data and control section. 

The stimulus section is responsible for providing a high purity, 
noise-free, band limited tone to the input of the device. This 
input frequency is 1.06 kHz. The test tone is passed through a 
bandpass filter to remove distortion products and then buffered 
by a high performance op amp. An external 5.000 V reference 
voltage is also supplied by this section. 

The control section of the test equipment provides an external 
clock and the control signals for calibration, conversion and data 
transmission. This section of the tester also .contains the process
ing unit that calculates the actual performance of the device un
der test. 

REV. A 

AD1876 
The test procedure consists of the following steps. First, the 
device is calibrated by its on-board controller. Next, the'device 
under test digitizes the input waveform. This conversion is per
formed at a 96 kSPS rate and transmits the resulting serial data 
to the tester. The tester performs an FFT on the test data and 
determines the actual performance of the device. 

AC PERFORMANCE 
Using the aforementioned test methodology, ac performance 
of the AD1876 is measured. AC parameters, which include 
S/(N+D), THD, etc., reflect the AD1876's effect on the spec
tral content of the analog input signal. Figures II through 15 
provide information on the AD1876's ac performance under a 
variety of conditions. 

As a general rule, averaging the results from several conversions 
reduces the effects of noise and, therefore, improves such pa
rameters as S/(N+D) and THD. ADI876 performance is opti
mized by operating the device at its maximum sample rate of 
100 kSPS and digitally filtering the resulting bit stream to the 
desired signal bandwidth. This succeeds in distributing noise 
over a wider frequency range, thus reducing the noise density in 
the frequency band of interest. This subject is discussed in the 
following section. 

OVERSAMPLING AND NOISE FILTERING 
The Nyquist rate for a converter is defmed as one-half its sam
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its widest bandwidth of interest in order to preserve 
the information content. Oversampling is a conversion technique 
in which the sampling frequency is an integral (2 or more) mul
tiple of twice the frequency bandwidth of interest. In audio ap
plications, the ADI876 can operate at a 2x oversampling rate. 

In quantized systems, the information content of the analog in
put is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency aliased noise components. Antialias, or low
pass, filters are used at the input to the ADC to remove the por
tion of these noise components attributed to high frequency 
analog input noise. However, wide band noise contributed by the 
AD1876 will not be reduced by the antialias filter. The ADI876 
contributed noise is evenly distributed from dc to the Nyquist 
rate, and this fact can be used to minimize its overall effect. 

The AD1876 contributed noise effects can be reduced by over
sampling-sampling at a rate higher than defmed by the 
Nyquist theorem. This spreads the noise energy over a distribu
tion of frequencies wider than the frequency band of interest, 
and by judicious selection of a digital filter, noise frequencies 
outside the bandwidth of interest may be eliminated. The pro
cess of quantization inherently produces noise, known as quanti
zation noise. The magnitude of this noise is a function of the 
resolution of the converter, and manifests itself as a limit to the 
theoretical signal-to-noise ratio achievable. This limit is de
scribed by S/(N+D) = (6.02 n + 1.76 + 10 log Fs/2 Fa) dB, 
where n is the resolution of the converter in bits, F s is the sam
pling frequency, and Fa is the signal bandwidth of interest. For 
audio bandwidth applications, the AD1876 is capable of operat
ing at a 2 x oversample rate (96 kSPS), which typically produces 
an improvement in S/(N + D) of 3 dB compared with operating 
at the Nyquist conversion rate of 48 kSPS. Oversampling has 
another advantage as well; the demands on the antialias filter are 
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AD1876 
lessened; In summary, system performance is optimized by run
ning the AD1876 at or near its maximum sampling rate of 100 
kHz and digitally ftItering the resulting spectrum to eliminate 
undesired frequencies. 

DSPINTERFACE 
Figure 8 illustrates the use of the Analog Devices ADSP-2101 
digital signal processor with the AD1876. The ADSP-2101 FO 
(flag out) pin of serial port 1 (SPORT 1) is connected to the 
SAMPLE line and is used to control acquisition of data. The 
ADSP-2101 timer is used to provide precise timing of the FO 
pin. 

ADSP·2101 AD1876 

FO SAMPLE 

{~ 
elK 

SERIAL DRO DOUT 

POATfII RFSO BUSY 

DTO 

TFSO 

Figure 8. ADSP-2101 Interface 

The SCLK pin of the ADSP-2101 SPORTO provides the CLK 
input for the AD1876. The clock should be programmed to be 
approximately 2 MHz to comply with AD1876 specifications. 
To minimize digital feedthrough, the clock should be disabled 
(by setting Bit 14 in SPORTO control register to 0) during data 
acquisition. Since the clock floats when disabled, a pulldown 
resistor of 12 k-15 kfl should be connected to SCLK to ensure 
it will be LOW at the falling edge of SAMPLE. To maximize 
the conversion rate, the serial clock should be enabled immedi
ately after SAMPLE is brought LOW (hold mode). 

The AD1876 BUSY signal is connected to RFO to notify 
SPORTO when a new data word is coming. SPORTO should be 
configured in normal, external, noninverting framing mode and 

LEFT 
CHANNEL 

INPUT 

RIGHT 
CHANNEL 

INPUT 

can be programmed to generate an interrupt after the last data 
bit is received. To maximize the conversion rate, SAMPLE 
should be brought HIGH immediately after the last data bit is 
received. 

SIGNAL PROCESSING 
An audio spectrum analyzer can be produced by combining an 
AD1876 and an ADSP-2101 signal processing microcomputer. 
This system can analyze signals from dc to 50 kHz depending 
on the sample rate. This is ideal for applications such as audio 
analysis, but could also be applied to vibration analysis as well. 

AUDIO DELAY LINE 
A high performance, 16-bit stereo delay line can be constructed 
from two AD1876 audio ADCs, a signal processing microcom
puter and two AD1856 audio DACs. Depending on the length 
of the internal buffer which produces the delay, a variable delay 
is possible. Other applications are also possible with only a 
change in software. For example, a reverb or echo effect could 
be generated as well. 

AD1876 AND SMS80S DIGITAL FILTER @ 2 Fs 
A simple method for generating the required signals for the 
AD1876 is to connect one or more AD1876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the AD1876 at a 96 kHz sample rate, which is 2 x Fs for audio 
applications. 

To minimize group delay distortion, the input to the AD1876 is 
ftItered only by a low order analog filter. The AD1876 samples 
the output of the filter at 2 Fs (96 kHz). To prevent aliasing, 
the SM5805 filters the data with a sharp, linear phase ftIter roll
ing off at 0.5 Fs. The resulting data is decimated to a sample 
rate of 48 kSPS. 

Interfacing the two chips is straight forward, as shown in Figure 
9. The start signal for the AD1876 (for 96 kSPS operation) is 
provided by the SIH pin of the SM5805, and CLK is derived 
from the BCC pin. Figure 10 illustrates the corresponding tim
ing diagram. 

TO+5V 

DECIMATED 
DATA, LEFT 

DECIMATED 
DATA,RIGHT 

Figure 9. AD1876 and SM5805 Digital Filter 

I" In. (f. = 48kHz) -I 
o~:-1~ ________________________________ ~r----1~ ________________________________ ~~ 

I ; 
BBC 

OUTPUT 

DINR--1-,;:M"::V2-::V-':-3V:'"V:5":"V:'~:-7v;:.v:.V.':::V:l::lI/1::;2v.;13~14;V::l:;..>r.LSB-;:------VM:;SBir:2v-;.3v-.4":"V:.-:vR:;;.mV·-;;V:."v:';V::l:'.l/l;-:IV;;12-;v-;.13~14;V::l;";'.VoLS;;;B.-r---

Figure 10. SM5805 Timing Diagram 
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[ Typical Dynamic Performance-AD1876 
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Figure 13. 4096 Point FFT at 96 kSPS, f,N = 1.06 kHz 
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Figure 15. Power Supply Rejection (fIN = 1.06 kHz, 
fSAMPLE = 96 kSPS, VRIPPLE = 0.3 V p-p) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Dual Channel 
98 dB Signal-to-Noise Ratio 
98 dB THD+N 
0.0004 dB Passband Ripple 
115 dB Stopband Attenuation 
64x Oversampling 
linear Phase 

APPLICATIONS 
DAT and DCC Tape Players 
Direct-to-Disc Recorders 
Digital Audio Editors 
Digital Mixing Consoles 

PRODUCT DESCRIPTION 
The ADl878 is a two-channel, 16-bit oversampled digital aud' 
ADC. Each channel incorporates a high performance 0 

noise shaping modulator and a digital decimati 
board voltage reference is also included. A 
transmitted from a flexible serial data 
AD1878 is segmented between t 

The voltage reference and one-bit 
BiCMOS chip. The reference circui rov 
age that is stable over temperature and time. 
master clock, the one-bit modulators operate 64 x Fs ov 
sampling ratio. This oversampling ratio permits the antialias fil
ters to be simple resistor-capacitor combinations and results in 
linear phase throughout the passband. The modulators are 5th 
order and employ differential switched capacitor filters to pro
vide the required noise shaping characteristics and extremely 
low distortion. 

The digital decimating filters and serial port are fabricated using 
a CMOS process. Using a proprietary technique, these single
stage digital filters provide a narrow transition band, deep stop
band attenuation and low passband ripple. 

The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by a clock and mode select pins. The format of the data is twos 
complement, MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted in a right
justified, 12S or user-defined format. 

High Performance Stereo 
16-Bit Oversampled ADC 

AD1878 I 
FUNCTIONAL BLOCK DIAGRAM 

WCK 

DATA 

CLOCK 

SI 

RESET 

DGND 

DVDD 

AVss1 

AVOD2 

AVDD1 

NC 

VINL-

VINL+ 

REFL 

The AD 1878 operates with ± 5 volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The ADl878 is guaran
teed to operate over a temperature range of - 25°C to + 70°C 
and is packaged in a 28-pin plastic DIP. 

PRODUCT HIGHLIGHTS 
1. 64 x Fs sampling rate. 

2. From 2.5 kHz to 50 kHz output word rates. 

3. Passband ripple is less than 0.001 dB. 

4. Stopband attenuation is 115 dB. 

5. Excellent low level signal performance is achieved. 

6. No sample-and-hold circuits are required. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1878 -SPECIFICATIONS @ ± 5 volt Supplies, TA = +25°C, Clock = 12.288 MHz 

ParlUJleter 

RESOLUTION 

OVERSAMPLING RATIO 

DYNAMIC RANGE, 0 kHz to 20 kHz, No A-Weight Filter 
Stereo Model 
Mono Mode2 

SIGNAL TO (NOISE + DISTORTION) 
o dB, 1 kHz 
-20 dB, 1 kHz 
-60 dB, 1 kHz 

ANALOG INPUTS 
Input Range 
Input Impedance 

REFERENCE OUTPUT 
Output Voltage 
Output Impedance 

DC ACCURACY 
Gain Matching 
Gain Error 
Gain Drift 
Midscale Error 
Midscale Drift 

PHASE DEVIATION (Interchannel) 

CROSSTALK 
20 kHz, EIAJ Method 

DIGITAL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 
12.288 MHz Master Clock' 

Passband Edge 
Stopband Edge 

11.2896 MHz ClockS 
Passband Edge 
Stopband Edge 

DIGITAL INPUTS AND OUTPUTS 
VIH 

VIL 
IIH@VIH = 5 V 
IIL@VIL = OV 
VOH @ IOH = 4 rnA 
VOL @ IOL = 4 rnA 

NOMINAL MASTER CLOCK FREQUENCY 

POWER SUPPLIES 
Voltage, +VL and +Vs 
Voltage, -VL and -Vs 
Current, + IL and + Is 
Current, -IL and -Is 

POWER DISSIPATION 
Operation 
Power Down APD = "1" 

POWER SUPPLY REJECTION RATIO 

TEMPERATURE RANGE 
Specification 
Operation 
Storage 

NOTES 
IStereo Mode uses output of each channel independently. 
2Mono Mode sums output words to derive higher Dynamic Range. 
'16·bit LSBs. 

Target 

18 

64 

98 
101 

98 
8S 
4S 

±3 
12.8 

3 
TBD 

2.0 
0.8 
10 
10 
4.5 
0.5 

12.288 

5 
-5 
TBD 
TBD 

900 
400 

67 

25 
-25 to +70 
-60 to +100 

4Master Clock Frequency for 48 kHz sample rate. 
5Master Clock Frequency for 44.1 kHz sample rate. 
Specifications subject to change without notice. 

Units 

Bits 

dB 
dB 

dB 
dB 
dB 

v 
kG 

V 

dB 
% 
ppmfC 
LSBs 
ppmfC 

Degrees 

dB 

dB 
dB 

kHz 
kHz 

kHz 
kHz 

V 
V 
!LA 
/LA 
V 
V 

MHz 

V 
V 
rnA 
rnA 

mW 
mW 

dB 

·C 
·C 
·C 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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~ANALOG 
WDEVICES 

FEATURES 
Dual Channel 
103 dB Signal-to-Noise Ratio 
98 dB THD+N 
0.0004 dB Passband Ripple 
115 dB Stopband Attenuation 
64x Oversampling 
Linear Phase 

APPLICATIONS 
Pro Audio Digital Tape Recorders 
Direct-to-Disc Recorders 
Digital Audio Editors 
Digital Mixing Consoles 

PRODUCT DESCRIPTION 
The AD1879 is a two-channel, 18-bit oversampled digital aud 
ADC. Each channel incorporates a high performance 
noise shaping modulator and a digital decimating 
board voltage reference is also included. AD 
transmitted from a flexible serial data 
AD1879 is segmented between tw 

The voltage reference and one-bit 
BiCMOS chip. The reference circui prov 
age that is stable over temperature and time. 
master clock, the one-bit modulators operate at x F s ov 
sampling ratio. This oversampling ratio permits the antialias 
ftlters to be simple resistor-capacitor combinations and results in 
linear phase throughout the passband. The modulators are 5th 
order and employ differential switched capacitor ftlters to pro
vide the required noise shaping characteristics and extremely 
low distortion. 

The digital decimating ftlters and serial port are fabricated using 
a CMOS process. Using a proprietary technique, these single
stage digital ftlters provide a narrow transition band, deep stop
band attenuation and low passband ripple. 

The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by clock and mode select pins. The format of the data is twos 
complement, MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted in a right
justified, I2S or user-defmed format. 

The AD1879 operates with ±5 volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The ADl879 is guaran
teed to operate over a temperature range of - 25°C to + 70°C 
and is packaged in a 28-pin plastic DIP. 

High Performance Stereo 
l8-Bit Oversampled ADC 

AD1879 I 
FUNCTIONAL BLOCK DIAGRAM 

WCK 

DATA 

CLOCK 

SI 

RESET 

DGND 

DVoo 

AVSS1 

AV002 

AVD01 

NC 

VINL-

VINL+ 

REFL 

PRODUCT HIGHLIGHTS 
1. 64 x Fs sampling rate. 

2. Passband ripple is less than 0.001 dB. 

3. Stopband attenuation is 115 dB. 

4. Excellent low level signal performance is achieved. 

5. No sample-and-hold circuits are required. 

6. Fully differential analog inputs. 

7. Extremely flexible serial data output port. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1879 -SPECIFICATIONS 
Parameter 

RESOLUTION 

OVERSAMPLING RATIO 

DYNAMIC RANGE, 0 kHz to 20 kHz, No A-Weight Filter 
Stereo Model 
Mono Mode' 

SIGNAL TO (NOISE + DISTORTION) 
o dB, 1 kHz 
-20 dB, 1 kHz 
-60 dB, 1 kHz 

ANALOG INPUTS 
Input Range 
Input Impedance 

REFERENCE OUTPUT 
Output Voltage 
Output Impedance 

DC ACCURACY 
Gain Matching 
Gain Error 
Gain Drift 
Midscale Error 
Midscale Drift 

PHASE DEVIATION (Interchannel) 

CROSSTALK 
20 kHz, EIAJ Method 

DIGITAL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 
12.288 MHz Master Clock' 

Passband Edge 
Stopband Edge 

11.2896 MHz Clock' 
Passband Edge 
Stopband Edge 

DIGITAL INPUTS AND OUTPUTS 
VlH 

VIL 
IlH @VlH = 5 V 
IIL@VIL = OV 
VoH@loH = 4mA 
VOL @ 10L = 4 mA 

NOMINAL MASTER CLOCK FREQUENCY 

POWER SUPPLIES 
Voltage, +VL and +Vs 
Voltage, -VL and -Vs 
Current, +lL and + Is 
Current, -IL and -Is 

POWER DISSIPATION 
Operation 
Power Down APD = "I" 

POWER SUPPLY REJECTION RATIO 

TEMPERATURE RANGE 
Specification 
Operation 
Stotage 

NOTES 
IStereo mode uses output of each channel independently. 
2Mono mode sums output words to derive higher dynamic range. 
'16·bit LSBs. 

@ ±5 V Supplies, TA = 25°C, Clock = 12.288 MHz 

Target 

18 

64 

103 
106 

98 
85 
45 

±3 
12.8 

3 
TBD 

2.0 
0.8 
10 
10 
4.5 
0.5 

12.288 

5 
-5 
TBD 
TBD 

900 
400 

67 

25 
-25 to +70 
-60 to +100 

4Master Clock Frequency for 48 kHz sample rate. 
'Master Clock Frequency for 44.1 kHz sample rate. 
Specifications subject to change without notice. 

Uails 

-Bits 

x Fs 

dB 
dB 

dB 
dB 
dB 

V 
kO 

v 

dB 
% 
ppmfC 
LSBs 
ppmfC 

Degrees 

dB 

dB 
dB 

kHz 
kHz 

kHz 
kHz 

V 
V 
",A 
jJ.A 
V 
V 

MHz 

V 
V 
mA 
mA 

mW 
mW 

dB 

This information applies to a product under development. Its characteristics and specifications are subjectto change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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~ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution and Accuracy 
Fast Conversion Time 

AD7572XX05: 5",5 
AD7572XX12: 12.5",5 

Complete with On-Chip Reference 
Fast Bus Access Time: 90ns 
Low Power: 135mW 
Small. 0.3". 24-Pin Package 

and 28-Terminal Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7572 is a complete, 12-bit ADC that offers high speed 
performance combined with low, CMOS power levels. The 
AD7572 uses an accurate, high speed DAC and comparator in a 
successive-approximation loop to achieve a fast conversion time. 
An on-chip, buried Zener diode provides a stable reference 
voltage to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re
quired for basic operation of the AD7572 are decoup1ing capacitors 
for the supply voltages and reference output. 

The AD7572 has a high speed digital interface with three-state 
data outputs and can operate under the control of standard 
microprocessor Read (RD) and decoded address (CS) signals. 
Interface timing is sufficiently fast to allow the AD7572 to operate 
with most popular microprocessors, with three-state enable 
times of only 90ns and bus relinquish times of 75ns. 

The AD7572 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC2MOS), an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 

The AD7572 is available in both 0.3" wide, 24-pin DIPs and in 
a 28-termina1 plastic leaded chip carrier (pLCC) and leadless 
ceramic chip carrier (LCCC). 

REV. A 

LC2MOS 
Complete, High Speed 12-Bit ADC 

AD7572 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Fast, 5 .... s and 12.5 .... s conversion times make the AD7572 

ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any wideband data 
acquisition system. 

2. On-chip buried-Zener reference has temperature coefficient 
as low as 25ppml"C, giving low full-scale drift over the operating 
temperature range. 

3. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature range. 

4. Fast, easy-to-use digital interface has three-state bus access 
times of 90ns and bus relinquish times of 75ns, allowing the 
AD7572 to interface to most popular microprocessors. 

5. LC2MOS circuitry gives low power drain (135mW) from 
+ 5, -15 volt supplies. 

6. 24-pin 0.3" package offers space saving over parts in 28-pin 
0.6" DIP. 
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AD7572 - SPECIFICATIONS 
(Yoo = 5V ± 5%, Vss = -15V ± 5%, felK: 2.5MHz for AD7572XXD5, 1 MHz for 
AD7572XX12. All Specifications 1min to 1max unless otherwise noted. Specifications-
apply to Slow Memory Mode.) .. 

l,A,S 
Panmeter Versions I 

ACCURACY 
Resolution 12 
Integral Nonlinearity@ + 2S·C :tl 

Tmin to Tmp: :tl 
Differential Nonlinearity :tl 

Minimum Resolution for which no 
Missing Codes are Guarimteed 12 

Offset Error@ + 2S"C :t4 

TmintoTmu: :t6 

FuJI Scale (FS) Error' @ + 2S·C :t IS 

FuJI Scale TC3,. 45 

ANALOG INPUT 
Input Voltage Range Oto+S 
Input Current 3.5 

INTERNAL REFERENCE VOLTAGE 
VREFOutput@ +2S·C - 5.21- 5.3 
VREFOutput TC 40 
Output Current Sink Capability 550 

POWER SUPPLY REIECTION 
VooOnly :t 1/2 

VssOnly :t 112 

LOGIC INPUTS 
CS,RD,HBEN,CLKIN 

V INL, Input Low Voltage +O.B 
V INK, Input High Voltage +2.4 
CIN,' Input Capacitance 10 

CS,RD,HBEN 
liN' Input Current :t10 

CLKIN 
IIN,lnputCurrent :t20 

LOGIC OUTPUTS 
OII-DO/B, BUSY, CLK OUT 

V OJ., Output Low Voltage +0.4 
VOK, Output High Voltage +4.0 

Oll-DO/B 
Floating State Leakage Current :t10 
Floating State Output Capacitance' IS 

CONVERSION TIME 
A07S72XXOS 

Synchronous Clock 5 
Asynchronous Clock 4.8/5.2 

AD7S72XXI2 
Synchronous Clock 12.5 
Asynchronous Clock 12113 

POWER REQUIREMENTS 
Voo +5 
Vss -IS 
1006 7 
1556 12 
Power Dissipation 135 

215 

NOTES 
'Temperature range as follows: J. K, L Versions; 0 m+ 700<:. 

A,B.CVcnions; -2S"C(o+8SOC. 
S. T I U Versionsj - SSOC (0 + 125"C. 

2Includes intcrnal voltqe reference error. 

K,B,T 
Venioas 

12 
:tl 
:tl 
:tl 

12 
:t3 
:tS 
:t10 
25 

010 +5 
3.5 

-5.2/-5.3 
20 
550 

:t 112 

:t1/2 

+O.B 
+2.4 
10 

:t1O 

:t20 

+0.4 
+4.0 

:t10 
IS 

5 
4.B/S.2 

12.5 
12/13 

+5 
-IS 
7 
12 
135 
215 

JpulI-ScaJcTC;; AFSJAT~whereAPSisPulI-Scalccbanae(romTA = +2S"CtoTlllin orT ...... 
4'ac:luda internal YOItaae rcfcrcDcc drift. 

LVersion 

12 
:t1/2 
:t1/2 
:tl 

12 
:t3 
:t4 
:t10 
25 

Oto +5 
3.5 

-5.21-5.3 
20 
550 

:t1/2 

:t1l2 

+O.B 
+2.4 
10 

:t10 

:t20 

+0.4 
+4.0 

:t1O 
IS 

5 
4.8/5.2 

12.5 
12113 

+5 
-IS 
7 
12 
135 
215 

'Sample tesled to ensure compliance. 
6Powersupplycurreatismc:asuredwhcnAD7S72isinactive~i.c .• CS "" RD "" BUSY "" HIGH. 
Specifacations subject to c:hanac wilbout notice. 
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C,U 
VenioDS UDits Tell ConditioasICommeDll 

12 Bits 
:t 112 LSBmax 
:t3/4 LSBmax 
:tl LSBmax 

12 Bits 
:t3 LSBmax 
:t4 LSBmax Typical Change over Temp Is :t ILSB 
:t10 LSBmax Voo=SV;Vss = -ISV;FS=SV 
25 ppml"Cmax IdcalLastCodeTransition = 

FS -3/2LSBs 

Oto +5 Volts For Bipolar Operation See 
3.5 mAmax Figures 10& 12 

-5.21-5.3 V minN max -S.2SV:tI% 
20 ppml"Ctyp 
550 ",A max External Load Should Not Change 

DuringConversion 

:t 112 LSBtyp FSChange, Vss= -ISV 
Voo= +4.7SVto +S.2SV 

:t1/2 LSBtyp FS Change, V 00 = SV 
Vss = -14.2SVto -IS.7SV 

+O.B V max Voo = SV :tS% 
+2.4 V min 
10 pFmax 

:t10 ,.A max VIN=OtoVoo 

:t20 ",A max V1N = OtOVDD 

+0.4 V max ISINK = 1.6mA 
+4.0 V min ISOURCE = 200p.A 

:t10 ,.A max 
IS pFmax 

5 p.smax feLK = 2.5MHz. See Under 
4.8/5.2 fJ.Sminlmax Control Inputs Synchroniiation 

12.5 p.smax £eLK = IMHz 
12113 f.LSminl .... smax 

+5 V NOM :t 5% for Specified Performance 
-IS V NOM :t 5% for SpecifJed Performance 
7 mAmax CS = RO = Voo,AIN=SV 
12 mAmax CS = RD= Voo,AIN=SV 
135 mWtyp 
215 mWmax 
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AD7572 

TIMING CHARACTERISTICS1 5V, Vss -15V) 

Limitat + 25°C Limit at T nob .. T max Limit at T miD, T max 

Parameter (All Grades) (J, K, L, A, D, C Grades) (S, T, U Grades) Units Conditions/Comments 

tl 0 0 0 nsmin CS to RD Setup Time 
t2 190 230 270 nsmax RD to BUSY Propagation Delay 
tl 90 110 120 nsmax Data Access Time after RD, CL = 20pF 

125 ISO 170 nsmax Data Access Time after RD, CL = 100pF 
4 t3 t3 t3 nsmin RD Pulse Width 
ts 0 0 0 nsmin CS to RD Hold Time 
l62 70 90 100 nsmax Data Setup Time after BUSY 
tl 20 20 20 nsmin Bus Relinquish Time 

75 85 90 nsmax 
ts 0 0 0 nsmin HBEN to RD Setup Time 
19 0 0 0 nsmin HBEN toRD Hold Time 
tlO 200 200 200 nsmin Delay Between Successive 

Read Operations 

NOTES 
'Timing Specifications are sample tested at + 2S'C to ensure compliance. All input control signal. are specified with 
tr ~ If ~ Sns (10% to 90% of + SV) and timed from a voltage level of J.6V. 

't, and t,; are measured with the load circuits of Figure I and dermed as the time required for an 
oUlputtocrossO.8Vor 2.4V. 

't, is defmed as the time required for the data lines to change O.SV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

DBNo---e-------e---O 

a. High-Z to VOH (t3 ) 

and VOL to VOH (t6 ) 

13kll 
DBN~ 

CL 

~DGND 
b. High-Z to VOL (t3 ) 

and VOH to VOL (t6) 

Figure 1. Load Circuits for Access Time 

DBNo---e---~--e---O 

a. VOH to High-Z 

I3kll 
DBN~ 

T'OPF 
\7DGND 

b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Oelay 

CAUTION 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S'C unless otherwise noted) 

VDDtoDGND . 
Vss to DGND .. 
AGND to DGND 
AINtoAGND . 
Digital Input Voltage to DGND 

(CLK IN, HBEN, RD, CS) 
Digital Output Voltage to DGND 

(0l1-DO/8, CLK OUT, BUSY) 
Operating Temperature Range 

Commercial (J, K, L Versions) 
Industrial (A, B, C Versions) 
Extended (S, T, U Versions) . 

Storage Temperature .. . . . . 
Lead Temperature (Soldering, IOsecs) 

· .. -0.3V to +7V 
· .. +O.3V to -17V 
-O.3V, VDD + O.3V 

· . . - ISV to + ISV 

-O.3V, VDD +O.3V 

-O.3V, VDD +O.3V 

... 0 to +70'C 
- 2SDC to + 8SDC 

- SSDC to + l2SDC 
-6SDC to + ISODC 

Power Dissipation (Any Package) to + 7S'C 
Derates above + 7S'C by . . . . . . . .. . 

. +300DC 
I,OOOmW 
lOmWrC 

*Stress above those listed under" Absolute Maximum Ratings" may ca~ pe.:manent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reHabiHty. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
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AD7572 

DIP 

ORDERING GUIDE! 

Conversion Temperature Full-Scale Accuracy Package 
Modell Time Range TC Grade Option3 

AD7572JN05 5ILs o to +70°C 45ppmfC ±1LSB N-24 
AD7572KNOS SILS o to +70°C 2SppmfC ±ILSB N-24 
AD7S72LNOS SILS o to +700C 2SppmfC ±1I2LSB N-24 
AD7572JPOS 5ILs o to +70°C 4SppmfC ±1LSB P-28A 
AD7572KPOS 5ILs o to +70°C 25ppmfC ±1LSB P-28A 
AD7S72LPOS SILS o to +70°C 2SppmfC ±1I2LSB P-28A 
AD7572AQOS 5ILs -25°C to +8S0C 4SppmfC ±ILSB Q-24 
AD7S72BQOS SILS -25°C to +8S0C 2SppmfC ±1LSB Q-24 
AD7572CQOS 5ILs -25°C to +8SoC 2SppmfC ±1/2LSB Q-24 
AD7572SQ05 5ILs - 55°C to + 125°C 45ppmfC ±1LSB Q-24 
AD7S72TQ05 5ILs - 550C to + 12SOC 25ppmfC ±1LSB Q-24 
AD7572UQ05 5ILs - 550C to + 125°C 25ppmfC ±1I2LSB Q-24 
AD7S72SEOS 5ILs - 55°C to + 125°C 45ppmfC ±1LSB E-28A 
AD7572TE05 5ILs -55°C to + 125°C 25ppmfC ±1LSB E-28A 
AD7S72UE05 SILS - 55°C to + 125°C 25ppmfC ±1/2LSB E-28A 

AD7572JN12 12.51Ls o to +70°C 45ppmfC ±1LSB N-24 
AD7572KN12 12.51Ls o to +70°C 25ppmfC ±1LSB N-24 
AD7572LN12 12.51Ls o to +70°C 25ppmfC ±1/2LSB N-24 
AD7572JP12 12.51Ls o to +700C 45ppmfC ±1LSB P-28A 
AD7572KP12 12.51Ls o to +70°C 25ppmfC ±1LSB P-28A 
AD7572LP12 12.SILS o to +70°C 25ppmfC ±1/2LSB P-28A 
AD7572AQ12 12.51Ls -25°C to +85OC 45ppmfC ±1LSB Q-24 
AD7572BQ12 12.51Ls -25°C to +8SOC 25ppmfC ±1LSB Q-24 
AD7572CQ12 12.51Ls -25°C to +85OC 25ppmfC ±1/2LSB Q-24 
AD7572SQ12 12.SlLs -55°C to + 125°C 45ppmfC ±1LSB Q-24 
AD7572TQ12 12.5,:.,s - 55°C to + 125°C 25ppmfOC ±1LSB Q-24 
AD7572UQ12 12.SILS - 55°C to + 125°C 25ppmfC ±1/2LSB Q-24 
AD7572SE12 12.51Ls -55°C to + 125°C 45ppmfC ±lLSB E-28A 
AD7572TE12 12.51Ls -55°C to + 125°C 2SppmfC ±1LSB E-28A 
AD7572UE12 12.51Ls -55°C to +l25°C 25ppmfC ±1I2LSB E-28A 

NOTES 
'Analog Devices Reserves the right to ship ceramic (D-24A) in lieu cerdip (Q-24) hermetic package. 
2To order MIL-STD-883, Class B proceased parts, add 1883B to part number. Contact your local sales office 
for military data sheet. For U.S. Standard Military Drawing (SMD) see DESC Drawing #5962-87591. 

3D = Ceramic DIP; E = Leadl .. s Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plsstic Leaded 
Chip Catrier (PLCC); Q = Cerdip. For outline information see Package Information ssection. 

PIN CONFIGURATIONS 

LCCC 

IJ~!!J~I~ 
4321282726 

011 5 II Z6 Ci 
D10 6 24 iiD 
09 7 23 HBEN 

AD7572 
NC 8 TOP VIEW 22 NC 
DB 9 (Not to Scalel 21 elK OUT 

07 10 20 elKIN' 

os 11 [,,:l!======:!.I)'. DOlI 

12 13 14 15 18 17' 18 

i!I li ~ !! :: ~ !1 
NC = NO CONNECT 8 a.... 

D11 5 

PLCC 

ii! u .. z 
4321282726 

o 

AD7572 
TOPV1EW 

(Not to SClle' 
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r.ANALOG 
WDEVICES 

FEATURES 
Improved AD7572 

Faster Conversion Time 
AD7572AXX03: 3 "'s 
AD7572AXX10: 10 "'s 

5 V and -12 V or -15 V Power Supply Operation 
Better Offset and Gain Error Specifications 

Extended Plastic Temperature Range 
(-4O"C to +85°C) 

Low Power: 100 mW 
Small 24-Pin. 0.3" Wide DIP and 
SOIC DIP Packages 

GENERAL DESCRIPTION 
The AD7572A is an enhanced replacement for the industry stan
dard AD7572. Improvements include faster conversion times of 
3 ILS for the AD7572AXX03 and 10 ILS for the AD7572AXXIO. 
The required power supplies are 5 V and -12 V or -IS V. Ad
ditional features are better offset and gain error specifications 
over the original AD7572. 

The AD7572A is a complete 12-bit ADC that offers high speed 
performance combined with low, CMOS power levels. The part 
uses an accurate, high speed DAC and comparator in a 
successive-approximation loop to achieve a fast conversion time. 
An on-chip buried Zener diode provides a stable reference volt
age to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re
quired for basic operation of the AD7572A are decoupling ca
pacitors for the supply voltages and reference output. 

The AD7572A has a high speed digital interface with three-state 
data outputs and can operate under the control of standard mi
croprocessor Read (RD) and decoded address (CS) signals. In
terface timing is sufficiently fast to allow the AD7572A to 
operate with most microprocessors, with three-state enable times 
of only 90 ns and bus relinquish times of 75 ns. 

The AD7572A is fabricated in Analog Devices Linear Compati
ble CMOS process (LC2MOS), an advanced all ion-implanted 
process that combines fast CMOS logic and linear, bipolar cir
cuits on a single chip, thus achieving excellent linear perfor
mance while retaining low CMOS power levels. 

REV. A 

LC2MOS 
Complete, High Speed 12-Bit ADC 

AD"7572A I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Fast Conversion Time 

Fast, 3 ILS and 10 ILS conversion times make the AD7572A 
ideal for DSP applications and wideband data acquisition 
systems. 

2. Wide Power Supply Range 
The AD7572A operates from 5 V and -12 V or -15 V 
power supplies. 

3. Microprocessor Interface 
Fast, easy-to-use digital interface has three-state bus access 
times of 90 ns and bus relinquish times of 75 ns allowing the 
AD7572A to interface to most microprocessors. 

4. LowPower 
LC2MOS circuitry gives low power drain (100 mW) from 
+ 5, -12 volt supplies. 

5. 24-pin 0.3" DIP and SOIC packages offer space saving over 
parts in 28-pin 0.6" DIP. 

ANALOG-TO-DIGITAL CONVERTERS 2-303 

• 



(VDD = +5 Y ±5%, Yss = -11.4 Y to -16.5 Y, AGND = DIND = 0 Y, feLK: 

AD 7' 572A SPECIFICA'JIONS 4.0 MHz for AD757~03, 1.25 M~z fO~ AD,7572AXX10. All $peClflcations T;.i. to 
- K Tmax unless otherwise noted. Specifications apply to Slow Memory Mode.) 

j,A L S 
Parameter Versions' Version' 'Version' Units Test 'ConditionslComments 

ACCURACY 
Resolution 12 12 12 Bits 
Iniegral Nonliriearity @ 25"<: ±I ±112 ±I LSBmax 
T_ to Tmax ±I ±1/2 ±I LSBmax 
Differential Nonlinearity ±I ±I ±I LSBmax 
Minimum Resolution for Which No 

Missing Codes Are Guaranteed 12 12 12 Bits 
Offset Error @ 25"<: ±2 ±2 ±2 LSBmax 
T_ to T .... ±4 ±4 ±4 LSBmax Typical Change over Temp is ± I LSB 
Full Scale (FS) Error @ 25"<: ±8 ±8 ±8 LSBmax FS = 5V 
Full Scale Tc3• 4 45 25 45 ppmI"C max Ideal Last Code Transition = FS - 3/2 LSBs 

ANALOG INPUT 
Input Voltage Range o to +5 o to +5 o to +5 Volts For Bipolar Operation ,See Figures 10 
Input Current 3.5 3.5 3.5 mAmax and 12 

INTERNAL REFERENCE VOLTAGE 
V REF Output @ 25"<: -5.21-5.3 -5.21-5.3 -5.21-5.3 V minIV max -5.25 V ±I% 
VREF Output TC 40 20 40 ppml"Ctyp External Load Should Not 
Output Current Sink Capability 550 550 550 IJ.Amax Change During Conversion 

POWER SUPPLY REJECTION 
VooOnly ±112 ±112 ±112 LSB typ FS Change, Vss = -12 V or -IS V 

Voo = 4.5 V to 5.5 V 
Vss Only ±112 ±112 ±112 LSB typ FS Change, Voo = 5 V 

" Vss = -11.4 V to -16.5 V 

LOGIC INPUTS 
CS,RD,HBEN,CLKIN 

V,NL, Input Low Voltage +0.8 +0.8 +0.8 V max Voo = 5 V ±5% 
V,NH, Input High Voltage +2.4 +2.4 +2.4 V min 
C,N, Input Capacitance' 10 10 10 pFmax 

CS,RD,HBEN 
lIN, Input Current ±10 ±1O ±IO I1A max VIN = OVtoVoo 

CLKIN 
lIN, Input Current ±20 ±20 ±20 I1A max VIN = OVtoVoo 

LOGIC OUTPUTS 
D11-DO/8, BUSY, CLK OUT 

VOL> Output Low Voltage +0.4 +0.4 +0.4 V max ISINK = 1.6 mA 
V OH' Output High Voltage +4.0 +4.0 +4.0 V min IsouRcE = 200 IJ.A 

D11-DO/8 
Floating-State Leakage Current ±IO ±IO ±IO I1A max 
Floating-State Output Capacitance' 15 15 IS pFmax 

CONVERSION TIME 
AD7572AXX03 

Synchronous Clock 3.125 3.125 3.125 IJ.smax feLK = 4 MHz. See Under 
Asynchronous Clock 3/3.25 3/3.25 3/3.25 IJ.sminllJ.smax ' Control Inputs Synchronization 

AD7572AXXIO 
Synchronous Clock 10 10 - IJ.smax feLK = 1.25 MHz 
Asynchronous Clock 9.6110.4 9.6110.4 - IJ.S minllJ.s max 

POWER REQUIREMENTS 
Voo +5 +5 +5 V nom ± 5% for Specified Performance 

Vss -12 to -IS -12 to -IS -12 to -IS V nom -11.4 V to -16.5 V for Specified Performance 

100 • 4 4 7 mAmax CS = RD = Voo, AIN = 5 V 
Iss· 9 9 12 mAmax CS = RD = Voo, AIN = 5 V 
Power Dissipation 100 100 120 mWtyp Vss =-12V 

1281155 128/155 1791215 mWmax Vss '= -12 VI-IS V 

NOTES 
'Temperature ranges are as follows: J, L Versions, 0 to +70"C; A Version, -4O"C to +85"C; S Version, -55"C to + 125"C. 
'Includes internal voltage reference error. 
'Full-Scale TC = /j.FS//j. T where /j.FS is Full-Scale change from T A = + 25"C to T min or T~. 
'Includes internal voltage reference drift. 
'Sample tested to ensure compliance. 
·Power supply current is measured when the AD7572A is inactive, i.e., CS = RD = BUSY = HIGH. 
Specifications subject to change without notice. 
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AD7572A 

TIMING CHARACTERISTICS1 (VDD = 5 V ± 5%, Vss = -11.4 V to -16.5 V) 

Limit at +25OC Limit at T mia' T ...... Limit at T mO.' T max 

Parameter (All Grades) (J, L, A Grades) (S Grade) Units Conditions/Comments 

t1 0 0 0 ns min CS to RD Setup Time 
t2 190 230 270 nsmax RD to BUSY Propagation Delay 
t/ 90 110 120 nsmax Data Access Time after RD, CL =20 pF 

125 150 170 nsmax Data Access Time after RD, CL =100 pF 
t, t, t, t, ns min RD Pulse Width 
ts 0 0 0 ns min CS to RD Hold Time 
tl 70 90 100 nsmax Data Setup Time after BUSY 
t/ 15 15 15 ns min Bus Relinquish Time 

75 85 90 nsmax 
ts 0 0 0 nsmin HBEN to RD Setup Time 
19 0 0 0 ns min HBEN to RD Hold Time 
tlO 200 200 200 nsmin Delay Between Successive 

Read Operations 

NOTE 
'Timing Specifications are sample tested at +25·C to ensure compliance. All input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and 
timed from a voltage level of 1.6 V. 

't, and t. are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
't, is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

DBNo---.-------.---O 

3kll T CL 

DGND \7 

a. High-Z to VOH (t3 ) 

and VOL to VOH (t6 ) 

13kll 

DBN~ 
CL 

~DGND 
b. High-Z to VOL (t3 ) 

and VOH to VOL (t6 ) 

Figure 1. Load Circuits for Access Time 

DBNo---e-------e---O 

3kll T 10PF 

DGND \7 

a. VOH to High-Z 

13kll 

DBN~ 

T 10PF 

\7DGND 

b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

ABSOLUTE MAXIMUM RATINGS· 
(TA = + 25·C unless otherwise noted) 

VDD to DGND .................... -0.3 V to +7 V 
Vss to DGND .................... +0.3 V to -17 V 
AGND to DGND ............... -0.3 V, VDD + 0.3 V 
AIN to AGND .................... -15 V to + 15 V 
Digital Input Voltage to DGND 

(CLK IN, HBEN, RD, CS) ....... -0.3 V, VDD +0.3 V 
Digital Output Voltage to DGND 

(Dl1-DO/8, CLK OUT, BUSY) ..... -0.3 V, VDD +0.3 V 
Operating Temperature Range 

Commercial (J, L Versions) .............. 0 to +70°C 
Industrial (A Version)' ............... -40·C to +85°C 
Extended (S Version) .............. -55"C to + 125°C 

Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) . . . . . . . . . . . + 300°C 
Power Dissipation (Any Package) to +75°C ...... 1,000 mW 
Derates above +75°C by .................. 10 mWrC 

·Stress above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION:------------------------------------------------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subjected to high energy elec
trostatic fields. Unused devices must be stored in conductive foam or shunts. The foam should 

WARNING! ~ 

~~EDEVICE be discharged to the destination socket before devices are removed. 
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AD7572A 
ORDERING GUIDE PIN C~NFIGURATION 

Conversion Temperature Full-Scale Accuracy Package 
Model Time Range TC Grade Optionl 

AD7572A]N03 3 j.LS O°C to +70°C 45 ppmfC ±1 LSB N-24 
AD7572AAN03 3 j.LS -40°C to +S5°C 45 ppmfC ±1 LSB N-24 
AD7572ASQ032 3 j.LS -55°C to + 125°C 45 ppmfC ±1 LSB Q-24 
AD7572ALN03 3 j.LS O°C to +70°C 25ppmfC ±1/2 LSB N-24 
AD7572AAQ03 3 j.LS -40°C to +S5°C 45 ppmfC ±1 LSB Q-24 
AD7572A]R03 3 j.LS O°C to +70°C 45 ppmfC ±1 LSB R-24 
AD7572AAR03 3 j.LS -40oGto +S5°C 45 ppmfC ±1 LSB R-24 

AD7572AjNI0 10 j.LS O°Cto +70°C 45 ppmfC ±1 LSB N-24 
AD7572AANI0 10 j.LS -40°C to +S5OC 45 ppmfC ±1 LSB N-24 
AD7572ALNI0 10 j.LS O°C to +70°C 25 ppmfC ±112 LSB N-24 
AD7572AjRlO 10 j.LS O°C to + 70°C 45 ppmfC ±1 LSB R-24 

NOTES 
IN = Plastic DIP; Q = Cerdip; R = SmaIl Outline IC (sore). For outline infonnation see Package 

Information section. 
2AD7S72ASQ03 will be available to 1883B processing only. Contact your local sales office for release 

information. 

Pin No. 

2 

3 

4 ... 11 

13 ... 16 

12 

17 

IS 

19 

20 

21 

22 

23 

24 

Mnemonic 

AIN 

VREF 

AGND 

Dll ... D4 

PIN FUNCTION DESCRIPTION 

Description 

Analog Input. 

Voltage Reference Output. The AD7572A has its own internal -5.25 V reference. 

Analog Ground. 

03/11 .•• DO/S 

Three State Data Outputs. They become active when CS and RD are brought low. 

Individual pin function is dependent upon High Byte Enable (HBEN) Input. 

DATA BUS OUTPUT, CS & RD = LOW 

Pin 4 Pin 5 Pin 6 Pin 7 PinS Pin 9 Pin 10 Pinll Pin 13 Pin 14 Pin 15 Pin 16 

MNEMONIC- DII 010 D9 DS D7 D6 DS D4 D311l D2IIO 0119 DO/8 

HBEN = LOW DB II DB 10 DB9 DB8 DB7 DB6 DBS DB4 DB3 DB2 OBI DBO 

HBEN = HIGH DB II DB 10 DB9 DB8 LOW LOW LOW LOW DB II DBIO DB9 DB8 

NOTES 
-D II ... DO/8 are the ADC data oUlput pins. 
DBII ... DBO are the 12-bit conversion results, DBII is the MSB. 

DGND 

CLKIN 

CLKOUT 

HBEN 

.RD 

CS 

BUSY 

Vss 

VDD 

Digital Ground. 

Clock Input Pin. An external TTL compatible clock may be applied to this pin. Alternatively, 
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT 
(Pin IS). 

Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock is 
used. See CLK IN (Pin 17) description for crystal (resOnator). 

High Byte Enable Input. Its primary function is to multiplex the 12 bits of conversion data onto 
the lower D7 ... DO/S outputs (4 MSBs or S LSBs). See Pin Description 4 ... 11 and 
13 ... 16. It also disables conversion start when HBEN is high. 

READ Input. This active LOW signal, in conjunction with CS, is used to enabie the output data 
three-state drivers and initiate a conversion if CS and HBEN are low. 

CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable the 
output data three-state drivers and initiate a Conversion if RD and HBEN are low. 

BUSY Output indicates converter status. BUSY is LOW during conversion. 

Negative Supply, -12 V to -15 V. 

Positive Supply, +5 V. 
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OPERATIONAL DIAGRAM 
An operational diagram for the AD7572A is shown in Figure 3. 
The AD7572A is a 12-bit successive approximation NO con
verter. The addition of just a crystal/ceramic resonator and a few 
capacitors enables the device to perform the analog-to-digital 
function. 

o TO +5V 

A~~~~~ o------{ +5V 

VREfOU~:t~ 0--.---.--(2) 
O.1fJ.F 

-12Vto -15V 

STATUS 
'-=---OUTPUT 

} ~6NTROL 
INPUTS 

Cl 

~C~ 

~ '--v---' 

NDTES 
.. '----- .p DATA BUS ------', 

AD7572AXX03 - 4.0 MHz CRYSTAL/CERAMIC RESONATOR. 
AD7572AXX10 - 1.25 MHz CRYSTAl/CERAMIC RESONATOR. 
C1 AND C2 CAPACITANCE VALUES DEPEND ON CRVSTAL/CERAMIC RESONATOR 
MANUFACTURER, TYPICAL VALUES ARE FROM 30 to 100 pF. 

Figure 3. AD7572A Operational Diagram 

CONVERTER DETAILS 
Conversion start is controlled by the CS, RD and HBEN inputs. 
At the start of conversion the successive approximation register 
(SAR) is reset and the three-state data outputs are enabled. 
Once a conversion cycle has begun it cannot be restarted. 

During conversion, the internal 12-bit voltage mode DAC out
put is sequenced by the SAR from the most significant bit 
(MSB) to the least significant bit (LSB). Referring to Figure 4, 
the AIN input connects to the comparator input via 2.5 kG. 

AIN 1)-____ ---, 

Figure 4. AD7572A AIN Input 

The DAC which has a similar 2.5 kG output impedance con
nects to the same comparator input. Bit decisions are made by 
the comparator (zero crossing detector) which checks the addi
tion of each successive weighted bit from the DAC output. The 
MSB decision is made 80 ns ( typically) after the second falling 
edge of CLK IN following a conversion start. Similarly, the suc
ceeding bit decisions are made approximately 80 ns after a CLK 
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AD7572A 
IN edge until conversion is finished. At the end of conversion, 
the DAC output current balances the AIN input current. The 
SAR contents (12-bit data word) which represent the AIN input 
signal is loaded into a 12-bit latch. 

CS&iffi""""] / :: / / 

BUSY~ s~ 
---J ~ 80n. TYP 

eLKIN ~ 
II 

CLKOUT~~ 

t t t t 
DB11 0810 DBl DBo 
(MSBI ILSBI 

Figure 5. Operating Waveforms Using an External Clock 
Source for CLK IN 

CONTROL INPUTS SYNCHRONIZATION 
In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 to 
13 CLK IN periods. This is because the ADC waits for the first 
falling CLK IN edge after conversion start before the conversion 
procedure begins. Without synchronization, this delay can vary 
from zero to.an entire clock period. If a constant conversion 
time is required, then the following approach ensures a fixed 
3.125 I1S conversion time for the AD7572AXX03 and lOllS for 
the AD7572AXXIO: when initiating a conversion, RD must go 
low on either the rising edge of CLK IN or the falling edge of 
CLKOUT. 

DRIVING THE ANALOG INPUT 
During conversion, the AIN input current is modulated by the 
DAC output current at a rate equal to the CLK IN frequency 
(i.e., 4 MHz when CLK IN = 4 MHz). The analog input volt
age must remain fixed during this period and as a result must be 
driven from an op amp or sample-and-hold with a low output 
impedance. The output impedance of an op amp is equal to the 
open loop output impedance divided by the loop gain at the fre
quency of interest. 

Suitable devices capable of driving the AD7572A AIN input 
are the AD845 op amp or the AD585 sample-and-hold. 

INTERNAL CLOCK OSCILLATOR 
Figure 6 shows the AD7572A internal clock circuit. A crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/resonator may be omitted 
and an external clock source may be connected to CLK IN. For 
an external clock the mark/space ratio can vary from 45/55 to 
55/45. An inverted CLK IN signal will appear at the CLK OUT 
pin as shown in the operating waveforms of Figure 5. 

NOTES 
AD7S72AXX03 - 4.0 MHz CRYSTAL/CERAMIC RESONATOR. 
AD7572AXX10 - 1.25 MHz CRVSTALICERAMIC RESONATOR. 

AD7572A 

CLOCK 

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAUCERAMIC RESONATOR 
MANUFACTURER. TYPICAL VALUES ARE FROM 30 to 100 pF. 

Figure 6. AD7572A Internal Clock Circuit 
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AD7572A 
INTERNAL REFERENCE 
The AD7572A bas an on-chip, buffered, temperature
compensated, buried Zener reference, which is factory trimmed 
to -5.25 V ±1%. It is internally connected to the DAC and is 
also available at Pin 2 to provide up to 550 IJ.A current to an 
external load. 

For minimum code transition noise the reference output should 
be decoupled with a capacitor to filter out wideband noise from 
the reference diode (lO IJ.F of tantalum in parallel with 100 nF 
ceramic). Some applications will use the AD7572A as an 
upgrade replacement for the AD7572. The recommended refer
ence decoupling for the AD7572 differs from the AD7572A in 
that it contains an additional Ion resistor in series with the 
capacitors. This resistor makes no difference to the performance 
of the 10 IJ.S version of the AD7572A, but it does adversely 
affect the linearity performance of the 3 IJ.S version. So, applica
tions using the AD7572A as a 3 IJ.S upgrade of the AD7572 
must replace the 10 n reference resistor with a wire link. 

Figure 7. A07572A Internal -5.25 V Reference 

UNIPOLAR OPERATION 
Figure 8 shows the ideal input/output characteristic for the 0 to 
5 volt input range of the AD7572A. The designed code transi
tions occur midway between sucf:essive integer LSB values (i.e., 
112 LSB, 3/2 LSBs, 5/2 L~13s ... FS-3/2 LSBs). The output 
code is natural biniu-y with 1 LSB = FS/4096 = (5/4096) V = 
1.22 mY. 

OUTPUT FULL SCALE 
CODE TRANSITION 

11 ... 111! 7"" 11 ... 110 

11 ... 101 

: ,. 
I ,/ 

I " I , 

00 ... 001 

FS = 5V 

lLSB = 4~ 

:::::::kc:" 
00 ... 000 --------+-+--+I-I~ 

o 1 2 3 FS 
LSB LSB'S LSB'S 

FS -ILSB 

AIN, INPUT VOLTAGE UN TERMS OF LSB's) 

Figure 8. A07572A Ideal Input/Output Transfer 
Characteristic 
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UNIPOLAR OFFSET AND FULL-SCALE ERROR 
ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and full-scale error can be adjusted to 2Cro. Offset error must be 
adjusted before full-scale error. Figure 9 shows the extra compo
nents required for full-scale error adjustment. Zero offset is 
achieved by adjusting the offset of the op amp driving AIN 
(Le., Al in Figure 9.). For 2Cro offset error apply 0.61 mV (Le., 
112 LSB) at VIN and adjust the op-amp offset voltage uotil the 
ADC output code flickers between 0000 0000 0000 and 
0000 0000 000 1. 

For zero full-scale error apply an analog input of 4.99817 V 
(Le., FS-3/2 LSBs or last code transition) at VIN and adjust Rl 
uotil the ADC output code flickers between 1111 1111 1110 and 
11111111 1111. 

0-5V 
ANALOG 

INPUT VIN 

R3 
1. 

'----~~~ R2 
.. k 

• ADotTiONAL PINS OMITTED FOR CLARITY 

Figure 9. Unipolar 0 to +5 V Operation with Gain Error 
Adjust 

BIPOLAR OPERATION 
Figures 10 and 12 show how bipolar operation can be achieved 
with the AD7572A. Both circuits use an op amp to offset the 
analog signal (YIN) by 2.5 V. Alternatively, the op amp (AI) can 
be replaced by a sample hold as shown in Figure 24. The op 
amp transfer functions are given below: 

Figure 10: AIN = (VIN + 2.5) volts 
Figure 12: AIN = (-VIN + 2.5) volts 

Both circuits have an analog input range of ±2.5 V and an LSB 
size of 1.22 mY. The output codes are offset binary for Figure 
10 and complementary offset binary for Figure 12. Their ideal 
input/output transfer characteristics after offset and full-scale 
adjustment are shown in Figures 11 and It 
Signal ranges other than ± 2.5 V are easily accommodated using 
different values of R3 and R4 for Figure 10, and a different R2 
value for Figure 12. These resistors should be chosen such that 
the voltage range at AIN covers the full dynamic range (i.e., 
o V to 5 V) of the ADC. All resistors should be the same type 
and from the same manufacturer so that their temperature coef
ficients match. 

R3 
ANALOG o-""I"~"k ___ ~ 

INPUT V'" 

R4 
,3k 

-ADDITIONAL PINS OMITTED FOR CLARITY 

AD7572A' 

Figure 10. A07572A Bipolar Operation - Output Code 
is Offset Binary 
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111 ... 111 

111 ... 110 

100 ... 010 

100 ... 001 
-FS 

100 ... 000 +,2r----il ..... --4r++----fJI--=..I---i 
+2FS -lLSB 

0" ... 111 

011. .. 110 

000 ... 001 

000 ... 000 

I 
I 
I 
I f!.r r FS=5V 

tS~'LSB=~ 
OV 

V,N• INPUT VOLTAGE 

Figure ". Ideal Input/Output Transfer Characteristic for 
the Bipolar Circuit of Figure 10 

02 

A~~~ 0V .. __ S",".",k.-1t-_-I 

., 
13k 

R3 
1.1" 

*ADDJnONAL PINS OMITTED FOR CLARITY 

AD7572A* 

Figure 12. AD7572A Bipolar Operation - Output Code is 
Complementary Offset Binary 

"''''1 ~ 1 111 ... 110 i l 
100 ... 000 I ~-lLSB 
::::::::~: ~S=5V 
011 ... 111 

-FS 
011 ... 110 ~ 

:::1 I~: J 000 ... 001 I 
000 ... 000 

OV 
V,N• INPUT VOLTAGE 

Figure 13. Ideal Input/Output Transfer Characteristic 
for the Bipolar Circuit of Figure 12 
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AD7572A 
OFFSET AND FULL-SCALE ERROR 
In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. A 
typical example is a digital fIlter, where an analog signal is quan
tized, digitally processed and recreated using a DAC. In these 
types of applications the offset error can be eliminated by ac 
coupling the recreated signal. Full-scale error effect is linear and 
does not cause problems as long as the input signal is within the 
full dynamic range of the ADC. An important parameter in 
DSP applications is Differential N onIinearity and this is not 
affected by either offset or full-scale error. 

In measurement applications where absolute accuracy is 
required, offset and full-scale error can be adjusted to zero as in 
Figure 14. 

ANALOG 
INPUT V .. 

03 
6,19k 

:~~-----l 

•• 13k 

01 
13k 

""ADDITIONAL PINS OMITIED FOR CLARITY 

Figure 14. AD7572A Bipolar Operation with Offset and 
Gain Error Adjust 

BIPOLAR OFFSET AND FULL·SCALE ERROR 
ADJUSTMENT 
The bipolar circuit of Figure 10 can be adjusted for offset and 
full-scale errors, by including two potentiometers RS and R6, as 
shown in Figure 14. Offset must be adjusted before full-scale 
error. This is achieved by applying an analog input of 0.61 mV 
(112 LSB) at V,N and adjusting RS until the ADC output code 
flickers between 1000 0000 0000 and 1000 0000 0001. 

For full-scale error adjustment, the analog input must be at 
2.49817 volts (i.e., FS/2 -3/2 LSBs or last transition point). 
Then R6 is adjusted until the ADC output code flickers between 
llli llli IllO and llli llli llli. 

A similar offset and full-scale error adjustment procedure may 
be employed for Figure 12 by making Rl and R2 variable. Off
set must again be adjusted before full scale error. This is 
achieved by applying an analog input of 0.61 mV at V,N and 
adjusting Rl until the ADC output code flickers between 
Olll llli 1110 and Olll llll llll. 

For full-scale error adjustment, apply a signal source of 
2.49817 V at V,N and adjust R2 until the ADC output code 
flickers between 0000 0000 0000 and 0000 0000 000 1. 

ANALOG-TO-DIGITAL CONVERTERS 2-309 

• 



AD7572A 
APPLICATION HINTS 
Wire wrap boards are not recommended for high resolution or 
high speed AJD converters. To obtain the best performance 
from the AD7572Aa printed circuit board is required~ Layout' 
for the 'printed circuit board should ensure that digital arid ana
log siilnallines are separated as much as possible. In particular, 
care should be·taken not to run any digital track alongside an 
analog signal track or underneath the AD7572A. The analog 
input should be Screeried by AGND. 

A single point analog ground (STAR ground) ~parate from the 
logic system ground should be established at Pin 3 (AGND) or 
as close as possible to the AD7572A as shown in Figure 15. Pin 
12 (AD7572A DGND) arid all other analog grounds should be 
connected to this single analog ground point. No other digital 
grounds should be connected to this analog ground point. Low 
impedance analog and digital power supply common returns are 
essential to low noise operation of the ADC and the foil width 
for these tracks should be as wide as possible. 

Noise: Input signa1leads to AIN and signal return leads from 
AGND (Pin 3) should be kept as short as possible to miuimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between the signal source and the ADC is rec
ommended. Also, since any potential difference in grounds 
between the signal source and ADC appears as an error voltage 
in series with the input signal, attention should be paid to 
reducing the ground circuit impedances as much as possible. 

In applications where me ADi572A data outputs and control 
signals are connected to a continuously active microprocessor 
bus, it is possible to get LSB errors in conversion results. These 
errors are due to feedthrough from the microprocessor to the 
successive approximati<)n.comparator. The problem can be elim
inated by forcing the microprocessor into a WAIT state during 
conversion (see Slow Memory Mode interfacing), or by using 
three-state buffers to isolate the AD7572A data bus. 

Figure 15. Power Supply Grounding Practice 

TIMING AND CONTROL 
Conversion start and data read operations are controlled by three 
AD7572A digital inputs; HBEN, CS and RD. Figure 1.6 shows 
the logic structure associated with these .inputs. The three sig
nals are internally gated so that a logic "0" is -required on all 
three inputs to initiate a conversion. Once initiated it cannot be 
restarted until conversion is complete. Converter status is indi
cated by the BUSY output, and this is low while conversion is 
in progress. 
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CONVERSION START 
IRISING EDGE; TRIGGER) 

L-_'=.!!!..=:"'" ENABLE THREE-STATE OUTPUTS 
011 ..• 00/$ '" DB11 ... DBO 

L-==L")>---====-- ENABLE THREE-STATE OUTPUTS 
011 .. ,D8 '" DB11 .•. DB8 
07 ... 04 '" LOW 
03/11 ... DOl!, '" DB11 .. DBB 

*NOTE: 011 .. ,0018 ARE THE ADC DATA OUTPUT PINS. 
DB11 .•• DBO ARE THE 12-BIT CONVERSION RESUL 18. 

Figure 16. Internal Logic for Control Inputs CS, RD and 
H8EN 

There are two modes of operation as outlined by the timing dia
grams of Figures 17 to 20. Slow Memory Mode is designed for 
microprocessors which can be driven into a WAIT state, a 
READ operation brings CS and RD low whiCh initiates a con
version and data is read when conversion is complete. The sec
ond is the ROM Mode which does not require microprocessor 
WAIT states, a READ operation brings CS and RD low which 
initiates a conversion and reads the previous conversion result. 

DATA FORMAT 
The output data format can either be a complete parallel load 
(DBIl ... DBO) for 16-bit microprocessors or a two byte load 
for 8-bit microprocessors. Data is always right justified (i.e., 
LSB is the most right-hand bit in a 16-bit word). For a two byte 
read, only data outputs D7 ... DO/8 are used. Byte selection is 
governed by the HBEN input which controls an interna1 digital 
multiplexer. This multiplexes the 12-bits of conversion data onto 
the lower D7 ... DO/8 outputs (4 MSBs or 8 LSBs) where it 
can be read in two read cycles. The 4 MSBs always appear on 
Dll ... D8 whenever the three-state output drivers are turned 
on. 

SLOW MEMORY MODE, PARALLEL READ (HBEN = 
LOW) 
Figure 17 and Table I show the timing diagram and data bus 
status for Slow Memory Mode, Parallel Read. CS and RD going 
low triggers a conversion and the AD7572A acknowledges by 
taking BUSY low. Data from the previous conversion appears 
on the three state data outputs. BUSY returns high at the end of 
conversion when the output latches have been updated and the 
conversion result is placed f,lli data outputs D 1.1 . . . DO/8. 

SLOW MEMORY MODE, TWO BYTE READ 
For a two byte read only 8 data outputs D7 ... DO/8 are used. 
Conversion start procedure and data output status for the first 
read operation is identical to Slow Memory Mode, Parallel 
Read. See Figure 18 timing diagram and Table II data bus sta
tus. At the end of conversion the low data byte (DB7 ... DBO) 
is read from the ADC. A second READ operation, with HBEN 
high, places the high byte on data outputs D3/11 ... DO/8 and 
disables conversion start .. Note the 4MSBs appear on data out
puts DIl ... D8 during the two READ operations above. 
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AD7572A 

cs\ f '---
-l t, I- --j t·l_ -j t, I-

RO\ f L 
-l t'r-tCONV---j 1-1· -t,,----1 

BUSV -nl f I 
-- t, 1_ --I t, I-- --I t, I-

DATA ~ OLD DATA \I NEW DATA +L.------~C 
~ OB11-DBO A D811-DBO T 

Figure 17. Slow Memory Mode, Parallel Read Timing Diagram 

Table I. Slow Memory Mode, Parallel Read Data Bus Status 

AD7572A Data Outputs 

Read 

HBEN 

RD 

DATA 
OLD DATA 
DB7-DBO 

Figure 18. Slow Memory Mode, Two Byte Read Timing Diagram 

Table II. Slow Memory Mode, Two Byte Read Data Bus Status 

AD7572A Data Outputs D7 D6 

First Read DB7 DB6 

Second Read LOW LOW 

ROM MODE, PARALLEL READ (HBEN = LOW) 
The ROM Mode avoids placing a microprocessor into a wait 
state. A conversion is started with a READ operation, and the 
12-bits of data from the previous conversion are available on 
data outputs DIl ... DO/S (see Figure 19 and Table III). This 
data may be disregarded if not required. A second READ opera
tion reads the new data (DBIl ... DBO) and starts another 
conversion. A delay at least as long as the AD7572A conversion 
time must be allowed between READ operations. 

ROM MODE, TWO BYTE READ 
As previously mentioned for a two byte read, only data outputs 
D7 ... DO/S are used. Conversion is started in the normal way 
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D5 D4 03111 02/10 01/9 DO/8 

DBS DB4 DB3 DB2 DBI DBO 

LOW LOW DB 11 DBIO DB9 DBS 

with a READ operation and the data output status is the same 
as the ROM Mode, Parallel Read. See Figure 20 timing dia
gram and Table IV data bus status. Two more READ opera
tions are required to access the new conversion result. A delay 
equal to the AD7572A conversion time must be allowed be
tween conversion start and the second data READ operation. 
The second READ operation, with HBEN high, disables con
version start and places the high byte (4 MSBs) on data outputs 
D3/1l ... DO/S. A third READ operation accesses the low data 
byte (DB7 ... DBO) and starts another conversion. The 4MSBs 
appear on data outputs D 11 ... D8 during all three read opera
tions above. 

ANALOG-TO-DIGITAL CONVERTERS 2-311 

• 



AD7572A 

Figure 19. ROM Mode, Parallel Read Timing Diagram 

Table III. ROM Mode, Parallel Read Data Bus Status 

AD7572A Data Outputs D11 DIO D9 D8 

First Read (Old Data) DBll DBIO DB9 DB8 

Second Read DBll DBIO DB9 DB8 

H8EN ~\.l\o'--------¥,u.,1J 

RD 

8USY 

DI\TA 
OLD DATA 
D87-D80 

D7 D6 

DB7 DB6 

DB7 DB6 

NEW DATA 
0811-088 

D5 D4 

DBS DB4 

DBS DB4 

D311l 02/10 

DB3 DB2 

DB3 DB2 

-H-
NEW DATA 
D87-080 

DII9 DO/8 

DBI DBO 

DBI DBO 

Figure 20. ROM Mode, Two Byte Read Timing Diagram 

Table IV. ROM Mode, Two Byte Read Data Bus Status 

AD7572A Data Outputs D7 D6 

First Read (Old Data) DB7 DB6 

Second Read LOW LOW 

Third Read DB7 DB6 

MICROPROCESSOR lNTERFACING 
The AD7S72A is desigIied to interface with microprocessors as a 
memory mapped device .. The CS and RD control inputs are 
common to all Peripheral memory interfacing. The HBEN input 
serves as a data byte select for Ii-bit processors and is normally 
connected to the microprocessor address bus. 

MC68000 Microprocessor 
FigUre 21 shows a typical interface for the 68000. The 
AD7S72A is operatingm the Slow Memory Mode. AssunUng 
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DS D4 03111 D2/10 D1/9 DO/8 

DBS DB4 DB3 DB2 DB1 DBO 

LOW LOW DBll DB10 DB9 DB8 

DBS DB4 DB3 DB2 DB1 DBO 

the AD7S72A is located at address COOO, then the following sin
gle 16-bit MOVE instruction both starts a conversion and reads 
the conversion result. 

Move.W $COOO,DO 

At the beginning of the instruction cycle when the ADC address 
is selected, BUSY and CS assert DTACK, so that the 68000 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO regis
ter of the ... P. 
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~3~--------------------"7 
A1 ~------....., 

MC68000 AD7572A* 

f "'~""'---------tcs 
1 \--------------1 BUSY 

RIW t----------1 ;>0--------1 Rii 

011 V'---------------------I 011 

DO~I~----------_, 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 21. AD7572A-MC68000 Interface 

S08SA, ZSO MICROPROCESSOR 
Figure 22 shows an AD7572A interface for the Z80 and 808SA. 
The AD7S72A is operating in the Slow Memory Mode and a 
two byte read is required. Not shown in the figure is the 8-bit 
latch required to demultiplex the 8085A common address/data 
bus. AO is used to assert HBEN, so that an even address 
(HBEN = LOW) to the AD7S72A will start a conversion and 
read the low data byte. An odd address (HBEN = HIGH) will 
read the high data byte. This is accomplished with the single 
16-bit LOAD instruction below. 

For the 8085A LHLD (BOOO) 
For the Z80 LD HL, (BOOO) 

This is a two byte read instruction which loads the ADC data 
(address BOOO) into the HL register pair. During the first read 
operation, BUSY forces the microprocessor to WAIT for the 
AD7572A conversion. No WAIT states are inserted during the 
second read operation when the microprocessor is reading the 
high data byte. 

A1S 
ADDRESS BUS 

AO 
AO 

~ I, ~ 

HEN ADDRESS I HBEN 
MREQ 

DECODE 
AD7572A* 

Z80 Y BOSSA cs 
WAIT BiJSY 

Rii Rii 

07 ~ 07 

DATA BUS 

DO r'-I q-
-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 22. AD7572A-B0851Z80 Interface 
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AD7572A 
TMS32010 MICROCOMPUTER 
Figure 23 shows an AD7572A-TMS32010 interface. The 
AD7S72A is operating in the ROM Mode. The interface is 
designed for a maximum TMS32010 clock frequency of 18 MHz 
but will typically work over the full TMS32010 clock frequency 
range. 

The AD7S72A is mapped at a port address. The following 110 
instruction starts a conversion and reads the previous conversion 
result into data memory. 

IN A,PA (PA = PORT ADDRESS) 

When conversion is complete, a second 110 instruction reads the 
up-to-date data into data memory and starts another conversion. 
A delay at least as long as the ADC conversion time must be 
allowed between 1/0 instructions. 

PA2 
PORT ADDRESS BUS j 

PAO 

~ Jz 
DEN J- ADDRESS cs I EN DECODE r""C 

TMS32010 Rii AD7572A* 

011 011 

DATA BUS 
DO 

l 
DOJ8 

HBEN 

-Q 
j 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 23. AD7572A-TMS32010 Interface 

AD7S72A-ADS8S SAMPLE-HOLD INTERFACE 
Figure 24 shows an ADS8S sample-hold amplifier driving the 
AIN input of the AD7S72A. The interface contains resistors Rl, 
R2, R3 and R4 to allow a bipolar input signal range of ±2.S 
volts. The maximum sampling frequency is 166 kHz for the 
AD7S72AXX03 (3 j.LS conversion) and 77 kHz for the 
AD7S72AXXlO (10 I1S conversion). This includes the sample
hold amplifier acquisition time (3 I1s). 

""Y"" 

ANALOG 
INPUT 

-2.5VTD +2.5V 

... 
m 

°ADDmONAl PINS OMmED fOR ClARITY 

+ 

""Y"" 
cs" } 

CONnlOL 
'NPUTS 

Figure 24. AD7572A-AD585 Sample-and-Hold Interface 
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AD7572A. 
When an AD7S72A conversion is initiated~ the converter BUSY 
output goes low indicating conversion is in progress. The falling 
edge of this BUSY output signal places the sample,hold ampli
fier into the HOLD mode "freezing" the input signal to the 
AD7572A. When conversion is finished, the BUSYoutput 
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returns HIGH allowing the sample-hold to track the input sig
nal. To achieve the maximum sampling mte, the AD7S72A out
put data must be read within 3 fJ.S immediately after conversion 
while the sample-hold amPlifier is acquiring the next sample. 

REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
8-Bit Resolution 
No Missed Codes over Full Temperature Range 
Fast Conversion Time: 15j.1s 
Interfaces to j.lP like RAM, ROM or Slow - Memory 
Low Power Dissipation: 30mW 
Ratiometric Capability 
Single +5V Supply 
Low Colt 
Internal Comparator and Clock Oscillator 

GENERAL DESCRIPTION 
AD7S74 is a low-cost, 8-bit j.lP compatible ADC which uses 
the successive-approximations technique to provide a con
version time of 1 Sj.IS. 

Designed to be operated as a memory mapped input device, 
the AD7S74 can be interfaced like static RAM, ROM, or slow 
memory. Its CS (decoded device address) and RD 
(READIWRITE control) inputs are available in all j.IP memory 
systems. These two inputs control all ADC operations such as 
starting conversion or reading data. The ADC output data bits 
use three-state logic, allowing direct connection to the j.IP data 
bus or system input port. 

Internal clock, +5V operation, on-board comparator and 
interface logic, as well as low power dissipation (30mW) and 
fast conversion time make the AD7574 ideal for most ADC/j.lP 
interface applications. Small size (l8-pin DIP) and monolithic 
reliabiliry will find wide use in avionics, instrumentation, and 
process automation applications. 

ORDERING GUIDE 

Differential 
Temperature Nonlinearity Package 

Model Range (LSB) Option* 

AD7574JN O°C to +70°C ±7/S max N-24 
AD7574KN O°C to +70°C ±3/4 max N-24 
AD7574AQ -25°C to +S5°C ±7/S max Q-24 
AD7574BQ -25°C to +S5°C ±3/4 max Q-24 
AD7574SQ - 55°C to + 125°C ±7/S max Q-24 
AD7574TQ -55°C to + 125°C ±3/4 max Q-24 

*N = Plastic DIP; Q = Cerdip. For outline information see Package 
Information section. 
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CMOS 
fLP-Compatible 8-Bit ADC 

AD7574 I 
FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

TOP VIEW 
INOT TO SCALE) 
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AD7574-SPECIFICATIONS 
.";. . 

DC SPECIFICATIQNS (Yoo = +5V, VREF = -lOY, Unipolar Configuration, RClJ( = 180kO, CClK = IOOpF, unleSs othelWisenoted) 
, 

... 
Limits 

Parameter TA = +25"C TGIia,T_ I Units Conditions/Comments 

ACCURACY 
Resolution S S Bits 
Relative Accumcy Error 

], A, S VersiOns ±3/4 ±3/4 LSBmax Relative Accuracy and Differential NooIinearity are measured 
K, B, T Versions ±112 ±112 LSBmax dynamically using the external clock circuit of Figure 7b. 

Differential Nonlinearity Clock frequency is SookHz (conversion time IS",s). 
J, A, S Versions ±7/8 ±7/S LSB max 
K, B, T Versions ±3/4 ±3/4 LSBmax 

Full ScaJe Error (Gain Error) Full Scale Erto: is measured after calibrating out offset error. See 
J, A, S Versions ±S ±6.S LSBmax Figure 8a and associated calibrstion procedure for offset. Max Full 
K, B, T Versions ±3 ±4.S LSBmax Scale change from + 2S"C to T m;n or T _ is ±2LSB. 

Offset Error' 
], A, S Versions ±60 ±80 mVmax Maximum Offset change from +2S"C to Tmu. or T_ is ±2OmV. 
K, B, T Versions ±30 ±SO mVmax 

Mismatch Between Bops (Pin 3) 
and AlN (Pin 4) Resistances' ±I.S ±I.S % max 

ANALOG INPUTS 
Input Resistance 

At V REP (Pin 2) S/IOIIS S/IOIIS kO min/typlmax 
At Bops (Pin 3) 10120/30 10/20130 kG min/typlmax 
At AIN (Pin 4) 10/20130 10/20130 kO min/typlmax 

VREP (for Specified Performance) -10 -10 V ±S% for specifIed transfer accursey. 
VREF Range' -S to -is -S to -IS V Degraded transfer accuracy. 
Nominal Analog Input Range 

Unipolar Mode o to +IVlUlFI V 
Bipolar Mode -IVREFI to +IVREFI V 

LOGIC INPUTL 
RD (Pin IS), CS (Pin 16) 

VlNH Logic HIGH Input Voltage +3.0 +3.0 V min 
V lNL Logic LOW input Voltage +0.8 +0.8 V max 
lIN Input Current I 10 ".A max VIN = OV, VDD 

ClN Input Capacitance' S S pFmax 
CLK(Pin 17) 

VlNH Logic HIGH Input Voltage +3.0 +3.0 V min 
VINL Logic LOW Input Voltage +0.4 +0.4 V max 
IINH Logic HIGH Input Current +2 +2 mAmax During Conversion: V tN(CLK) ~ V INH(CLK) 

IINL Logic LOW Input Current I 10 ".A max During Conversion VIN(CLK) :s; VINL(CLK) 

(see circuit of Figure 7b if external clock operation is requited). 

LOGIC OUTPUTS 
BUSY (Pin 14), DB, to DB. (Pins 6-13) 

VOH Output HIGH Voltage +4.0 +4.0 V min lsoURCE = 4O".A 
VOL Output LOW Voltage +0.4 +0.8 V max ISINK = 1.6mA 

ILKG DB, to DB. Floating Stage Leakage I 10 ".A max VOUT = OVor Voo 
Floating State OutpUt Capacitance 

(DB, to DBal' 7 7 pFmax 
Output Code Unipolar Binaty, Offset Binary See Figures 8a, 9a, lOa, and 8b, 9b, lOb. 

POWER REQUIREMENTS 
Voo +S .I +S V ±S% for specified performance. 
100 (STANDBY) S S mAmax AIN = OV, ADC in RESET condition. 
IREF V REF divided by SkO max Conversion complete, prior to RESET. 

NOTES 
ITemperarure ranges as follows: J, K, Versions, OOC to +700c; A, B Versions, -2S"C to +8SOC; S, T Versions; -55OC to +125OC. 
2Typical offset temperature coefficient is ± ISO,," V?C. 
'RBO..tRAIN mismatch causes transfer function rotation about positive FuJI Scale. The effect is an offset and a gain term when using the circuit of Figure 9a. 
'Typical value, not guarsnJeed or subject to test. 
'Guaranteed but DOt JeSJed. 
Specifications subject to change without notice. 

CA~ON~~ ________________________________ ~ ______ ~ ___ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are Zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! cJ 
~~'DE"'" 
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AD7574 

AC SPECIFICATIONS (Voo = +5V, CCLII = 100pF, RCLK = lBOkO unless otherwise noted) 

Limit at Limit at Limit at 
Symbol Specification TA = +25"<: TA = Tmla TA = Tm .. Conditions 

STATIC RAM INTERFACLMODE (See Figure I and Table I) 

Ic. CS P~ Width Requirement lOOn. min 150n. min 150n. min 

twscs !y> to CS Setup Time o min o min o min 

tCBPO CS to BUSY Propagation Delay 9On.typ 70n. typ 15On. typ --
BUSY Losd = 20pF 12On. max 12On. max 180n. max 

12On. type lOOn.typ 18On. typ --
BUSY Load = lOOpF 15On. max 15On. max 200n. max -- -

t BSR BUSY to !y> Setup Time o min o min o min 
tBses BUSY to CS Setup Time o min o min o min 
tRAO Data Acces. Time 120ns typ lOOns typ I8On.typ 

DB.-DB, Load = lOOpF 150ns max 150ns max 22On. max 
240ns typ 220ns typ 300n.typ 

DB.-DB, Load = lOOpF 300n. max 300ns max 400n. max 
tRHO Data Hold Time 8On. typ 40ns typ 120ns typ 

50nsmin 30ns min 80n. min 
120ns max SOns max 180ns max - -

tRHCS CS to RD Hold Time 250ns max 200 ns max 500ns max 

'...ET Reset Time Requirement 3".. min 31-'s min 31-'s min 

tcoNVERT Conversion Time 
Using Internal Clock OsciUator See Trcal Data of Fi7a 

lcoNVERT Conversion Time fCLK = 500kHz 
Using External Clock 151-" 151-'s IS".. Circuit of Figure 7b 

ROM INTERFACE MODE (See Figure 2 and Table II) _I 1 
tRAO Data Access Time Same as RAM Mode 
tRHO Data Hold Time Same as RAM Mode 
tWBPO RD HIGH to BUSY 400ns typ 

I 
350ns typ 

I 
I".. typ --

BUSY Losd = 20 pF fu!l!!gation Delay UiJ.s 1.01-" __ 2.01-" 
tBSR BUSY to RD LOW Setup Time RD can go LOW prior to BUSY = HIGH, but must not 

return HIGH until = BUSY HIGH. See Table II. 

!CoNVERT Conversion Time See Typical data of Figure 7a. Add 21-'s to 
Using Intema1 Clock Oscillator data shown in Figure 7a for ROM Mode 

SLOW - MEMORY INTE~ACE MODE (See Figure 3 and Table Ill) 
Icspo CS to BUSY Propagation Delay 

'..SET Reset Time Requirement 
tRAn Data Access Time 
tRHO Data Hold Time 

1:coNVBRT Conversion Time 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGNO ..•...•••....•............• OV, +7.0V 
Voo to DGNO •.••...••••...........•.... OV, +7.0V 
~ND to DGNO .••..••••...•..••..•..... -O.3V, V.,o 
Digital Input Voltage to DGNO (Pins 15 and 16) ..•. -O.3V, + 15.0V 
Digital Output Voltage to DGNO (pin. 6-14) ........ -O.3V, Voo 
CLK Input Voltage (Pin 17) toDGNO ••...••.•.•• -O.3V, Voo 
VREF (Pin 2) ..•.•......................... ±20V 
VBOPS (pin 3) ..••••..•••....•..•..•••.•.••• ±20V 
VAIN (Pin 4) ....••......•................. ±20V 
Operating Temperature Range 

Commercial cr, K Versions) ••••••..•••..•.• 0"<: to +70"<: 

Same as RAM Mode 
Same as RAM Mode 
Same as RAM Mode 
Same as RAM Mode 
Same as RAM Mode 

Industrial (A, B Versions) ....••••.•..•.. -25"<: to +85"<: 
Extended (S, T Versions) •..••.....•..•. -55"<: to + 150"<: 

Storage Temperature Range ............... -65'C to + 150"<: 
Lead Temperature (soldeting, 10 secs) ....•..•...••• + 300"CV 
Power Dissipation (Package) 

Plastic (Suffix N) 
to +7O"C •.•••...•••.•..•.••••••••...• 670mW 
Derate above +7O"C by ••..••..•••••••••.. 8.3mWI'C 

Cerdip (Suffix Q) 
to +75"<: •.•••...•••.•••.•••..•....... 450mW 
Derate above +75"<: by .•...•.••........... 6mWI'C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a .tress rating only and functional operation 
at or above this specification is not implied. Exposure to above maximum. rating conditions for extended periods may affect device reliability. 

TERMINOLOGY 
RESOLUTION: Resolution is a measure of the nominal analog 
change required for a I-bit change in the AID converter's digital 
output. While normally expressed in a number of bits, the analog 
resolution of an n-bit unipolar AID converter is (2-n ) V REP)' 

Thus, the AD7574, an 8-bit AID converter, can resolve analog 
voltages as small as (11256) (VREP) when operated in a unipolar 
mode. When operated in a bipolar mode, the resolution is (11128) 
(V REP)' Resolution does not imply accuracy. Usable resolution is 
limited by the differential nonlinearity of the AID converter. 

RELATIVE ACCURACY: Relative accuracy is the deviation of 
the ADC's actual code transition points from a straight line 
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drawn between the devices' measured zero and measured full 
scale transition points. Relative accuracy, therefore, is a measure 
of code position. 

DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
in an ADC is a measure of the size of an anlog voltage range 
associated with any digitial output code. As such, differential 
nonlinearity specifies code width (usable resolution). An ADC 
with a specified differential nonlinearity of ± n bits will exhibit 
codes ranging in width from ILSB -n LSB to ILSB +n LSB. 
A specified differential nonlinearity of less than ± ILSB guaran
tees no-Missing-codes operation. 
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AD7574 
TIMING & CONTROL OF THE AD7S74 

STATIC RAM INTERFACE MODE 
Table I and Figure 1 show the truth table and timing require
ments for AD7S74 operation as a static RAM. 

A convert start is initiated by executing a memory WRITE 
instruction to the address location occupied by the AD7S74 
(once conversion has started, subsequent memory WRITES 
have no effect). A data READ is performed by executing a 
memory READ instruction to the AD7S74 address location. 

BUSY must be HIGH before a data READ is attempted, i.e. 
the total delay between a convert start and a data READ must 
be at least as great as the AD7S74 conversion time. The delay 

MICROf'ROCESSOR iEMOflYWRITEI NOP OR OTHER IM£MORVREADI 
OPERATION __ tTO"'ADD":AD",REss .. 74'::t"'\JNT,,,'NST""L .. mO!I.!T:r!.!H .. iG"'H~'.lloo",AlYI674,!, ...... "':-1--+--"= ..... -

r-"'-j "'-J 
S'CPINWI 

Figure 1. Static RAM Mode Timing Diagram 

ROM INTERFACE MODE 
Table II and Figure 2 show the truth table and timing require
ments for interfacing the AD7S74 like Read Only Memory. 

CS is held LOW and converter operation is controlled by the 
RD input. The AD7S74 RD input is derived from the decoded 
device address. MEMRD should be used to enable the address 
decoder in 8080 systems. VMA should be used to enable the 
address decoder in 6800 systems. A data READ is initiated by 
executing a memory READ instruction to the AD7S74 address 
location. The converter is automatically restarted when RD 

MICROPROCESSOR 1~~EAor:::=====~~~~---
OPERATION -+-"""""'"'-+------t-' ........ -+---
limIPlN16) 

IOI9'IPlN141 

Figure 2. ROM Mode Timing Diagrem ({;S Held LOW) 

SLOW-MEMORY INTERFACE MODE 
Table III and Figure 3 show the truth table and timing require
ments for interfacing the AD7S74 as a slow-memory_ This 
mode is intended for use with processors which can be forced 
into aWAIT state for at least 12~s (such as the 8080, 808S 
and SC/MP)_ The major advantage of this mode is that it 
allows the ~P to start conversion, WAIT, and then READ data 
with a single READ instruction. 

In the slow-memory mode, CS and RD are tied together. It is 
suggested that the system ALE signal (808S system) or SYNC 
signal (8080 system) be used to latch the address. The decoded 
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can be generated by inserting NOP instructions (or other 
program instructions) between the WRITE (start convert) and 
READ (read data) operations. Once BUSY is HIGH (conver
sion complete), a data READ is performed by executing a 
memory READ instruction to the address location occupied 
by the AD7S74. The data readout is destructive, i.e. when RD 
rerurns HIGH, the converter is internally reset. 

The RAM interface mode uses distinctly different commands 
to start conversion (memory WRITE) or read the data (memory 
READ). This is in contrast to the ROM mode where a memory 
READ causes a data READ and a conversion restart. 

Table I. Truth Table, Static RAM Mode 

AD7574 INPUTS AD7574 OUTPUTS 

CS RD BUSY DB7-DBo 
AD7574 OPERATION 

L H H HIGHZ WRITE CYCLE (START CONVERT) 
L "'- H HIGH Z -+DATA READ CYCLE (DATA READ) 
L ...r H DATA-+HIGH Z RESET CONVERTER 

H X' X HIGHZ NOT SELECTED 
L H L HICHZ NO EFFECT, CONVERTER BUSY 
L "'- L HIGHZ NO EFFECT, CONVERTER BUSY 
L ...r L HIGHZ NOT ALLOWED, CAUSES 

INCORRECT CONVERSION 

Note 1: If AD goes lOW to HIGH when CS Is LOW, the ADe is 
internally reset. RD has no effect while CSis HIGH. 
See application hint No. 1. 

returns HIGH. As in the RAM mode, attempting a data READ 
before BUSY is HIGH will result in incorrect data being read. 

The advantage of the ROM mode is its simplicity _ The major 
disadvantage is that the data obtained is relatively poorly 
defined in time inasmuch as executing a data READ auto
matically starts a new conversion. This problem can be over
come by executing two READs separated by NO - OPS (or 
other program instructions) and using only the data obtained 
from the second READ_ 

Table II. Truth Table, ROM Mode 

AD7574 INPUTS AD7574 OUTPUTS 

CS RD BUSY DB7-DBO 
AD7574 OPERATION 

L "'- H HIGH Z-+DATA DATA READ 
L ...r "'- DATA ..... HIGH Z RESET AND 

START NEW CONVERSION 

L "'- L HIGH Z NO EFFECT, CONVERTER BUSY 
L ...r L HIGHZ NOT ALLOWED, CAUSES 

INCORRECT CONVERSION 

device address is subsequently used to drive the AD7S74 CS 
and RD inputs. BUSY is. connected to the microprocessor 
READY input. 

When the AD7574 is NOT addressed, the CS and RD inputs 
are HIGH. Conversion is initiated by executing a memory 
READ to the AD7S74 address. BUSY subsequently goes LOW 
(forcing the ~P READY input LOW) placing the ~P in a WAIT 
state. When conversion is complete (BUSY is HIGH) the ~P 
completes the memory READ. 

Do not attempt to perform a memory WRITE in this mode, 
since three - state bus conflicts will arise. 
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OPERATION SELECTEDI SlATE WHILE ItJIV IS LOW) MEM READ! SELECTED 

.,. ... 
CPlNS 16 AND 181 

Figure 3. Slow Memory Mode Timing Diagram 
rcs and RD Tied Together) 

GENERAL CIRCUIT INFORMA nON 

BASIC CIRCUIT DESCRIPTION 
The AD7574 uses the successive approximations technique to 
provide an 8 - bit parallel digital output. The control logic was 
designed to provide easy interface to most microprocessors. 
Most applications require only passive clock components (R & 
C). a -10V reference. and +5V power. 

Figure 4. AD7574 Functional Diagram 

Figure 4 shows the AD7574 functional diagram. Upon receipt 
of a start command either via the CS or RD pins, BUSY goes 
low indicating conversion is in progress. Successive bits, 
starting with the most significant bit (MSB) are applied to 
the input of a DAC. The comparator determines whether the 
addition of each successive bit causes the DAC output to be 
greater than or less than the analog input, AIN. If the sum of 
the DAC bits is less than AIN, the trial bit is left ON, and the 
next smaller bit is tried. If the sum is greater than AIN, the 
trial bit is turned OFF and the next smaller bit is tried. 

REV. A 

AD7574 
Table III. Truth Table, Slow Memory Mode 

AD7S74 INPUTS AD7S74 OUTPUTS 

CSI!< RD BUSY DB7·DBO 
AD7S74 OPERATION 

H H HIGH Z NOT SELECTED 
........ H~L HIGH Z START CONVERSION 

L L HICHZ CONVERSION IN PROGRESS, 
IJ.P IN WAIT STATE 

L or HIGHZ-+OATA CONVERSION COMPLETE, 
IlP READS OAT A 

or H DATA -+HIGH Z CONVERTER RESET 
AND DESELECfED 

H H HIGH Z NOT SELECTED 

Each successively smaller bit is tried and compared to AIN in 
this manner until the least significant bit (LSB) decision has 
been made. At this time BUSY goes HIGH (conversion is com
plete) indicating the successive approximation register contains 
a valid representation of the analog input. The RD control (see 
the previous page for details) can then be exercised to activate 
the three-state buffers, placing data on the DBo - DB7 data 
output pins. RD returning HIGH causes the clock oscillator to 
run for 1 cycle, providing an internal ADC reset (i.e. the SAR 
is loaded with code 10000000). 

DAC CIRCUIT DETAILS 
The current weighting D/A converter is a precision multiplying 
DAC. Figure 5 shows the functional diagram of the DAC as 
used in the AD7574. It consists of a precision Silicon Chrom
ium thin film RI2R ladder network and 8 N - channel MOS
FET switches operated in single - pole - double- throw. 

The currents in each 2R shunt arm are binarily weighted, i.e. 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
DAC logic input (AID output) from the successive approx
imation register. the current in the individual shunt arms is 
steered either to AGND or to the comparator summing point. 

.. .. 

succtll'VE -APPROXIMATIONS REG lITER 

Figure 5. D/A Convener As Used In AD7574 
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AD7574 
OPERATING THE AD7S74 

APPLICATION HINTS 

I. TIMING & CONTROL 
In the AD7S74 when a conversion is finished the fresh data 
must be read before a new conversion can be started. 
Failure to observe the timing restrictions of Figures 1, 2 or 3 may 
cause the AD7S74 to change interface modes. For example, in the 
RAM mode, holding es LOW too long after RD goes HIGH will 
cause a new convert start (Le. the converter moved into the ROM 
mode). 

2. LOGIC DEGLITCHING IN uP APPLICATIONS 
Unspecified states on tbe address bus (due to different rise and fall 
times on tbe address bus) can cause glitcbes at the AD7574 CS or 
Rij terminals. These glitches can cause unwanted convert starts, 
reads, or resets. The best way to avoid glitches is to gate the address 
decoding logic witb RD or WR (SOSO) or VMA (6S00) wben in the 
ROM or RAM mode. Wben in tbe slow -memory mode, the ALE 
(SOS5) or SYNC (SOSO) signal should be used to latch tbe address. 

3. INPUT LOADING AT VREF, AIN AND BOFS 
To prevent loading errors due to the finite input resistance at the 
VREF. AIN or BOPS pins, low impedance driving sources must be 
used (i.e. op amp buffers or low output- Z reference). 

4. RATIOMETRIC OPERATION 
Ratiometric performance is inherent to AID converters such as the 
AD7574 which use a multiplying DAC weighting network. However, 

CLOCK OSCILLATOR 
The AD7574 has an internal asynchronous clock oscillator 
which starts upon receipt of a convert start command, and 
ceases oscillating when conversion is complete. 

The clock oscillator requires an external R and C as shown in 
Figure 6. Nominal conversion times versus RcLI< and CCLK is 
shown in Figure 7a. The curves shown in Figure 7a are applic
able when operating in the RAM or slow - memory interface 
modes. When operating in the ROM interface mode, add 2j.1s 
to the typical conversion time values shown. 

The AD7574 is guaranteed to provide transfer accuracy to 
published specifications for conversion times down to 15j.1s, 
as indicated by the unshaded region of Figure 7a. Conversion 
times faster than 151-1s can cause transfer accuracy degradation. 

OPERATION WITH EXTERNAL CLOCK 
For applications requiring a conversion time close to or equal 
to 15j.1s, an external clock is recommended. Using an external 
clock precludes the possibiliry of converting faster than 15j.1s 
(which can cause transfer accuracy degradation) due to temp
erature drift - as may be the case when using the internal 
clock oscillator. 

Figure 7b shows how the external clock must be connected. 
The BUSY output of the AD7574 is connected to the three
state enable input of a 74125 three-state buffer. Rl is used as 
a pullup, and can be between 6kn and lOOkn. A 500kHz 
clock will provide a conversion time of 15j.1s. 

The external clock should be used only in the static - RAM or 
slow - memory interface mode, and not in the ROM mode. 

Timing constraints for external dock operation are as follows: 

STATIC RAM MODE 
1. When initiating a conversion, CS should go LOW on a pos

itive clock edge to provide optimum settling time for the 
MSB. 

2_ A data READ can be initiated any time after BUSY = 1. 

SLOW-MEMORY MODE 
1. When initiating a conversion, CS and RD should go LOW 
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the user should recognize that comparator limitations such as offset 
voltage, input noise and gain will cause degradation of tbe transfer 
characteristics when operating with reference voltages less than 
-IOV in magnitude. 

5. OFFSET CORRECTION 
Offset error in the transfer cbaracteristic can be trimmed by off
setting tbe buffer amplifier wbicb drives the AD7574 AIN pin (pin 
4). Tbis can be done eitber by summing a cancellation current into 
the amplifier's summing junction, or by tapping a voltage divider 
wbicb sits between VDn and VREF and applying tbe tap voltage to 
the amplifier's positive input (an example of a resistive tap offset 
adjust is sbown in Figure lOa wbere RS, R9 and RIO can be used to 
offset the ADC). 

6. ANALOG AND DlGffAL GROUND 
It is recommended that AGND and DGND be connected locally to 
prevent the possibiliry of injecting noise into tbe AD7574 .. In 
systems where the AGND - DGND intertie is not local, connect 
back - to -back diodes (IN914 or equivalent) between tbe AD7574 
AGND and DGND pins. 

7. INITIALIZATION AFTER POWER - UP 
Execute a memory READ to the AD7574 address location, and 
subsequently ignore tbe data. Tbe AD7574 is internally reset wben 
reading out data, i.e. the data readout is destructive. 

on a positive clock edge to provide optimum settling time 
for the MSB. 

VOD(t5VI 

Figure 6. Connecting RCLK and CCLK To CLK Oscillator 

"rt--~~---r----r---~---t----t---~ 

Figure 7a. Typical Conversion Time VI_ Temperature For 
Different R CLK and CCLK (Applicable to RAM/and Slow
Memory Modes. For ROM Mode add 21JS to values shown) 

Vool+5yl 

Figure 7b. External Clock Operation (Static RAM 
and Slow -Memory Mode) 
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UNIPOLAR BINARY OPERATION 

Figures Sa and Sb show the analog circuit connections and 
typical transfer characteristic for unipolar operation. An 
ADSS4 is used as the -J OV reference. 

Calibration is as follows: 

OFFSET 
Offset must be trimmed out in the signal conditioning cir
cuitry used to drive the signal input terminals shown in Figure 
Sa. An example of an offset trim is shown in Figure lOa, 
where RS, R9 and RIO comprise a simple voltage tap which is 
applied to the amplifier's positive input. 

SIGNou.o-,MI'-4Hl[] 

OVI!'!~~o----::..uV 

ANALOG 
SUl'PLYRETURN 

Note 1: Rl and R2 can be omitted if 
gain trim is not required 

DIGITAL 
SUI'PtY RIE!TURN 

Figure 8a. AD7574 Unipolar (OV to +10V) Operation 
(Output Code is Straight 8inary) 

BIPOLAR (OFFSET BINARY) OPERATION 

Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for bipolar operation. Output coding is offset 
binary. As in unipolar operation, offset correction can be per
formed at the buffer amplifier used to drive the signal input 
terminals of Figure 9a (Resistors RS' R9 and RIO in Figure 
lOa show how offset trim can be done at the buffer amplifier). 

Calibration is as follows: 
1. Adjust R6 and R7 for minimum resistance across the 

potentiometers. 
2. Apply +IO.OOOV to the buffer amplifier used to drive the 

signal input (i.e. -IO.OOOV at R6). 

3. While performing continuous conversions, trim R6 or R7 
(whichever required) until DB7 - OBI are LOW and the LSB 
(DBO) flickers. 

Note 1: R 1 and R2 can be omitted if 
gain trim is not required 

Figum9a. AD7574 Bipolar (-10V to +10V) Operation 
(Output Code is Offset Binary) 
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AD7574 
1. Apply -39.lmV (1 LSB) to the input of the buffer ampli

fier used to drive RI (i.e. +39.lmV at RI). 
2. While performing continuous conversions, adjust the offset 

potentiometer (described above) until DB7 - OBI are LOW 
and the LSB (0 BO) flickers. 

GAIN (FULL SCALE) 
Offset adjustment must be performed before gain adjustment. 
1. Apply -9.96IV to the input of the buffer amplifier used to 

drive RI (i.e. +9.96IVat RI ). 
2. While performing continuous conversions, adjust trim pot 

R2 until DB7 - OBI are HIGH and the LSB (DBO) flickers. 

Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for a -10V reference is "" 39.1mV 

Figure 8b. Nominal Transfer Characteristic For Unipolar 
Circuit of Figure 8a 

4. Apply OV to the buffer amplifier used to drive the signal 
input terminals. 

S. Doing continuous conversions, trim the offset circuit of the 
buffer amplifier until the ADC output code flickers 
between 01111111 and 10000000. 

6. Apply +IO.OOOV to the input of the buffer amplifier 
(i.e. -10.000V as applied to R6). 

7. Doing continuous conversions, trim R2 until DB7 - OBI are 
LOW and the LSB (DBO) flickers. 

S. Apply -9.922V to the input of the buffer amplifier (i.e. 
+9.922V at the input side of R6). 

9. If the ADC output code is not 11111110 ±l bit, repeat the 
calibration procedure. 

Note: Approximate bit _ights are shown for illustration. 
Nominal bit weight for ± 10V full scale is "" 78.lmV 

Figum 9b. Nominal Transfer Characteristic Around 
Major Carry for Bipolar Circuit of Figure 9a 
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AD7574 
OPERATING THE AD7S74 

BIPOLAR (COMPLEMENTARY OFFSET 
BINARY) OPERATION 
Figure lOa shows the analog connections for complementary 
offset binary operation. The typical transfer characteristic is 
shown in Figure lOb. In this bipolar mode. the AOC is fooled 
into believing it is operated in a unipolar mode - i.e. the + 1 OV 
to -10V analog input is conditioned into a 0 to +10V signal 
range. R2 is the gain adjust. while R9 is the offset adjust. 

Calibration is as follows (adjust offset before gain): 

OFFSET 
1. Apply OV to the analog input shown in Figure lOa. 

Notes: 

R, 
1.2\15% 

ANALOG 
SUPf'LYRETURIW 

DIGITAL 
SuPPlYRETURH 

1. R 1 and R2 can be omitted if gain trim is not required 
2. RS, Rg and RIO can be omitted if offset trim is not required 
3. RaliRslIRlO = 5kU If RS, Rg and RIO not used, make RS = 5kU 

Figure lOa. AD7574 Bipolar Operation (-10V to +10V) 
(Output Code is Complementary Offset Binary) 
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2. While performing continuous conversions. adjust R9 until 
the convener output flickers between codes 01111111 and 
10000000. 

GAIN (FULL SCALE) 
1. Apply -9.922V across the analog input terminals shown in 

Figure lOa; 
2. While performing continuous conversions. adjust R2 until 

DB7 - DB! are HIGH and the LSB (OBO) flickers between 
HIGH and LOW. 

OUTPUT 

a~lI r------;----.,..., 

-180 410 " 010 .,. +_ .320 +400 

INPUT VOLTAGE. MILLIVOLT$ 
'N(~UREDTO."A.OIIGIIOU"".''''IIOI'_M' 

Note: Approximate bit weights are shown for illustration. Nominal 
bit weight for ±10V full scale is ""7S.1mV 

Figure lOb. Nominal Transfer Characteristic Around Major 
Carry for Bipolar Circuit of Figure lOa 
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FEATURES 
Fast Conversion Time: 5"s 
On-Chip Track/Hold 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single + 5V Supply 
100ns Data Access Time 
Low Power 115mW typ) 
Low Cost 
Standard 18-Pin DIPs or 20-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7575 is a high-speed 8-bit ADC with a built-in trackihold 
function. The successive approximation conversion technique is 
used to achieve a fast conversion time of 5J.LS, while the built-in 
trackihold allows full-scale signals up to 50kHz (386mV/j1s slew 
rate) to be digitized. The AD7575 requires only a single + 5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2V REF. 

The AD7575 is designed for easy interfacing to all popular 8-bit 
microprocessors using standard microprocessor control signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor data bus or 1/0 port. 

The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC2MOS) process and is 
available in a small, 0.3" wide, 18-pin DIP or in 20-terminal 
surface mount packages. 

REV. A 

LC2MOS 
5f.l,s 8-Bit ADC with Track/Hold 

AD7575 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT IDGHLIGHTS 
1. Fast Conversion Time/Low Power 

The fast, 5j1s conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre
quencies, while retaining the advantage of low CMOS power 
consumption. 

2. On-Chip Track/Hold 
The on-chip trackihold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/j1s (e.g., 2.46V peak-to-peak 50kHz sine 
waves) can be digitized with full accuracy. 

3. Low Total Unadjusted Error 
The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than lLSB and offset and gain adjustments 
are not required. 

4. Single Supply Operation 
Operation from a single + 5V supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 
microprocessor systems without any additional power 
supplies. 

5. Fast Digital Interface 
Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors such as the 
Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. 
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AD7575-SPECIFICATIONS (VDD = +5Y,. YREF = +1.23Y, AGND = DG~D = OY; feLK = 4MHz axternal; 
.. All spaclflcatlons T min to T max unless othelWlse spacified) 

Parameter J,AVenioas' K,BVersioas SVeniOD TVersion Units CondltioaslComments 

ACCURACY 
Resolution 8 Bits 
Total UDadjusted Error :t2 :tl :t2 :tl LSBmax 
Relative Accuracy :tl :tV> :tl :tV> LSBmax 
Minimum Resolution forwbi£h 

No MissingCodcs is Guaranteed Bits max 
Full Scale Error 

25'C :tl :tl :tl :tl LSBmax Full Scale TC is typically 5ppm/'C 
Tmm, to Tmax :tl :tl :tl :tl LSBmax 

Offset Error 
25'C :tV> :tV> :tV> :tV> LSBmax Offset TC is typically 5ppmJ'C 
T min to T mIX :tV> .±~ ±'n :tV> LSBmax 

ANALOG INPUT 
Voltage Range Oto2VREF Oto2VREF Oto2VREF Oto2VREF Volts ILSB=2VREp/256; See Figure 16 
DC Input Impedance 10 10 10 10 MOmin 
Slew Rate, Tracking 0.386 0.386 0.386 0.386 V/l/osmax 
SNR' 45 45 45 45 dB min V'N= 2.46Vp-p@IOkHz;SeeFigure11 

REFERENCE INPUT 
VREF (For specified Performance) 1.23 1.23 1.23 1.23 Volts :t5% 
lREF 500 500 500 500 .,.A max 

LOGIC INPUTS 
CS,RD 

V,NL, Input Low Voltage 0.8 0.8 0.8 0.8 V max 
V,NH, Input High Voltage 2.4 2.4 2.4 2.4 V min 
lIN, Input Current 
25'C :tl :tl :tl :tl .,.A max V'N= OorVoo 
T min to T max :t10 :t10 :t10 :t10 I/oAmax VIN=OorVoo 

C'N, Input Capacitance' 10 10 10 10 pFmax 

CLK 
VINL, Input Low Voltage 0.8 0.8 0.8 0.8 V max 
V,NH, Input High Voltage 2.4 2.4 2.4 2.4 V min 
I'NL, Input LowCurrent 700 700 800 800 .,.A max VINL=OV 
I'NH, Input High Current 700 700 800 800 .,.A max V'NH=Voo 

LOGIC OUTPUTS 
BUSY, DBOto DB7 

VOL, Output Low Voltage 0.4 0.4 0.4 0.4 V max ISlNK= 1.6mA 
VOH, Output High Voltage 4.0 4.0 4.0 4.0 V min IsouRCE = 4O.,.A 

DBOtoDB7 
Floating State LeakageCurrent :tl :tl :t10 :t1O .,.A max VOUT=OtoVoo 
Floating Stale Output Capacitance' 10 10 10 10 pFmax 

CONVERSION TIME"' 
With External Clock 5 5 5 5 I/o. fcLK=4MHz 
With Internal Clock, TA = 25'C 5 5 5 5 I/osmin Using recommended clock 

IS IS IS IS .... max components shown in Figure IS . 

POWER REQUIREMENTS' 
Voo +5 +5 +5 +5 Volts ± 5% for Specified Performance 
100 6 6 7 7 rnA max Typically 3rnA with V 00 = + 5V 
Power Dissipation IS IS IS IS rnWtyp 
Power Supply Rejection :tV. ±v.. ±Y. ±v. LSBmax 4.75V$Voo$5.25V 

NOTES 
ITempcrature Ranges are as follows: 

J, K Versions; 0 10 + 7O'"C 
A, B Versions; -25"<: to +85OC 
S, T Vcnioos; - SSOC [0 + 1250C 

2Of'fset error is measured with respect to an ideal fllSt code transition which occun at 1/2LSB. 
JSamplc: tested at 2S"C to ensure compliance. 
4 Accuracy may degrade at conversion times other than those specified.. 
sPower supply current is measured when AD7S7S is inactive i.e. when CS:::: RD:::: BUSY:::: logic HIGH. 

Specifications subject to change without DOtice. 
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AD7575 

TIMING SPECIFICATlONS1 (Voo = + 5V, VREF = + 1.23V, AGNO = OGNO = DVl 

Limitat + 25"C Limit at T mia, T...... Limit at T mia, T max 

Parameter (AU Versions) G,K,A,BVersions) (S, TVersions) Units Conditions/Comments 

t1 0 0 0 nsmin es to RD Setup Time 
t2 100 100 120 nsmax RD to BUSY Propagation Delay 
tl 100 100 120 nsmax Data Access Time after RD 
4 100 100 120 nsmin RD Pulse Width 
ts 0 0 0 nsmin es to RD Hold Time 
tr,2 80 80 100 nsmax Data Access Time after BUSY 
t/ 10 10 10 nsmin Data Hold Time 

80 80 100 nsmax 
ts 0 0 0 nsmin BUSY to es Delay 

NOTES 
'Timing Specifications are sample tested at +25"C to ensure compliance. All input control signals are specified with tr~tf~20ns (10% to 90% of +5V) 
and timed from a voltage level of 1.6V. 

2t, and " are measured with the load circuits of Figure I and defined as tbe time required for an output to cross O.8V or 2.4V. 
't, is dermed as tbe time required for the data lines to chanse O.5V wben loaded with the circuits of Figure 2. 

Specifications subject to chanse without notice. 

Test Circuits 

a. High-Z to VOH b. High·Z to VOL 

Figure 1. Load Circuits for Data Access Time Test 

ABSOLUTE MAXIMUM RATINGS· 
VootoAGND . 
VootoDGND ........ . 
AGND to DGND ....... . 
Digital Input Voltage to DGND 
Digital Output Voltage to DGND 
eLK Input Voltage to DGND .. 
VREF to AGND ...... . 
AIN toAGND ....... . 
Operating Temperature Range 

Commercial G, K Versions) 
Industrial (A, B Versions) 
Extended (S, T Versions) .. 

CAUTION 

-0.3V, +7V 
-0.3V, +7V 
-O.3V, Voo 

-0.3V, Voo +O.3V 
-O.3V, Voo +0.3V 
-0.3V, Voo +0.3V 

-0.3V, Voo 
-O.3V,Voo 

. 0 to +70·e 
- 250C to + 85·e 

- 55·e to + 1250C 

_0 i. 1 0 
3kfi ~ 10pF 

DGNO 

a. VOH to High-Z 

+lV
3kfi 

OBN<>-t 

T 10pF 

\10GNO 

b. VOL to High-z 

Figure 2. Load Circuits for Data Hold Time Test 

Storage Temperature Range ........ . 
Lead Temperature (Soldering, 10sec) ... . 
Power Dissipation (Any Package) to + 75·e 
Derates above + 750C by .•.... . . . . 

- 65·e to + 150·e 
+3000e 
450mW 
6mWre 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, pernlanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
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AD7575 
PIN CONFIGURATIONS 

DIP LCCC PLCC 

I!= Iii! If! } J iii! If! Ii! } J 
3212019 

321201' 

BUSY 4 

CLJ( 5 

DB7IMSB) 6 

DBB 7 

DB& 8 

.. .. ." 
AD7575 

TOP VIEW 
(Not to Scale) 

18 AIN 

17 AGND 

16 DBO (LS8) 

15 DB' 

14 OB2 

TP • 

DB8 8 

o 

AD7575 
TOP VIEW 

(Not to Selle) 

'8 AIN 

14 DB2 

9 10 11 12 13 

~ Ii! Ii! 8 1i! 

~ Q~ Ii! 8 1i! NC = NO CONNECT 

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 

Modell Range (LSB) Options2 

AD7575JN Oto +70OC ±lmax N-18 
AD7575KN Oto +70OC ±1I2max N-18 
AD7575JP Oto +70OC ±lmax P-20A 
AD7575KP Oto +70oe ±1I2max P-20A 
AD7575AQ - 25°e to + 85°e ±lmax Q-18 
AD7575BQ - 25°e to + 85°e ±1I2max Q-18 
AD7575SQ - 55°e to + 125°e ±Imax Q-18 
AD7575TQ - 55°e to + 125°e ±1I2max Q-18 
AD7575SE - 55°e to + 125°e ±lmax E-20A 
AD7575TE - 55°e to + 125°e ±1I2max E-20A 

NOTES 
ITo order MIL-STD-883, Class B process parts, add 1883B to part 
number. Contact local sales offIce for military data sheet. For U.S. 
Standard Military Drawing (SMD), see DESC drawing #5962-87762. 

2E ~ Leadless Ceramic Chip Carrier; N ~ Plastic DIP; P ~ Plastic 
Leaded Chip Carrier; Q ~ Cerdip. For outline infonnation see Package 
lnfonnation section. 
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NC = NO CONNECT 

TERMINOLOGY 
LEAST SIGNIFICANT BIT (LSB) 
An ADC with 8-bits resolution can resolve 1 part in 28 (i.e., 
256) of full scale. For the AD7575 with + 2.46V full scale one 
LSB is 9.6ImV. 

TOTAL UNADJUSTED ERllOR 
This is a comprehensive specification which includes full scale 
error, relative accuracy and offset error. 

RELATIVE ACCURACY 
Relative ACCUl'IICY is the deviation of the ADC's actual code 
transition points from a straight line drawn between the devices 
measured first L8B transition point and the measured full sca1e 
transition point. 

SNR 
8igna1-to-Nliise Ratio (8NR) is the ratio of the desired signal to 
the noise produced in the santpled and digitized analog signal. 
8NR is dependent on the number of quantization levels used in 
the digitization process; the more levels, the sma1Ier the quanti
zation noise. The theoretical 8NR for a sine wave input is given 

by 8NR = (6.02N + 1.76)dB 
where N is the number of bits in the ADC. 

FULL SCALE ERllOR (GAIN ERROR) 
The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB's. 

ANALOG INPUT RANGE 
With VRBP= + 1.23V the maxintum analog input voltase range 
is 0 to +2.46V. The output data in L8B's is related to the 
analog input voltase by the integer value of the following 
expression: 

256 AIN 
Dats (LSB's) = --- +0.5 

2VRBP 

SLEW RATE 
Slew Rate is the maxintum allowable rate of change of input 
signal such that the digital santple values are not in error. 81ew 
Rate limitstions may restrict the analog signal bandwidth for 
full-scale analog signals below the bandwidth allowed from 
santpling theorem considerations. 
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Digital Considerations-AD7575 

-t:
It. 

-ltzr- I 
__________ ~I~-fI-·-----~o~------·11------~I-------------

iiUSV I I 
I I . I 

-tt3'-r-________________ ~ ~--'--L-t"\7 !~/ ________ __ 
HIGH IMPEDANCE I 

BUS 
DATA OLD DATA HIGH IMPEDANCE 

BUS 

Figure 3. Slow Memory Interface Timing Diagram 

TIMING AND CONTROL OF THE AD7575 
The two logic inputs on the AD7575, CS and RD, control both 
the starting of conversion and the reading of data from the part. 
A conversion is initiated by bringing both these control inputs 
LOW. Two interface options then exist for reading the output 
data from the AD7575. These are the Slow Memory Interface 
and ROM Interface and their operation is outlined below. It 
should be noted that the TP pin of the AD7575 must be hardwired 
IUGH to ensure correct operation of the part. This pin is used 
in testing the device and should not be used as a feedthrough 
pin in double-sided printed circuit boards. 

SLOW MEMORY INTERFACE 
The first interface option is intended for use with microprocessors 
which can be forced into a WAIT STATE for at least 5/Ls (such 
as the 8085A). The microprocessor starts a conversion and is 
halted until the result of the conversion is read from the converter. 
Conversion is initiated by executing a memory READ to the 
AD7575 address bringing CS and RD LOW. BUSY subsequently 
goes LOW (forcing the microprocessor READY input LOW) 
placing the processor into a WAIT state. The input signal, 
which had been tracked by the analog input, is held on the 
third falling clock edge of the input clock after CS and RD have 
gone LOW (see Figure 12). The AD7S75 then performs a con
version on this acquired input signal value. When the conversion 
is complete (BUSY goes IUGH), the processor completes the 
memory READ and acquires the newly-converted data. The 
timing diagram for this interface is shown in Figure 3. 

AB-A15 

8085A·2 

so 

.-----'BUSY 
ALE 

DBD-DB7 

ADO-AD7 

READY 1-------------' 'LINEAR CIRCUITRY OMmED FDR CLARITY 
so= 0 FOR READ CYCLES 

Figure 4. AD7575 to 8085A-2 Slow Memory Interlace 
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The major advantage of this interface is that it allows the micr0-
processor to start conversion, WAIT and then READ data with 
a single READ instruction. The fast conversinn time of the 
AD757S ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. 

Faster versions of many processors, including the 8085A-2, test 
the condition of the READY input very soon after the start of 
an instruction cycle. Therefore, BUSY of the AD7575 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into a WAIT state. When using the 
8085A-2, the processor SO status sigoal provides the earliest 
possible indication that a READ operation is about to occur. 
Hence, SO (which is LOW for a READ cycle) provides the 
READ signal to the AD7575. The connection diagram for the 
AD7575 to 8085A-2 Slow-Memory interface is shown in 
Figure 4. 

ROM INTERFACE 
The alternative interface option on the AD7575 avoids placing 
the microprocessor into a WAIT state. In this interface, a con
version is started with the first READ instruction and the second 
READ instruction accesses the data and starts a second conversion. 
The timing diagram for this interface is shown in Figure 5. It is 
possible to avoid starting another conversion on the second 
READ (see below). 

Conversion is initiated by executing a memory READ instruction 
to the AD7575 address causing CS and RD to go LOW. Data is 
also obtained from the AD7S7S during this instruction. This is 
old data and may be disregarded if not required. BUSY goes 
LOW indicating that conversion is in progress and returns 
HIGH when conversion is complete. Once again the input signal 
is held on the third falling edge of the input clock after CS and 
RD have gone LOW. 

The BUSY line may be used to generate an interrupt to the 
microprocessor or monitored to indicate that conversion is com
plete. The processor then reads the newly-converted data. Alter
natively, the delay between the convert start (first READ in
struction) and the data READ (second READ instruction) must 
be at least as great as the AD7575 conversion time. For the 
AD7575 to operate correctly in the ROM interface mode CS 
and RD should not go LOW before BUSY returns HIGH. 

Normally, the second READ instruction starts another conversion 
as well as accessing the output data. However, if CS and RD 
are brought LOW within one external clock period of BUSY 
going HIGH then a second conversion does not occur. 
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AD7575 

I I $~I !-_---' 

--: t-" --::-.. : 
I I I I 

------,1 rl ----------'{rS-----.--~I, 
Rii 1=-:-.. =1 I .. I I I I- !----II 

--:,.:-- : 1 I : I : .-1---+-:-,:---:--------
. ~$' 111.---1--------

DATA HIGH 

__ 11"'--1 I 
I --t " r ',--l i --l., I---

HIGH 
IMPEDANCE BUS IMPEDANCE BUS HIGH IMPEDANCE BUS 

Figure 5. ROM Interface Timing Diagram 

-
AO-A15 ADDRESS 

BUS 

Figures 6 and 7 show connection diagrams for interfacing the 
AD7575 in the ROM Interface mode. Figure 6 shows the AD7575 
interface to the 6502/6809 microprocessors while the connection 
diagram for interfacing to the Z-80 is shown in Figure 7. 650216809 J ~ 

lEN ~~~~: l 
+L TP 

As a result of its very fast interface timing the AD7575 can also 
be interfaced to the DSP processor, the TMS32010. The AD7575 
will interface (within specifications) to the TMS32010 running 

RMi 

<f;l2 orE 

os 

K> liD 

) 

AD7575* 

at up to 18MHz but will typically work over the full clock frequency 
range of the TMS32010. Figure 8 shows the connection diagram 
for this interface. The AD7575 is mapped at a port address. 
Conversion is initiated using an IN A, PA instruction where PA 
is the decoded port address for the AD7575. The conversion 
result is obtained from the part using a second IN A, PA instruction 
and the resultant data is placed in the TMS32010 accumulator. 

I 
DBO-DB7 

In many applications it is important that the signal sampling 
occurs at exactly equal intervals to minimize errors due to sampling 
uncertainty or jitter. The interfaces outlined previously require 
that for sampling at equi-distant intervals the user must count 
clock cycles or match software delays. This is especially difficult 
in interrupt driven systems where uncertainty in interrupt servicing 
delays would require that the AD7575 would have to have priority 
interrupt status and even then redundant software delays may 
be necessary to equalize loop delays. 

This problem can be overcome by using a real time clock to 
control the starting of conversion. This can be derived from the 
clock source used to drive the AD7575 eLK pin. Since the 
sampling instant occurs three clock cycles after es and RD go 
LOW then the input signal sampling intervals are equi-distant. 
The resultant data is placed in a FIFO latch which can be accessed 
by the microprocessor at its own rate whenever it requires the 
data. This ensures that data is not READ from the AD7575 
during a conversion. If a data READ is performed during a 
conversion, valid data from the previous conversion will be 
accessed but the conversion in progress may be interfered with 
and an incorrect result is likely. 

If es and RD go LOW within 20ns of a falling clock edge the 
AD7575 mayor may not see that falling edge as the first of the 
three falling clock edges to the sampling instant. In this case the 
sampling instant could vary by one clock period. If it is important 
to know the exact sampling instant, es and RD should not go 
LOW within 20ns of a falling clock edge. 
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, 
00-07 DATA BUS ) 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 6. AD7575 to 650216809 ROM Interface 

r---

ADDRESS BUS j 
Z·BO ~ ~ +SL TP 

lEN A:':~~~: l MREQ os AD757S* 

liD liD 

I 
OB7 

,OBO 

OB7 
DATA BUS ) 

DB. 

- -LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 7. AD7575 to Z-80 ROM Interface 

PA2 
ADDRESS BUS ) 

PAD 

~ L TMS32010 +t... 
lEN Aci::~~EJ": L 

TP 

MEN os 
AD757S* 

DEN liD 

OB7 

I ,DB. 

07 
DATA BUS ) 

D. 

- ·UNEAR CIRCUITRY OMlnED FOR CLARITY 

Figure 8. AD7575 to TMS32010 ROM Interface 
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A SAMPLED-DATA INPUT 
The AD7575 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure 9. When a conversion 
starts, switch SI is closed and the equivalent input capacitance 
is charged to V IN. With a switch resistance of typically soon 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus CIN becomes charged to within ± 1/4LSB in 6.9 
time constants or about 7ns. Since the AD7575 requires two 
input clock cycles (at a clock frequency of 4MHz) before going 
into the compare mode, there is ample time for the input voltage 
to settle before the first comparator decision is made. Increasing 
the source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. The average current flowing through 
any source impedance can cause full-scale errors. 

51 
RON.SOOIl ~ 

V'NOO-cs ....... rt--...... "' .. · .... ·-...... 00----.1 
O.5PF¢ 2PF~ 

Figure 9. AD7575 Equivalent Input Circuit 

IlEFEllENCE INPUT 
The reference input impedance on the AD7575 is code dependent 
and varies by a ratio of approximately 3-to-l over the digital 
code range. The typical resistance range is from 6kO to 18kO. 
As a result of the code dependent input impedance, the VREF 

input must be driven from a low impedance source. Figure 10 
shows how an AD5S9 can be configured to produce a nominal 
reference voltage of + 1.23V. 

+5V 

3.3kll 

1.23V 

+ 

Figure 10. Reference Circuit 

TRACK-AND-HOLD 
The on-chip track-and-hold on the AD7575 means that input 
signals with slew rates up to 386mVIILs can be converted without 
error. This corresponds to an input signal bandwidth of 50kHz 
for a 2.46V peak-to-peak sine wave. Figure 11 shows a typical 
plot of signal-to-noise ratio versus input frequency, over the 
input bandwidth of the AD7575. The SNR figures are generated 
using a 200kHz sampling frequency and the reconstructed sine 
wave passes through a filter with a cutoff' frequency of 50kHz. 

The improvement in the SNR figures seen at the higher frequencies 
is due to the sharp cut-off'ofthe filter (50kHz, SthorderChebyshev) 
used in the test circuit. 
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Figure ". SNR vs. Input Frequency 

The input signal is held on the third falling edge of the input 
clock after CS and RD go LOW. This is indicated in Figure 12 
for the Slow Memory Interface. In between conversions the 
input signal is tracked by the AD7575 track-and-hold. Since the 
sampled signal is held on a small, on-chip capacitor it is advis
able that the data bus be kept as quiet as possible during a 
conversion. 

CSI 

ADI 
Busvl 

INPUT SIGNAL 
HELD HERE 

$$ 

S5 

Figure 12a. Track-and-Hold (Slow Memory Interface) with 
External Clock 

CS 1 
ADI 

BUSY! 

INTERNAL 
CLOCK 

INPUT SIGNAL 
HELD HERE 

ss r-
H r-
ss 

Figure 12b. Track-and-Hold (Slow Memory Interface) with 
Internal Clock 
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AD7575 
INTERNALlEXTERNAL CLOCK 
The AD7S7S can be used with either its own intemal clock or 
with an extemaII.y applied clock. In either case, the cloc:k sigoal 
appearing at the CLK pin is divided interDally by two to provide 
an intemal clock sigoal for the AD7S7S. A single conversion 
lasts for 20 input clock cycles (10 intemal clock cycles). 

INTERNAL CLOCK 
Clock pulses are generated by the action of the extemal capacitor 
(Ccuc) charging through an extemal resistor (Rcuc) and dis
charging through an intemal switch. When a conversion is 
complete, the intemal clock stops operating. In addition to 
conversion, the intemal clock also controls the automatic intemal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the first intemal clock pulse. 

Nominal conversion times versus temperature for the recom
mended Rcut and Ccuc combination are shown in Figure 13. 

t. 

13 

.-"'" ~ 

l---"' ..-,....-...... 
I' 

Ac:u. = 100kil 
Ccu = 100pF -

7 I I 
-5& -25 +2& +50 +75 +100 +126 

AMBIENT TEMPERATURE - "C 

Figure 13. Typical Conversion Times vs. Temperature 
Using Internal Clock 

The internal clock is useful in that it provides a convenient 
clock source for the AD7S7S. Due to process variations, the 
ac:tual operating frequency for this RcLK/Ccuc combination can . 
vary from device to device by up to ± 50%. For this reason it is 
recommended that an extemal clock be used in the following 
situations; 

1. Applications requiring a conversion time which is within 
50% of SILl, the minimum conversion time for specified 
acc:urac:y. A clock frequency of 4MHz at the CLK pin gives 
a conversion time of SILl .. 

2. Applications where time related software constraints cannot 
accommodate time differences which may occur due to unit 
to unit cloc:k frequency variations or temperature. 
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EXTERNAL CLOCK 
The CLK input of the AD7S7S may be driven directly from 
74HC, 4000B series buffers (such as 4049) or from LS TIL 
with a S.6kO pull-up resistor. When conversion is complete, the 
intemal clock is disabled even if the extemal cloc:k is still applied. 
This means that the extemal clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
extemal clock can vary from 70130 to 30170. 

The AD7S7S is specified for operation at a SILl conversion rate 
with a 4MHz input clock frequency. If the part is operated at 
slower clock frequencies, it may result in slighdy degraded 
acc:urac:y perfOrmaDcc from the part. This is a result of leakage 
effects on the hold capacitor. Figure 14 shows a typical plot of 
acc:urac:y versus conversion time for the AD757S. 

2.& 

~ 2.0 
T=25"C 

I 

i 1.6 

~ 
~ t.O 

I,AD7r75Kr, 

II 
5 
II: o.S 

5 to 60 100 600 1000 500D toooo 
CONVERSiON nME _ .... 

Figure 14. Accuracy VB. Conversion Time 
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UNIPOLAR OPERATION 
The basic operation for the AD7575 is in the unipolar single 
supply mode. Figure 15 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 16. Since the offset and full-scale errors on 
the AD7575 are very small, in many cases it will not be necessary 
to adjust out these errors. If calibrstion is required the procedure 
is as follows: 

Offset Adjust 
Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input sigual, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode input voltage range that includes OV (e.g., 
TLC271). To adjust for zero offset the input sigual source is set 
to +4.8mV (i.e., 1I2LSB) while the op-amp offset is varied 
until the ADC output code flickers between 000 ••• 00 and 
000 •.• 01. 

Full Scale Adjust 
The full scale or gain adjustment is made by forcing the analog 
input AIN to +2.445V (i.e., Full-Scale Voltage -3I2LSB). 
The magnitude of the reference Voltage is then adjusted until 
the ADC output code flickers between 111 ... 10 and 
III ... 11. 

Figure 15. AD7575 Unipolar Configuration 

OUTPUT 
CODE FULL SCALE 

::::::::1 _/NS~\. 
"''''0' i 

I 

I " I , 
I , 

=::i ,r" = ~-- ---- "'If-t-I -+I .... ~ 
01LS8ZL8B'S 3LSB'S L~:-1LSB 

FS=2VREF 

1LSB=~ 

AIN. INPUT VOLTAGE (IN TERMS OF LSI'S) 

Figure 16. Nominal Transfer Characteristic for 
Unipolar Operation 

REV. A 

UnipolarlBipolar Considerations-AD7575 
BIPOLAR OPERATION 
The circuit of Figure 17 shows how the AD7575 can be configured 
for bipolar operation. The output code provided by the AD7575 
is offset binary. The analog input voltage range is ± 5V, although 
the voltage appearing at the AIN pin of the AD7575 is in the 
range OV to +2.46V. Figure 18 shows the transfer function for 
bipolar operation. The LSB size is now 39.06mV. Calibrstion of 
the bipolar operation is outlined below. Once again, because the 
errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibrstion all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one 3.3kn 
resistor and R2 and R3 replaced by one 2.5kn resistor. 

Offset Adjust 
Offset error. adjustment is achieved by applying an analog input 
voltage of - 4.9805V (- FS + 1I2LSB). Resistor R3 is then 
adjusted until the output code flickers between 000 .•. 00 and 
000 ... 01. 

Full Scale Adjust 
Full scale or gain adjustment is made by applying an analog 
input voltage of +4.94I4V (+ FS - 3/2LSB). Resistor R4 is 
then adjusted until the output code flickers between III . . . 10 
and 111 ... 11. 

Figure 17. AD7575 Bipolar Configuration 
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Figure 18. Nominal Transfer Characteristic for 
Bipolar Operation 
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AD7575 
APPUCATION IDNTS 
1. NOISE: Both the input sigDallead to AIN, and the sigDal 

return lead from AGND should be kept as short as possible 
to minimize input-noise coupling. In applications where this 
is not possible, either a shielded cable or a twisted pair trans

mission line between source and ADC is recommended. 
Also, since any potential difference in grounds between the 
sigDal source and ADC .appears as an error voltage in series 
with the input sigDal, attention should be paid to reducing 
the ground circuit impedance as much as possible. In general, 
the source resistance should be kept below 2kn. Larger 
values of source resistance can cause ~ system noise 
pickup. 

2. PROPER LAYOUT: Layout for a printed circuit board 
should ensure that digital and analog lines are kept separated 
as much as possible. In particular, care should be taken not 
to run any digital track alongside an analog sigDal track. 
Both the analog input and the reference input should be 
screened by AGND. A single point analog ground which is 
separate from the logic system ground should be establisbed 
at or near the AD7575. This single point analog ground 
subsystem should be connected to the digital system ground 
by a single-track connection only. Any reference bypass 
capacitors, analog input tilter capacitors or input sigDal shield
ing should be returned to the analog ground point. 

AD7575 WITH ADS89llEFEllENCE 
The AD7575 8-bit AID converter features a total unadjusted 
error specification over its entire operating temperature range. 
This total unadjusted error includes all errors in the AID converter 
- offset, full scale and linearity. The one feature not provided 
on the AD7575 is a voltage reference. This section discusses the 
use of the AD589 bandgap reference with the AD7575 and gives 
the combined reference and ADC error bUdget over the full 
operating temperature range. This allows the user to compare 
the combined AD589/AD7575 errors to ADCs whose specifications 
include on-f;hip references. 

Two distinct application areas exist. The fU'St is where the reference 
voltage and the analog input voltage are derived from the same 
source. In other words, if the reference voltage varies, the analog 
input voltage range varies by a ratioed amount. In this case the 
user is not worried about the absolute value of the reference 
voltage. The second case is where changes in the reference 
voltage are not matched by changes in the analog input voltage 
range. Here, the absolute value of the reference voltage and its 
drift over temperature are of prime importance. Both applications 
are discussed below. 

If the analog input range varies with the reference voltage then 
the part is said to be operating ratiometrically. This is represen
tative of many applications. If the reference is on-chip and the 
user does not have access to it then it is not possible to get 
ratiometric operation. Since the AD7575 uses an external reference, 
it can be used in ratiometric applications. However, because the 
part is specified with a reference of + 1.23V ± 5% then the 
voltage range for ratiometric operation is limited. 
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The error analysis over temperature of ratiometric applications 
is different from nonratiometric ones. Since the reference and 
analog input voltage range are ratioed to each other, temperature 
variations in the reference are matChed by variations in the 
analog input range. Therefore,.the AD589 contributes DO addi
tional errors over temperature to the system errors and the 
combined total unadjusted error specification for the AD589 
and AD7575 is as per the total unadjusted error specification in 
this data sheet. 

With nonratiometric applications, however, the analog input 
range stays the same if the reference varies and a full-scale error 
is introduced. The amount which the reference varies determines 
the amount of error introduced. The AD589 is araded on tem
perature coefficient and therefore selection of different grades 
allows the user to tailor the amount of error introduced to suit 
the system requirements. The reference voltage from the AD589 
can lie between 1.2V and 1.25V. This reference voltage can be 
adjusted for the desired full-scale voltage range using the circuit 
outlined in Figure 19. For example, if an analog input voltage 
range of 0 to + 2.46V is required, the reference should be adjusted 
to + 1.23V. Once the reference is adjusted to the desired value 
at 25"C the total error is as per the total unadjusted error specifica
tion on the AD7575 specification pages. (To reduce this even 
further, offset and full-scale errors of the AD7575 can be adjusted 
out using the calibration procedure outlined in this data sheet.) 

+5V 1kO* 10kO* 

6.8kO +5V 

+ 
AD589 10kO*< ... _--I 

*ONLY REQUIRED IF IT IS NECESSARY TO ADJUST 
THE ABSOLUTE VALUE OF REFERENCE VOLTAGE. 

Figure 19. Reference Adjust Circuit 

However, it is as the temperature varies from 25"C that the 
AD589 starts to introduce errors. The typical temperature char
acteristics of the AD589 are shown in Figure 20. The temperature 
coefficients (T.C.'s) represent the slopes of the diagonals of the 
error band from + 25"C to T miD and + 25"C to T max. The AD589 
T .C. is specified in ppmI"C max and is offered in four different 
grades. 

REV. A 



> 
I 

w 

1.2370 

1.2386 

CJ 1.2380 

~ 
~ 1.23&6 

§ 

1.2350 

/ 
V 

I 

/ 

-25 

1'- ............ 

" r\. '\ 
I'\. 

"" 
+25 +50 +76 +100 +126 

TEMPERATURE _ °c 

Figure 20. Typical AD589 Temperature Characteristics 

The effect which the T.C. has on the system error is that it 
introduces a full-scale error in the ADC. This in turn affects the 
total unadjusted error specification. For example, using the 
ADS89KH with a SOppmI"C max T.C. the change in reference 
voltage from 2S"C to 7O"C is going to be from l.23V to 1.22724V, 
a change of -2.76mV. This results in a change in the full-scale 
range of the ADC of - S.S2mV, since the full-scale range on the 
AD7S7S is 2VRBF• Since the LSB size for the AD7S7S is 9.6ImV 
this means that the ADS89 introduces an additional full-scale 
error of - O.S7LSBs on top of the existing full-scale error specifica
tion for the ADC. Since the total unadjusted error specification 
for the ADC includes the full-scale error, there is also a corres
ponding increase in the total unadjusted error of - 0.S7LSBs. 
The change in reference voltage at O"C is -l.SmV, resulting in 
a full-scale change of - 3mV or -0.3ILSBs wonh of full-scale 
error. Table I shows the amount of additional total unadjusted 
error which is introduced by the temperature variation of the 
ADS89, for different grades and for different temperature ranges. 
This table only applies to nonratiometric applications since the 
temperature variation of the reference does not affect the system 
error in ratiometric applications as outlined earlier. It shows the 
amount of error introduced over T miD to T ..... for a system in 
which the reference has been adjusted to the desired value at 
2S"C. The final or right-most column of the table gives the total 
combined error for the ADS89 and the top grade AD7S7S. 

AD7575 
Taking the 2S"C measurement as the starting point, the full-scale 
error introduced is always in the negative direction whether the 
temperature goes to T miD or T ...... This can be seen from the 
ADS89 temperature characteristic shown in Figure 20. If the 
reference voltage is adjusted for 1.23V at 4S"C (for the 0 to 
+ 70"C range) and 75°C (for the - SS"C to + 12S"C range) the 
magnitude of the error introduced is reduced since it is distributed 
in both the positive and negative directions. Alternatively, this 
can be achieved, not by adjusting at these temperatures which 
would be impractical, but by adjusting the reference to 1.23IV • 
instead of 1.23V (for the extended temperature range) at 2S"C. 
This has the required effect of distributing the plot of Figure 20 
more evenly about the desired value. 

An additional error source is the mismatch between the temper
ature coefficients (T .C.'s) of the IOkn and Ikn resistors in the 
feedback loop of the TLC271. If these resistors have ± SOppmI"C 
absolute T .C.'s then the worst case difference in drift between 
both resistors is IOOppmI"C. From + 2S"C to + I2S"C this in
troduces a worst case shift of I.22m V which results in an additional 
full-scale error of 0.2SLSB. If ± 2SppmI"C resistors are used, 
then the worst case error is O.13LSB. Over the 0 to + 7O"C 
range the ± SOppmI"C resistors introduce an additional full-scale 
error of O.llLSB. All these errors are worst case and assume 
that the resistance values drift in opposite directions. In practice 
resistors Qf the same type and from the same manufacturer 
would drift in the same direction and hence the above error 
would be considerably reduced. An additional error source is 
the offset drift of the TLC271. This is only significant over the 
- SS"C to + I2S"C range and even in this case it contributes 
<O.ILSB wonh of full-scale error. 

The error outlined in the right-hand column of Table I is a total 
unadjusted error specification excluding resistor and offset drift 
(the effect of these can be controlled by the user). It consists of 
errors from two error sources; a ± ILSB contribution from the 
AD7S7S (including full-scale, offset and relative accuracy errors) 
and the remainder is a full-scale error introduced by the ADS89. 
It is important to note that the variation of the ADS89 voltage 
only introduces a full-scale error and that the relative accuracy 
(or endpoint nonlinearity) of the system, with a top grade AD7S7S, 
is still ± II2LSB (i.e. 8-bits accurate). 

Tempereture 
Renge 

Full-Seele Error Introduced 
byAD589@T ..... 

Combined WorstCe .. 
AD589IAD7575 
T.U.E.@T ..... AD589 

Grede lOCI 
IWorstCe .. 1 

ILSBsl ILSBsl 

AD589JH 
AD589KH 
AD589LH 
AD589MH 
AD589SH 
AD589TH 
AD589UH 

Oto + 70 -1.15 -2.15 
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Oto + 70 
Oto +70 
Oto + 70 
-55to + 125 
-55to + 125 
-55to + 125 

-Excluding resistor and offset drift. 

-0.57 -1.57 
-0.29 -1.29 
-0.115 -1.115 
-2.56 -3.56 
-1.28 -2.28 
-0.64 -1.64 

Table I. AD589IAD7575 Errors over Temperature 
(NonratiometricApplicstions) 
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IIIIIIIIIII ANALOG 
L.III DEVICES 

CMOS 
12-Bit Successive Approximation AOC 

FEATURES 
12-Bit Successive Approximation ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion Time of 100~s 

GENERAL DESCRIPTION 
The AD7578 is a medium speed, monolithic 12-bit CMOS AID 
converter which uses the successive approximation technique to 
provide a conversion time of l(lOl-Ls. An auto-zero cycle occurs 
at the start of each conversion resulting in very low system 
offset voltages, typically less than 100 ... V. The device is designed 
for easy microprocessor interfacing using standard control signals; 
CS (decoded device address), RD (READ) and WR (WRITE). 

Conversion results are available in two bytes, 8LSBs and 4MSBs, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter's status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5V. 

REV. A 

A07578 I 
FUNCTIONAL BLOCK DIAGRAM 

c'" Vaa Vas Vee 

R6 Ci Wii BVSl DONO 

PRODUCT HIGHLIGHTS 

DATA 
oUT 

1. The AD7578 is a complete 12-bit AID converter in a 24-pin 
package requiring only a few passive components aild a voltage 
reference. 

2. Autozero cycle realizes very low offset voltages, typically 
100 ... V. ' 

3. Standard microprocessor control signals to allow easy iQter
facing to most popular S- and 16-bit microprocessors. 

4. Monolithic construction for increased reliability and small 
0.3", 24-pin package. 
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AD7578 SPECIFICATIONS (Yoo = .~15~, Vee = +5V, Vss = -5V, VR~F = +5.0V feLK = 140kHz external, 
. "" . - all specifications T MIN to T MAX unless otherwISe noted.) 

Parameter KVersion' 

ACCURACY 
Resolution 12 
ToW Unadjusted ErrorZ ±I 
Differential Nonlinearity ±I 
Full Scale Error (Gain Error) ±114 
Offset Error ± 114 

ANALOG INPUT 
Analog Input Range Oto +5 
CAIN, Input Capacitance S 
lAIN, Input Leakage Current 

+ 25°C 10 
Tmin to Tmax 100 

REFERENCE INPUT 
V REP (For Specified Performance) +5 
VREPRange +4to +6 
V REP Input Reference Currenl 1.0 

POWER SUPPLY REJECTION 
VooOnly ±IIS 

VssOnly ± liS 

LOGIC INPUTS 
RD (Pin 16), CS (Pin 17), WR (Pin IS) 
BYSL(Pin 19) 

VIL Input Low Voltage +O.S 
VIH Input High Voltage +2.4 
lIN Input Current 

+ 25°C ±I 
TmintoTmax +10 

CIN Input Capacitance3 10 
CLK(Pin21) 

V IL> Input Low Voltage +O.S 
VIH' Input High Voltage +3.0 
IlL> Input Low Current ±IO 
IIH, Input High Current +1.5 

LOGIC OUTPUTS 
DB~DB7(pinsS-15),BUSY(Pin20)4 

VOL> Output Low Voltage +0.4 
VoH,OutputHighVoltage +4.0 

Floating State Leakage Current 
(PinsS-15) ±I 

Floating State Output Capacitance 15 

CONVERSION TIMES 
With External Clock 100 
With Internal Clock, T A = + 25°C 100/150 

POWER REQUIREMENTS' 
Voo +15 
Vss -5 
Vee +5 
100 7.5 
Iss 7.5 

Icc 100 
1.0 

Power Dissipation 75 

NOTES 
ITemperature Range as follows: K Version; 0 to + 700c 

BVersion; -25OCto +850(; 
TVersion; -55"Clo+125"C 

2lnc1udes Full Scale Error, Offset Error and Relative Accuracy. 
3Sample tested to ensurecompIiance. 

BVersion' .TVersion' 

12 12 
±I ±I 
±I ±I 
± 114 ±1/4 
±114 ±114 

Oto +5 Oto +5 
S S 

10 10 
100 100 

+5 +5 
+4to +6 +4to +6 
1.0 1.0 

± liS ± liS 

± liS ± liS 

+O.S +O.S 
+2.4 +2.4 

±I ±I 
+10 +10 
10 10 

+0.8 +O.S 
+3.0 +3.0 
±1O ±IO 
+1.5 + 1.5 

+0.4 +0.4 
+4.0 +4.0 

±I ±I 
15 15 

100 100 
100/150 100/150 

+15 +15 
-5 -5 
+5 +5 
7.5 7.5 
7.5 7.5 
100 100 
1.0 1.0 
75 75 

'I'INK for BUSY (pin 20) is 1.0 milliamp. 
sConversion Time includes autozerocycle time. 
'Power supply currenl ismeasured when AD7578 is illllClive i.e., WR=RD=CS=BUSY=LogicffiGH. 

SpecifICations subject to change without notice. 
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Units <AnKntioruUCo~ents 

Bits 
LSBmax 
LSBmax No missing codes guaranteed 
LSBmax Full Scale TC is typically I ppmI"C 
LSBmax Offset Error TC is typically I ppml"C 

V VREP = +5.0V 
pFtyp 

." AIN;Oto +SV 
nAmax 
nAmax 

V ±5% 
V Degraded transfer accuracy 
mAmax VREP = +5.0V 

LSBtyp Voo= + 14.25Vto + 15.75V 
Vss= -5V 

LSBtyp Vss= -4.75Vto -5.25V 
Voo=+15V 

V max Vee= +5V ±5% 
V min 

,..A max VIN=OtoVce 
,..A max 
pFmax 

V max Vee= +5V ±5% 
V min 
,..A max 
mAmax 

V max Vee= +5V ±5%,lsINK = 1.6mA4 

V min Vee = + 5V ± 5%, lsoURCE = 200,..A 

,..A max VOUT=OVtoVee 
pFmax· 

,..smin fCLl(= 140kHz 
,..sminlmax Using recommended clock components 

as shown in Figure 6. 

V NOM ± 5% for specified performance 
V NOM ± 5% for specified performance 
V NOM ± 5% for specified performance 
mAmax Typically4mA with Voo= + 15V 
mAmax Typically 3mA with V ss = - 5V 
,..Atyp VIN = VIL or VIH 
mAmax 
mWtyp WR = RD = CS = BUSY = Logic mGH 
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AD7578 

TIMING SPECIFICATIONS1 (VDD = +15V, Vee = +5V, Vss = -5V, VREF = +5V) 

Limit at + 25"<: Limit at T miD, T ...... Limit at T ..... , T ...... 
Parameter (All Grades) (K & B Grades) (TGrade) Units Conditions/Comments 

t, 0 0 0 nsmin CS to WR Setup Time 
t2(INTi 200 240 280 nsmin WR Pulse Width (Internal Clock Operation 
t2(EXT)2 10 10 10 ILsmin 

) 
) WR Pulse Width (External Clock Operation 

t3 0 0 0 nsmin CS to WR Hold Time 
4 130 160 200 nstyp 

200 250 300 nsmax WR to BUSY Propagation Delay 
t5 0 0 0 nsmin BUSY to CS Setup Time 

16 0 0 0 nsmin CS to RD Setup Time 
t7 200 240 280 nsmin RD Pulse Width 
t8 0 0 0 nsmin CS to RD Hold Time 
t9 50 50 SO nsmin BYSL to RD Setup Time 
tlO 0 0 0 nsmin BYSL to RD Hold Time 
t113 150 180 200 nstyp 

200 240 280 nsmax RD to Valid Data (Bus Access Time) 
t124 20 20 20 nsmin RD to Three State Output 

130 160 180 nsmax (Bus Relinquish Time) 

NOTES 
'Timing Specifications are sample tested at + 25"(; to ensure compliance. All input control signals are 
specified with t" = t( = 20ns (10% to 90% of + 5V) and timed from a voltage levd of + 1.6V. Data is timed from 
VOH,VOL• 

'Wben usins an external clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of 10",". See "External Clock Operation". 

't" is measured with the load circuits of Figure 3 and defmedas the time required for an output to cross 0.8V or 2.4V. 
4t " is defmed as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 4. 

Specifications subiect to change without notice. 

Cs(PlN 171 

t, 
t. 

t. 

Viii (PIN 181 

~ 
BUSY (PIN 201 \ 

Figure 1. Start Cycle Timing 

OBN:r--r-: 

"~r"" DGND 

a. High-Z to VOH 

5V 

~3k 
DBNT 

'00pF 

~DGNO 

b. High-Z to VOL 

Figure 3. Load Circuits for Access Time Test (tIl) 
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NOTES 
THE TWO·BYTE CONYERSIQft RUULT CAN BE READ IN EmlER ORDER. FIGURE IS FOR lOW BYTE. HIGH BYTE ORDER. 
IF BYSL CHANGES WHILE CS. AD ARE LOW THE DATA WlU CHANGE TO REFLECT THE BYSL INPUT. 

Figure 2. Read Cycle Timing 

OBNT.r. 

~:~.~'''F 
DGND 

a. VOH to High-Z 

5V 

~ 3. 

DBNt 
T 10pF 

\7 DGND 

b. VOL to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (tI2) 
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AD7578 
ABSOLUrE MAXIMUM RATINGS* 
(T A = + 25"C unIess otherwise stated) 

Operating Temperature Range 
Commercial (K Version) 
Industrial (B Version) . 
Extended (T Version) .. 

o to +10OC 
- 250C to + 85°C VootoDGND . 

Vssto DGND .. 
AGNDtoDGND 
VcctoDGND 
VREF to AGND . 
AINtoAGND . 
Digital Input Voltage to DGND 

(Pins 16-19, 21) . . . . . . . 
Digital Output Voltage to DGNP . 

(Pins 8-15, 20) ....... . 

CAUTION 

..•. -O.3V, +17V 

. ... +0.3V,-7V 
-0.3V, VREF +O.3V 
~O.3V, Vo~ +0.3V 
-0.3V; Von +0.3V 
-0.3V; Von +O.3V 

-O.3V, Von +0.3V 

-O.3V, Von +0.3V 

.Storage Temperat~e ... 
Lead Temperature (Soldering, 10secs) 
Power Dissipation (Any Package) 

to +75°C ....... . 
Derate above + 75°C by 

- 55°C to + 125°C 
-65°C to + 150°C 

. +300°C 

l,OOOmW 
lOmWrC 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharge4 to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

ORDERING GUIDE 

Total 
Unadjusted 

Temperature Error Package 
Modell. 2 Range TMIN-TMAJ( Option3 

AD7578KN OOCto + 70°C ±lLSB N-24 
AD7578BD - 25°C to + 85°C ±lLSB D-24A 
AD7578TD - 55°C to + 125°C ±ILSB D-24A 

NOTES 
1 Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip 
(Q-24) hermetic packages. 

2To order MIL-STD-883 Class B processed parts. add 1883B to part 
number. Contact local sales office for military data sheet. 

3D = Ceramic DIP; N = Plastic DIP. For outline information see Package 
Information section. 
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DIP PIN CONFIGURATION 

CAZ 

DB> 

NC ::: NO CONNECT 

BVSL 

WR 

cs 
Rii 

DBO ILSB) 

DBl 

DB2 
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AD7578 
PIN FUNCTION DESCRIPTION 

PIN 

I 

2 

3 

4 

5 

6 

7 

8-15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

REV. A 

MNEMONIC 

CAZ 

AIN 

N/C 

VREF 

AGND 

DGND 

Vee 

BYSL 

CLK 

N/C 

Vss 

VDD 

DESCRIPTION 

AutozeroCapacitorInput.ConnectothersideofcapacitortoAGND. 

Analog Input 

No Connect pin 

Voltage reference input. TheAD7578 is specified with VREF = + 5.0V. 

Analog Ground 

Digital Ground 

Logic Supply. For Vee = + 5V digital inputs and outputs are TIL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 

DATA BUS OUTPUT CS&RD = LOW J 

BYSL= HIGH BYSL=LOW 

Pin 8 BUSY' DB7 

Pin 9 LOW2 DB6 

Pin 10 LOW2 DB5 

Pin 11 LOW2 D84 

Pin 12 DB 11 (MSB) DB3 

Pin 13 DBIO DB2 

Pin 14 DB9 DBI 

Pin 15 DBR DBO(LSB) 

'BUSY (Pin 8) is a converter sllltus flag and is HIGH during a conversion. 
"Pins9-11 outputaJosic LOW when BYSLis HIGH. 
DBll-DBO are the 12-bit conversion results, DBII i.the MSB. 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three
state drivers. 

CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion. 
When the AD7578 internal clock is used, the minimum WR pulse width is t2 (INT). When an 
external clock source is used, the minimum WR pulse width must be extended to include the 
autozero cycle time. For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on 
the output data bus during a data READ operation (CS & RD LOW). See description of pins 8-
IS. 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a 
logic HIGH. 

CLOCK Input for internal/external clock operation. 

Internal: Connect RcLx and CcLK,/CcLK2 timing components. See Figure 6 and Figure 7. 
External: Connect external 74HC compatible clock source as shown in Figure R. 

No connect pin. 

Negativesupply, -5V. 

Positivesupply, + 15V. 
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AD7578 
Operating Infonnation 
OPERATIONAL DIAGRAM 
An operational diagram for the AD7578 is shown in Figure 5. 
The only passive components required are the ailtozero capacitor 
CAZ and timing components Rcx.K, CcLKI & CcLK2 for the 
internal clock oscillator. If the AD7578 is to be used with an 
external clock source, then only CAZ is required. Individual pin 
functions are described in detail on the previous page. 

Figure 5. A07578 Operational Diagram 

INTERNAL CLOCK OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7578 operating waveforms are shown in 
Figure 7. 

Vee. +5V 

IN914)(2rrf=2% _-.2% 
L..-_...1 

OGND 

Figure 6. Circuitry Required for Internal Clock Operation 

iiii~""NTI' 

iijjV. I 
::~-IMBO-~--1--------------------------~ 

Vee cva..E TIME LEVELS DEFINED BY 

eLl< 
_ t. IN"" SCHMITT TRIGGER 

AUTOZEROCVCl. Itt tIt I I I I I t t~ 
DB11 0810 D89 DBa D87 D86 DB6 OM D83 DB2 081 DIG 
IMBB) ILIa) 

DECISION POINTS 

-taIlNTII8 THE MINIMUM WAITE PULSE WIDTH WHEN USING 
INTERNAL ClOCK. SU nMJNG SP£CJFICATtONS. 

Figure 7. Operating Waveforms - Internal Clock 

Between conversions (BUSY = HIGH) the AD7578 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 
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new conversion, the autozero capacitor CAZ charges to AIN -
Vos where Vos is the input offset voltage of the autozero 
comparator. 

A miuimum time of IOfJ-s is required for this autozero cycle. In 
applications using the internal clock osciI1ator, it is not necessary 
for WR to remain LOW for this period of time since it is auto
matically provided by the AD7578. This is achieved by switching 
a constant current load across the clock capacitors, CcLKI and 
CcUa, causing the voltage at the CLK input pin to slowly 
decay from Vee. This occurs after WR returns HIGH. The 
Schmitt trigger circuit monitoring the voltage on the CLK input 
ends the autozero cycle when its LOW input trigger level is 
reached. At this point, the constant current load across the 
clock capacitors is removed allowing them to charge towards 
Vee via RcLK. When the voltage at the CLK input reaches the 
HIGH trigger level, the constant current load is replaced across 
CcLKI and CcLK2' The MSB decision is made when the LOW 
trigger level is reached. This cycle repeats itself 12 times to 
provide 12 clock pulses for the conversion cycle. The circuit 
arrangement of Figure 6 provides the relatively slow autozero 
cycle time at the beginning of a conversion while allowing the 
clock oscillator to speed up once the autozero cycle is complete. 

EXTERNAL CLOCK OPERATION 
For external clock operation RcLK, CcLKI and CcUa are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The mark/space ratio of the external clock can vary 
from 40/60 to 60/40. The AD7578 WR pulse width must now 
be extended to provide the .minimum autozero cycle time of 
1OfJ-S since this is no longer provided automatically by the AD7578. 
Referring to the operating waveforms of Figure 9, the minimum 
WR pulse width when using an external clock source is t2 (EXT). 
The CS input must now remain valid for the extended WR 
pulse width. One approach to stretching the available IJ.P signals 
is shown in the general 8-bit fJ-P interface circuit of Figure 20. 
It is not necessary to synchronize the external clock source with 
the extended WR pulse width, the MSB decision being made on 
the second falfuig edge of the clock input after the WR input 
returns HIGH. 

74HC COMPATIBLE 
CLOCK SOURCE. 

fCLlC '" 140kHz 

Figure 8. External Clock Operation 

_____ r~- .. IEXT)· --ir--------------flf-------------

CU< 

-..tEXT) • THE MlNNOM WRITE PULSE WIDTH WHEN USING 
EJlTERNAl CLOCK. SEE TIMING SPECtfICA'TtONS. 

DECI8ION POI"'" 

Figure 9. Operating Waveforms - External Clock 
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READING DATA 
The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7578 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byte-8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7578 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7578 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defmed intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 8 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right-justified word. 
The status bit can be shifted into a microprocessor's ac
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 20) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction to the AD7578 while a conversion 
is in progress will restart the conversion. 

REV. A 

AD7578 
COMPONENT SELECTION 
1. Autozero Capacitor, CAZ 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of CAZ to AGND 
(pin 5), the analog system ground. CAZ should be 2,200pF. 

2. Clock Oscillator Components, Rcr.K, CcUCl and CCLK2 
Clock pulses are generated by the action of series connected 
capacitors, CcLKl and CcLK2 charging through an external 2 
resistor RcLK and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom-
mended RcLK and CCLK1/CcLK2 combination is shown in 
Fignre 10. Due to process variations, the actual operating 
frequency for this RCLK and CCLK1/CcLK2 combination can 
vary from device to device by up to 20%. For this reason, 
Analog Devices recommends using an external clock in the 
following situations: 

a. Applications requiring a conversion time which is within 
20% of 100,..s, the minimum conversion time for specified 
accuracy (a 140kHz clock frequency gives a 100,..s con
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature variations. 

;, , 
w 

~ 
Z 

~ 
I!i 
~ 
0 
u 

It is possible to replace the fixed ~K resistor with a 
50k potentiometer in series with a fixed 22k!l resistor to 
allow individual adjustment of internal clock frequency in 
applications where lOO,..s conversion times are required. 
Reducing the value of RcLK from 56k to 47k decreases 
the conversion time by typically 15,..s. 

, .. 
'50 

Ra..=5~' /" 
- CcLK1 =3.9nF ,.., 

Ccua=56OpF 

'40 

'30 
'20 

.... r"'" 
./ I-"" 

11. 
'00 

../" 
~ 

-55 -25 +25 +50 +7. +100 +125 

AMBIENT TEMPERATURE - "C 

Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 
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AD7578 
APPLYING THE AD7578 
The high input impedance of the analog input, AIN, allows 
simple analog interfacing. Zero to + 5V signal sources can be 
connected directly to the analog input without additional buffering 
for source impedaiIces up to 5k.o (see Figure 11). The input/output 
transfer characteristic and transition points for this input signal 
range are shown in Figure 12 and Table I respectively. The 
designed transition points on the AD7578 transfer characteristic 
occur on integer multiples of ILSB. The output code is Natural 
Binary with ILSB = (F.S.) (114096) = (5/4096)V = l.22mV. 

·ADDITIONAL PINSOMlnED FOR CLARITY 

Figure 11. Unipolar 0 to + 5V Operation 

11···111 

11···11' 

FS_IV 
1 LSB = FSI40II 

5 "·-101 / 

~ / 

I ::::~: .. // 
00-··001 

~ -----+--~--~ 
ov USB 2I.S8 3LS8 FS-2LS8 Fa-1L1. 

ANALOG INPUT. ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 

Table I. Transition Points for Unipolar 0 to + 5V Operation 

AnalOlInput, Volts Diptal Output 

0.00122 000 001 

.i.I 0.00244 ~ 000 010 

I I 2.49878 I 011 111 
2.50000 100 000 
2.50122 100001 1 4.99756 I III 110 J 4.99878 111 III 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7578 input pins. Figure 13 shows a divider 
network to allow an input signal range of 0 to + 10V. The input 
resistors must be selected to match within 0.01% and should be 
the same type and from the same manufacturer so that their 
temperature coefficients match. Note that since the source im
pedance has not been included in the resistor divider ratio, it 
must now be as low as possible. For Figure 13 with a source 
impedaiIce of 0.5.0 the maximum error across the network is 
approximately O.5LSB. The LSB size is (F.S.)(1I4096) = 
(10/4096)V = 2.44mV. 
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-ADDITIONAL PINS OMITTED FORC1.ARITV 

Figure 13. Unipolar 0 to + 10V Operation 

Bipolar signal ranges of - 5V to . + 5V are accolI)modated by 
referencing the resistor divider network to V REF as shown in 
Figure 14. With the resistor values shown, the signal source 
must be capable of sinking 0.5mA. The input/output transfer 
characteristic and transition points for this ± SV signal range are 
shown in Figure IS and Table II respectively. The output code 
is Offset Binary with an LSB size of (F,S.Xll4096) = (IO/4096)V 
= 2.44mV .. 

With an analog input (V s) of - 1.22m V, the input offset voltage 
of A I should be adjusted until the ADC output flickers between 
0111 1111 1111 and 1000 0000 0000. Alternatively the -1I2LSB 
signal offset can be included in the signal conditioning 
electronics. 

Figure 14. Bipo/ar -5V to +5V Operation 

'',--'" ~ 

m··'" y ! 

100--0

1

0r* ! , ....... , • FS • 'IZlSB I 
'00--000 -r 

~-'LSB 
011-111 I +112lSB 

;L~~-
IN 

ANALOG NUT, ANY CHANNEl. 

Figure 15. Idea/Input/Output Transfer Characteristic for 
Bipo/ar Circuit of Figure 14 

Table II. Transition Points for Bipolar - 5Vto + 5V Operation 

AnalCIIlnput, Volts Diaital Output 

-4.99878 000 001 

r -4.99634 000 010 

-0.00122 I 100 000 I +0.00122 100001 

1 +4.99389 r III 110 r +4.99634 III 111 
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Applications 
Power Supply Dec:oupling: All power supplies to the AD7578 
should be bypassed with either IO",F tantulum or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an O.OI",F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7578. 

Reference Circuit: Figure '16 shows how to configure an 
AD584LH to produce a reference voltage of 5.00V. R2 provides 
a typical adjustment range of ± 75mV. The ADS84LH will 
contribute less than ILSB of gain error over the commercial 
temperature range. 

+5.00V 

Figure 16. AD584LH as Reference Generator 

Transient currents flow at the VRBF input during a conversion. 
To avoid dynamic errors place a 0.01..,F disc ceramic capacitor 
from the VREF pin to AGND. 

Microprocessor InterfaCing 
MICROPROCESSOR INTERFACING 
When the AD7578 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7578 is used with an external clock source, 
additional circuitrY is required to extend the ..,P control signals 
(see Figure 20). 

MC6800, MC6809 and 6502 MICROPROCESSORS 
A typical interface to the AD7578 with any of the above micr0-
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR'ing 
clio and cl»2 in 6502 systems or by NOR'ing E and Q in 6809 
systems. Addresa line A2 of the 6800 bas been tied to BYSL of 
the AD7578. Assuming the AD7578 is assigned a memorY block 
starting at address 8000H, a write instruction to any address in 
this block will start a conversion. To read the conversion results, 
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AD7578 
Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 5 (AGND) or as close as 
possible to the AD7578. This single point analog ground should 
be connected to the digital system ground, to which pin 6 (DGND) • 
is connected, at one point only and as close to the AD7578 as 
possible. The autozero capacitor, bypass capacitors for the refer-
ence input and the analog supplies, AIN common and any input 
signal screening should be returned to the analog ground point. 
Low impedance analog and digital power supply common returns 
are essential to low noise operation of the ADC and the foil 
width for these tracks should be as wide as possible. 

Noiae: Input signal leads to AIN and signal return leads from 
AGND (pin 5) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7578 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrougb from the microprocessor bus to the autozero com
parator. The problem exists only for ceramic package versions 
of the AD7578, the electrically isolated metal lid acting like a 
conductor to distribute the digital noise around the package. 

Grounding the lid to DGND eliminates this problem. Alternatively 
the AD7578 can be isolated from the microprocessor bus by 
means of tbree-state buffers. 

it is necessBrY only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the ..,P) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to address 8000H will result in the low byte of data being transferred 
to the ..,P (BYSL = Low). Similarly a read instruction to any 
address having A2 HIGH and within the assigned memory 
block, e.g., 8OO4H, transfers the high byte of data to the ..,p. 
The converter status flag BUSY can be polled at intervals to 
check whether the present conversion bas finished and valid 
12-bit data is available. This is accomplished by the following 
instructions on the 6800: 

LDA A $8004 
ASL A 
BCC FETCH 

Load Flag fromAD7578 
Shift Flag into Carry 
Branch to Data Fetch 
Subroutine if BUSY is LOW 
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AD7578 c • 

.. 
AO-A1S ADOR BUS 

BVSl 

EOR"<ta 1-'''==:1:]):,---1 iiil 

.... .... .... 

AD7578* 

D80-DB'I 

~D7 DATA8US 

-LINEAR CIACUlTRY OMITIED FOA CLARITY. 
AD7578 OPERATING ON INTERNAL CLOCK. 

Figure 17. AD7578 - MC6800, 6809, 6502 Interface· 

808SA, Z80 MICROPROCESSORS 
A typical interface to either of these microprocessors is shown in 
Figure 18. Not shown.in the figure is the 8-bit latch required to 
demultiplex the. 808SA common addressIdata bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address ~ AO of .the jIP has been tied to BYSL of 
the AD7S78. 'This 'allows the 16-bit data move instructions on 
both the S08SA aDd ,the ZSO to be used when reading conversion 
reSUlts. Assuming the AD7S78 is again sssigned a memory 
block starting at address 8OOOH, a write instruction to any address 
in this block will start a conversion. The 12-bit conversion 
results can be read (low byte first then high byte) by II single 
read instruction; 

On the 808SA 

LHLD 8000 

moves the conversion results into register pair HL 

On theZSO 

LD Be, (8000) 

moves the conversion results into register pair Be 

~A15 ADDRBUS 
AD ) 

~ ...b-

I··D=' L 
.VOL 

Ci 
AD1578* 

iii .. 
\'iii Wi! 

8085A if-D' ... 
-- DATA BUB S 

-LINEAR QRCUrTAV OMITTED FOR CLARITY. 
AD7!i71 OPERAllNG ON INTERNAL CLOCK. 

Figure 18.· AD?578 - 8085A, Z80 Interface 

MCA800, Mc6800B MICROPROCESSOR 
Figure 19 shows an AD7S78-MC68OOOIMC68008 interface. 
Address line Al of the jIP has been connected to BYSL of the 
AD7578. With the simple decoding logic shown in Figure 19, 
the AD7S78 is decoded in a memory block from COOOH to 
FFFFH. A write instruction to any one of these addresses will 
start a conversion, i.e., 
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MOVE. W DO $COO4 

starts a conversion. When the conversion is complete, the Ill' 
acquires the result by reading from the AD7S78, i.e, . , 

MOVEP. W $000 (Al), DO 

This instruction places the conversion data in the DO register of 
the jIP. Address register Al should contain an odd-order address 
(having Al high) for the AD7S78, e.g., $C003. 

ADD ..... 
DECODE LOGIC 

"1-A19 

Me ..... 
Me ..... 

DO-D7 DATA BUS 

\ 

·UNEAR CfRCUITRV OMfTTED FOR ClARITY. 
AD757. OPERATING ON INTERNAL CLOCK. 

Figure 19. AD7578 - MC680001MC680081nterface 

MICROPROCESSOR INTEllFACE TO AD7S78 WITH 
EXTERNAL CLOCK 
Figure 20 shows the additional circuitry genetally required to 
interface an 8-bit jIP to the AD7S78 operatins from an externa1 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the low level on the CS input 
into the 7477, a 4-bit bistable latch. The monostable timins 
components (not shown in Figure 20) should be chosen to provide 
an output pulse width corresponding to t2 (EXT), the minimum 
autozero cycle time. To avoid any possibility of spurious triggeriDg, 
the monostable should be enabled by a valid memory address 
signal. During a data read cycle, the 7477 latch is ~parent 
and data is read normally. Note that the jIP write and read . 
cycle times are unaffected by the interface circuitry. , 

AO-0\15 ADDR BUS A2 

.... 

Wii I------L.--

~r_------------------------~ 

8-BfT ... p 

DO·D7 

·UNEAR CIRCUITRY OMnTED FOR CLAIIITY. 
AD7!i71 OPERATING WITH EXTERNAL CLOCK. 

Figure 20. Interface to AD7578 Using External Clock 
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8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD757~088 interface. 

Address line AO of the ",p is connected to BYSL of the AD7578. 
With the simple decoding shown in Figure 21 the AD7578 is 
decoded in a memory block from 4000H to 7FFFH. 

A write instruction to anyone of these addresses will start a 
conversion, i.e, 

MOV4004,AX 

starts a conversion. When the conversion is finished the 8088 
acquires the result by reading from the AD7578, i.e., 

MOV AX, 4000 

places the conversion data in the accumulator. 

MNIMX Vee 

A8-A15 

8088 

101M 

ALE 

ADO-AD' 

ADDRESSOECODE\ 
LOGIC 

A15 

AD7S78* 

-LINEAR ctACUITAY OMITTED FOR CLARITY. 
AD7S78 OPERATING ON INTERNAL ClOCK. 

Figure 21. AD7578 - 8088 Interface 

Figure 22 shows an AD757~086 interface. Address line Al of 
the j.LP is connected to BYSL of the AD7578. The AD7578 is 
again decoded in a memory block from 4000H to 7FFFH. 

A write instruction to anyone of these addresses will start a 
conversion, i.e, 

MOV4008,AX 

starts a conversion. When the conversion is finished, the 8086 
acquires the result by reading from the AD7578 in two read 
cycles, i.e., 

MOVAL,4000 
MOV AH,4002 

places the conversion data in the accumulator. 
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MNIMX 

.. 86 

ADO-AD15 

AD7578 

f-----------iiii5 
f-----------i~ 

DATA BUS 

DBO-DB1 

-LINEAR CIRCUITRY OMITTED fOR CLARITY. 
AD7678 OPERATING ON INT£ANALCLOCK. 

Figure 22. AD7578 - 8086 Interface 

AD7578-ADS85 SAMPLE-HOLD INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifier driving the 
analog input of the AD7578. At a sampling frequency of 8kHz 
the maximum input signal frequency is 4kHz. The AD7578 is 
conftgured for bipolar operation to allow an input signal swing 
of ±5V. No clock components are shown for the AD7578 but 
the conversion time should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
for the sample-hold amplifu:r is 10 microseconds. The circuit 
operates from O"C to + 7O"C. 

To take a sample of the input, a WRITE instruction is executed 
to the AD7578 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 
falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode "freezing" the input signal to the AD7578. 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 

Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are alllO",F electroytics in parallel 
with O.OI",F disc ceramics. 
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AD7578 

Figure 23. AD7578 - AD585 Interface 

2-346 ANALOG-TO-DIGITAL CONVERTERS REV. A 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
20"s Conversion Time 
On-Chip Sample-Hold 
50kHz Sampling Rate 
25kHz Full-Power Input Bandwidth 
Choice of Data Formats 
Single + 5V Supply 
Low Power (50mWI 
Skinny 24-Pin DIP and 28-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7579 and AD7580 are IO-bit, successive approximation 
ADCs. They have differential analog inputs that will accept 
unipolar or bipolar input signals while operating from only a 
single + 5V supply. Input ranges of 0 to +2.5V, 0 to +5V and 
±2.SV are possible with no external signal conditioning. Only 
an external 2.5V reference and clock and control signals are 
required to make them operate. 

With conversion time of less than 20,...s and an on-chip sample-hold 
amplifier, the devices are ideally suited for digitizing ac signals. 
The maximum sampling rate is 50kHz, giving an input bandwidth 
of 25kHz. The parts are specified not only with traditional static 
specifications such as linearity and offset but also with dynamic 
specifications (SNR, Harmonic Distortion, IMD). 

The AD7579 and AD7580 are microprocessor-compatible with 
standard microprocessor control inputs (CS, RD, WR, RDY, 
INT) and data outputs capable of interfacing to high-speed data 
buses. There is a choice of data formats, with the AD7579 
offering an (8 + 2) read and the AD7580 offering a 100bit parallel 
word. 

Space saving and low power are also features of these devices. 
They dissipate less than sOmw from a single + 5V supply and 
are offered in a 0.3", 24-pin package and in plastic/ceramic chip 
carrier for surface mounting. 
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LC2MOS 
1 O-Bit Sampling AID Converters 

AD7579/AD7580 I 
FUNCTIONAL BLOCK DIAGRAMS 

AGND DGND 

v •• 

PRODUCT HIGHLIGHTS 
1. 20,...s conversion time with on-chip sample-hold makes the 

AD7579 and AD7580 ideal for audio and higher bandwidth 
signals, e.g., modem applications. 

2. Differential analog inputs can accept unipolar or bipolar 
input signals, but only a single, + 5V power supply is 
needed. 

3. Versatile and easy-to-use digital interface has fast bus access! 
relinquish times, allowing connection to most popular micro
processors. 
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NDD = +5V ± 5%, VREF = +2.5V, AGND = DGND = OV; 

AD7579/AD7580-SPECIFICATIONS felK = 2.5MHz; All specifications TMIN to TMAX unless othelWise 
noted. Test conditions as in 'Figure 12 unless othelWise stated). 

Paramet~ 

STATIC CHARACTERISTICS 
Resolution 

Integral Nonlineatity 
Differential LiDearity Error 
Full'Scale Error 
Zero Code Error3 

Power Supply Rejection 

DYNAMIC CHARACTERISTICS'" 
cOnversion Time6 

Sampling Rate 
CiockRange 
Signal-la-Noise Ratio 

Total Harmonic Distortion 

Intermodulation Distortion 

Slew Rate 

ANALOG INPUT RANGES' 
Figure 12 

Span 
Common-~ode Range 
CMRR 

Figure 14 
Span 
Common-Mode Range 
CMRR 

Figure 15 
Span 
CollUl1On-Mode Range 

CMRR 

ATTENUATOR INPUT RESISTANCE 

COMPARATOR INPUT RESISTANCE 

REFERENCE INPUT 
V REF(Fo~ Specified Performance) 
IREF 

LOGIC INPUTS 
CS,RD, WR,HBEN,CLK 

V INL) Input Low Voltage 
VINH,lnput High Voltage 
lIN) Input Current 

25'C 
Tminto Tmax 

erN, Input Capacitance4 

LOGIC OUTPUTS 
DBOto DB7 (DB9) 

VOL, Output LowVoltsge 
VOH, Output High Voltsge 
Floating State Leakage Current 
Floating State Output 

Capacitance4 

RDY,INT 
VOL, OutpUt Low Voltage 

POWER REQUIREMENT 
VDD 

IDD 
Power Dissipation 

NOTES 
ITemperatureRangesasfollows: 

J.KVersions;Oto +7O"C 
A,BVersions; -2SOCto +85"C 
S Version; - SSOC to + 125"C 

2Zero(;Odeerrorandgainerroradjusted tozero. 

I,A K,B 
Ve~io:ns Versions: 

10 10 

:!:I :!: 112 
:!:0.9 ±O.9 
:!:5 :!:5 
:!:2 :!:I 
:!:3 :!:2 
:!:0.5 :!:0.5 

16.9 16.9 
18S 18.5 
50 50 
250/2.5 250/2.5 
55 55 
58 60 
-58 -58 
-64 -68 
-67 -67 

160 160 

VREP VREF 
OtoVOD OtoVoD 

0.5 0.5 

2VREF 2VREF 

Ot02VOD Oto2VOD 

0.5 0.5 

2VREF 2VREF 

-VREPto -VREFto 
(2VDD - VREF) (2VDD - VREF) 
0.5 0.5 

5/15 5/15 

10 10 

+2.5 +2.5 
1.5 1.5 

0.8 0.8 
2.4 2.4 

:!:I :!:I 
:!:1O :!:IO 
10 10 

0.4 0.4 
4.0 4.0 
:!:I :!:I 
10 10 

0.4 0.4 

+5 +5 
10 10 
50 50 

lZeto code error is measured with respect to an ideal first code transition which occurs at 112LSB. 
"Sample tested at 2S"C to ensure compliance. 
s,ohese specifications apply for fuU..scale input signals up to 20kHz. 
6 Accuracy may degrade at conversion times other than those specified. 
7VIN( + ) must alwaysbeequal to or morcpositivethan VIN( -). in Figures 12,14, IS. 
SpecifICations subject to cbange without notice. 
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SVersion Unils -Conditions/Comments 

These specifications apply for the 
10 Bits three Analog Input Ranges. 

See Differential Applications. 
:!:I LSBmax No missing codes guaranteed over the 

:!:0.9 LSBmax full temperature range'. 
:!:5 LSBmax 
:!:2 LSBmax Connected as in Figure 12. 
:!:3 LSBmax Connected as in Figure 14~r IS. 
:!:0.5 LSBmax 4.75V<VDD<5.25V 

16.9 J,Lsmin fa.K = 2.5MHz, tWR = lOOns. 
18.5 JoLsmax See FunctionalDescription. 
50 kHz max 
25012.5 kHz min/MHz max 
55 dB min See Terminology. TA = 25'C. 
58 dBtyp 
-58 dB max TA=25'C. 
-64 dBtyp 
-67 dBtyp This is ~haracterized to both SMPTE 

and CCiTT standards. T A = 25'C. 
160 mV/tJ,.smax See Terminology 

AD7579/ AD7580 connected as in Figure 12 
VREF V max 
OtoVDD V max 
0.5 LSBNtyp 

AD7579/AD7580 connected as in Figure 14 
2VREF V max 
Ot02VDD V max 
0.5 LSBNtyp 

AD7579/AD7580connected as in Figure 15 
2VREF V max 
-VREFto V max 
(2VDD - VREF) 
0.5 LSBNiyp 

5/15 k.!l ntinIk!l max 10k{} typical. Resistance measured between' 
V",( + )A, Voo + )BorVoo - )A; VI,.( -)B 

10 MODlin AD7579/AD7580 connected as in Figure 12 

+2.5 V :!:5% 
1.5 mAmax 

0.8 V max 
2.4 V min 

:!:I IlAmax V1N=OorVDD 
:!:IO IlAmax VIN=OorVDD 
10 pFmax 

0.4 V max IslNK=l.6mA 
4.0 V min ISOURce = 4OO1lA 
:!:IO IlAmax VoUT=OtOVDD 
10 pFmax 

0.4 V max ISlNK =1.6mA 

+5 V :!: 5% for Specified Performance 
10 mAmax Typically 5mA with V DD = + 5V 
50 mWmax 
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AD7579/AD7580 

TIMING SPECIFICATIONS1 (Yoo = + 5V ± 5%, VREF = + 2.5V, AGND = DGND = OV) 

Limitat Limit at Limit at 
25°C Tn,;,,,T,,,,,,, T min, Tmax 

Parameterz·3•4 (All Grades) (j,K,A,BGrades) (SGrade) Units Test Conditions/Comments 

tl 0 0 0 nsmin CS to WR Setup Time 
tz 40 SO SO nsmin WR Pulse Width 
t3 0 0 0 nsmin CS to WR Hold Time 
4 100 100 120 nsmax WR to INT Propagation Delay 
t5 0 0 0 nsmin CS to RD Setup Time 
t,; tlZ tlZ tlZ nsmin RD Pulse Width 
t7 0 0 0 nsmin CS to RD Hold Time 
t8 20 20 30 nsmin HBEN to RD Setup Time 
t9 10 10 10 nsmin HBEN to RD Hold Time 
tlO 110 135 150 nsmin RDY Access Time 
til 100 100 120 nsmax RD to INT Propagation Delay 
tlZ 110 135 150 nsmax Data Access Time After RD 
t13 10 10 10 nsmin Data Hold Time, RDY Hold Time 

65 80 90 nsmax 

NOTES 
1. Timing specifications are sample tested at + 2S"C to ensure compliance. All input control signals are specified with 

tR ~ tF ~ 20ns (10% to 90'% of + SV) and timed from a voltage level of + 1.6V. 
2. 4, tlO' til and t12 are measured with the load circuits of Figures 3 and 5 and defmed as the time required for an output 

to cross O.SV or 2.4V. 
3. tn is defined as the time required for the data lines to change O.5V when loaded with the circuits of Figure 4. 
4. INT and RDY are open-drain outputs and need 3kfl external pull-up resistors for operation. 

Specifications subject to change without notice. 

I-.., t, 
cs~ ! 

-oj t'I-,.--__ 
I I 

ViR 

iNT-

I. t, 
-----I.I~--____ --..JI It.~ 

I 
*iNT HAS A 3kJl EXTERNAL PULL-UP RESISTOR 

Figure 1. AD75791AD7580 Start Cycle Timing 

~t5~ ~ t7 ~ 

~~'---+:-----------------------+:---'~ ! I . 
iID ______ --.:~·------t.-------....... : ,--___ _ 

I ~~-----------{( 
r-t~ to--tg-----l 

HBEN~ ! ~ 
I I 
~tl*l I 

! 1 1 
iNT" --------+; ---1- i I 

....... t'o....j j4-tu--.-I 

RDY* --------+i ---,~,f--------R-DY-V-A-Ll-O------;": ----)-1.----
:"'t12..l : : 

DATA ..!:!I~ ~~e.A.!'!c.! - - j,\.------~..;..;.-=------l_;, __ ...... ~~~~P~~ANCE , DATA VALID i ! 
*iNf AND ROY HAVE 3kU EXTERNAL PULL-UP RESISTORS 

Figure 2. AD75791AD7580 Read Cycle Timing 
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OBN~---1~--~----O 

a. High-Z to VOH 

+~V3kn 
DBN~ 

100pF 

~OGND 
b. High-Z to VOL 

Figure 3. Load Circuits for Access Time Tests (t,2) 

DBN~---'--~'----o 

3kn 

+JV
3kll 

DBNcr-f-o 

~10PF 

DGND 

a. VOH to High-Z b. VOL to High-Z 

Figure 4. Load Circuits for Output Float Delay (t ,3) 

+~V3kll 
DBN~ 

T 100pF 

\l DGND 

a. High-Z to VOL 

+JV
3kll 

DBNcr-f-o 

~10PF 

DGND 

b. VOL to High-Z 

Figure 5. Load Circuit for INT Propagation Delays 
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AD7579/AD7580 
ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND . 
Vooto DGND ........ . 
AGND to DGND . . . . . . . . 
Digital Input Voltage to DGND 
Digital Output Voltage to DGND 
CLK Input Voltage to DGND 
VREF to AGND ...... . 
VINe + )A, VIN( + )BtoAGND 

(Figure 12) . . . . . . . . 
VINe - )A, V,NC - )Bto AGND 

(Figure 12) . . . . . . . . 
VINe +)A to AGND (Figure 14) . 
V'N( .. )A to AGND (Figure 14) . 
VIN( +)A toAGND 

~0.3V to +7V 
+0.3V to +7V 

-0.3V, Voo 
-0.3V, Voo +O.3V 
-0.3V, Voo +0.3V 
-0.3V, Voo +O.3V 

-O.3V,Voo 

-0.3V, Voo +O.3V 

-O.3V, Voo +0.3V 
-0.6V,2Voo +0.6V 
-0.6V,2Voo +0.6V 

(Figure 15) ..... -VREF -0.6V, 2Voo -VREF +0.6V 

CAUTION 

VIN( -)A toAGND 
(Figure 15) . . . - VREF -0.6V, 2Voo - VREF +0.6V 

Operating Temperature Range 
Commercial (J, K Versions) 
Industrial (A, B Versions) 
Extended (S Version) .... 

Storage Temperature Range .. 
Lead Temperature (soldering, lOsec) 
Power Dissipation (Any Package) to + 75°C 
Derates Above + 75°C by . . . . . . . . . . 

... 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 

+ 300°C 
450mW 

6mW/oC 

*Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect .. 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are remov~. 

WARNING! ~ 

~~::: 
TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 
An ADC with lO .. bit resolution can resolve one part in 210 

(111024 of full scale). For the AD7579/AD7580 operating in the 
unipolar range with 2.5V span, one LSB is 2.44mV. 

ZERO CODE ERROR 
This is a measure of the difference between the ideal (0.5LSB) 
and the actual differential analog input level required to produce 
the first positive LSB code transition (00 ... 00 to 00 ... 01). 

FULL .. SCALE ERROR 
The ideal difference between the first transition voltage and last 
transition voltage for an ADC is (F.S. -2LSB). AD7579/AD7580 
Full .. Scale Error is defmed as the deviation between this ideal 
difference and the measured difference. 

COMMON .. MODE RANGE 
The voltage at both inputs to the AD75791 AD7580 can be raised 
above or lowered below analog ground potential, providing 
V,NC +) is equal to or more positive than V,NC -). Figures 12, 
14, and 15 show circnits for various Analog Input Ranges. The 
Common .. Mode Range represents the voltage extremes which 
can be applied to the circuits of Figure 12, 14 or 15. For example, 
when the AD7579iAD7580 is connected as in Figure 15, the 
Common .. Mode Range is -2.5V to +7.5V. 

SLEW RATE 
Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. The 
Slew Rate performance of AD7579/AD7580 allows sampling of 
an input full .. scale (2.5V pk .. pk) sine wave up to 20kHz. 
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SIGNAL-TO-NOISE RATIO 
Signal .. to .. Noise Ratio (SNR) is measured signal to noise at the 
output of the ADC. The signal is the rms magnitude of the 
fundamental. Noise is the rms sum of all nonfundamental signals 
up to half the sampling frequency. SNR is dependent on the 
number of quantization levels used in the digitization process; 
the more levels, the smaller the quantization noise. The theoretical 
SNR for a sine~wave input is given by: 

SNR = (6.02N + 1.76) dB, 

where N is the number of bits in the ADC. Thus for an ideal 
10 .. bit ADC, SNR=62dB. 

INTERMODULATION DISTORTION 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 
mfa±nfb, where m,n = 0,1,2,3, ......... Intermodulation terms are 
those for which m or n is not equal to zero. 

HARMONIC DISTORTION 
Harmonic distortion is the ratio of the square root of the sum .. of .. 
the .. squares of the rms values of the harmonics to the rms value 
of the fundamental. For the AD7579/AD7580, Harmonic Dis .. 
tortion is: 

20 log V(Vl + vl + vi + VS2 +vl) dB, 
VI 

where V I is the rms amplitude of the fundamental and V 2, V 3, 

V 4, V 5, V 6 are the rms amplitudes of the individual harmonics. 
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AD7579/AD7580 

ORDERING GUIDE 

Temperature Pac:kqe 
MocIe11• 2 Range INL Option3 

Temperature Pac:kqe 
ModeI1,2 Raqe INL Option3 

AD7S79]N O"Cto + 7O"C ±lLSB N-24 AD7S80]N O"C to + 7O"C ±lLSB N-24 
AD7S79KN O"Cto +7O"C ±1/2LSB N-24 AD7S80KN O"Cto +70"C ±1/2LSB N-24 
AD7S79]P O·C to + 7O"C ±lLSB P-28A AD7S80JP O"Cto +70"C ±lLSB P-28A 
AD7S79KP O"Cto +.7O"C ± 1/2LSB P-28A AD7S80KP O"Cto + 7O"C ±1/2LSB P-28A 
AD7S79AQ - 2S·C to + 8S·C ±lLSB 0.24 AD7S80AQ - 2S"C to + 8S"C ±lLSB Q-24 
AD7S79BQ - 2S"C to + 8S·C ±1I2LSB Q-24 AD7S80BQ - 2S"C to + 8S"C ±1I2LSB Q-24 
AD7S79SQ - SS"C to + 12S"C ±lLSB Q-24 AD7S80SQ - SS"C to + 12S"C ±lLSB Q-24 
AD7S79SE - SS·C to + 12S"C ±lLSB E-28A AD7S80SE - SS"C to + 12S·C ±lLSB E-28A 

NOTES 
I Analog Devices reserves the right to ship ceramic: (D-24A) in lieu of cenlip 
(Q-24) hermetic packages. 

NOTES 
I Anslog Devices reserves the right to ship ceramic: (D-24A) in lieu of cenlip 
(Q-24) hermetic packages. 

'To order MIL-STD-883. Class B processed parts, add 1883B to pan 
number. Contact your Io<:al sales oftic:e for military data sheet. 

'To order MIL-STD-883, Class B processed parts, add 1883B to pan 
number. Contact your locsl sales ofi-.ce for military data sheet. 

3D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Packqe Ioformation section. 

3D = Ceramic DIP; E = Lcadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Packaae Information section. 

DIP 
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AD7579/AD7580 
PIN FUNCTION DESCRIPTION (DIP PACKAGE) 

Mnemonic: Pia Number Description 
AD7S79 AD7S80 

VI~+)A I I Analog ~put Pin. 
VI~+)B 2 2 Analog Input Pin. 
VI~-)A 3 3 Analog ~put Pin. 
VI~-)B 4 4 Analog Input Pin. The four 

analog input pins connect to 
the on-chip input attenuator 
(see Figure 6) and may be, 
configured as in Table I for 
various input ranges. 

VREF 5 5 VREF Input. This is nominally 
+2.SV. 

AGND 6 6 Analog Ground 
CS 7 7 Chip Select ~put. 
WR 8 8 Write Input. Used with CS to 

start conversion. See Tables 
II, III. 

RD 9 9 Read ~put. Used with CS to 
read data. See Tables II, III. 

INT 10 10 Open Drain Output. High 
impedance during conversion. 
Goes low when conversion is 
complete. 

CLK 11 11 Clock Input. 

Ana10g Input Connections Ana10g Input 
Range V,..{+)A V"'{+)B V,..{-)A V"'{-)B Span 

Figure 12 VIl,(+) V,..{+) V,..{-) Vu,{-) 2.SV 
Figure 14 V,,.(+) AGND Vu,{-) AGND SV 
Figure IS V,,.(+) VREF Vu,{-) VREF SV 

Table I. Analog Input Ranges 

~ WI[ 1m Function 

1 X X Not Selected 
0 I I Se1ected, WAITfor~,RD 
0 U 1 Start Conversion on ofWR 
0 I 0 Enable ADC data (10 Bits) 

Table III. AD7580 Truth Table 

CIRCUIT INFORMATION 

ANALOG INPUT CIRCUITRY 
The AD7579 is a IO-bit ADC with an (8 + 2) output bus structure 
designed for 8-bit microprocessor systems. The AD7580 is a 10-
bit ADC with a 10-bit parallel output bus structure. The ADC 
circuitry is identical in both parts. Block diagrams are shown on 
the first page of this data sheet. ' 

Figure 6 shows the input circuitry to the ADC comparator. 
This comparator has differential inputs which are accessed through 
the attenuator networks made up of resistors R. The attenuators 
can be used to seale and offset analog input voltages, and this is 
done in Figures 14and IS to alter the basic ADC input range. 
The analog inputs to the comparator are differential with the 
provisos that V + is always greater than or equal to V -, V - is 
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' Mnemonic: Pia Number Description 
AD7S79 AD7S80 

DGND 12 12 Digital Ground. 
HBEN 13 High Byte Enable Input. Used 

in AD7579 for 2 Byte Reading. 
See Tables II, IV. Either the 
High Byte or the Low Byte 
may be read first. 

RDY 14 13 Open Drain Output. This is 
accessed during Read Cycle. 
When accessed, it is low during 
conversion and high impedance 
when conversion is complete. 

DBO-DB7 15-22 Three-State Data Outputs on 
AD7579. The data format is 
right justified. 

DBO-DB9 14-23 Three-State Data Outputs on 
AD7580. 

I.C. 23 Internal connection. This pin 
is connected internally on the 
AD7579. It should be left 
open and not used as a feed-
through pin in double-sided 
printed circuit boards. 

Voo 24 24 Positive Power Supply. This is 
+ 5V nominal. 

Common-Mode t:5 WI[ 1m HBEN Function. 
Range I X X X Not Selected 
OVto +SV 

OVto +!OV 

-2.SVto +7.sV 

0 I I X Selected, WAIT for WR, RD 
0 U I X StartConversionon 1. ofWR 
0 I 0 0 EnableADC Data (8 LSB.)" 
0 I 0 1 Enable ADC Data (2 MSB.)" 

'Dala is RiP' JUItified. 

Table II. AD7579 Truth Table 

DBO 
DBO 
DB8 

*SOC is an internal End of Convenioa fIq. 

Table ,V. AD7579 Output Data Format 

greater than or equal to AGND and that V + is less than or 
equal to Voo. These conditions must be satisfied when using 
the ADC in any of the voltage ranges. 

v.Nf+)A ...... ...,.",...., 

VIN( +)B ' ..... """,..-1-'-'--1 
V~(-IA ..... ~..-,..:----t 

V"(-IB 

Figure 6. AD75791AD7580 Input Circuit 
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Figure 7 shows an ac equivalent input circuit for the AD75791 
AD7580 when used in the 2.5V Unipolar Mode of Figure 12. 
The ADC comparator is a sampled data comparator and the 
input circuitry for this is represented by SA, Req and CA. Req is 
a combination of the switch-on resistance and the input impedance 
of the comparator. When conversion starts, VIN( +) is sampled 
for at least (2tcLK + tWR + 200ns) before the comparator goes 
into the hold mode. This means that the analog input has a 
minimum of I.I",s (feLK = 2.5MHz, tWR = lOOns) to settle 
before the comparator makes a decision. By using the typical 
values in Figure 7 for R, Req and CA, the input time constant is 
SOns. Settling to ± 1/4LSB in a 10-bit system takes 8.3 time 
constants or 415ns in this case. This means that Vn,( +) has 
plenty of time to settle before the ADC comparison cycle begins. 
It is important to remember that any source resistance or source 
capacitance appearing at the input will also increase the settling 
time and this should be kept to a minimum in all cases. 

R 
SkU 

VIN! + lA, O-_..----"Yv-...., SAMPLING SWITCH, 
VIN! +)8 Cs CLOSED REO I O.5pF SA 2.5kH 

"\lAGND 
R 

SkU 
VIN! - lA, O-_..--_'VIIV---' 
VINf-IB C, T O.5pF 

'\7AGND 

CA I'OpF 
\7AGND 

Figure 7. AD75791AD7580 Equivalent Input Circuit During 
Sampling 

With a 2.5MHz clock, the AD7579/AD7580 has a maximum 
conversion time of 18.5",s. If l",s is allowed for reading the data 
outputs, the maximum sampling rate for the device is 50kHz. 
This means that the maximum analog input frequency is 25kHz 
according to the Nyquist theory. The ADC input impedance in 
the Unipolar Configuration of Figure 12 is IOMn. A medium 
bandwidth op amp will drive this at 25kHz. When the input 
attenuators are used for signal conditioning, the input impedance 
is IOkn. The drive requirements on the amplifier will now be 
greater but any errors resulting will be gain errors only. Suitable 
op amps for driving the AD7579/AD7580 in any of the input 
configurations are the AD711, AD OP-27, ADS44. These will 
deliver specified device performance over the input bandwidth. 

REFERENCE INPUT 
The AD7579/AD7580 VREF input is connected to the on-chip 
DAC. The input impedance of this is code dependent and the 
greatest variation occurs when the DAC resistors are at their 
lower limit. In this case, the impedance changes from 1. 75kn to 
5.25kf1 as the DAC is switched. To ensure that the error during 
conversion is less than 1I2LSB, the Reference output impedance 
should be less than In. References which satisfy this are the 
AD580 (shown in Figure 8) and the ADI403 from Analog Devices. 
If a trimmable reference such as the AD584 is used, it is possible 
to trim out the ADC full-scale error by adjusting the reference 
output. 
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AD7579/AD7580 
INTERNAL SAMPLE-AND-HOLD 
When an ADC without sample-and-hold is used to digitize ac 
signals, the analog input must not change by more than 1I2LSB 
during the conversion. This puts severe limitations on the allowable 
input signal bandwidth to such devices. A sample-and-hold 
amplifier must be used in front of the ADC if increased bandwidth 
is required. The charge balanced comparator used in the AD75791 
AD7580 for the AID conversion provides the user with an inherent 
sample-and-hold function. The ADC is specified to work with 
sampling rates up to 50kHz. This rate allows time to do a conversion • 
and read the result into memory. Since at least two samples are 
needed to define an input sine wave according to the Nyquist 
theory, the analog input signal bandwidth for the AD75791 AD7580 
is 25kHz. Figures 20, 21 and 22 show the performance of the 
ADC when digitizing ac signals. 

Voo= +5V 

Figure 8. Using the AD580 as the Reference for the 
AD75791AD7580 

While the AD7579/AD7580 is converting, V + (see Figure 6) is 
held and V - is being tracked. This limits the rate of change, 
dV/dt, on VIm -). For example, if the Common-Mode frequency 
is 60Hz, then the allowable amplitude of this to introduce no 
more than 1I2LSB linearity error is 160m V pk-pk. As the Common
Mode frequency increases, this allowable amplitude decreases. 
Figure 9 shows how a l00mV pk-pk Common-Mode signal 
affects linearity error as its frequency is increased up to 1kHz. 

INTEGRAL 
LINEARITY 

ERROR 
(LSBs) 

COMMON·MODE AMPLITUDE == loamV pk-pk 

250 500 750 

COMMON-MODE 
FREQUENCY (Hz) 

,k 

Figure 9. AD75791AD7580 Error vs. Common-Mode 
Frequency 
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AD7579/AD7580 
CLOCK INPUT 
The AD7579/AD7580 is specified to operate with a 2.SMHz 
clock on the CLK input pin. This pin may be driven directly 
by CMOS or TTL buffeu. The mark/space ratio on the clock 
can vary from 40/60 to 60/40. As the clock frequency is slowed 
down, it can result in slightly degraded accuracy performance. 
This is due to leakage effects on the hold capacitor in the internal 
sample-and-hold. Figure lOis a typical plot of accuracy versus 
clock frequency for the ADC. 

'" I 
i"-. 

......... / 
20k SDk 100k 1M 2M 2.5M 'eLl( (Hz) 

Figure 10. Normalized Linearity Error vs. Clock Frequency 

FUNCTIONAL DESCRIPTION 
Figure 11 shows the events sequence when the AD7579/AD7580 
is converting. The device is selected when CS goes low and the 
first phase of conversion begins when WR goes low. This is an 
initializaton phase and causes the internal DAC to be set to full 
scale, comparators set to auto-zero and V + (see Figure 6) to be 
sampled. The second phase begins some time after WR goes 
back high. This time can vary between 0 and 4 clock periods 
and depends on the state of an on-chip divide-by-4 counter 
which is used for internal synchronization. This is the start of 
the successive approximation procedure. V + is held after 2-112 
clock periods have elapsed. V - is sampled and the DAC output 
is switched into the comparator. There is (1-112 x tcL0 left for 
comparison and then the MSB result is latched. The MSB test 
takes 4 clock cycles as do each of the succeedins bit tests. Thus, 
the successive approximation always takes 40 clock cycles. 

When all the bits have been tested, the SAR holds a lO-bit 
word representing the input signal. After a further 2 clock cycles 
this is transferred to a three state output latch, and three internal 

STARTSUCCESSNE LSBDECISION 
OT04 APPROXIMATION LATCHED 

__ 
ta.K MSBDECISION END OF 

LATCHED CONVERSION 

elK i 
i 1[', Wi! 

START CONVERSION 

WT~~I ------~I------~~ 

Figure ". AD75791AD7580 Conversion Sequence 

2-354 ANALOG-TO-DIGITAL CONVERTERS 

flag bits (RDY, INT, EOC) are set. The user can access the 
data outputs by bringing RD and CS low. RDY and INT are 
both open drain outputs with RDY accessed by RD and INT 
being permanently available. When INT is loaded with the 
circuit of Figure 5(a), it typically takes 60ns to reach VOL' EOC 
is only available on the AD7579 (see Table V). It appears on 
DB7, when reading the high Byte. 

When the ADC is finished the conversion, the conditions of 
V +, V - and the comparators are maintained and the ADC is 
now ready to start a new conversion. If WR and CLK are asyn
chronous, the total time from start to end of conversion is variable. 
Minimum conversion time is (tWR +42 tCLK), and maximum 
conversion time is (tWR + 46 tCLK)' . 

APPLYING THE AD7579/AD7580 
The AD75791 AD7580 has a flexible input stage consisting of 
two input attenuators. It is possible to realize various analog 
input ranges by reconfiguring these attenuators. The follow
ing diagrams show the ADC connected in the most popular 
configurations. 

DIFFERENTIAL APPLICATIONS 
Figure 12 shows the AD75791 AD7580 connected in the standard 
unipolar mode. Figure 13 and Table V show the ideal input/output 

+5V 

+2.5V o-~--r----., 

Voo 

RDV } CONTROL 
iNi OUTPUTS 

VIN(+I V+ CLK fcuc=2.5MHz 

cs 
Rii IcoNmoL 

V1NI-) V-
INPUTS 

HBEN· 

DBO- DBSIDB7, 
DATA OUT 

*AD75790NLV 

Figure 12. Unipolar 2.5V Operational Diagram 

OUTPUT 
CODE 

:::::::: lRAN.~ I FUll-SCALE 

11, .. 101 ,F 
I , 
I , 
I , 
I , 

I ,," 
I ; 

! ",,;;; 
FS=2.SV 

1LSB = '::4 
I , 

::'.:::: t rI/ 
....... '~ 
00...... , 2 3 ------------'" ... ;-....... -tt-F:':~ .. • 

LSB LSBs LSBs FS-1LSB 

Figure 13. Ideal Input/Output Transfer Characteristic 
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Differential Analog Digital Output 
Input, Volts DB9 DBO 

+0.000 00 0000 0000 
+0.00244 00 0000 0001 

+ 1.24756 01 III I llll 
+ 1.25 10 0000 0000 
+ 1.25244 10 0000 0001 

+ 2.49512 II llll IllO 
+2.49756 II llll llll 

Table V. Input/Output Code Table for Figure 12 

transfer ch~r~cteristic and the input/output code table respectively. 
~ode transItIOns occur between successive integer LSB values 
(I.e., 1I2LSB, 3/2LSBs, etc.). The output code is straight binary 
with ILSB = FS/I024 = 2.S/I024V = 2.4mV. The input 
voltage span is 2.5V and the common-mode range is OV to 
+ ~V, when V DD = SV. This means that the lowest voltage 
whIch can be tolerated at any of the analog inputs is OV and 
the highest voltage which can be tolerated is + SV. ' 

Figures 14 and IS show the input attenuators on the AD75791 
AD7580 configured to change the basic range of the device. A 
SV range can be configured by grounding one end of each at
tenuator and applying the differential input to the other ends. 
This is shown in Figure 14. The span is 5V and the common-mode 
range is 0 to + 10V. In Figure IS, one end of each attenuator is 
tied to VREF. (2.5V), an~ this allows each of the other legs to go 
to - 2.5V WIthout causmg the comparator input to go negative. 
Assuming VREF is 2.5V, the span of this circuit is SV and the 
common-mode range is -2.SV to +7.5V. Note that reducing 
VDD below 5 volts causes a corresponding reduction in CMR. 
See Specifications page for full details. 

VDO = +5V 

VINI+)-Vlllli-I 
ov 
O.OO48BV 
2.S00V 
4.99S12V 

OUTPUT CODE 
00 0000 0000 
00 0000 0001 
10 0000 0000 
" 11111111 

*DECOUPLING CIRCUITRY AND CONTROL CIRCUITRY 
AS IN FIGURE 12 

Figure 14. 5V Span with 0 to 10V CMR 

Voo= +5V 

VREF _ •• r=-
12.SVI 

V'Nt +, -VIN! -) OUTPUT COOE 
OV 00 0000 0000 
O.00488V 00 0000 0001 
2.S00V 10 0000 DODO 
4.99512V 11 11" 1111 

*DECOUPLING CIRCUITRY AND CONTROLCIRCUrTRV 
AS IN FIGURE 12 

Figure 15. 5V Span with -2.5V to + 7.5V CMR 
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AD7579/AD7580 

VINI + I OUTPUT CODE 
-2.500V 00 0000 0000 
-2.49512V 00 0000 0001 
a.GOv 10 0000 0000 

+2.49S12V 11 "" 1111 

·DECOUPLING CIRCUITRY AND CONTROL CIRCUITRY 
AS IN FIGURE 12 

Figure 16. Single-Ended Bipolar Operation, -2.5V 
to +2.5V 

SINGLE-ENDED APPLICATIONS 
In many cases, users of the AD7S79/AD7S80 will want to measure 
single-ended input voltages (Le., ground referred signals). The 
circuits of Figures 12, 14 and IS can be easily adapted to accept 
such signals. If VIN( - ) in Figure 12 is tied to AGND, then the 
analog input range is OV to + 2.SV. By connecting VIN( -) of 
Figure 14 to AGND, the analog input range becomes OV to 
+ SV. Figure IS can be modified as in Figure 16 to accept input 
voltages in the range - 2.SV to + 2.SV. Each of these circuits 
are special cases of the Differential Input circuits and are achieved 
by making the negative input to the internal comparator equal 
to AGND. 

OFFSET AND FULL-SCALE ADJUSTMENT 
Figure 17 shows the AD7S79/AD7S80 connected in the single
ended Unipolar 2.5V range with offset and full-scale calibration 
circuitry. The zero error of the ADC is the deviation of the 
actual LSB transition from the ideal LSB transition. In many 
cases, the zero of the ADC will not need adjustment. When it 
does, RI in Figure 17 provides 2SmV of adjustment which is 
sufficient to null out both the op amp and ADC offset error. 
Resistors R3 and R4 bias VIN( -) to approximately 8mV and 
ensure that the offset error is never positive. This allows the 
error to be nulled in the single supply system of Figure 17. 
Apply +O.SLSB to VIN and adjust RI until the ADC output 
code flickers between 00 ..... 000 and 00 ..... 00 I. 

For full-scale calibration, apply a voltage of (2.5V - I.SLSB) to 
VIN• Then adjust R2 until the output code flickers between II 
..... 110 and 11 ..... 111. When the full-scale calibration is 
complete, return to the offset adjustment procedure and check 
that further adjustment is not necessary. 

10kH 

1.SkU 

Figure 17. Offset and Full-Scale Calibration for Single
Ended Circuit 
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AD7579/AD7580 

NOTES 

~: ~E 19D:~'D'l'A 1S~:~~ FOR RECOMMENDED INPUT 
PROTECllON CIRCUITRY. 

3. POWER SUPPLY AND REFERENCE DECOUPUNG 
OMITTED FOR CLARITY. 

VIlEF=2.5V 

Figure 18a. AD75791AD7580 and AD625 in a Data 
Acquisition System 

AD7579/AD75SO IN DATA ACQUISITION SYSTEMS 

v+ 

v-

The AD7579/AD7580 is suitable for many data acquisition 
circuits. Figure 18a shows one such circuit in which a load cell 
is used to produce a signal in response to an applied force. 
Typically these transducers produce 30m V fuJI scale per volt of 
excitation. Since the excitation in this case is 2.5V, the output 
from the load cell is ±75mV when the maximum specified force 
is applied. The AD625 Instrumentation Amplifier is set for a 
gain of 33.33 which means that the input signal to the ADC is 
±2.5V. Thus, the AD7579/AD7S80 is conflgUl"ed in the single
ended, ±2.SV range of Figure 16. When no force is applied to 
the load cell, the ADC output will sit at mid-scale. With maximum 
negative force applied the ADC output will be all zeros; whereas, 
with maximum positive force the output will be all Is. Offset 
and gain calibration of this system can be accomplished by 
trimming the offsets and gain of the instrumentation amplifier. 

Figure 18b shows a differential transducer unbalanced by "'100 
supplying a 0 to 20m V maximum signal. The resistors are chosen 
for a gain of 125, and the ADC.is configured to accept 0 to 
2.5V differential signal. This is a lower-cost alternative to using 
an instrumentation amplifier. 

Note that in the circuits of Figure 18, VREF for the ADC and 
the excitation voltage for the load cell are both +2.5V. If the 
same reference drives both.these points, then the ADC operation 
is ratiometric which eliminates system errors due to reference 
drift. The main reason why the same reference would not be 
used to drive both load cell and ADC is physical location. When 
the load cell is remote from the ADC circuitry, it might not be 
practical to have the same drive for both circuits. 
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v+ 

v-

Figure 18b. AD75791AD7580 and AD648 in a Data 
Acquisition System 

APPLICATIONS HINTS 
Layout: To obtain the best performance from the AD7579/AD7580, 
lay it out on a printed circuit board. Digital and analog lines on 
the board should be separated as much as possible. In particular, 
take care not to run any digital track adjacent to an analog 
signal track or underneath the AD7579/AD7580. The analog 
inputs should be screened by AGND. 

Grounding: Establish a single-point analog ground (STAR ground) 
at Pin 6 (AGND) or as close as possible to the AD7579/AD7580. 
This is shown in Figure 19. Pin 12 (AD7579/AD7580 DGND) 
and all other analog grounds should be connected to this single 
analog ground point. However, do not connect any other digital 
grounds to this analog ground point. Low impedance analog 
and digital power supply returns are essential to low noise operation 
of the ADC and these tracks should be kept as wide as possible. 

Noise: Input signal leads to Vni + )A, Vni + )B, Vn~( - )A, 
VIN<: -)B and signal return leads from AGND (Pin 6) should be 
kept as short as possible to minimize input noise coupling. In 
applications where this is not possible a .shielded cable between 
source and ADC is recommended. 

ANALOG 
SUPPLY 

+15V GND -15V 

ANALOG 
CIRCUITRY 

DIGITAL 
SUPPLY 

+5V 

DIGITAL 
CIRCUITRY 

Figure 19. Power Supply Grounding Practice 
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DIGITAL SIGNAL PROCESSING APPLICATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (SNR, Harmonic Distortion, Intermodulation 
Distortion) of ADCs are critical. For this reason, the AD75791 
AD7580 is specified dynamically as well as with standard D.C. 
specifications (linearity error, offset error, etc.). 

Figure 20 shows a 2048 point FFT plot of an AD7579/AD7580 
with an input signal of 3.58kHz. The SNR is 6O.1dBs. The 
largest harmonic appears at 2fo (7.16kHz) and is 70dB down 
from the fundamental. Harmonics above 3fo are in the noise 
floor. Note that when SNR is calculated, it includes harmonics. 

~ 

DdB r--_,--------------, 

-adBr---4--------------~ 
INPUT FREQUENCY; 3.58kHz 
SAMPLING RATE: 51.2kHz 
SNR:60.11dB 

-4~B~-~--------------~ 

~-~dBr---4-------------~ 

I 
-BOdBr-;--4~--t~r_~---.__,--~ 

DH, 25.5kHz 
FREQUENCY 

Figure 20. AD75791AD75BO Spectral Response 

If these were excluded the SNR fJgUre would be closer to the 
ideal of 62dB for a lO-bit ADC. The relationship between Signal
to-Noise Ratio (SNR) and ADC resolution is expressed in the 
following equation: 

SNR = (6.02N + I.76)dB 

This is for an ideal ADC with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards in the above equation it is possible to get a measure 
of ADC performance expressed in effective number of bits. This 
is shown over frequency in Figure 21 for the AD7579/AD7580. 
The effective number of bits typically falls between 9.7 and 9.8 
corresponding to SNRs of 60.0 and 6O.6dBs. 

10 - -... -~ 
~ •. 5 

SAMPLING RATE: 51,2kHz 

~ 
~ 9 
Z 

~ 
~ 8.5 

ill 

10 1. •• 
INPUT fREQUENCY - kHz 

Figure 21. AD75791AD7580 Effective Number of Bits 
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AD7579/AD7580 
When a sine wave of specified frequency is applied to the AD75791 
AD7580 and several thousand samples are taken, it is possible 
to plot a histogram showing the frequency of occurrence of each 
of 1024 ADC codes. A perfect ADC would produce a cusp 
probability density function described by the equation 

p(Y) = (A2 - y2)"2 

A is the peak amplitude of the sine wave and p(Y) the probability 
of occurrence at the voltage Y. If a particular step is wider than 2 
the ideal width, then the code associated with that step will 
accumulate more counts than the code for an ideal step. Likewise, 
a step narrower than ideal width will have fewer counts. Missing 
codes are easily seen because a missing code means zero counts 
for a particular code. The absence of large spikes in the histogram 
indicates small differential nonlinearity. The actual histogram 
obtained is shown in Figure 22 and corresponds very well with 
the ideal cusp shape. It shows that the AD7579/AD7580 has 
very small differential nonlinearity and no missing codes with an 
input frequency of 25kHz. 

,.00 
INPUT FREQUENCY: 25kHz 
SAMPLE FREQUENCY: 51.2kHz 
NUMBER OF SAMPLES: 200,000 

\. 
~ 
-.". 1owIo ......... , 

.. 6 .,, 
CODE 

j , 
700 1023 

Figure 22. Histogram Plot for AD75791AD7580 

Whenever the AD7579/AD7580 is used to sample ac signals, it 
is essential that the signal sampling occurs at exactly equal intervals. 
This minimizes errors due to sampling uncertainty or jitter. The 
WR command for the AD7579/AD7580 needs to be synchronized 
with the CLK input to ensure equal interval sampling. 

Two conditions must be satisfied to ensure proper synchronization: 
1) The time interval between successive WR signals needs to be 
long enough to allow a conversion to finish and the data to be 
read into memory. 2) Because of the internal operation of the 
ADC, the number of clock pulses between successive write 
signals must be a multiple of four. 

The conversion time for the AD7579/AD7580 has a maximum 
value of (tWR + 46 !eLK). If 4 !eLK is allowed for reading the 
data outputs into a buffer then the interval between successive 
WR signals must be at least 50 !eLK. The easiest way to satisfy 
both this requirement and number 2 above is to divide £eLK by 
64 to produce the WR signal. Alternatively, if a programmable 
timer/counter on a processor board is available, then it will be 
possible to easily divide fCLK by 52. 
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A07579/A07580 
MICROPROCESSOR INTERFACING 

Reading Data 
Conversion is started in the AD7579/AD7580 by bringing WR 
low. It is recommended that the user wait until conversion is 
complete before reading data. This can be achieved in any of 
the following ways: 

I. Insen a software delay greater than the ADC conversion time 
between the conversion stan instruction and the data read 
instructions. 

2. Use the externally available INT signal to interrupt the 
microprocessor. This is an open drain output which goes low 
at the end of conversion. 

3. On the AD7579, it is possible to interrogate the EOC status 
flag (See Table IV) to detennine when conversion is complete. 
Reading may then proceed. 

MC68000 Interface 
Figure 23 shows an interface diagram for the AD7580 and the 
MC68000. The address decoding means that the AD7580 is a 
memory mapped device. For example, if the AD7580 is memory 
mapped as address COOOH, then a write instruction to this 
address will stan a conversion, i.e., 

MOVE.W DO COOO 

stans a conversion. When the conversion is complete, the MC68000 
acquires the result by reading from COOOH, i.e., 

MOVE.W COOO, DO. 

Al-A23 
1---.... 

H---elcs 

Wii 

Me68000 

D'i'ACK I------...J AD7580* 

DO-D15 I-___ DA_TA B ... U_S __ ---.tA DBO-DB9 

*L1NEAR CIRCUITRY OMITTED FOR CLARITY. 

Figure 23. MC68000 to AD7580 Interface 
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8088 Interface 
The AD7579, with its (8 + 2) data fonnat, is ideal for use with 
the 8088 microprocessor. Figure 24 is the interface diagram. 
Again, a write instruction is required to stan a conversion and a 
read at the end of conversion reads data into the processor. For 
the 8088 the appropriate instructions are: 

MOV COOO, AX Stan a conversion 
MOV AX,COOI Read2MSBsofdata 
MOV AX, COOO Read 8 LSBs of data 

MN/MX 

A8-AI5 

8088 

101M 

Vee 

I-------.-tiii) 
1-------.-tWii 

ALE AD757S* 

ADO-AD7 DATA BUS DBO-DB7 1-----.... ...---~ 
"LINEAR CIRCUITRY OMITTED FOR CLARITY. 

Figure 24. 8088 to AD7579 Interface 

TMS32020 Interface 
Figure 25 shows the AD7580 to TMS32020 interface. OUTA,PA 
stans a conversion and INA,PA reads data from the ADC when 
conversion is complete. PA is the Pon Address. 

AO-A15 
~-...., 

RIW I---<p------I--J 
TMS32020 iii) 

AD7580' 

OO-D15 I-____ DA..,TA B,..U_S __ -.A DBO-DB9 

"LINEAR CIRCUITRY oMmED FOR CLARITY. 

Figure 25. TMS32020 to AD7580 Interface 
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PRINTED CIRCUIT BOARD LAYOUT 
Figure 26 is a circuit diagram showing the AD7579 or AD7580 
being used to digitize an analog signal. The circuit board contains 
the ADC, reference, and a grid where the user can add additional 
circuitry. If the AD7580 is used, then links L6 and L8 should 
be inserted; and if AD7579 is used, L7 should be inserted with 
L6 and L8 omitted. Note that Pins 13 to 23 are not labelled. 
Depending on which ADC is used the function of these pins 
changes. See the Pin Function Description section for full 
details. 

Links Ll to L5 at the analog input allow the user to choose 
various analog input ranges. With Ll, L2 and L3 in place and 
the others omitted, the input range is OV to +2.5V. Omitting 
L3 allows the user to measure input voltages which have a common
mode signal. The OV to + 5V range is achieved by inserting L2, 
L3 and L4 and omitting Ll and L5. With L2, L3 and L5 in 
place and Ll, L4 omitted, the Analog input range is -2.5V to 
+2.5V. 

V,N(+IO---------.. -{ 

V,Ne -I o----+----..,.,...... .. -{ 

AD7579/AD7580 
IC2 (AD580) provides the +2.5V reference for the ADC. All 
the input and output control signals enter and leave the board 
through JI, which can be a Eurocard connector or a standard 
edge connector. Resistors RI and R2 are the pull-ups required 
for the RDY and INT open-drain outputs. Note that the complete 
circuit operates from a + 5V power supply. 

The printed circuit board layout is shown in Figures 27 and 28. 
Figure 27 is the component side layout and Figure 28 is the 
solder side layout. The component overlay is shown in Figure 29. 

In the layout, the AD580 is kept as close to the AD7579/AD7580 
as possible. The STAR ground point is located at Pin 6 (AGND) 
of the ADC. Pin 12 (DGND), reference ground and the analog 
ground plane are connected to this point. 

To ensure optimum performance, the AD7579/AD7580 power 
supply is decoupled with CI and C2. The VREF input to the 
ADC is decoupled with C3 and C4. Note how all the decoupling 
capacitors are placed as close as possible to the ADC. 

J1 
AGND 

C1/A1 

C2IA2 

R2 
3k 

C17/A17 

C19/A19 

C7/A7 

C81A8 

C91A9 

C10/A10 

C111A11 

C121A12 

C13/A13 

C141A14 

C15/A15 

C16/A16 

C18/A18 

C20/A20 

C211A21 

C221A22 
DGND 

C321A32 

Figure 26. Schematic for AD75791AD7580 Board 

REV. A ANALOG-TO-DIGITAL CONVERTERS 2-359 



AD7579/AD7580 
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Figure 27. PCB Component Side Layout for Figure 26 
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Figure 28. PCB Solder Side Layout for Figure 26 
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AD7519jAD1580 BOARD 

VIN(+)A 

VIN(+)B 

VIN(-lA 

VIN(-)8 

L1 

L41 L21 • L' 
IL3 

IC2 
I I 

C3 C4 

AD7579/AD7580 

R1 l6 

.2 I IL7 

La 

IC1 

:.r 
Figure 29. Component Overlay for Circuit of Figure 26 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
8-Bit Resolution 
On-Chip 8 X 8 Dual-Port Memory 
No Mined Cod. Over Full Temperature Range 
Interfacel Directly to ZSO/8085/8800 
CMOS, TTL Compatible Digital Inputl 
Three-State Data Drivers 
Ratiometric Capability 
Intarlaaved DMA Operation 
Fait Conversion 
AID Procesl Totally Trenlparent to pP 
Low Colt 

GENERAL DESCRIPTION 
The AD7S81 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monolithic 
CMOS chip. It consists of an 8 bit successive approximation 
AID converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter
faces directly to 8080, 8085, Z80, 6800 and other micro
processor systems. 

The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8 X 8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interleaved DMA. The facility to 
latch the address inpu ts (Ao - Az) with ALE enables the 
AD7S81 to interface with p.P systems which feature either 
shared or separate address and data buses. 

REV. A 

CMOS fl.P-Compatible 
8-Bit, 8-Channel DAS 

AD7581 I 
FUNCTIONAL BLOCK DIAGRAM 

YD_ v.,,, -
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AD7581-SPECIFICATIONS 
DC SPECIFICATIONS (VDD = +5Y,YREF = -lOY, Unipolar Operation, unless otherwise stated.) 

Typical at Limit Over 
Parameter Version' +25"<: Temperature 

ACCURACY 
Resolution All 8 8 
Relative Accuracy ]N,AQ ±17/8 ±17/8max 

KN,BQ ±3/4 ±3/4max 
LN,CQ ±112 ±112 max 

Differential Nonlinearity IN,AQ ±17/8 ±1 7/8 max 
KN,BQ ±7/8 ±7/8 max 
LN,CQ ±3/4 ±3/4 max 

Offset Error' ]N,AQ 200 200 max 
KN,BQ 80 80 max 
LN,CQ SO So max 

Gain Error 
Worst Channel IN,AQ ±3 ±6max 

KN,BQ ±2 ±4max 
LN,CQ ±I ±2max 

Gain Match Between Channels IN,AQ 2 3 max 
KN,BQ 1 1/2 2 max 
LN,CQ I I max 

BOFS Gain Error All -2112 -
ANALOG INPUTS 

Input Resistance 
At VREF (Pin 10) All 10120/30 10120/30 
At BOFS (Pin I)' All 10120/30 10/20/30 
At Any Analog Input (Pius 2-9) All 10120/30 10120/30 

VREF (For Specified Performance) All -10 -10 
VREF Range' All -S to -IS -S to -IS 
Nominal Analog Input Range 

Unipolar Mode All o to +VREF o to +VREF 
o to -VREF o to -VREF 

Bipolar Mode All -VBoFS:sVAINSIVREFI-VBoFS 

DIGITAL INPUTS 
CS (Pin 13), ALE (Pin 16) Ao - A, 

(Pin 17-19), CLK (Pin IS) 
V,NH Logic HIGH Input Voltage All +2.2 +2.4 min 
VINL Logic LOW Input Voltage All +1.2 +0.8 max 
lIN Input Current All 0.01 1 max 
ern Input Capacitance' All 4 Smax 

DIGITAL OUTPUTS 
STAT (Pin 12), DB7 to DBo (pins 20-27) 
VOH Output HIGH Voltage All +4.8 +4.S min 
VOL Output LOW Voltage All +0.4 +0.6 max 
ILKG DB7 to DBo Floating State 

Leakage All 0.3 lOmax 
Floating State Output Capacitance 

(DBrDB.J All S lOmax 
Output Code All Unipolar Binary Figure 7 

Complementary Binary Figure 8 
Offset Binary Figure 9 

POWER REQUIREMENTS 

Voo All +S +S 
100 - Static All 3typ S max 
100 - Dynamic All 3typ 8 max 

NOTES 
'Temperature range as follows: IN, KN, LN (0 to + 7O"C); AQ, BQ, CQ (-25"C to + 85"C). 
'Typical of'f!et temperature coefficient is :t150,,"Vrc. 

Units 

Bits 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
mV 
mV 
mV 

LSB 
LSB 
LSB 

LSB 
LSB 
LSB 
LSB 

kO min/typlmax 
kO min/typlmax 
kO minltyplmax 
V 
V 

V 
V 

V 
V 
.,A 
pF 

V 
V 

.,A 

pF 

V 
mA 
mA 

Conditions/Comments 

Adjustable to zero, See Figure 7a. 

Adjustable to zero, See Figure 7a. 
Gain Error Is Measured Mter Offset 
Calibration. Max Full Scale Change 
for Any Channel from + 2SOC to 
T ... or Tmax Is ±2LSB. 
Adjustable to zero, See Figure 7a. 

±S% 

See Figure 7 and 8. 

See Figure 9 

VIN =OV, Voo 

IsoURCB = 40.,.A 
ISINK = 1.6mA 

VOUT = OV to Voo 

fcLK=IMHz 

'RBOFsiRAIN (0-7) mismatch causes trsnsfer function rotation about positive full scale. The effect is an offset and a gain term when usins the circuits 
of Figure 8a and Figure 90. 

4'fypica1 value, not guaranteed or subject to test. 
sGuaranteed but not tested. 
'Typical chanse in BoFS gain from +25"C to Tmin to T_ is :t2LSBs. 
Specifications subject to change without notice. 
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AD7581 

AC SPECIFICATIONS (Yoo = +5Y, YREF = -lOY, Unipolar Operation, unless otherwise stated.) 

TypicaIat Limit Over. 
Symbol Specification +25°C Temperature Units Conditions 

tH ALE pulse width 50 80 min ns See "Switching Terminology" 
tALS Address valid to latch set-up time 45 70 min ns 
tALH Address valid to latch hold time 10 20 min ns 
tLCS Address latch to CS set-up time 10 20 min ns 
tACC CS to output propagation delay 200 250 max ns CL = 100pF 
tcw CS pulse width 250 280 min ns 
tcF CS to output float propagation delay 50 80 max ns 
tcLZ CS to low impedance bus 100 ISO max ns 
fCLK Clock frequency for stated accuracy 1600 1200 maxi kHz 

1 Guaranteed conversion time of 66.61's/channel with 1200kHz clock. 

ABSOLUTE MAXIMUM RATINGS 

VDDtoAGND . 

PIN CONFIGURATION 

VDDtoDGND ....... . 
AGND to DGND ...... . 
Digital Input Voltage to DGND 

(Pins 13, 16-19) ..... . 
Digital Output Voltage to DGND 

(Pins 12, 20-27) ...... . 
CLK (Pin IS) Input Voltage to DGND 
VREF (Pin 10) to AGND 
Vsops (Pin I) to AGND 
AIN (0-7)(Pin 9-2) ... 
Operating Temperature Range 

Commercial (J, K, L Versions) 
Industrial (A, B, C Versions) . 

Storage Temperature ..... . 
Lead Temperature (Soldering, IOsecs) 
Power Dissipation (Any Package) 

to +75°C ....... . 
Derate above + 75°C by 

. .... +7V 

. .... +7V 
-0.3V, VDD 

-O.3V, VDD +O.3V 

-0.3V, VDD +O.3V 
-O.3V, VDD +O.3V 

±25V 
±17V 
±17V 

o to +70°C 
- 25°C to + 85°C 

-65"C to + 150°C 
. +300"C 

I,OOOmW 
IOmwrc 

CAUTION ----------------------------------------------------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect-
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro
tective foam should be discharged to the destination socket before devices are removed. 

ORDERING GUIDE 

Temperature Differential 
Model Range Nonlinearity (LSB) 

AD758lJN o to +70°C ±I 7/8 max 
AD7581KN o to +70°C ±7/8 max 
AD7581LN o to +70°C ±3/4 max 
AD758IAQ -25°C to +85°C ±I 7/8 max 
AD7581BQ -25°C to +85°C ±7/8 max 
AD758ICQ -25°C to +85°C ±3/4 max 

NOTE 
*N = Plastic DIP; Q = Cerdip. For outline information see Package 

Information section. 

Package 
Option* 

N-28 
N-28 
N-28 
Q-28 
Q-28 
Q-28 

WARNING! ~ 

~~EDEVICE 
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AD7581 
GENERAL CIRCUIT INFORMATION 

BASIC CIRCUIT DESCRIPTION 
The AD7S81 accepts eight analog inputs and seq:uentially con
verts each input into an eight-bit binary word using the succes
sive approximation technique. The conversion results are 
stored in an 8 X 8 bit dual-port RAM. The device runs either 
directly from the microprocessor clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 808S type systems). 
Most applications require only a -10V reference and a +5V 
supply. Start-up logic i~ included on the device to establish 
the correct sequences on power-up: A maximum of 800 clock 
pulses are required for this period. Figure 1 shows the AD7S81 
functional diagram. 

AIN7G2r-'_~; 

AIN6(s: ...... """'~; 

OONO ClK ALE AU A1 

Figure 1. AD7581 Functional Diagram 

Conversion of a single channel requires 80 input clock periods 
and a complete scan through all channels requires 640 input. 
clock periods. When a channel conversion is complete, the suc
cessive approximation register contents are loaded into the 
proper channel location of the 8 X 8 RAM. At this time a 
status signal output; STAT (pili 12), gives a short negative 
going pulse (8 clock periods). This negative going STAT pulse 
is eXtended ,to 72 clock periods when channel 1 conversion is 
complete. An external pul~-width detector connected to the 
status pin can be used to derive conversion-related tilning sig
nals for microprocessor interrupts (see Channendentification 
opposite page). Silnultaneous with STAT going low, the MUX 
address is decremented. Eight clock periods later the next con
version is started. 
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Automatic interleaved DMA is provided by on-chip logi<;.to 
ensure that memory updates take place at instants when the 
microprocessor is not addressing inemory. Memory locations 
are addressed by Ao, Al and AZ' This address may be latched 
by ALE for systems which feature a multiplexed address/data 
bus or alternatively, for systems which have separate address 
and data buses, the address latches can be made transparent by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed data on the DBo,- DB.7 data out-
put pins. ' 

AID CIRCUIT DETAILS 
In the successive approxilnation technique, successive bits, 
starting with the most significant bit (DB7), are applied to the 
input of the D/A converter. The DAC output is then compared 
to the unknown analog input voltage, AJN (n), using a com
parator. If the DAC output is greater than AtN(n), the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output is less than AJN(n), the trial 
data bit stays in the "1" state, and the next smaller data bit is 
tried. Each successive bit is tried, compared to AJN(n), and set 
or reset in this manner until the least significant bit (DBa) 
decision is made. The successive approxilnation register now 
contains a valid digital representation of AJN(n). AJN(n) is 
assumed to be stable during conversion. 

The current weighting D/A converter is a precision multiplying 
DAC. Figure 2 shows the functional diagram of the DAC as 
used in the AD7S81. It consists of a precision Silicon Chromi
um thin film R/2R ladder network and 8 N-channel MOSFET 
switches operated in single-poie-double-throw. 

The currents in each 2R shunt arm are binarily weighted i.e., 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
D/A logic input (AID output) from the successive approxima
tion register, the current in the individual shunt arms is steered 
either to ~ND or to the comparator summing point. 

SUCCESSIVE 
APPROXIMATION REGISTER 

AGND 

AIN 101 AIN (7)' Bops 

COMPARATOR 

Figure 2. D/A Converter as Used in AD7581 
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TIMING AND CONTROL OF THE AD7S81 
CHANNEL SELECTION 
Table I shows the truth table for the address inputs. The input 
address is latched when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 

Channel Data 
A2 Al AO ALE To Be Read 

0 0 0 1 Channel 0 
0 0 1 1 Channell 
0 1 0 1 Channel 2 
0 1 1 1 Channel 3 
1 0 0 1 Channel 4 

0 1 1 Channel S 
1 0 1 Channel 6 
I I I Channel' 

Table I. Channel Selection Truth Table 

TIMING AND CONTROL 
A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low
impedance state (i.e., low impedance to DGND or to VDD)' 
Output data is valid after time tACC' 

Figure 3. Timing Diagram for the AD7581 

SWITCHING TERMINOLOGY 
tH: ALE pulse width requirement. 
tALH:Address Valid to latch hold time. 
tALS:Address Valid to latch set-up time. 
tLCS: Address latch to Chip Select set-up time. 
tcw: Chip Select pulse width requirement. 
tACC : Chip Select to valid data propagation delay. 
tcF: Chip Select to output data float propagation delay. 
tcLZ: Chip Select to low impedance data bus. 

CHANNEL IDENTIFICATION 
In some real-time applications, it may be necessary to provide 
an interrupt signal when a particular channel receives updated 
data. To achieve this, it is necessary to identify which channel 
is currendy under conversion. The STAT output provides an 
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AD7581 
identifying signal by staying low for an additional 64 clock 
periods over normal (8 clock periods) when channel 0 is active. 
This is illustrated in Figure 4. Memory update takes place on a 
rising edge of a clock pulse and is completed in 200ns. This 
occurs 6 clock periods before STAT goes low. 

~ BOClOCK PERIODs-t 

FOR CHANNELS ~ Sr, I i r S 
STAT U U 

F ~=~il'lf~ ~ r-=~i,CZ::~ 
PREVIOUS CHANNEL STARl NEXT CURRENT 
~~;L':r~~TE CONVERSION g~~:NEL 
MUX ADDRESS WITH MBB UPDATE 
DECREMENTED TRIAL COMPLETE 

FOR CHANNEL 0 STAT I~-;-________ ru~ 

~ ~ 
64 CLOCK PERIODS I I I 8 CLOCK 

~ t-'f PERIOOS 

CHANNEL' 
=~i,~~ =~ir~~ ~I--

START CHANNEL 0 
UPDATE TRIAL CHANNEL 0 UPDATE 

COMPLETE, MUX 
ADDRESS RESET TO 
CHANNEL 7 

Figure 4. SfA'f Output for Channel Identification 

One simple circuit using the STAT output is shown in Figure 
S. The time constant RC is chosen such that Xz ignores the 
normal STAT low pulse width (8 clock periods wide) but 
respond to the much wider STAT low pulse width (72 clock 
periods wide) occurring during channel 0 conversion. Typically 
for a IllS clock period C = O.022IlF, R = 1.8kn. 

1/6 CD4IlO9A ,/6CD4009A 1/6CD4009A 

Figure 5. Hardware Channel Identification 

Another possibility is to use the microprocessor to interrogate 
the STAT output and hence determine channel identity. A 
simple routine is shown in Figure 6. 

Figure 6. Software Channel Identification 
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AD7581 
OPERATING THE AD7S81 

UNIPOLAR BINARY OPERATION 
Figures 7a and 7b show the analog circuit connections and 
typical transfer characteristic for unipolar operation (OV to 
+10V). An ADS84 is used for the -lOY reference. ,calibration 
is as follows (device clocked i.e., continuous conversions); 
OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
Bops. RlO, R1l and Rl2 comprise a simple voltage tap 
buffered by A1 and feeding into Bops. 

1. Since comparator offset will be the same- regardless of 
which channel is active, take Ao, A1 andA2 LOW and 
and exercise ALE to latch the address. 

2. With AIN 0 = 19.5mV (1f2LSB) adjust Rll, i.e., the offset 
voltage on Bops, until DB7 -DB1 are LOW and DBo (LSB) 
flickers. 

Rl0'21kW •• vo-cc:...;."""'-., 

-lOVt!EF o-""",!, __ "",_ 

NOTES: 

R13 ..,. 

'Al. fl10, fll' AND R12CAN SEOMITTED IF OFFSET TRIM 
IS NOT REQUIRED AND IJof' CAN BE TIED TO AGND. 

IR1_RBAND R9CAN BE OMITTED IF GAIN TRIM IS 
NOT REQUIRED. 

osv 

Figure la. ADl581 Unipolar (OVto +10V) Operation (Output 
Code is Straight Binary) 

GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom
mended. Offset adjustment must be performed before gain 
adjustment. 
1. Apply +9.94lV (FS - 312LSB) to all input channels 

AIN (0-7). 
2. Select required channel n via Ao, A1, A2 and latch the 

Address using ALE. 
3. Adjust trimmer RN of selected chaQnel until DB7 - DB1 

are HIGH and the LSB (DBo) flickers. 
4. Select next channel requiring gain trim and repeat steps 

2 and 3. 
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OUTPUT FULL SCALE 
TRANSITION 

111111~Oi£ 
11111110 

",,1101 .)-
I ' , 

, , , , 

OOOOOO"{L 
00000010 

00000001 

00000000 _ _ _ _ _ _ I • 

o OAOO.80 1.20 9.92 ,.,0.00 
INPUT VOLTAGE, VOLTS IREFERRED TO ANALOG GROUNDI 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -1OV REFERENCE 1S1ItI39.1mV. 

Figure lb. Transfer Characteristic for Unipolar Circuit of 
Figure la 

UNIPOLAR (COMPLEMENTARY BINARY) OPERATION 
Figures 8a: and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar (complementary 
binary) operation. 
Calibration is as follows (continuous conversions); 

OFFSET: 
Comparator offset is trimmed out via the bipolar offset pin 
BOFS. RlO, Rll and Rl2 comprise a simple voltage tap buf
fered by Al and feeding into BOFS' 

1. Since comparator offset will be the same regardless of 
which channel is active, take Ao, A1 and A2 LOW and 
exercise ALE to latch the address. 

2. With AIN 0 = -9.98V (-FS + 1I2LSB) adjust Rll, i.e., the 
offset voltage on -BOFS, until DB7 - DB1 are LOW and the 
LSB (DBo) fli"kers. 

R101 

2"'5% 
'5VO-~_--, 

R161OkO.1% 

., 
·tOY O--R ... ,'Y.2' .... ~_"_'!~=,....+R-I14+II .. r:::: C>I-::~: ... :".:;-{!] 

56k Ii'JI. 0.1% I 
R181 I 

Uk Ar:D~ I 
-lOVTOOV I 

-16Y 

R13 
1.21< 

-,av 
l :M''' AINO~~~""'-''-' 

VREF '-------=...::."'S.uil 

NOTES: . 
t AtO, Att AND A12 CAN BE OMITTED IF OFFSET TRIM IS NOT AEQUIAED. 
iR1_ AI'AND R9CAN BE OMlnED IF GAIN TRIM IS NOT REOUIAED. 
IR1I/AtO/A12,,6Ir:,o.IF AtO, Atl AND A12AAENOT USED,MAKERtS .. IiId1. 

Figure Sa. ADl581 (OV to -10V) Operation (Output Code 
is Complementary Binary)-

•• v 
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GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim. the following procedure is recom· 
mended. Offset adjustment must be performed before gain 
adjustment. 

1) Apply -SS.6mV (3/2LSB) to all input channels AIN (0-7). 
2) Select required channel n via Ao. Ai> A2 and exercise ALE 

to latch the address. 
3) Adjust trimmer RN of selected channel until D B7 - DB 1 are 

HIGH and the LSB (DBo) flickers. 
4) Select next channel requiring gain trim and repeat step 2 

and 3. 

OUTPUT 
CODE 

11.1111'i 
' 11111 10 

11111101 r 
I 

I " 

00000010 

00000001 

, , 

, , , , 

00000011ie( 

00000000 _____ I I I I 
-10 -9.6 -9.2 -0.160 -0.08 0 

-0.120 -0.040 

• 
INPUT VOL lAGE, VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN fOR ILLUSTRATION. 
BIT WEIGHT FOR A -lOV REFERENCE IS""39.1mV. 

Figure ab. Transfer Characteristic for Unipolar Circuit of 
Figure Sa 

BIPOLAR (OFFSET BINARY) OPERATION 
Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for ±SV bipolar operation. Output coding is off
set binary. Comparator offset correction is again applied to the 
BOPS pin. 

Calibration is as follows (continuous conversions); 

OFFSET: 
1. Apply -4.9S0V (-FS/2 + 1I2LSB) to all input channels 

AIN (0-7). 
2. Trim Rll of the comparator offset circuit until DB7-DBl 

are LOW and the LSB (DBo) flickers. 

GAIN (FULL SCALE) 
1. Apply +4.941V (+FS/2 -3/2LSB) to all input channels. 

AJN (0-7). 

2. Select required channel n via Ao. Al. A2. and latch the 
address using ALE. 

3. Adjust trimmer RN'of selected channel until DB7 - DBl 
are HIGH and the LSB (DBo) flickers. 

REV. A 

AD7581 
4. Select next channel requiring gain trim and repeat steps 

2 and 3. 
S. Apply -19.SmV to each gain-trimmed channel. If the ADC 

output code does not flicker between 01111111 and 
10000000 repeat the calibration procedure. 

A1D' 
m ... 

'5V 

-10V 
R12' ...... 

R1l' 
>Ok 

R1S1OkO"" 

DIGITAL 
SUPPLY RETURN 

NOTES: 
1 R1D, Atl AND R12CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIREO. 
IRt - A8 AND AD CAN BE OMITTED If GAIN TRIM IS NOT REQUIRED. 
3Al61Rl0/A12- 6.8kO.IF RfO, Rtt AND'R12 ARE NOT USED, MAKE R18~ 1.8kf.!. 

Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 

10000100 

10000011 

10000010 

10000001 

'0000000i--1--~-+--+-r+-L+--+--+--+--; 

01111111 

01111110 

01111101 

01111100 

01111011 L..l+--I-+~f-+~--+-+--+....! 
-200 -180 -120 -80 -40 0 +40 +80 +120 +160 +200 

INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND) 

NOTE: 
APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR lOY FULL SCALE IS = 39.1mV. 

Figure 9b. Transfer Characteristic Around Major Carry for 
Bipolar Circuit of Figure 9a 
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AD7581 
INTERFACING THE AD7S81 

AO-A16 

VMAI-_--o'" 

6800 

00-07 

Figure 10. AD7581/6800 Interface 

NOTES: 
1. ANALOG AND DIGITAL GROUND 

It is recommended that A(;ND and DGND be connected 
locally to prevent the possibility of injecting noise into the 
AD7S81. In systems where the A(;ND - DGND intertie is 
not local, connect back-to-back diodes (lN914 or equiv
alent) between the AD7S81 AGND and DGND pins. 
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AB-A15 

iiDl----ci 
AD7581 

B085A 
ALE 1--------'---' 

MULTIPLEXED 
ADO - A07 ADORESS/..1ATA BUS 181 

Figure 11. AD758118085 Interface 

2. LOGIC DEGLITCHING IN pI> APPLICATIONS 
Unspecified states on the address bus (due to different rise 
and fall times on the address bus) can cause glitches at the 
AD7S81 CS terminal. These glitches can cause unwanted 
reads. The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), RD (808S) or VMA 
(6800). 
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FEATURES 
12-Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to +5V with Positive 

Reference of + 5V 
Conversion Time of 1oo.,.s per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error :t1LSB max 
Autozero Cycle for Low Offset Voltage 
Monolithic Construction 

GENERAL DESCRIPTION 
The AD7582 is a medium speed, 4-channel 12-bit CMOS AID 
converter which uses the successive approximation technique to 
provide a conversion time of 100,..s per channel. An auto-zero 
cycle occurs at the start of each conversion resulting in very low 
system offset voltages, typically less than 100,.. V. The device is 
designed for easy microprocessor interface using standard control 
signals; CS (decoded device address), RD (READ) and WR 
(WRITE). The 4-channel input multiplexer is controlled via 
address inputs AO and AI. 

Conversion results are available in two bytes, 8LSB's and 4MSB's, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter's status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5V. The four analog inputs are all high 
impedance inputs with tight channel-to-channel matching
typically O.ILSBs. 

REV. A 

CMOS 12-Bit 
Successive Approximation ADC 

AD7582 I 

FUNCTIONAL BLOCK DIAGRAM 

VDD Vss Vee 

iiD cs Wii BYSL DGND 

PRODUCT HIGHLIGHTS 

DATA 
OUT 

I. The AD7582 is a complete 4 channel 12-bit AID converter in 
either a 28-pin DIP or 28-terminal surface mount package 
requiring only a few passive components and a voltage 
reference. 

2. Autozero cycle realizes very low offset voltages, rypically 
100,..V. 

3. The four channel input multiplexer (user addressable) features 
high input impedance and excellent channel-to-channel 
matching. 

4. Standard microprocessor control signals to allow easy inter
facing to most popular 8- and 16-bit microprocessors. 
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AD7582 SPECIFIC.'IIONS (VDD = .~15~, Vee = +5V, Vss = -5V, VR~F = +5.0V feU( = 140kHz external, 
- K all specifications TMIN to TMAl( unless otherwise noted) 

Parameter KVersion' 

ACCURACY 
Riosolution ' 12 
Total Unadjusted Error' ±I 
Differential Nonli!Iearity ±I 
FuUSc&leError (Gam Error) ± 114 

OffSet Error ±1I4 

Channel to Channel MislDatch ± 114 

ANALOG INPUTS 
Analog Input Range Oto +S 
CAIN, On Channel Input Capacitance B 
lAIN, Input Leakage Current 

+2S'C 10 
TmiD 10 Tmax 100 

REFERENCE INPUT 
VRBF (For Specified Performance) +S 
VRBFRange +4to +6 
V RBF Input Reference Current 1.0 

POWER SUPPLY RE]ECflON 
VooOnly ± liB 

VssOnly ±IIB 

LOGIC INPUTS 
RD(Pin 18),CS(Pin 19), WR (Pin 20) 
BYSL (PinU), AO (Pin 24), Al (Pin2S) 

V,L Input Low Voltage +O.B 
VmInputHigh Voltage +2.4 
lIN Input Current 

+25'C ±I 
T..,., to T ..... +10 

CIN Input Capacitance' 10 
CLK (Pin 23) 

V,L, Input Low Voltage +O.B 
V IH, Input High Voltsge +3.0 
I,L, Input Low Current ±10 
1m, Input High Curient +I.S 

LOGIC OUTPUTS 
DBO-DB7(Pins 10-17),BUSY(Pin22)4 

VOL, Output LowVoilage +0.4 
VOH,OutputHighVoltage +4.0 

Floating Slate Leakage Current 
(Pins 10-17) ±I 

Floating Slate Output Capacitance IS 

CONVERSION TIME' 
With External Clock 100 
With Internal Cloclc,T A = + 25°<; 100/150 

POWER REQUIREMENTS· 
Voo +15 
Vss -5 
Vee +5 
100 7.5 
Iss 7.5 
lee 100 

1.0 
Power Dissipation 7S 

NOTES 
ITemperature Range as follows: K Version; 0 to + 700c 

B Version; - 2S"C to + 8S"C 
T Venion; - SS'C to +I2S'C 

'Includes Full Scale Error, Off&et Error and Relative Accuracy. 
3Sample tested to ensure compliance. 
'ISINK for BUSY (pin 22) is 1.0 milliamp. 
SConversion Time includes autozero cycle time. 

BVeniOD' TVenioo' 

12. 12 
±I ±I 
±I ±I 
± 114 ± 114 

±1I4 ±1/4 

±1I4 ± 114 

Oto +S Oto +S 
B B 

10 10 
100 100 

+S +S 
+4to +6 +4to +6 
1.0 1.0 

± liB ± liB 

±J/B ±IIB 

+O.B +O.B 
+2.4 +2.4 

±I ±I 
+10 +10 
10 10 

+O.B +O.B 
+3.0 +3.0 
±10 ±10 
+1.5 + 1.5 

+0.4 +0.4 
+4.0 +4.0 

±I ±I 
IS IS 

100 100 
100/150 100/150 

+15 +15 
-5 -5 
+5 +5 
7.5 7.5 
7.5 7.5 
100 100 
1.0 1.0 
75 75 

'Powersupplycurrent is measured when AD7S82 isinactivei .•. , WR = RD = CS = BUSY = Losic HIGH. 
Spec;:if1cations subjectto change without notice. 
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Unils CondltioasiCommenis 

Bits 
LSBmax All channels, AINO-AIN3 
LSBmax No missing codes guaranteed 
LSBmax All channels, AINO-AIN3 

Full Scale TC is typically Sppmrc 
LSBmax All channels, AINO-AIN3 

Offset EnorTC is typically SppmJ"C 
LSBmax 

V VRBF=+S.OV 
pFtyp 

AINO-AIN3;Oto +SV 
nAmax 
nAmax 

V ±S% 
V Degraded transfer accuracy 
mAmax VRBF = +S.OV 

LSBtyp Voo= + 14.2SVto + IS.7SV 
Vss= -SV 

LSBtyp Vss= -4.7SVto -S.2SV 
Voo= +ISV 

V max Vee= +5V±5% 
V min 

iJAm.,. VIN = Oto Vee 
iJAmax 
pFmax 

V max Vee= +5V±S% 
Vmin 
iJAmax 
mAmax 

V max Vee= +5V ±5%,IslNK =I.6mA4 
V min Vee = + 5V ± 5%, lSOIlRCE = 200iJA 

iJAm.,. VO\IT=OVtoVee 
pFmax 

... smin fCLK = 140kHz 

.... minlmax Using recommended clock components 
as shown in Figure 6. 

V NOM ± 5% for specified performance 
V NOM ± S% for specified performance 
VNOM ± 5% for specified performance 
mAmax Typically4mA with Voo= + ISV 
mAmax Typically 3mA with V ss = - 5V 
iJAtyp VIN=V,LorVm 
mAmax 
mWtyp WR=RD= CS= BUSY= LogicHIGH 
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AD7582 

TIMING SPECIFICATIONS1 tvDD = +15Y, Vee = +5Y, Vss= -5V, vREf = +5V) 

Limitat +lS"C Limit at T ...... T .... Limit at T ...... T .... 
Parameter (AU Grades) (K&BGrades) (TGrade) UDita Conditions/Commenta 

tl 0 0 0 as min CS to WR Setup Time 
t2(IN1j 200 240 280 as min WR Pulse Width (Intemal Clock Operation) 
t2(EXT)2 10 10 10 fJ.Smin WR Pulse Width (External Clock Operation) 
t3 0 0 0 as min CS to WR Hold Time 
4 130 160 200 astyp 

200 250 300 asDl8X WR to BUSY Propagation Delay 
ts 0 0 0 as min AO, Al Valid to WR Setup Time 
~ 20 20 20 as min AO,Al Valid to WR Hold Time 
t7 0 0 0 nsmin BUSY toCS Setup Time 
t8 0 0 0 nsmin CS to RD Setup Time 
19 200 240 280 as min RD Pulse Width 
tlO 0 0 0 as min CS to RD Hold Time 
til 50 50 50 nsmin BYSL to RD Setup Time 
tl2 0 0 0 nsmin BYSL to RD Hold Time 
t133 150 180 200 astyp 

200 240 280 asDl8X RD to Valid Data (Bus Access Time) 
tit 20 20 20 as min RD to Three State Output 

130 160 180 asDl8X (Bus Relinquish Time) 

NOTES 
'Timing Specific:atioDsare sample tested at + 2S'C to ensure compliance. All input control sigDaIs are 
specifJedwilh 1,= tr=2Ons(IO%to9O%of +SV)and tinted from a voltage level of + 1.6V. Dataistintedfrom 
VIH, V1L or VOH, VOL-

ZWben usiq an extcmalelock source the WR pulse width must be extended to provide the minimum 
auto-zeroc:ycle time of 10Ju. See "ExtemaI Clock Operation". 
't" is measuJ"ed with the load circuits ofFi8we 3 and defined as the time required for an oo!pUt to oross O.BV or 2.4V. 
4t'4 is defmedas the time required for the data lines to cbaDge O.SV when Joaded with the oircuits of Figure 4. 
Spec:iflClltiOll8 subiec:t tocbaDge withoot notite. 

CS(PlN 191 

t. t, 
t, 

WA (PIN 20) 

~ 
\ BUSV,PlNZZ, .e 

AO. At ------.!..~--::-~V1,H,m'?77777 
(PINS 24.251 ________ __=:~ 

Figure 1. Start Cycle Timing 

DBNr-r: 

3k.& _ _ ~ tOOpF 

DGND 

a. High-Z to VOH 

5V 

!3k DBNT 
~'O.PF 

DGND 

b. High-Z to VOL 

Figure 3. Load Circuits for Access Time Test ((,3) 
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C&IPW18) 

iUilPlNlIl 

BYTE SELECT 

(PIN 2') ---r-t-;-----+-:4----'i 

NOTES 
THE TWO·BYTE CONVERS!Q..N "UUl T CAN BE READ IN EmlER ORDER. fiGURE IS FOR LOW BYTE. HIGH BYTE ORDER. 
IF BYSL CHANGES WHLE CI. AD ARE LOW THE DArA Will CHANGE TO REFLECT THE IYSlINPUT. 

Figure 2. Read Cycle Timing 

DBNT.-r: 

~3: __ ~ ,0pF 

DGND 

a. VOH to High-Z 

5V 

!3k DBNt 
10pF 

JOGND 

b. VOL to High-Z 

Figure 4. Load Circuits for Output Float Delay Test ((,4) 
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AD7582 
ABSOLUTE MAXIMUM RATINGS· 
(T A ~ + 2S"C unless otherwise stated) 

VootoDGND . 
VSS to DGND .. 
AGND.to DGND 
Vee to DGND 
VREF to AGND . 
AIN (0-3) to AGND 

. ... -0.3V. + 17V 

. '" +0.3V;-7V 
':'0.3V, VREF +0.3V 
-0.3V, Voo +0.3V 
-0.3V, Vno +0.3V 
-0.3V, Voo +0.3V 

Operating Temperature Range 
Commercial (K Version) 
Industrial (8 Version) . 
Extended (T Version) .. 

Storage Temperature .•. 
Lead Temperature (Soldering, 10secs) 
Power Dissipation (any Package) 

to +75"C ....... . 
Derate above + 75·C by .. 

..• Oto +7O"C 
- 25·C to + 85"C 

.... 55·C to + 125·C 
-65"C to . + 1500C 

• +300·C 

I,OOOmW 
10mWI"C Digital Input Voltage to DGND 

(Pins 18-21, 23-25) .•... 
Digital Output Voltage to DGND 

(Pins 10·17, 22) ....... . 

-0.3V, Voo +0.3V 

-0.3V, Voo +0.3V 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the opecationaJ sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, pernlanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. . 

ORDERING GUIDE! 

Total 
Unadjusted 

Temperature Error Package 
Model2 Range TMJN-TMAX Option3 

AD7582KN O·Cto +70·C ±ILSB N-2i! 
AD7582BD - 25·C to + 85·C ±ILSB D-28 
AD7582TD - 55·C to + 125·C ±ILSB D-28 
AD7582KP O·Cto +70·C ±ILSB P-28A 

NOTES 
I Analog Devices reserves the right to ship either ceramic (D·28) or cerdip 
(Q.28) hermetic packages. 

'To order MIL·STD.883, Class B processed parts, add 1883B to part 
number. Contact your local sales offtce for military data sheet. 

3D ~ Ceramic DIP; N ~ Plastic DIP; P ~ Plastic Leaded Chip Carrier. 
Por oudine infortnation see Package Information section. 

PIN CONFIGURATIONS 
DIP 

Va 

NC 

A' 

AO 

CLK 

PLCC 

iiiiV 

BVaL 

AD7SB2 
TOP VIEW 

INot to Scale' 
WI! 

DB7 ill 

iii5 

ON DBO(WI 

De, 

Daa on 

NC = NO CONNECT 
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AD7582 
PIN FUNCTION DESCRIPTION 
PIN MNEMONIC DESCRIPTION 

2 

3 

4 

5 
6 

7 

8 

9 

10-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

REV. A 

CAZ 

AINO 

AINI 

AIN2 

AIN3 

"REF 
AGND 

DGND 

Vex. 

BYSL 

BUSY 

CLK 

AO 

Al 

N/C 

Vss 

Voo 

AutozeroCapacitor Input. Connect other side of capacitor to AGND. 

Analog Input, channel 0 

Analog Input, channell 

Analog Input, channel 2 

Analog Input, cbannel3 
Voltage reference input. TheAD7582 is specified with VREF= +5.0V. 

Analog Ground 

Digital Ground 

Logic Supply. For Vex. = + 5V digital inputs and outputs are TILcompatib1e. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 

DATABUSOUTPUT,CS&RD = LOW 

BYSL=HIGH BYSL=LOW 

Pin 10 BUSy l DB7 

Pinll LOW2 DB6 

Pin 12 LOW2 DB5 

Pin 13 LOW2 DB4 

Pin 14 DB 11 (MSB) DB3 

Pin 15 DBIO DB2 

Pin 16 DB9 DBI 

Pin 17 DB8 DBO(LSB) 

'BUSY (Pin 10) is a converrer status flag and is HIGH during a conversion. 
'Pins 11·13 outpUt a logic LOW when BYSLisHIGH. 
DBll-DBOare the l2·bitconversion results, DBII is the MSB. 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three
state drivers. 

CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion on a selected 
channel. When theAD7582 internal clock is used, the minimum WR pulse width is t2 (INT). When an externa1 
clock source is used, the minimum WR pulse width must be extended to include the autozero cycle time. 
For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on the output data 
bus during a data READ operation (CS & RD LOW). See description of pins 10-17. 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a logic HIGH. 

CLOCK Input for internallexternal clock operation. 

Internal: Connect Rcr.K and Ccu<I/Ccucz timing components. See Figure 6 and Figure 7. 
Extemal:Connectexternal74HCcompatibleclocksourceasshowninFigure8. 

Address InputAO. See pin 25 description. 

Address Input AI. Address inputs AO and Al select the input channel to be converted. Theaddress input 
latch is transparent when CS & WR are LOW. The address inputs are latched by WR returning HIGH. 

Al AO CHANNEL SELECTED 

0 0 AINO 
0 1 AINI 
1 0 AIN2 
1 I AIN3 
No connect pm. 

Negative supply, -5V. 

Positive supply, + 15V. 
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Operating Information 
OPERATIONAL DIAGRAM 
An operational diagram for the AD7582 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
CAZ and timing components RcLK, CeLKI & CeLiu for the 
internal clock oscillator. If the AD7582 is to be used with an 
external clock source, then only CAZ is required. Individnal pin 
functions are described in detail on the previous page. 

ANALOG INPUTS 
OTO +5V, 

REFERRED TO 
AGND 

50' +5.OV ~----'''' (3)-----.-"""'...-0 v" 

+5V 

Figure 5. AD7582 Operational Diagram 

INTERNAL CLOCK OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7582 operating waveforms are shown in 
Figure 7. 

Vee. +5V 

Figure 6. Circuitry Required for Internal Clock Operation 

R 
",Al~ 

-1- --r-------c='NPUTS 
LATCHED r--

~ ~ _______________ --JI 

[
MINIMUM 

eLK 

Vee c'~--I LEVElS DEFINED BY t INPUT SCHMITT TRIGGER 

Auro<OAOCYC" I! ! I I ! I I I ! I ! I~ 
DBn DB10 D88 OBI 017 OBI DBS DB4 003 DR 08' D80 
IMSBI ILSII 

DECISION POINTS 

"zllNT) IS THE II/IINUUM WRITE PULSE WIDTH WHEN UaNG 
INTERNAL CLOCK. sa; ~ SPECIFICATtONS. 

Figure 7. Operating Waveforms - Internal Clock 
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Between conversions (BUSY = HIGH) the AD7582 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 
new conversion, the input multiplexer is switched to the selected 
channel N, via address inputs AO, AI. The autozero capacitor 
CAZ now charges to AIN N-Vos where Vos is the input offset 
voltage of the autozero comparator. 

A minimum time of 10floS is required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto
matically provided by the AD7582. This is achieved by switching 
a constant current load across the clock capacitors, Ccr.Kl and 
CeLIU, causing the voltage at the CLK input pin to slowly 
decay from Vee. This occurs after WR returns HIGH; WR 
returning HIGH also latches the multiplexer address inputs AO, 
Al (see Figure 7). The Schmitt trigger circuit monitoring the 
voltage on the CLK input ends the autozero cycle when its 
LOW input trigger level is reached. At this point, the constant 
current load across the clock capacitors is removed allowing 
them to charge towards Vee via RcLK. When the voltage at the 
CLK input reaches the HIGH trigger level, the constant current 
load is replaced across CeLKI and CCLK2' The MSB decision is 
made when the LOW trigger level is reached. This cycle repeats 
itself 12 times to provide 12 clock pulses for the conversion 
cycle. The circuit arrangement of Figure 6 provides the relatively 
slow autozero cycle time at the beginning of a conversion while 
allowing the clock oscillator to speed up once the autozero cycle 
is complete. 

EXTERNAL CLOCK OPERATION 
For external clock operation RcLK, Ccr.Kl and CcLK2 are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The mark/space ratio of the external clock can vary 
from 40/60 to 60/40. The AD7582 WR pulse width must now 
be extended to provide the minimum autozero cycle time of 
10floS since this is no longer provided automatically by the AD7582. 
Referring to the operating waveforms of Figure 9, the minimum 
WR pulse width when using an external clock source is t2 (EXT). 
Multiplexer address inputs AO and AI, in addition to the CS 
input must now remain valid for the external WR pulse width. 
One approach to stretching the available floP signals is shown in 
the general 8-bit floP interface circuit of Figure 20. It is not 
necessary to synchronize the external clock source with the 
extended WR pulse width, the MSB decision being made on the 
second falling edge of the clock input after the WR input returns 
HIGH. 

Figure 8. External Clock Operation 
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"talEXTIIS THE MINIMUM MUTE PULSE WIDTH WHEN USING 
EXTERNAL CLOCK. HE TIMING SPECIFICATIONS. 

DECISION POINTS 

Figure 9. Operating Waveforms - External Clock 

READING DATA 
The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7S82 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 160bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byto-31east signiflC8Jlt 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7S82 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7S82 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

I. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 160bit right-justified word. 
The status bit can be shifted into a microprocessor's ac
cumulator-c:arry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 22) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction while conversion is in progress 
will restart the conversion. 
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AD7582 
COMPONENT SELECTION 
1. Autozero Capacitor, CAZ 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of CAZ to AGND 
(pin 7), the analog system ground. CAZ should be 2,200pF. 

2. Oock Oscillator Components, Ra.K, Cci.Kl and Ccuo 
Oock pulses are generated by the action oJf series connected 
capacitors, Ccucl and Ccuo charging through an external 
resistor Ra.K and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom
mended Ra.K and CcucllCcuo combination is shown in 
Figure 10. Due to process variations, the actual operating 
frequency for this Ra.K and Ccucl/Ccuo combination can 
vary from device to device by up to 20%. For this reason, 
AnaiogDevices recommends using an external clock in the 
following situations: 

a. Applications requiring a conversion time which is within 
20% of lOOj.LS, the mininIum conversion time for specifIed 
accuracy (a 140kHz clock frequency gives a lOOj.LS con
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature variatioos. 

It is possible to replace the fixed Rcuc resistor with a 
SOk potentiometer in series with a fixed 22kO resistor to 
allow individual adjustment of internal clock frequency in 
applications where lOOll-s conversion times are required. 
Reducing the value of Rcuc from S6k to 47k decreases 
the conversion time by typically ISjI.S. 

'60 

;, 150 
I 

r-~~;!:.~F 

! 140 

Ccua=560pF 

~ 130 

/ ::lui 120 

"0 
~ '00 

-55 -25 

~ 
.", 

./ " ./ ..... 

+26 +50 +75 +100 +125 

AMBIENT TEMPERATURE - "C 

Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 
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AD7582 
APPLYING THE AD7S82 
The high input impedance of the 8D8I.og channels, AINO-AIN3, 
allows simple 8D8I.og interfacing. Zero to + 5V signal sources 
can be connected directly to the 8D8I.og input channels without 
additional buffering for somceimpedances up to 5k(l (see Figure 
11). The input/output transfer cbaracteristic I\Ild transition points 
for this input signalrsnge are shown in Figure 12 I\Ild Table I 
respectively .. The designed transition points on the AD7582 
transfer cbaracteristic occm on integer multiples of lLSB: The 
output code is Natmal Binary with lLSB = (F.S.) (114096) = 
(5/4096)V = 1.22mV. 

-ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 0 SHOWN 

Figure 1,. Unipolar 0 to + 5V Operation 

,,···'1' 
11--110 

~ 11--101 / 

§ // 

00···«110 

00-·-G01 

FS=5V 
1LSB=FS/409& 

iO····01'lL: ./ 

00-·000 -----+0-'-----" 
OV , LSB ZlSS 3lSB FS-2LSB FS-1LSB 

ANALOG INPUT. ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 

Table I. Transition Points for Unipolar 0 to + 5VOperation 

Analog Input, Volts 

0.00122 
'- 0.00244 12.49878 

2.50000 
2.50122 T 4.99756 
4.99878 

Digital Output 

000 001 
,'- 000 010 

I 011 11l 
100 000 
100001 

I 11l 110 
11l 11l 

.-

I 
T 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7582 input pins. Figure 13 shows a divider 
network on channel 0 to allow an AIN 0 signal rsnge of 0 to 
+ 10V. The input resistors must be selected to match within 
0.01% and should be the same type and from the same man
ufacturer so that their temperatme coefficients match. Note that 
since the somce impedance bas not been included in the resistor 
divider ratio, it must now be as low as possible. For Figure 13 
with a somce impedance of 0.50 the maximum error across the 
network is approximately 0.5LSB. The LSB size is (F.S.X1l4096) 
= (lOl4096)V = 2.44mV. 
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-ADDITIONAL PINS OMmeo FOR CLARITY, 
ONLY CHANNEL 0 SHOWN 

Figure 13. Unipolar 0 to + 10V Operation 

Bipolar signal ranges of - SV to + SV are accommodated by 
referencing the resistor divider network to VRBP as shown in 
Figure 14 for channel O. With the resistor values shown, the 
signal somce must be capable of sinking O.SmA. The input/output 
transfer characteristic and transition points for this ± SV signal 
rsnge are shown in Figure 15 and Table II respectively. The 
output code is Offset Binary with an LSB size of (F.S.X1I4096) 
= (IO/4096)V = 2.44mV. 

With an 8D8I.og input (V s) of - 1.22m V, the input offset voltage 
of Al should be adjusted until the ADC output t1ickers between 
0111 1111 1111 and 1000 0000 0000. Alternatively the - II2LSB 
signal offset can be included in the signal conditioning elec
tronics. 

Figure 14. Bipolar -5V to +5V Operation 

"'-·-110 

::.::r"s 
100.-000 -z r---+++--~I--c::=-,"--; 

~-1LSB 
'"·111 : 

::··~:TIS',i l"_1OY , LSB '" FSl4098 

ODD ··000 

ov 
ANALOG INPUT, ANY CHANNEL 

Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 

Table II. Transition Points for Bipolar - 5Vto + 5V Operation 

AnalogIDput, Volts Digital Output 

-4.99878 000 001 
~ -4.99634 , 000 010 I. 

1-0.00122 I 100 000 I +0.00122 100001 

T +4.99389 I 1ll 110 T +4.99634 111 111 
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Applications 
Power Supply Dec:oupliug: All power supplies to the AD7582 
should be bypassed with either lO",F tantulum or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an O.OI",F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
theAD7582. 

Reference Circuit: Figure 16 shows how to conf1g1UC an 
AD584LH to produce a reference voltage of 5.OOV. R2 provides 
a typical adjustment range of ±75mV. The AD584LH will 
contribute less than lLSB of gain error over the commercial 
temperature range. 

+5.00V 

Figure 16. AD584LH as Reference Generator 

Transient currents flow at the V REF input during a conversion. 
To avoid dynamic errors place a 0.01 j.LF disc ceramic from the 
VREF pin to AGND. 

Microprocessor Interfacing 
MICROPROCESSOR INTERFACING 
When the AD7582 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7582 is used with an external clock source, 
additional circuitry is required to extend the ,..P control signals 
(see Figure 20). 

MC6800, MC6809 and 6502 MICROPROCESSORS 
A typical interface to the AD7582 with any of the above micro
processors is shown in Figure 17. The decoder can be ensbled 
high using VMA in 6800 systems or ensbled low by NOR'ing 
cI>o and I!Iz in 6502 systems or by NOR'ing E and Q in 6809 
systems. Address lines AO, AI, and A2 of the 6SOO have been 
tied to AO, Al and BYSL respectively of the AD7582. Assuming 
the AD7582 is assigned a memory block staning at address 
8000H, the input multip1exer is addressed as follows: 

8000H Channel 0 
s00lH Channell 
s002H Channel 2 
s003H Channel 3 

REV. A 

AD7582 
Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 7 (AGND) or as close as 
possible to the AD7582. This single point analog ground should 2 
be connected to the digital system ground, to which pin 8 (DGND) 
is connected, at one point only and as close to the AD7582 as 
possible. The autozero capacitor, bypass capacitors for the refer-
ence input and the analog supplies, AIN commons and any 
input signal screening should be returned to the analog ground 
point. Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC and the 
foil width for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN 0-3 and signal return leads 
from AGND (pin 7) should be kept as shon as possible to minimize 
input noise coupliug. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7582 dsta outputs are connected to 
a continuoualy busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough from the microprocessor bus to the autozero com
parator. The problem exists only for ceramic package versions 
of the AD7582, the electrically isolated metal lid acting like a 
conductor to distribute the digital noise around the package. 

Grounding the lid to DGND eliminates this problem. Alteroatively 
the AD7582 can be isolated from the microprocessor bus by 
means of three-state buffers. 

A write instruction to one of these addresses will stan a conversion 
of the selected channel. To read the conversion results, it is 
necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the ",P) determines whether the dsta 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to anyone of the previous channel addresses will result in the 
low byte of data being transferred to the ,..P (BYSL = Low). 
Similarly a read instruction to any address having A2 HIGH 
and within the assigned memory block, e.g., 8004H, transfers 
the high byte of data to the ",P. The converter status flag BUSY 
can be polled at intervals to check whether the present conversion 
has finished and valid 12-bit data is available. This is accomplished 
by the following instructions on the 6800: 

LDA A $8004 LoadFlagfromAD7582 
ASL A Shift Flag intoCarry 
BCC FETCH Branch to Data Fetch 

Subroutine if BUSY is LOW 
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00-07 DATA BUS 

·UNEAR Ci'RCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 17. AD7582 - MC6800, 6809, 6502 Interface 

808SA, Z80 MICROPROCESSORS 
A typical interface to eithet of these microprocessors is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex the 808SA common address/dats bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address lines AO; Al & A2 of the !LP have been tied 
to BYSL, AO & Al respectively of the AD7S82. This allows the 
l6-bit dats move instructions on both the 808SA and the Z80 to 
be used when reading conversion results. Assuming the AD7S82 
is again assigned a memory block starting at address 8000H the 
input multiplexer is now addressed as, follows: 

8000H 
8002H 
8004H 
8006H 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will stsrt a convetSion 
of the selected channel. The l2-bit convetSion results can be 
read (low byte f11'St then high byte) by a single read instruction; 

On the 808SA 

LHLD 8000 

AO-A15 

l 
jjjj 

WR 

8085A 
280 

DBO-DB7 

A2 ) ADDR BUS ;. f AD 

..,J '=- • t 1 
DECODE l AD A1 BVSL 

lOGIC cs 
AD7582* 

jjjj 
" 

WR 

~ 

IlO-D7 

I 
DATA BUS S 

*LlNEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERAnNG ON INTERNAL CLOCK. 

Figure 18. AD7582 - 8085A, Z80 Interface 
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moves the convetSion results into registet pair HL 

On the Z80 

LD BC, (8000) 

moves the convetSion results into, register pair BC 

MC68000, MC68008 MICROPROCESSOR 
Figure 19 shows an AD7S82-MC68000/MC68008 interface. 

Address lines AI, A2 and A3 of the !LP are connected to BYSL, 
AO & Al inputs respectively of the AD7S82. 

With the simple decoding logic shown in Figure 19, the AD7S82 
is decoded in a memory block from COOOH to FFFFH. The 
input multiplexer is now addressed as follows: 

COOOH 
COO4H 
c008H 
COOCH 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will stsrt a conversion 
of the selected channel, i.e., 

MOVE. W DO $COO4 

stsrts a conversion of channell. When the conversion is complete, 
the ",p acquires the result by reading from the AD7S82, i.e, 

MOVEP. W $000 (A2), DO 

This instruction places the conversion dats in the DO registet of 
the !LP. Address registet A2 should contsin an odd-ordet address 
for the AD7S82, e.g., $COO3. 

A1-A19 

DT~K~----~----------~~ 

MC68000 
MC68008 

RMi 

00-07 DATA 8US 

-LINEAR CIRCUITRY OMITIED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 19. AD7582 - MC68000lMC68008 Interface 

MICROPROCESSOR INTERFACE TO AD7582 WITH 
EXTERNAL CLOCK 
Figure 20 shows the additional circuitry generally required to 
interface an 8-bit !LP to the AD7S82 operating from an extetnaI 
clock source. During a write operation, the 74121 monoatsb1e 
(one-shot) is triggered to latch the darB (AO, Al and CS) in 'the 
7477, a 4-bit bistsble latch. The monoatsble timing components 
(not shown in Figure 20) should be chosen to provide an outpUt 
pulse width corresponding to t2 (EXT), the minimum autozero 
cycle time. To avoid any possibility of spurious triggering, the 
monoatsble should be enabled;by a valid memory address signal. 
During a dats read cycle, the 7477 latch is transparent and dats 
is read normally. Note that the !LP write and read cycle times 
are unaffected by the interface circuitry. 
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AO-A15 

.... 

w..------i-" 

""1---------------1 
a·BITIlP 

"LINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING WITH EXTERNAL CLOCk 

Figure 20. Interface to AD7582 Using External Clock 

8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD7S82-8088 interface. 

Address lines AO, Al and A2 are connected to BYSL, AO and 
Al inputs respectively of the AD7S82. With the simple decoding 
shown in Figure 21 the AD7S82 is decoded in a memory block 
from 4000H to 7FFFH. The input multiplexer is now addressed 
as follows: 

4000H 
4002H 
4004H 
4006H 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV4004,AX 

starts a conversion of channel 2. When the conversion is finished 
the 8088 acquires the result by reading from the AD7S82, i.e., 

MOV AX, 4000 

places the conversion data in the accumulator. 

MNtMX 

AB-A15 

8088 

101M 

AOO-ADl 
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ADDRESSDECODE\ 
LOGIC 

A'S 

I 
ADDRESS BUS 

/ 

I---------~RD 
I---------~~ 

AD7582* 

DBO-DBl 

DATA BUS 

*LlNEAR CIRCUITRV OMInED FOR CLARtTY. 
ADl582 OPERATING ON INTERNAL CLOCK 

Figure 21. AD7582 - 8088 Interface 

AD7582 

Figure 22 shows an AD7S82-8086 interface. Address lines AI, 
A2 and A3 are connected to BYSL, AO and Al inputs respectively 
of the AD7S82. The AD7S82 is again decoded in a memory 
block from 4000H to 7FFFH. The input multiplexer is now 
addressed as follows: 

4000H 
4004H 
4008H 
400CH 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV4008,AX 

starts a conversion of channel 2. When the conversion is finished, 
the 8086 acquires the result by reading from the AD7582 in two 
read cycles, i.e., 

MOV AL,4000 
MOV AH,4002 

places the conversion data in the accumulator. 

MNIMX 

8086 

MliO 

ALE 

ADO-AD15 

v~ 

r-----~~~-T----------~ 

I------------IRD 
r-----------~WR 

DBO-DB7 

DATA BUS AD1 

·UNEAR CIRCUITRY OMmED FOR CLARITY. 
AD75B2 OPERATING ON INTERNAL ClOCK. 

Figure 22. AD7582 - 8086 Interface 
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AD7582 
AD7582·AD585 SAMPLE-HOLD INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifier driving AINI 
of the AD7582. At a sampling frequency of 8kHz the maximum 
input signal frequency is 4kHz. ThC AD7582 is configured for 
bipolar operation to allow an input signal swing of ± 5V. No 
clock components are shown for the AD7582 but the conversiOn 
time of the AD7582 should be adjusted for 100 microseconds. 
With an external hold capacitor of 1 OOpF, the acquisition time 
for the sample-hold amplifier is 10 microseconds. The circuit 
operates from O"C to + 7O"C. 

To take a sample of the input, a WRITE instruction is executed 
to the AD7582 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 

falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode "freezing" the input signal to the AD7582. 
After 100 microseconds the conversion is fmished and the BUSY 
signal is brought high. This allows a time of 2S microseConds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the Converter. 

Careful circuit layout and power supply decoupling are necessary 
to obtsin maximum performance from the system. Decoupling 
capacitors in the diagram are alllOjIF electroytics in parallel 
with O.Ol",F disc ceramics. 

Figure 23. AD7582-AD585 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
1 ,...s Conversion Time 
AGND and VREF ForcelSense Connections 
12-Bit Monotonic over Temperature 
Low Power - 200 mW typ 
Fast Bus Access Time - <57 ns 

APPLICATIONS 
Measurement and Control 
Automatic Test Equipment 
Precision Servo Control 
All Data Acquisition Systems 

GENERAL DESCRIPTION 
The AD7586 is a very fast 12-bit ADC that operates from ±5 V 
power supplies, offering high-speed performance combined with 
low power dissipation. The AD7586 is a triple-pass flash ADC, 
which uses IS comparators in a 4-bit flash technique to achieve 
12-bit accuracy in I ,,"S conversion time. Each of the 4096 quan
tization voltage levels are realized internally with a precision re
sistor DAC. The use of thin-fLIm resistor technology and on
chip force and sense amplifiers ensure 12-bit performance. 

The AD7586 has a facility to force/sense the AGND and VREF 
inputs minimizing offset and gain errors. The precision resistor 
DAC with its excellent temperature drift characteristics com
bined with 12-bit accurate comparators provide 12-bit linearity 
over the entire temperature range. 

The AD7586 has a high-speed digital interface with three-state 
data outputs. Data access and conversion start functions are con
trolled by CS and RD inputs, standard microprocessor signals. 
Conversion control can also be provided by a CONVST input 
for DSP applications. The data access time of less than 57 ns 
means that the AD7586 can interface directly to most modern 
microprocessors including DSP processors. 

The AD7586 is fabricated in Analog Devices' Linear Compatible 
CMOS process, a mixed technology process that combines preci
sion bipolar circuits with low power CMOS logic. 

REV. A 

LC2MOS 
12-Bit 1 fJ-s ADC 

AD7586 I 
FUNCTIONAL BLOCK DIAGRAM 

MODE cs iiii CONVST 

VREFF 0911 

VREFS OBO 

AGNDF 

AGNDS 

V,S DGNO 

PRODUCT HIGHLIGHTS 
1. Fast I I1S Conversion Time. 

Fast I I1S conversion time makes the AD7586 suitable for a 
wide range of data acquisition applications. 

2. Fast Microprocessor Interface. 
Standard control signals, CS and RD, and fast bus access 
times make the AD7586 easy to interface to microprocessors 

3. Low Power. 
LC2MOS fabrication process gives low power dissipation of 
200 mW typically. 
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(Vgg = +5 V ± 5%, Vss = -5 V ± 5%, AGNDF & AGNDS are Kelvin connected 

AD75·S6 SPECIFICA'JIONS ~ 0 V, VREFF & VREFS are Kelv!n connected to -4 V, DGND = 0 V. All speciflc8-
- "tlons Tmi• to T .... unless othelWlse noted.) 

J,A;S K,B 
Parameter Versions1 Versions1 Units Test Conditions/Comments 

ACCURACY 
Resolution 12 12 Bits 
Integral Linearity @ + 2SOC ±2 ±I.S LSBmax 

Troin toT""", ±2 ±I.S LSBmax 
Differential Nonlinearity ±1 ±I LSBmax 

Minimum Resolution for Which 
No Missing Codes Are Guaranteed 12 12 Bits 

Offset Error2 @ +2SOC ±2 ±2 LSBmax Kelvin Connections Reduce Offset Error 
Tmin to Tmax ±2 ±2 LSBmax by 2 LSBs Typically 

Gain Error2 @ + 2SOC ±2 ±2 LSBmax Kelvin Connections Reduce Gain Error 
Tmin to Tmax ±2 ±2 LSBmax by 2 LSBs Typically 

ANALOG INPUT 
Input Voltage Range o to-4 Oto -4 Volts 
Input Current -20 -20 JLA max VIN = 0 to -4 V 

REFERENCE INPUT 
VREFS (For Specified Performance) -4 -4 Volts ±2% 
Input Reference Current -10 -10 mAmax 

POWER SUPPLY REJECTION 
Voo Only, (FS Change) 0.1 0.1 LSB typ Vss = -S V, Voo = +4.75 V to +5.25 V 
Vss Only, (FS Change) 0.1 0.1 LSB typ Voo = 5 V, Vss = -4.75 V to -5.25 V 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 V min Voo = S V ± S% 
Input Low Voltage, V1NL 0.8 0.8 V max Voo = 5 V ± 5% 
Input Current, lIN ±10 ±IO ILA max VIN = OVtoVoo 
Input Capacitance, CIN 

, 
10 10 pFmax 

LOGIC OUTPUTS 
DBll-DBO, BUSY 

Output High Voltage, VOH 4 4 V min IsouRcE = 200 ILA 
Output Low Voltage, VOL 0.4 0.4 V max ISINK = 1.6 mA 

DBll-DBO 
Floating-State Leakage Current ±10 ±10 jLAmax 
Floating-State Output Capacitance' 15 15 pFmax 

POWER REQUIREMENTS 
Voo +5 +S V nom ±5% for Specified Performance 
Vss -5 -5 V nom ±5% for Specified Performance 
100 30 30 mAmax Typically 20 mA, CS = RD = V DO 

Iss -30 -30 mAmax Typically 20 mA, CS = RD = V DO 

Power Dissipation 200 200 mWtyp CS=RD=5V 
300 300 mWmax 

NOTES 
'Temperature Ranges are as follows: JIK versions 0 to +7O"C; AlB versions -40'C to +8S'C; S version -SS'C to + 12S'C. 
'Without Kelvin connections on VREF and AGND the Offset and Gsin Errors are typicaUy 4 LSDs. 
'Sample tested @ + 2S'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7586 

TIMING CHARACTERISTICS1 (Yuu = +5 V :!: 5%, Vss = -5 V :!: 5%, ASNO = OSNO = 0 V) 

Limit at Limit at Limit at 
T min, Tmax T min, Tmax Tmia,Tmax 

Parameter g, K Versions) (A, B Versions) (S Version) Units Conditions/Comments 

tl 0 0 0 ns min CS to RD Setup Time 
t2 35 35 40 nsmax RD to BUSY Propagation Delay (CL = 10 pF) 
t, 20 20 14 nsmin Data Setup Time Prior to BUSY, (CL = 20 pF) 

10 10 0 nsmin Data Setup Time Prior to BUSY, (CL = 100 pF) 
tl 10 10 10 nsmin Bus Relinquish Time after RD 

55 55 65 nsmax 
t, 0 0 0 ns min CS to RD Hold Time 
to 35 35 40 nsmax CONVST to BUSY Propagation Delay 
t7 75 75 90 nsmin CONVST Pulse Width 
to' 57 57 70 nsmax Data Access Time after RD 
to, 60 60 75 ns min RD Pulse Width 
tlO 0 0 0 ns min BUSY High to RD Low, (Mode 1) 
til 25 25 25 nsmin CS High Time, (Mode 0) 
tl2 0 0 0 nsmin CS High to CONVST Low, (Mode 1) 
t13 0 0 0 nsmin BUSY High to CONVST Low, (Mode 1) 
teONv 950 950 950 nstyp Conversion Time (Mode 0) 

1000 1000 1000 nsmax 

NOTES 
'Timing Specifications in bold print are 100% production tested. AU otber times are sample tested at +25"C to ensure compliance. All input signals are 
specified witb t" = Ie = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

't4 is derived from tbe measured time taken by tbe data outputs to cbange by 0.5 V when loaded witb tbe circuit of Figure I. The measured number is !ben 
extrapolated back to remove the effects of charging or discharging tbe 100 pF capacitor. This means tbat tbe time, t., quoted in tbe timing characteristics is tbe 
true bus relinquish time of tbe pan and as sucb is independent of external bus loading capacitances. 

't, is measured witb the load circuit of Figure I and defmed as tbe time required for an output to cross 0.8 V or 2.4 V. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25"C unless otberwise noted) 

Voo to AGND .................... -0.3 V to +7 V 
Vss to AGND2 •••••••••••••••••••• +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Voo +0.3 V 
VIN to AGND ............. Vss -0.3 V to Voo +0.3 V 
VREFF, VREFS to AGND ..... Vss -0.3 V to Voo +0.3 V 
Digital Inputs to DGND 

CS, RD, CONVST, Mode ....... -0.3 V to Voo +0.3 V 
Digital Outputs to DGND 

DBO to DB11, BUSY .......... -0.3 V to Voo +0.3 V 

Operating Temperature Range 
Commercial (J, K Versions) .............. 0 to +70"C 
Industrial (A, B Versions) ............ -40°C to +85OC 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sees) ........... + 3000C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by .................. 10 mwrc 

IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to tbe device. This is a stress rating only and functional 
operation of tbe device at these or any otber conditions above tbose listed in 
tbe operational sections of this specification is not implied. Exposure to ab
solute maximum rating conditions for extended periods may affect device 
reliability. 

'If V ss is open circuited witb V DD and AGND applied, tbe V ss pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Scbottky diode from V ss to DGND (catbode end to GND) ensures 
tbat tbe Absolute Maximum Ratings will be observed. 

+2.1V 

Figure 1. Load Circuit for Access and Relinquish Time 

CAUTION ____________________ ~---------------------------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! ~ 

~~EDEVICE 
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AD7586 
PIN FUNCTION DESCRIPTION 

Pin 
Number Mnemonic 

POWER SUPPLY 

10 & 19 

15 & 24 

22 

23 

5 

VDD 

VSS 

AGNDF 

AGNDS 

DGND 

Description 

Positive Power Supply, +5 V ±5%. Both VDD pins must be tied together. 

Negative Power Supply, -5 V ±5%. Both Vss pins must be tied together. 

Analog Ground Force. The input can be used in conjunction with AGNDS to force/sense the 
t:Xternal AGND (See Figure 3). Force/sensing the AGND minimizes offset error. In applications 
where offset error is not important these inputs can be tied together and connected directly to the 
external AGND reference. 

Analog Ground Sense. This is the complementary input for AGNDF (above) to force!sense the 
analog ground reference. AGNDF and AGNDS are tied together internally. 

Digital Ground. 

ANALOG AND REFERENCE INPUTS 

18 

20 

21 

VIN 

VREFS 

VREFF 

INTERFACE 

1-4, DB7-DB4, 
6-9 DB3-BO 

25-28 DBll-DB8 

11 BUSY 

12 CS 

13 RD 

CONTROL 

14 CONVST 

17 MODE 

16 NC 

Analog Input. The analog input range is 0 to -4 V. 

Voltage Reference Sense Input. The input can be used in conjunction with VREFF to force/sense 
an ell<ternal voltage reference (See Figure 3). Force/sensing the VREF input minimizes gain error. 
In applications where gain error is not important these inputs can be tied together and connected 
directly to an external reference. 

Voltage Reference Force Input. This is the complementary input for VREFS (above) to force! 
sense an external voltage reference. VREFF and VREFS are tied together internally. 

Three-state data outputs. These outputs.are controlled by CS and RD. DBll is the most 
significant bit, (MSB). 

BUSY output indicates converter status. BUSY is low during conversion. 

Chip Select Input. The device is selected when this input is low. 

Read Input. This active low signal, in conjunction with CS is used to enable the output data 
three-state drivers and initiate a conversion when the MODE input pin is tied low. 

Conversion Start Input. This input may be used to start conversion when the MODE input pin is 
tied high. 

Mode Input. When this pin is low, conversion is initiated on the falling edge of CS and RD. CS 
and RD must remain low for the duration of the conversion. When this pin is high conversion is 
initiated by a rising edge on the CONVST input. 

No Connect pin. This pin has no internal connections. 

DIP 
PIN CONFIGURATIONS 

PLCC 

If) Ifi! ~ 

NC s; NO CONNECT 
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ORDERING GUIDE 

Temperature Integral Package 
Modell Rallge Nonlinearity Option' 

AD7586JN O°C to +700C ±2.0 LSB N-28 
AD7586KN OOC to +70°C ±1.5 LSB N-28 
AD7586JP O°C to+70°C ±2.0 LSB P-28A 
AD7586KP O°C to+70°C ±1.5 LSB P-28A 
AD7586AQ3 -40°C to +85°C ±2.0 LSB Q-28 
AD7586BQ3 -40°C to +85°C ±1.5 LSB Q-28 
AD7586SQ' - SsoC to + l2S·C ±2.0 LSB Q-28 

NOTES 
1 Analog Devices reserves the right to ship I-Leaded Ceramic Chip Carrier 
packages in lieu of PLCC packages. 
'I = I-Leaded Ceramic; N = Plastic DIP; P = Plastic Leaded Chip Carrier 
(PLCC); Q = Cerdip. For outline information see Package Information 
section. 

'Contact your local sales office for availability. 

OPERATIONAL DIAGRAM 
An operational diagram for the AD7586 is shown in Figure 2. 
The only external component required for basic operation of the 
part is a -4 V reference. 

ANALOG INPUT 
V'N DBll (OTO-4V) 

AGNDS 

AGNDF DBO 
AGND 

AD7586 
VREFS Cs } ~PCONTROL 

iii) INPUTS 
REFERENCE 

VREFF INPUT (-4V) 
CONVST 

CONVERSION 
STARTINPUT 

MODE MODE 
INPUT 

POSITIVE 
VDO SUPPLY (SV) 

BUSY STATUS 
OUTPUT 

DGND DGND 
NEGATIVE 

V .. SUPPLY (-5V) 

Figure 2. Operational Diagram 

CONVERTER DETAILS 
The AD7586 is a triple-pass flash ADC which uses 15 compara
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. Each of the 4096 quantization levels is realized inter
nally with a precision resistor DAC. 

The fifteen comparators first compare the analog input voltage 
to the VREF/16 voltages of the resistor array. This determines 
the four most significant bits and selects lout of 16 voltage seg
ments. The comparators are then switched to 15 subvoltages on 
that segment to determine the next four bits and select lout of 
256 voltage segments. A further switching of the comparators to 
another 15 subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three
state output latch. 
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FORCE/SENSE CONNECTIONS 
The AD7586 has a facility for Kelvin (force/sense) connections 
on the AGND and VREF pins to minimize offset and gain er
rors. Force/sensing these inputs eliminates error contributions 
from voltage or IR drops due to resistances from nonideal, inter
nal conductors. IR drops in the AGND path cause an offset er
ror while IR drops in the reference path cause a gain error. 
Typically, the use of Kelvin connections reduces the offset and 
gain errors by 2 LSBs. 

A low op amp offset voltage is important as any offset voltage 
will add directly to the voltage that is being forced/sensed. Suit
able op amps for this application are precision op amps such as 
the AD705, AD707 or the AD708 (dual op amp), all of which 
feature offset voltages of less than 100 fL V. 

REFERENCE INPUT 
The AD7586 operates from a -4 V external reference. Figure 3 
shows a typical reference connection circuit based on the 
AD586. The AD586 is a high performance voltage reference 
which exhibits excellent stability performance,S ppmfC max. 
The AD586's + 5 V output is scaled and inverted before being 
applied to the AD7586 VREF inputs. Proper decoupling on the 
force/sense op amp outputs is important to suppress high speed 
transients during the conversion procedure. Note, connecting 
capacitors directly to op amp outputs can cause stability prob
lems. However, the use of large capacitors, 10 fLF in Figure 3, 
limits the open-loop bandwidth preventing any closed-loop 
oscillations. 

V. 

+V.N R, ,5' 

ANALOG 
INPUT 

(0 TO·4V) 

5V 

Your f-"N'.-_--I/IIIr---=--jVREFS 

A0586' 

GND 
C>--...... ~'"""""--lVREFF 

v- C2 C1 

O·'"YO"F A07586' 

.--------IAGNDS 

C>--...... - ...... -IAGNDF 

y- C4 C3 

NOTES o.1UFROUF 

1 ADDITIONAL PINS OMITTED FOR CLARITY. 
2y+ AND V- POWER SUPPLY RANGE IS ±12V TO ±15V. 
31F THE YiN SOURCE IS POWERED FROM SUPPUES 
GREATER THAN 5V, USE AN INPUT PROTECTION DIODE 
TO PROTECT AGAINST EXCEEDING THE POSITIVE 
ABSOLUTE MAXIMUM RATING. 

V" 

-5V 

Figure 3. Typical Application Circuit Using the AD586, 
AGND and VREF Are ForcelSensed 
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AD7586 
Where offset and gain errors are not important, the force/sense 
op amps can be omitted and the force/sense pins can be tied to
gether as shown for the AGND connection in Figure 4. How
ever the reference circuitry will invariably use an external op 
amp to scale the reference input voltage to -4 V, this op amp 
can provide the second function of force/sensing at no extra 
cost. In all applications, both the AGND and the VREF pins 
must be driven from low impedance sources. 

The AD586 is a precision voltage reference used for applications 
throughout this data sheet. However, other references exist 
which may be preferable in some applications. One example is 
the ZNREF040, 4 V reference, available from Plessey Semicon
ductor. This part is not as suitable for precision applications, its 
temperature drift specification is 50 ppmfC. It does have the 
advantage of a smaller package size, 3-pin metal can. 

5V 

ANALOG-
INPUT \Ix, 

(OTO-<lV) 

NOTES 
'AODITIONAL PINS OMmED FOR CLARITY. 
2V+ AND V- POWER SUPPLY RANGE IS ±12V TO ±15V. 
3'F THE VIN SOURCE IS POWERED FROM SUPPLIES 
GREATER THAN 5V. USE AN INPUT PROTECTION DIODE 
TO PROTECT AGAINST EXCEEDING THE POSITIVE 
ABSOLUTE MAXIMUM RATING. 

AGNOS 
\Iss 

-5V 

Figure 4. Typical Application Circuit Using the AD586, 
VREF is Force/Sensed 

UNIPOLAR OPERATION 
The analog input range of the AD7586 is 0 to -4 V. The 
designed code transitions occur on integer multiples of I LSB. 
The output code is natural binary with 1 LSB = FS/4096 = 
(4 V/4096) = 0.977 mY, see Figure 5. 

~ 
FS=-4V 
1LSB=FS 

4096 

, , , , 

OUTPUT 
CODE 

11 ••. 111 

11 •.. 110 

11 ... 101 

11 ... 100 

00 ... 011 

00 ••• 010 

00 ••• 001 

f----+--l----' 00 •.. 000 
FS -3 -2 -1 

VIN INPUT VOLTAGE (LSSs) 

Figure 5. AD7586 Transfer Function 
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UNIPOLAR OFFSET AND GAIN ERROR ADJUST 
Both offset and gain errors are less than 2 LSBs, when force/
sense amplifiers are used for the reference and AGND pins, 
eliminating the need for calibrating the AD7586 in the majority 
of cases. However, applications requiring absolute accuracy may 
use the force/sense amplifiers to null any system offset or gain 
errors caused by signal conditioning or other external circuitry. 

The overall transfer function can be calibrated as a "mid riser" 
type or a "mid tread" type. A mid riser type is where the code 
transitions occur on successive integer LSB values, the mid 
tread type is where the code transitions occur mid way between 
successive integer LSB values. The only difference between the 
two types is a 1/2 LSB offset, the first and last code transition 
voltages are shown below in Table I. 

Mid Tread Mid Riser 

First Code Transition Voltage 
(0000 0000 0000 to 0000 0000 0001) -0.488 mV -0.977mV 

Last Code Transition Voltage 
(llli 1111 1110 to 1111 llli 1111) -3.9985 V -3.9990 V 

Table I. Ideal First and Last Transition Voltages for 
Unipolar Operation 

Figure 6 shows a circuit which is suitable for offset and gain 
error adjustment. The AD708 dual op amp is used to force/ 
sense the AGND and VREF pins, the voltages at the force/sense 
op amp outputs can be varied with trim potentiometers R3 and 
R6. The order of adjustment does not matter; in other words, 
adjusting offset does not affect gain error or vice versa. 

5V 

V+ A:.:u~ "'-"yJ...oo---" 

(OTO-4V) 

+~N Rl R3 R2 

VOUTI-1~15'VK'v-~5'VOO'v--'ll",2K"r-___ ...:-4:,:V-iVREFS 

AD586' 

l>-...-...--...-iVREFF 

2 Cl 

R6 
500 

1·luFloUF AD7586' 

.------~-;AGNDS 

':!>---1r--..... -IAGNDF 

C4 C3 
NOTES O.lUF~OUF 
'ADDITIONAL PINS OMITTED FOR CLARITY. 
'v+ AND V- POWER SUPPLY RANGE IS ±12V TO ±15V. 
'IF THE \IN SOURCE IS POWERED FROM SUPPLIES 
GREATER THAN 5V, USE AN INPUT PROTECTION DIODE 
TO PROTECT AGAINST EXCEEDING THE POSITIVE 
ABSOLUTE MAXIMUM RATING • 

v.. 
-5V 

Figure 6. Unipolar Operation with Full-Scale Adjustment 

Offset adjustment is achieved by adjusting the AGND force/ 
sense voltage. To adjust the offset apply the ftrSt code transition 
voltage to VIN (see Table I) and adjust R6 until the ADC output 
code flickers between 0000 0000 0000 and 0000 0000 000 1. 
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Gain error can be nulled by adjusting the reference input which 
in turn adjusts the full-scale digital output. To adjust the full
scale output apply the last code transition voltage at VIN and 
vary R3 until the output code flickers between 1111 1111 1110 
and llli 1111 1111. 

BIPOLAR OPERATION 
Figure 7 shows how bipolar operation can be achieved with the 
AD7586. The circuit uses an op amp to offset the analog signal 
by - 2 V before being applied to the AD7586 analog input. The 
circuit has an analog input range of ± 2 V with an LSB size of 
0.997 mY. The output code is offset binary, see Figure 8 for the 
transfer function. 

Signal ranges other than ± 2 V are easily accommodated by 
using a different value of R3. For example, setting R3 equal to 
30 k increases the analog input range to ± 5 V. R3 should 
always be chosen such that the voltage range at V IN covers the 
full dynamic range (0 to -4 V) of the ADC. All resistors should 
be the same type and from the same manufacturer so that their 
temperature coefficients match. 

For ac sampling applications it is possible to substitute the op 
amp, AI, for a sample-and-hold amplifier SHA. Not all SHAs 
have both the inverting and noninverting terminals available to 
the user in which case the op amp is still necessary to level shift 
the analog input. 

ANALOG 
INPUT 

-2Vo-W,-1>--Wi.-.., 

,v 
v" 

,--'AfV---=-tVREFS 

NOTES 

1 AODrTlONAL PINS OMITIED FOR CLARITY. 
2y+ AND V_ POWER SUPPLY RANGE IS '12V TO .15V. 
3PROTECTlON DIODE TO PREVENT Va. EXCEEDING THE 
POSITIVE ABSOLUTE MAXIMUM RATING. 

Figure 7. AD7586 Bipolar Operation 

OUTPUT 
CODE ,..-______ ,..-____ --, 

11 ... 111 

11 ... 110 

fl ... 101 

10 ... 010 

10 ... 001 

10 ..• 000 !-;'----<>---:;=--I--_<Jo--L...-j 
01 ... 111 

01 ••• 110 

01 ... 101 

00 ..• 001 

00 ... 000 

~-1LSB 

FS=4Y 

1 LSB= ~6 

~------~------~ 
AIM INPUT VOLTAGE (LSas, 

Figure 8. Ideal Input/Output Transfer Function for the 
Circuit of Figure 7 
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BIPOLAR OFFSET AND GAIN ERROR ADJUST 
For applications where absolute accuracy is important then sys
tem offset and gain errors can be adjusted to zero using the 
force/sense amplifiers as in the unipolar case. In the case of Fig
ure 7, one source of gain error is the resistor mismatch between 
R3 and R4. This error in conjunction with other gain error 
sources can be nulled by making either R2 or R3 variable and 
using the same adjustment procedure as discussed for the unipo-
lar circuit. For offset adjustment, an AGND force/sense ampli- 2 
fier is needed with the same resistor biasing and trim arrange-
ment as that shown in Figure 6 (R4, R5 and R6). Again, the 
adjustment procedure is the same as that discussed for Figure 6. 
Note, the analog input signal is level shifted by -2 V, therefore, 
- 2 V must be subtracted from the first and last code transition 
voltages listed in Table I before being applied to this circuit. 

TIMING AND CONTROL 
Conversion start and data access are controlled by four digital 
inputs: CS, RD, CONVST and MODE. There are two basic 
modes of operation, Mode 0 and Mode I which are shown in 
Figures 9 to II. Mode 0 is designed for applications where a 
microprocessor has complete control over conversion start and 
data access. Mode I is designed for DSP applications where a 
timer controls conversion start, ensuring equal sampling inter
vals, while data access is again controlled by a microprocessor. 
The AD7586 MODE input pin selects the timing mode: 
MODE = 0 V for Mode 0 and MODE = 5 V for Mode 1. 

Mode 0 (MODE = 0 V) 
For direct bus interfacing using Mode 0, the microprocessor 
must have aWAIT state facility. A read operation to the ADC 
brings CS and RD low which triggers a conversion. The 
AD7586 acknowledges by bringing BUSY low indicating that 
conversion is in progress. BUSY returns high at the end of con
version when the ADC's output latches have been updated and 
the conversion result is placed on the data outputs. Note the 
data bus is in the three-state condition for the duration of the 
conversion and becomes active before BUSY goes high (see t3, 

Figure 9) at the end of conversion. 

DATA __ --"'HIOH="'"=EDA::""'CE=-_-( 

Figure 9. Mode 0 Timing Diagram (Mode = 0 V) 

Mode 1 (MODE = 5 V) 
In this mode conversion is started by asserting the CONVST 
input (see Figure 10). BUSY goes low after the falling of the 
CONVST input. However, the ADC conversion procedure does 
not start until after the rising of the CONVST pulse. BUSY re
turns high when conversion is complete. The total width of the 
BUSY pulse is equal to the CONVST pulse width plus the ADC 
conversion time. Note, the time tcONV is tYPically 30 ns larger 
in Mode 1 than in Mode O. Data can be read by a microproces
sor any time after the rising edge of BUSY. Note that pulsing 
CONVST low while a conversion is in progress will initiate a 
new conversion. 
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AD7586 
I, 

., 

I, I" 

DATA __ ---"""' .. """"'"".::OO"'.O""C::;,." ___ --( 

Figure 10. Mode 1 Timing Diagram (Mode = 5 V) 

Figure 11 shows a variation of Mode 1 timing that is useful 
when external latches are used to store the conversion results. In 
this case, CS and RD are tied permanently low and the data bus 
is always active, except when BUSY is low. The data bus is in 
the three-state condition during the BUSY low state. The data 
bus then becomes active just before BUSY returns high at the 
end of conversion, so that BUSY can be used as a clocking sig
nal for extemallatches. 

I, 

I" 

I, 

I, 

DATA 
HIGH IMPEDANCE 

Figure 11. Mode 1 Timing Diagram, CS = RD = 0 V 
(Mode = 5 V) 

SAMPLE-AND-HOLD INTERFACING 
A sample-and-hold amplifier is necessary for ac applications. 
The interface connections are straight forward as shown for the 
AD684 in Figure 12. The AD7586 BUSY signal is ideal for trig
gering a SHA's HOLD input. An important SHA specification 
for ADC interfacing is settling time. This is the time required 
by the SHA output to settle after receiving a HOLD command. 
To allow for this, there must be a delay which is at least as long 
as the SHA settling time between the HOLD command and the 
AD7586's first flash deCision. Large hold-mode settling time can 
be compensated for in Mode 1. The delay between the start of a 
conversion and the first flash decision is approximately 200 ns. 
In Mode 1 timing, BUSY goes low when CONVST goes low 
but the conversion procedure does not start until CONVST goes 
high. So, the CONVST pulse width can be used to compensate 
for any additional SHA settling time greater than 20() ns. For 
example, if a SHA has a settling time of 500 ns, then the 
CONVST pulse width should be 300 ns. 

AD684 SAMPLE·AND·HOLD 
The AD684 is a qUad sample-and-hold (SHA) with an acquisi
tion time of I ILs. Figure 12 shows the SHA cOupled with the 
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AD7586 to form a single channel data acquisition system. To 
calculate the overall throughput rate, the acquisition time and 
the settling time of the SHA along with the ADC conversion 
time have to be taken into account. For the single channel sys
tem shown in Figure 12, the minimum throughput time is 
approximately 2.5 ,,"s. This ftgUl'e allows for 1 ,,"S each for acqui
sition and conversion time and 500 ns for settling time and other 
overheads. 

5V 

R2 

v.. VREFS j--==-4!..v _--,I\1\2tt~.., Rl 
15k 

VREFF f---__ -<A-+--.-;VOUT 

AD7586' 

AGNDF 

AGNDS 

-5V 

AD707 

NOTES 

lOY 

ANALOG 
INPUT 

RANGE~ 

'ADomONAL PINS OMIITED FOR CLARITY. 
2PROTECTtON DIODE TO PREVENT VIN EXCEEDING THE 
POSTIVE ABSOLUTE MAXIMUM RATING. 

Figure 12. AD684-AD7586 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution and Accuracy 
Fast Conversion Time 

AD7672XX03 - 3 .. s 
AD7672XX05 - 5j1S 
AD7672XX10 - 10 .. s 

Unipolar or Bipolar Input Ranges 
Low Power: 110mW 
Fast Bus Access Times: 90ns 
Small, 0.3", 24-Pin Package and 28-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7672 is a high-speed 12-bit ADC, fabricated in an ad
vanced, mixed technology, Linear-Compatible CMOS (LC2MOS) 
process, which combines precision bipolar components with 
low-power, high-speed CMOS logic. The AD7672 uses an accurate 
high-speed DAC and comparator in an otherwise conventional 
successive-approximation loop to achieve conversion times as 
low as 3,...s while dissipating only llOmW of power. 

To allow maximum flexibility the AD7672 is designed for use 
with an external reference voltage. This allows the user to choose 
a reference whose performance suits the application or to drive 
many AD7672s from a single system reference, since the reference 
input of the AD7672 is buffered and draws little current. For 
digital signal processing applications where absolute accuracy 
and temperature coefficients may be unimportant, a low-cost 
reference can be used. For maximum precision, the AD7672 
can be used with a high-accuracy reference, such as the ADS88, 
when absolute 12-bit accuracy can be obtained over a wide 
temperature range. 

An on-chip clock-circuit is provided which may be used with a 
crystal for accurate definition of conversion time. Alternatively, 
the clock input may be driven from an external source such as a 
microprocessor clock. 

The AD7672 also offers flexibility in its analog input ranges, 
with a choice of 0 to + SV, 0 to + lOY and ± SV. 

The AD7672 is also designed to operate from nominal supply 
voltages of + SV and - 12V. This makes it an ideal choice for 
data acquisition cards in personal computers where the negative 
supply is generally - 12V. 
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LC2MOS 
High-Speed 12-Bit ADC 

AD7672 I 
FUNCTIONAL BLOCK DIAGRAM 

AGND DB11 DB4 DGNO OB3 DBO 

The AD7672 has a high-speed digital interface with three-state 
data outputs and standard microprocessor control inputs (Chip 
Select and Read). Bus access time of only 90ns allows the AD7672 
to be interfaced to most modern microprocessors. 

The AD7672 is available in a variety of space-saving packages; 
plastic and hermetic 24-pin "skinny" DIP and 28-pin ceramic 
and plastic chip carrier. 

PRODUCT HIGHLIGHTS 
1. Fast, 3,...s, S,...s and 10,...s conversion speeds make the AD7672 

ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any high-speed data 
acquisition system. 

2. LC2MOS circuitry gives high precision with low power drain 
(llOmW typ). 

3. Choice of 0 to + SV, 0 to + IOV or ± SV input ranges, accom
plished by pin-strapping. 

4. Fast, simple, digital interface has a bus access time of 90ns 
allowing easy connection to most microprocessors. 

S. Available in space-saving 24-pin, 0.3" DIP or surface mount 
package. 
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(Voo = 5V ± 5%, Vss = -12V ± 10%, VREF = -5V unless otberwise noted. 
fcUl: 4MHz for AD7672XX03, 2.5MHz for AD7672XX05, 1.25MHz for AD7672XX10. 

AD7672-SPECIFICATIONS All Specifications T min to T max unless otherwise noted; Specifications apply to Slow 
Memory Mode.) 

Paramem KVenion1 

ACCURACy2 

Resolution 12 
Integral NoaliDearity@ + 25"C ±I 

T .... toT .... ±1 
Differential Nonlinearity ±0.9 
UnipolarOffsetError@ +25"C ±5 

T .... to T .... , ±6 
Unipolar Gain Error@ + 25°C ±5 

Twn toTmu: ±7 
Bipolar Zero Error@ + 25°C ±5 

T .... toT .... ±6 
Bipolar Gain Error@' + 25"C ±5 

T.,;.toT ..... ±7 

ANALOG INPUT 
Unipolar Input Current 3.5 
Bipolar Input Current ± 1.75 

REFERENCE INPUT 
V REF (For Specified Performance) -5 
Input Reference Current -3 

POWER SUPPLY REJECTION 
VooOnly,(FSChange) ±I 
V ss Only, (FS Change) ±I 

LOGIC INPUTS 
CS,RD,CLKIN 

V,NL' Input Low Voltage +0.8 
VINH, Input Higl) Voltage +2.4 
C'N' 3 Input Capacitance 10 

CS,RD 
l'N' Input Current ±IO 

CLKIN 
l'N' Input Current ±20 

LOGIC OUTPUTS 
DBI I-DBO, BUSY, CLK OUT 

VOLo Output Low Voltage +0.4 
VOH, Output High Voltage +4.0 

Floating-State Leakage Current 
DBII-DBO ±IO 

Floating-State Output Capacitance3 15 

CONVERSION TIME 
AD7672XX03 

Synchronous Clock 3.125 
Asynchronous Clock 3/3.25 

AD7672XX05 
Synchronous Clock 5 
Asynchronous Clock 4.8/5.2 

AD7672XXIO 
Synchronous Clock 10 
Asynchronous Clock 9.6110.4 

POWER REQUIREMENTS 
Voo +5 
Vss -\2 
100' 7 
Iss' -12 
Power Dissipation 110 

179 

NOTES 
ITemperarure range as follows: K, L VenioDS; 0 to + 700c. 

B, C Venions; -25"<: '0+85"<:. 
'V",,=5V, V~,= -12V, ILSB=FSl4096 

LVenion1 BVenion1 

12 12 
±1/2 ±I 
±1/2 ±1 
±0.9 ±0.9 
±3 ±5 
±4 ±6 
±4 ±5 
±6 ±7 
±3 ±5 
±4 ±6 
±4 ±5 
±6 ±7 

3.5 3.5 
± 1.75 ± 1.75 

-5 -5 
-3 -3 

±I ±I 
±I ±I 

+0.8 +0.8 
+2.4 +2.4 
10 10 

±IO ±IO 

±20 ±20 

+0.4 +0.4 
+4.0 +4.0 

±IO ±IO 
15 15 

- 3.125 
- 3/3.25 

5 5 
4.8/5.2 4.8/5.2 

10 10 
9.6/10.4 9.6110.4 

+5 +5 
-12 -12 
7 7 
-12 -12 
110 110 
179 179 

3Sample tested to ensure compliance. 
'Power supply current is meuured when AD7672 is inactive, i.e" CS = RD = BUSY = HIGH. 
SpeciJi"l'tion. subject to cbanse without notice. 
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eVenion1 Units Test Conditions/Comments 

12 Bits 
±1/2 LSBmax TestedRange ±5V 
±1I2 LSBmax 
±0.9 LSBmax No Missing Codes Guaranteed 
±3 LSBmal< Input Range: Oto5VorOto 10V 
±4 LSBmax Typical TC is 2ppmI"C 
±4 LSBmax Input Range: 010 5V orO to 10V 
±6 LSBmax Typical TC is 2ppmI"C 
±3 LSBmax Input Range: ± 5V 
±4 LSBmax Typical TC is 2ppmI"C 
±4 LSBmax Input Range: ± 5V 
±6 LSBmax Typical TC is 2ppmI"C 

3.5 mAmax Input Ranges: Oto5VorOto 10V 
± 1.75 mAmax Input Range: ± 5V 

-5 Volts ±I% 
-3 ..,A max 

±I LSBtyp Vss= -12V, Voo= + 4.75V to +5.25V 
±I LSBtyp Voo =.+5V, Vss= - 10.8Vto -13.2V 

+0.8 V max Voo = 5V ±5% 
+2.4 Vmm 
10 pFmax 

±IO ..,A max Y,N = OtoVoo 

±20 ..,A max Y'N = OtoVoo 

+0.4 V max ISINK = 1.6mA 
+4.0 V min lSOURCE = 200",A 

±IO ",A max 
IS pFmax 

Applies to K and B Grades Only 
- ",smax fCI.K = 4MHz. See Under 
- ",.minlmax Control Inputs Synchronization 

5 ... max fo..K = 2.5MHz 
4.8/5,2 ",sminlmax 

10 ",smax fCI.K = L25MHz 
9.6110.4 ",sminlmax 

+5 VNOM ± 5% for Specified Performance 
-12 VNOM ± 10% for Specified Performance 
7 mAmax CS=RD=Voo,AINI =AIN2=5V 
-12 mAm CS=RD=VDD,AINI =AIN2=5V 
110 mWtyp 
179 mWmax 
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Parameler TVenion' 

ACCURACy2 

Resolution 12 
Integral Nonlinearity (U + 25·C ±I 

Tmin toT .... ±I 
Differential Nonlinearity ±0.9 
Unipolar Offset Error (U + 25·C ±5 

Tmin10Tmu ±6 
Unipolar Gain Error (a + 25·C ±S 

T min loT max ±7 
Bipolar Zero Error (il +2S·C ±5 

Tmin10Tmax ±6 
Bipolar Gain Error (il +2S"C ±S 

Tmin toT max ±7 

ANALOG INPUT 
Unipolar Input Current 3.S 
Bipolar Input Current ± 1.75 

REFERENCE INPUT 
V REF (For Specified Performance) -5 
Input Reference Current -3 

POWER SUPPLY REJECTION 
VooOnly, (FSChange) ±I 
Vss Only,(FSChange) ±I 

LOGIC INPUTS 
CS,RD,CLKIN 

V'Nl.' Input Low Voltage +0.8 
V,NH ' Input High Voltage +2.4 

_C,N,' Input Capacitance 10 
CS,RD 

l'N, Input Current ±1O 
CLKIN 

l'N' Input Current ±20 

LOGIC OUTPUTS 
DB 11-DBO, BUSY, CLK OUT 

Vo..,Output LowVohage +0.4 
VOH,Output High Vohage +4.0 

Floating-State Leakage Current 
DBII-D80 ±IO 

Floating-State Output Capacitance' IS 

CONVERSION TIME 
AD7672XX05 

Synchronous Clock 5 
Asynchronous Clock 4.8/5.2 

AD7672XXIO 
Synchronous Clock 10 
Asynchronous Clock 9.6/10.4 

POWER REQUIREMENTS 

Voo +5 

Vss -12 

100 
4 7 

Iss • -12 
Power Dissipation 110 

179 

NOTES 
'TemperanuerangelSfoUows: T, UVersion.; -SS'Cto + 12S'C. 
'VDD=SV, Vss= -12V, lLSB=FS/4096 

UVenion' 

12 
±1/2 
±3/4 
±0.9 
±3 
±4 
±4 
±6 
±3 
±4 
±4 
±6 

3.S 
± 1.75 

-5 
-3 

±I 
±I 

+0.8 
+2.4 
10 

±IO 

±20 

+0.4 
+4.0 

±IO 
IS 

5 
4.8/5.2 

10 
9.6/10.4 

+5 
-12 
7 
-12 
110 
179 

'Sample.esredtoeoswecompliaoc:e. _ _ __ 

Unils 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 

mAmax 
mAmax 

Vohs 
.,.Amax 

LSBtyp 
LSBtyp 

V max 
V'min 
pFmax 

.,.Amax 

.,.Amax 

V max 
V min 

.,.Amax 
pFmax 

j.Lsmax 
JLsminimax 

J.Lsmax 
fJ.smin/max 

VNOM 
VNOM 
mAmax 
mAmax 
mWtyp 
mWmax 

4Power supply curreo. i. measured whenAD7672 isinactivc,i .•. ,CS = RD= BUSY = HIGH. 

Specifu:atioo •• ul:>iec •• oc:hanse without ootice. 
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AD7672 
TeslCondilionsiCommenls 

TestedRange ±5V 

No Missing Codes Guaranteed 
Input Range: 0 to 5VorO to 10V 
Typical TC is 2ppmrc 
Input Range: 0 to SV or 0 to 10V 
Typical TC is 2ppmrc 
Input Range: ± SV 
Typical TC is 2pprnrC 
Input Range: ± 5V 
Typical TC is2pprnrC 

InputRanges:OtoSVorOto 10V 
Input Range: ± 5V 

±I% 

Vss= -12V, Voo= +4.75Vto +5.25V 
Voo= +5V, Vss= -1O.8Vto -13.2V 

Voo = 5V ±5% 

Y'N = OtoVoo 

Y'N = OtoVoo 

ISINK = 1.6mA 
lsone .. = 200.,.A 

f"l.x = 2.5MHz. See Under 
Control Inputs Synchronization 

f"l.x = 1.25MHz 

± 5% for Specified Performance 
± 10% for Specified Performance 
CS=RD=Voo,AINI =AIN2~ 5V 
CS = RD = Voo,AINI =AIN2= 5V 
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AD7672 
TIMING CHARACTERISTICS1 (Voo=5V. Vss= -12V) 

Limit at + 25°C Limit at T IIIb" T max LimitatTmin, T""", 
Parameter (All Grades) (K, L, B, C Grades) (T,UGrades) Units Conditions/Comments 

tl 0 0 0 nsmin CS to RD Setup Time 
t2 190 230 270 nsmax RD to BUSY Propagation Delay 
tl 90 110 120 nsmax Data Access Time after RD, CL = 20pF 

125 ISO 170 nsmax Data Access Time after RD, CL = loopF 

4 t3 t3 t3 nsmin RD Pulse Width 
ts 0 0 0 nsmin CS to RD Hold Time 
4,2 70 90 100 nsmax Data Setup Time after BUSY 
tl 20 20 20 nsmin Bus Relinquish Time 

75 85 90 nsmax 
t8 200 200 200 nsmin Delay Between Successive 

Read Operations 

NOTES 
'Timing Specifications are sample tested at + 25"<: to ensure compliance. All inpoi control signals are specified with If = If = 5ns (10% to 90% of + SV) 
and timed from a voltage level of 1.6V. 

't, and t" are measured with the load circuits of Figure I and defined as the time required for an output to cross O.8V or 2.4V. 
't, is defined as the time required for the data lines to change O.5V when loaded with the circuits of Figure 2. 
Specifications subject to chanse without notice. 

DBNo---e-------e---Q 

a. High-Z to V OH (t3) 
and VOL to VOH (t,J 

I3kll 
DBN~ 

C, 

~DGND 
b. High-Z to VOL (t3) 

and VOH to VOL (t,J 

Figure 1. Load Circuits for Access Time 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S·C unless otherwise noted) 

Voo to DGND . 
Vss to DGND .. 
AGND toDGND 
AIN1, AIN2 to AGND 
VREF to AGND .... 
Digital Input Voltage to DGND 

(CLK IN, CS, RD) ..... 
Digital Output Voltage to DGND 

(DBll-DBO, BUSY, CLK OUT) . 

CAUTION 

· . .. -0.3V to +7V 
· ... +O.3V to -17V 

-0.3V to Voo +0.3V 
· . . . -ISV to + ISV 

Vss -0.3V to Voo +O.3V 

· -O.3V to VDD +O.3V 

· -O.3V to VDD +O.3V 

DBNo---e-------e---Q 

a. VOH to High-Z 

I3kll 
DBN~ 

T 10PF 

"VDGND 

b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

Operating Temperature Range 
K,L 
B,C ...... . 
T,U ...... . 

Storage Temperature 
Lead Temperature (Soldering, IOsec) 
Power Dissipation (Any Package) to + 7S·C 
Derates above + 7S·C by . . . . . . . . . . 

... 0 to .+70·C 
- 2S·C to + 8S·C 

- SS·C to + l2S·C 
-6S·C to + ISO·C 

. +300·C 
.... I,OOOmW 

lOmWI"C 

*Stress above those listed under "Absolute Maximum Ratings" may cause permanent" 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of 
this specification is not imp~ied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! g 
~~EDEVICE 
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AD7672 
TERMINOLOGY 

UNIPOLAR OFFSET ERROR of the actual transition from that point. 

GAIN ERROR The ideal first code transition should occur when the analog 
input is 1I2LSB above AGND. The deviation of the actual 
transition from that point is termed the offset error. 

The ideal difference between the first code transition and last 
code transition is FS - 2LSBs. The Gain error is defined as the 
deviation between this ideal difference and the measured differ
ence. Ideal FS corresponds to SV for the unipolar 0 to SV range 
and 10V for both the unipolar 0 to lOY and bipolar ± SV 
ranges. 

BIPOLAR ZERO ERROR 
The ideal midscale transition (i.e., 0 III III I III I to 
1000 0000 0000) for the ± SV range should occur when the analog 
input is 1I2LSB below AGND. Bipolar zero error is the deviation 

REV. A 

ORDERING GUIDE 

Conversion Temperature Accuracy Package 
Modell. 2 Time Range Grade Option3 

AD7672KN03 3 .... s O°Cto + 70°C ±lLSB N-24 
AD7672BQ03 3 .... s - 2SoC to + 8SoC ±lLSB Q-24 
AD7672KP03 3 .... s O°Cto + 70°C ±lLSB P-28A 
AD7672BE03 3 .... s -2S0Cto +8SoC ±lLSB E-28A 
AD7672KNOS S .... s O°Cto + 70°C ±lLSB N-24 
AD7672BQOS S",S - 2S0C to + 8SoC ±lLSB Q-24 
AD7672TQOS S .... s - 55°C to + 125°C ±lLSB Q-24 
AD7672LN05 5 .... s O°Cto + 70°C ±1I2LSB N-24 
AD7672CQ05 5 .... s - 25°C to + 85°C ±1I2LSB Q-24 
AD7672UQ05 5 .... s - 55°C to + 125°C ±1I2LSB Q-24 
AD7672KP05 5 .... s O°Cto +70CC ±lLSB P-28A 
AD7672TE05 5 .... s - 55°C to + 125°C ±lLSB E-28A 
AD7672LP05 5 .... s O°Cto + 70°C ±1I2LSB P-28A 
AD7672UE05 5 .... s - 55°C to + l2SoC ±1I2LSB E-28A 
AD7672KNIO lO .... s O°Cto + 70°C ±lLSB N-24 
AD7672BQIO lO .... s - 25CC to + 85°C ±lLSB Q-24 
AD7672TQ10 lO .... s - 55°C to + 125°C ±lLSB Q-24 
AD7672LNIO 10 .... s O°Cto + 70°C ±1I2LSB N-24 
AD7672CQ10 10",s - 2SoC to + 85°C ±1I2LSB Q-24 
AD7672UQIO 10 .... s - 55°C to + 125°C ±1I2LSB Q-24 
AD7672KPIO lO .... s OCCto + 70°C ±lLSB P-28A 
AD7672TEIO lO .... s - 55°C to + 125°C ±lLSB E-28A 
AD7672LPIO IO .... S O°Cto + 70°C ±1I2LSB P-28A 
AD7672UEIO lO .... s - 55°C to + 125°C ± 1I2LSB E-28A 

NOTES 
'Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip (Q-24) hermetic 
packages. 

2To order MIL-STD-883, Class B processed parts, add 1883B to part number. Contact 
local ssles office for military data sheet. 

3D ~ Ceramic DIP; E ~ Leadless Ceramic Chip Carrier (LCCC); N ~ Plastic DIP; 
P ~ Plastic Leaded Chip Carrier (PLCC); Q ~ Cerdip. For outline information see 
Package Information section. 
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AD7672 
DIP 
Pin No. Mnemonic 

I AINI 
2 VREF 

3 AGND 
4 ... 11 DB11 ... DB4 

13 ... 16 DB3 ... DBO 
12 DGND 
17 CLKIN 

18 CLKOUT 

19 RD 

20 CS 

21 BUSY 
22 Vss 
23 Voo 
24 AIN2 

DIP 

AIN1 

DBS 

DONO 

DIP PIN FUNCTION DESCRIPTION 

Description 

Anlilog Input. 
Voltage Reference Input. The AD7672 is specified with VREF = - 5V. 
Analog Ground. 
Three-state data outputs. They become active when CS and RD are brought low. DBII is the 
most significant bit (MSB). 

Digital Ground. 
Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively 
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT 
(Pin 18). 
Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock 
is used. See CLK IN (Pin 17) description. 
READ input. This active LOW signal, in conjunction with CS is used to enable the output data 
three-state drivers and initiate a conversion. 
CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable 
the output data three-state drivers and initiate a conversion. 
BUSY output indicates converter status. BUSY is LOW during conversion. 
Negative Supply, -12V. 
Positive Supply, + 5V. 
Analog Input. 

PIN CONFIGURATIONS 

PLCC 

" !i!! z J I J J AINZ li !il c 

VDO 

V .. 
D8111MSB) 5 

cs DB10 • cs 
AD7672 iii) DB9 7 

iii) TOP VIEW NC NC a 
(Not to &c.let 

eLK OUT CLK'OUT DBa • 
DB7 DBl 10 

DBO DB& 11 

DBa 

18 I ~ !il :;r III ! " " Ii " " NC := NO CONNECT 
NC = NO CONNECT 

LCCC 

~ 
" J i !! ! J J .. 
• 3 2 1 28 27 2& 

LJ 

AD7672 
TOP VIEW 

(Not to Scare) 

12 I. 14 15 16 11 18 

~ I " u :;r 8 1ii z z 
" 8 " " 

25 BUSY 

24 CS 
23RD 
22 NC 

21 ClKOUT 

aD eLK IN 

19 DBO 
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OPERATING FROM A NEGATIVE SUPPLY GREATER 
THAN -12V 
The AD7672 is designed to operate with a Vss input of 
- 12V ± 10%. In applications where the negative supply is greater 
than -12V, then a Zener diode in series with Vss can be used 
to reduce the supply. The Zener diode should have a dynamic 
impedance of not greater than 400. An example is given in 
Figure 3. The diode has a Zener voltage of 3V, which makes it 
suitable for a negative supply of - 15V ± 7%. 

r-~----~--~5V±5% 

BZX85 OR INS225B 
3V ZENER 

--..... -----------Q-15V"'7% 

Figure 3. Operation from Nominal Power Supplies of 5V 
and -15V 

CONVERTER DETAILS 
Conversion start is controlled by the CS and RD inputs. At the 
start of conversion the successive approximation register (SAR) 
is reset and the three-state data outputs are enabled. Once a 
conversion cycle has begun it cannot be restarted. 

During conversion, the internal 12-bit DAC is sequenced by the 
SAR from the most significant bit (MSB) to the least significant 
bit (LSB). Referring to Fignre 4, the analog inputs (AINI & 
AIN2) connect to the comparator input via 5kO resistors. The 
DAC which has 2.5kO output impedence connects to the same 
comparator input. Bit decisions are made by the comparator 
(zero crossing detector) which checks the addition of each suc
cessive weighted bit from the DAC output against the analog 
inputs. The MSB decision is made SOns (typically) after the 
second falling edge of CLK IN following a conversion start (see 
Figure 5). Similarly, the succeeding bit decisions are made 
approximately 80ns after a CLK IN falling edge until conversion 

Figure 4. AD7672 AIN Input 

REV. A 

AD7672 
is finished. At the end of conversion, the DAC output current 
balances the current from the analog inputs. The SAR contents 
(l2-bit data word) which represent the analog input signal are 
loaded into a l2-bit latch. 

CS&Ril=' I / /:: / / 

BUSV' s~ 
--J i 80ns TV. 

elK IN \.JLfL-. 
I 

CLKOUT~~ 

t t t t 
DB11 0810 DBl DBO 
(MSB) (LSB) 

Figure 5. Operating Waveforms Using an External Clock 
Source for CLK IN 

CONTROL INPUTS SYNCHRONIZATION 
In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 to 
13 CLK IN periods. This is because the ADC waits for the first 
falling CLK IN edge after conversion start before the conversion 
procedure begins. Without synchronization, this delay can vary 
from zero to an entire clock period. If a constant conversion 
time is required, then the following approach may be used: 
when initiating a conversion, RD must go low on either the 
rising edge of CLK IN or the falling edge of CLK OUT. This 
ensures a fixed conversion time that is l2. 5 times the CLK IN 
period. 

DRIVING THE ANALOG INPUTS 
During conversion current from the analog inputs is modulated 
by the DAC output current at a rate equal to the CLK IN 
frequency (i.e., 4MHz when CLK IN = 4MHz). This causes 
voltage spikes (glitches) to appear at the analog inputs. The 
magnitude and settling time of these glitches depends on the 
open-loop output impedance and small signal bandwidth of the 
amplifier or sample and hold driving these inputs. These devices 
must have sufficient drive to ensure that the glitches have settled 
within one clock period. An example of a suitable op amp is the 
AD OP-27. The magnitude of the largest glitch when using this 
device to drive one of the analog inputs is typically 11m V with a 
200ns settling time. 

Suitable devices capable of driving the AD7672 analog inputs 
are the AD OP-27 and AD711 op amps and the AD585 sample-and
hold. 

INTERNAL CLOCK OPERATION 
Fignre 6 shows the AD7672 internal clock circuit. A crystal or 
ceramic resonator may be connected berween CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/ceramic resonator may be 
omitted and an external clock source may be connected to CLK 
IN. For an external clock the mark/space ratio must be 50/50. 
An inverted CLK IN will appear at the CLK OUT pin as shown 
in the operating waveforms of Figure 5. 
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AD7672 

r; 
~. 

NOTES 
AD7612XX03-4MHz CRYSTAUCERAMtcRESONATOR. 
AD7672XX06-2.5MHzCRYSTAUCERAMICRESONATOR. 
AD7672XX16-1.25MHz CRVSTAUCERAMICRESONATOR. 

AD787Z 

C1 ANDC2CAPACITANCE VALUESDEPENDONCRYSTAlJCERAMlCRESONATOR 
MANUFACTURER. TYPICAL VALUESAREFROMJOpFTO 10OpF. 

Figure 6. AD7672 Internal Clock Circuit 

ANALOG INPUT RANGES 
The AD7672 provides three user selectable analog input ranges; 
o to + SV, 0 to + IOVand ± SV. Figure 7 shows how to configure 
the two analog inputs (AINI and AIN2) for these ranges. 

+5V 

TO 
SAR 

L-----.. ~c 

TO 
SAR 

'-----... J,'ic 

TO 
SAR 

L-----·~~c 

-ADDITIONALPINSOMMITEDFOAClARITY 

Figure 7. Analog Input Range Configurations 

UNIPOLAR OPERATION 
Figure 8 shows how to ~onfigure an ADS84 to produce a reference 
voltage of - SV for unipolar operation. 

o TO ,:itf_---£:i) 
OR 

OTO ,OV 

+'V 

Yu 

'--_______ --'~_'2V 

-ADDITIONAL PINS OMMITED FOR CLARn"V 
"O·T().5V RANGE: CONNECT AIN2 TO AJN1 

O·TO·1OV RANGE: AlN2 '" AOND 

Figure 8. Unipolar Operation Using the AD584 as a 
Reference 

The ideal input/output characteristic is shown in Figure 9. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 1I2LSB, 3/2LSBs ... FS -3/2 LSBs). 
The output code is natural binary with lLSB = FS/4096. FS 
is either + SV or + 10V depending on the analog inputs 
configuration. 
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OUTPUT FUll SCALE 
CODe TRANSITION 

;;;;:1 \r-" .. ''': ,r 
:: :::fL' ,,/'/ 
00. 001 

00. 000 -------- I I I 

nSB = 4:a 

o ~ LS!'S ~'S t FS 
FS -1LS8 

VIN> INPUT VOL TAGE(lN TERMS OF LSBsI 

Figure 9. AD7672 Ideal InputiOutput Transfer 
Characteristic for Unipolar Operation. 

OFFSET AND FULL· SCALE ERROR 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale error have little or no effect on system performance. A 
typical example is a digital filter, where an analog input signal is 
quantized, digitally processed and recreated using a DAC. In 
these type of applications the offset error can be eliminated by 
ac coupling the recreated signal. Full-scale error effect is linear 
and does not cause problems as long as the input signal is within 
the full dynamic range of the ADC. An important consideration 
in DSP applications is Differential Nonlinearity and this is not 
affected by either offset or full-scale error. 

UNIPOLA,R. OFFSET AND FULL-SCALE ERROR 
ADJUSTMENT 
If absolute accuracy is an application requirement then offset 
and full-scale error can be adjusted to zero. Offset error must be 
adjusted before full-scale error. Figure 10 shows the extra com
ponents required for full-scale error adjustment. Zero offset is 
achieved by adjusting the offset of the op amp driving the analog 
input (i.e., Al in Figure 10.). For zero offset error apply a 
voltage equal to 1I2LSB at V IN and adjust the op amp offset 
voltage until the ADC output code flickers between 
0000 0000 0000 and 0000 0000 000 1. 

o to +5V Range: 1I2LSB = 0.61mV 
o to + 10V Range: 1I2LSB =1.22mV 

For zero full-scale error apply an analog input voltage equal to 
FS-3/2LSBs (last code transition) at VIN and adjust Rl until the 
ADC output code flickers between 1111 1111 111 0 and 
1111 1111 llll. 

o to +SV Range: FS-3/2LSBs = 4.99817 
o to + 10V Range: FS-3/2LSBs = 9.99634 

ANALOG R' 
INPUT 10 

R, ... 
R2 20. 

-ADDITIONAL PINS OMMITI!D FOR ClAR1TV 
"·OTO &YRANGE: CONNECT AIN2TOAlN1 

OTO lOY RANGE: AIN2 = AGND 

( 

l 
AIN2" 

( 
AD1672-I 

~ 

Figure 10. Unipolar Operation with Gain Error Adjust 
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BIPOLAR OPERATION 
Bipolar operation is achieved by providing a + 10V span at the 
AINI input which is offset to ±5V by applying+5V at the 
AIN2 input. This requires two reference voltages; - 5V for the 
V REF input and + 5V for the AIN2 input. Figure II demonstrates 
how to produce these voltages from an AD584 and an inverting 
amplifier configuration. Alternatively, a convenient solution is 
to use the AD588 voltage reference as in Figure 12. This device 
generates the required ± 5V with a minimum of additional 
components. It also offers excellent temperature stability with 
voltage drifts as low as 1.5ppmJ°C. 

The ideal input/output transfer characteristic after offset 
and gain adjustment is shown in Figure 13. The LSB size is 
(10/4096)V = 2.44mV. +5V 

·ADDITIONAL PINS OMlnED fOR CLARITY 

Figure ". Bipolar Operation Using an AD584 and an 
AD7110pAmp 

BIPOLAR OFFSET AND GAIN ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and gain error can be adjusted to zero. Offset is adjusted by 
trimming the voltage at the AINI or the AIN2 input when the 
analog input is at - FS/2 + 1I2LSB. This can be achieved by 
adjusting the offset of an external amplifier used to drive either 
of these analog inputs. Alternatively the AD588 voltage reference 
contains a balance control input which can be used to trim the 
offset to zero. An additional potentiometer (R2 in Figure 14) is 
required. The trim procedure is as follows: 

Apply -4.99878V (-FS/2 + 1I2LSB) at VIN and adjust R2 
until the ADC ouput code flickers between 0000 0000 0000 and 
0000 0000 0001. 

Gain error can be adjusted at either the last positive code transition 
or the mid-scale transition (bipolar zero error adjust). Adjusting 
the positive end of the transfer function is in keeping with more 
conventional ADC calibration techniques where the user fixes 
the two end points as in the unipolar case. Bipolar zero adjustment 
is required in some applications (e.g., motor control) where the 
user must be guaranteed that the 0111 1111 1111 to 
100000000000 transition occurs exactly when the analog input 
is 1I2LSB below AGND. The trim procedures for both cases 
are as follows. (See Figure 14.) 

Last Code Transition Adjust 
Apply a voltage of 4.99634 volts (FS/2 - 3/2LSBs) at VIN• Adjust 
R5 until the ADC output code flickers between 1111 1111 1110 
and 1111 1111 1111. 

REV. A 

AD7672 

·ADDITIONAL PINS O~TTED fOR CLARITY 

Figure 12. Bipolar Operation Using an AD588 Voltage 
Reference 

111 .. 111 

111 ... 110 J1 
::: :::~FS I 
'00. 000'- ;r--",""",,~t-_-4;J-=:-,I_-t 

I +2FS -USB 
01',.,11 I +lf2LSB 

011. 110 I 

000 .. 00' +1 ~ r _ FS 

000. 000 ~~ 'LSB-_ 
o 

VIN. INPUT VOLTAGE UN TERMS OF LSBs) 

Figure 13. Ideal Input/Output Transfer Characteristic for 
Bipolar Operation 

.2 
10011 

-ADomONAL PINS OMmED FOR CLARITY 

Figure 14. Bipolar Operation with Offset and Gain Error 
Adjust 

Bipolar Zero Error Adjust 
Apply a voltage of -1.22mV at VIN and adjust R5 until the 
ADC output code flickers between 0111 1111 1111 and 
1000 0000 0000. 
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AD7672 
TIMING AND CONTROL 
Conversion start and data read operations are controlled by two 
of the AD7672 digital inputs; CS and RD .. Figure 15 shows the 
equivalent logic circuit of these inputs. A high-to-low logic 
transition on CS and RD initiates a conversion. Once initiated it 
cannot be restarted until conversion is complete. Converter 
status is indicated by the BUSY output, and this is low while 
conversion is in progress. 

CLEAR 

BUSY 

CONVERSION START 
(RISING EDGE TRIGGER) 

L-....:;A",CT",IV",E.:.:HI:::G::.H .... 5:~:~. :~EE-STATE OUTPUTS 

·ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 15. Internal Logic for Control Inputs CS and RD 

There are two modes of operation as outlined by the timing 
diagrams of Figures 16 and 17. Slow Memory Mode is designed 
for microprocessors that can be driven into a WAIT state, a 
READ operation brings CS and RD low, which initiates a con
version and data is read when conversion is complete. The 
second is the ROM Mode, which does not require microprocessor 
WAIT states. A READ operation brings CS and RD low 
which initiates a conversion and reads the previous conversion 
result. The data format for both modes is designed for parallel 
interfacing. 

~\~--------~I ~ 
~.~ ~~~ ~.~ Rii' f L -l t. r-----j 1--.. --1 
.USY~~ .. ~ ~t'r- L 
DATA ~ OLD DATA ~ C 
~ DB11-DBO ~ 

Figure 16. Slow Memory Mode Timing Diagram 

Figure 17. ROM Mode Timing Diagram 
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SLOW MEMORY MODE 
Figure 16 shows the timing diagram for Slow Memory Mode. 
CS and RD going low triggers a conversion and the AD7672 
acknowledges by.taking BUSY low. Data from the previous 
conversion appears on the three-state data outputs. BUSY returns 
high at the end of conversion when the output latches have been 
updated and the conversion result is placed on the output data 
bus. 

ROM MODE 
The ROM Mode avoids placing a microprocessor into a wait 
state. A conversion is started with a READ operation and the 
12-bits of data from the previous conversion are available on the 
data outputs while CS and RD are low. This data may be disre
garded if not required. A second READ operation reads the 
new data and starts another conversion. A delay at least as long 
as the AD7672 conversion time must be allowed between READ 
operations. 

MICROPROCESSOR INTERFACING 
The AD7672 is designed to interface to microprocessors as a 
memory mapped device. The CS and RD inputs are common 
control inputs to all peripheral memory interfacing. 

MC68000 MICROPROCESSOR 
Figure 18 shows a typical interface for the MC68000. The AD7672 
is operating in the Slow Memory Mode. Assuming the AD7672 
is located at address COOO then the following single 16-bit MOVE 
instruction both starts a conversion and reads the conversion 
result. 

Move. W $COOO,DO 

At the beginning of the instruction cycle when the ADC address 
is selected, BUSY and CS assert DT ACK, so that the 68000 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO register 
of the UP. . 

A23I-------_----. 
A' 1-----., 

MC68000 AD7672* 

(:Jt~===:JCli BUSY 

1-----1 ..:;_--_-1 iiii 

VJ.----------I DB" 

DBD 

·UNEAR CIRCUITRY OMlnED FOR CLARITY 

Figure 18. AD7672 -MC68000 Interface 
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8085A, Z·80 MICROPROCESSORS 
Figure 19 shows an AD7672 interface for the Z-80 and 8085A. 
The AD7672 is operating in the Slow Memory Mode and a two 
byte read is required. Not shown in the Figure is the 8-bit latch 
required to demultiplex the 8085A common address/data bus. 
The following LOAD instruction starts a conversion and reads 
the conversion result into the HL register pair. 

Forthe8085A LHLD (BOOO) 
FortheZ-80 LDHL (BOOO) 

This is a two byte read instruction. During the first read operation, 
BUSY forces the microprocessor to wait for the AD7672 conver
sion. At the end of conversion the low byte (DB7-DBO) is loaded 
into the HL register pair and the high byte (DBll-DB8) is 
latched into a 74HC374. No WAIT states are inserted during 
the second read operation when the microprocessor is reading 
the high data byte. 

A1S 

ADDRESS BUS < AO 

.L~ 
MREQ HEN ADDR: I DECODE 

ADD" 
8 ... 

ADDR CS 
8001 

iiii 
I T 

iiii 
WAIT 

~~ CLKrd-
BUSY 

Z·80 
8085A AD1672-

:~ .--- Q7 
D3 0811 I QO DO 

Dsa 
74HC374 

D7 "- D87 

DATA BUS 
DO 

I I 
D80 

-LINEAR CIRCUITRV OMlnED FOR CLARITY 

~ 

Figure 19. AD7672 - B085A1ZBO Interface 

mM PC* COMPUTER 
The - 12V power supply operation of the AD7672 makes it an 
ideal choice for the IBM PC. A typical interface is shown in 
Figure 20. The AD7672 is configured in the ROM mode. Two 
addresses are required to read the 12-bit ADC data over the 8-
bit data bus. An 1/0 read instruction to the ADC address (BOOO) 
starts a conversion and reads the low data byte (DB7-DBO). 
This data is from the previous conversion. The high byte (DBll
DB8) may be read with a similar 1/0 instruction to the 74HC374 
latch (address Bool). Alternatively the up-ta-date data may be 
read at the end of conversion. The AD7672 BUSY may be used 
to interrupt the IBM PC as shown in Figure 20. The data is 
then read with two 1/0 instructions as before. Note a read in
struction to the ADC should not be attempted while conversion 
is in progress. 

*IBM PC is a trademark of International Busiaess Machines Corp. 
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AD7672 

A1 
ADDRESS BUS ~ 

AO 
J ~ IBM PC 

AEN HEN ADD" I DECODE 
ADDR 

EXPANSION 
sooo CS ADD" PORT B001 

iOii 
T T 

iiii 
IRQN 

t2.~ CLKrd-
BUSV 

AD7612* 

:~ 
~ Q7 

D3 DS11 

100 
00 Dsa 

74HC374 

D7 f- DB7 

DATA BUS 
DO DIO 

I I -LINEAR CIRCUITRY OMITTED fOR CLARrrv 
~ 

Figure 20. AD7672 - IBM PC Interface 

ADSP·2100 DIGITAL SIGNAL PROCESSOR 
The ADSP-21oo like other digital signal processors requires 
very fast data access times beyond the capabilities of the AD7672. 
This problem is easily overcome by inserting 74HC374 latches 
in the data bus as in Figure 21. Again for this interface a single 
instruction is sufficient to read the AD7672 conversion result. 

MRO = DM (ADC ADDRESS) 

This instruction initiates a conversion and reads the previous 
conversion result into the MRO register. CS and RD are gated 
so that they remain low for the duration of the conversion. Note 
that no WAIT states are inserted even though the AD7672 is 
configured for a Slow Memory mode. At the end of conversion, 
BUSY going high latches the new result into the 74HC374 
latches. An RC delay is inserted to compensate for the data 
setup time after BUSY (t,;). 

A141-________________ "7 

AOSP· 
2100 

A0l-__ -, 
ADDRESS BUS 

tIE ClK 
2x 

74HC374 

AD7672* 

D1.1----I011 D111----...:...---~ DB11 

DO 00 DO I-_______ ~DBO 

DATA BUS 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 21. AD7672 - ADSP-2100 Interface 
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AD7672 
TMS32010 MICROCOMPUTER 
Figure 22 shows an AD7672-TMS32010 interface. The AD7672 
is operating in the ROM mode. The interface is designed for a 
maximum TMS32010 clock frequency of 18MHz Qut will typically 
work over the full TMS32010 clock frequency range. 

The AD7672 is mapped at a port address. The following 1/0 
instruction starts a conversion and reads the previous conversion 
result into data memory. 

IN A,PA (PA = PORT ADDRESS) 

When conversion is complete, a second 1/0 instruction reads the 
up-to-date data into the accumulator and starts another conversion. 
A delay at least as long as the ADC conversion time must be 
allowed between 1/0 instructions. 

APPLICATION HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AID performance. 
For 12-bit performance the AD7672's comparator is required to 
make bit decisions to an accuracy of O.61mV. To achieve this, 
the designer has to be conscious of noise both in the ADC itself 
and the preceding anal()g circuitry. Switching mode power supplies 
are not recommended as the switching spikes will feed through 
to the comparator causing noisy code transitions. Other causes 
of concern are ground loops and digital feedthrough fi:om 
microprocessors. These are factors which influence any ADC, 
and a proper PCB layout which minimizes these effects is essential 
for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the 
digital and. analog signailines separated as much as possible. 
Take care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 3 (AGND) or as close as 
possible to the AD7672 as shown in Figure 23. Connect all 
other grounds and Pin 12 (AD7672 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as 
possible. The use of ground planes minimizes impedance paths, 
while guarding the analog circuitry from digital noise. Keep 
analog and digital grounds separate and only join them at the 
AD7672 AGND pin. 
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PA.I----------. 
PAOI---........ 

Ci 

TMS32010 R6 AD767Z* 
on 1-----____ -1 DIIn 

001-----. ...----IDIIO 

·UNEAR CIRCUrrRY OMITTED FOR CLARITY 

Figure 22. AD7672 - TMS32010 Interface 

ANALOG 
SUPPlY 

+12V GND -12V 

Figure 23. Power Supply Grounding Practice 

NOISE: Keep the input signaileads to AIN and signal return 
leads from AGND (Pin3) as short as possible to minimize input 
noise coupling. In applications where this is not possible use a 
shielded cable between the source and the ADC. Reduce the 
ground circuit impedance as much as possible, since any potential 
difference in grounds between the signal source and the ADC 
appears as an error voltage in series with the input signal. 

Microprocessor applications generate noisy environments, making 
12-bit performance difficult to achieve, especially when the 
ADC is connected to a continousiy active bus. The problem can 
be eliminated by forcing the uJcroprocessor into a WAIT state 
during conversion (see Slow Memory Mode interfacing), or by 
using three-state buffers to isolate the AD7672 data bus. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic 16-Bit ADC 
0.0015% Linearity Error 
On-Chip Self-Calibration Circuitry 
Programmable Low Pass Filter 

0.1 Hz to 10 Hz Corner Frequency 
o to +2.5 V or ±2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power 

APPLICATIONS 
Industrial Process Control 
Weigh Scales 
Portable Instrumentation 
Remote Data Acquisition 

GENERAL DESCRIPTION 
The AD7701 is a 16-bit ADC which uses a sigma delta conver
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which 
updates the output data register with 16-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre
quency and output word rate are set by a master clock input 
that may be supplied externally, or by a crystal-controlled on
chip clock oscillator. 

The inherent linearity of the ADC is excellent, and end-point 
accuracy is ensured by self-calibration of zero and full-scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. 

The output data is accessed through a flexible serial port, which 
has an asynchronous mode compatible with UARTs and two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry-standard microcontrollers. 

CMOS construction insures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 j.LW. 
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LC2MOS 
l6-Bit AID Converter 

AD7701 I 
FUNCTIONAL BLOCK DIAGRAM 

AYOD DYOD AYss DYss se, sc, 

eLKIN CLKOUT MODE CS ~ADY 

PRODUCT HIGHLIGHTS 
I. The AD7701 offers 16-bit resolution coupled with outstand

ing 0.0015% accuracy. 

2. No missing codes ensures true, usable, 16-bit dynamic range, 
removing the need for programmable gain and level-setting 
circuitry. 

3. The effects of temperature drift are eliminated by on-chip 
self-calibration, which removes zero and gain error; External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 

4. A flexible synchronous/asynchronous interface allows the 
AD7701 to interface directly to UARTs or to the serial ports 
of industry-standard microcontrollers. 

5. Low operating power consumption and an ultralow power 
standby mode make the AD7701 ideal for loop-powered re
mote sensing applications, or battery-powered portable in
struments. 
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(TA = +25°C; AVoo = DVoo = +5 V; AVss = DVss = -5 V; VREf = +2.5 V; 

AD7701 SPECIFICATIONS feLKIN = 4.096 MHz; Bipolar Mode; MODE = +5 V; AtN Source Resistanc. e =. 
'. - 750 0 1 with 1 nF to AGND at AIM' unless otherwise stated.) . 

Parameter A, S Versions' B. T Versions' Units TestConditionSlComments 

STATIC PERFORMANCE 
Resolution "16 16 Bits 
Integral Nonlinearity 

Tl1'!-in to Tmax ±0.0007 % FSR typ 

±0.003 ±0.0015 % FSRmax 
Differential Nonlinearity 

Tmin to Tmax ±0.125 ±0.125 LSB typ Guaranteed No Missing Codes 
±0.5 ±0.5 LSBrnax 

Positive Full-Scale Error' ±0.13 ±0.13 LSB typ 

±05 ±0.5 LSBrnax 
Full-Scale Drift" ±1.2 (±2.3 S Version) ±1.2 (±2.3 T Version) LSB typ 

Unipolar Offset Error' ±0.25 ±0.25 LSB typ 
±1 ±1 LSBmax 

Unipolar Offset Drift' ±1.6 (+3/-25 S Version) ±1.6 (+3/-25 T Version) LSB typ 
Bipolar Zero Error' ±0.25 ±0.25 LSB typ 

±1 ±1 LSBmax 
Bipolar Zero Drift"· ±0.8 (+ LS/-12.5 S Version) ±0.8 (+ LS/-12.5 T VetSion) LSB typ 
Bipolar Negative Full-Scale Error' ±0.5 ±0.5 LSB typ 

±2 ±2 LSBmax 
Bipolar Negative Full-Scale Drift' ±O.6 (± 1.2 S Version) ±0.6 (±1.2 T Version) LSB typ 
Noise (Referred to Output) 0.1 0.1 LSB rms typ 

DYNAMIC PERFORMANCE 
Sampling Frequency, fs fCLKIN1256 fcLI",/256 Hz 
Output Update Rate, fOUT fcLKINIlO24 fcLK1N/1024 Hz 
Filter Corner Frequency, L 3 dB fcLKlN/409,600 fcLI",/409,600 Hz 
Settling Time to "'±:0.OOO7% FS 5079041hKIN 507904/fcLKIN sec For Full-Scale Input Step 

SYSTEM CALmRATION Applies to Unipolar and 
Positive Full-Scale Overrange VREP +0.1 VREP +0.1 Vrnax Bipolar Ranges. After CaIi-
Positive Full-Scale Overrange VREF +0.1 VREF +0.1 V max bration, If AIN > V REF, the 
Negative Full-Scale Overrange -(VREF +0.1) -(VREF +0.1) V max Device Will Output AU ls 
Maximum Offset Calibration Ranges, 6 If AlN <0 (Unipolar) or 

Unipolar Input Range -(VREF +0.1) -(VREF +0.1) V max -VREF (Bipolar), the Device 
Bipolar Input Range -0.4 VREP to +0.4 VREF -0.4 VREP to +0.4 VREF V max Will Output All Os. 

Inpnt Span7 0.8 VREF 0.8 VREP Varin 
2 VREF +0.2 2 VREF +0.2 V max 

ANALOG INPUT 
Unipolar Input Range o to +2.5 o to +2.5 Volts 
Bipolar Input Range ±2.5 ±2.5 Volts 
Input Capacitance 10 10 pF typ 
Input Bias Current' 1 1 nA typ 

LOGIC INPUTS 
AU Inputs Except CLKIN 

V INL' Input Low Voltage 0.8 0.8 "V max 
V iNH' Input High Voltage 2.0 2.0 Varin 

CLKIN 
V INLo Input Low VoltaSe 0.8 0.8 V max 
VINH, Input High Voltage 3.5 3.5 Varin 

lIN' Input Current 10 10 jLA max 

LOGIC OUTPUTS 
VOL' Output Low Voltage 0.4 0.4 V max ISINK = 1.6 rnA 
VOH' Output High Voltage DVoo-1 DVoo-1 Varin IsouRCE = 100 jLA 
Floating State Leakage Current ±1O ±1O jLA max 
Floating State Output Capacitance 9 9 pF typ 
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AD7701 
Parameter A, S Versions2 B, T Versions2 Units Test Conditions/Comments 

POWER REQUIREMENTS· 
Power Supply Voltages 

Analog Positive Supply (A V DO) 4.S/S.S 4.S/5.S VminlVmax 
Digital Positive Supply (DV DO) 4.5/AVoo 4.5/AVoo VminIVmax 
Analog Negative Supply (A V ss) -4.S/-S.5 -4.S/-S.S VminlVmax 
Digital Negative Supply (DV ss) -4.5/-S.S -4.5/-S.5 VminlVmax 
Calibration Memory Retention 
Power Supply Voltage 2.0 2.0 V min 

DC Power Supply Currents· 
Analog Positive Supply (Aloo) 3.2 3.2 rnA max Typically 2 rnA 
Digital Positive Supply (DIDO) I.S I.S rnA max Typically I rnA 
Analog Negative Supply (AIss) 3.2 3.2 mAmax Typically 2 rnA 
Digital Negative Supply (DIss) 0.1 0.1 rnA max Typically 0.03 rnA 

Power Supply Rejection' 
Positive Supplies 70 70 dB typ 
Negative Supplies 75 7S dB ryp 

Power Dissipation 
Normal Operation 40 40 mWmax SLEEP = Logic I, 

Typically 2S m W 
Standby Operation1O 20 (40 S Version) 20 (40 T Version) fLWmax SLEEP = Logic 0, 

Typically 10 fL W 

NOTES 
IThe Am pin presents a very high impedance dynamic load which varies with clock frequency. 
2Temperature ranges are as follows: A, B Versions; -40"C to +8S'C; S, T Versions; -SS"C to + 12S·C. 
'Apply after calibration at the temperature of interest. Full-scale error applies for both unipolar and bipolar input ranges. 
'Total drift over the specified temperature range since calibration at power-up at + 2S·C. This is guaranteed by design andlor characterization. Recalibration at 
any temperature will remove these errors. 

'In unipolar mode the offset can have a negative value (-V REF) such that the unipolar mode can mimic bipolar mode operation. 
'The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
7For unipolar mode, input span is the difference between full-scale and zero scale. Fir bipolar mode, input span is the difference between positive and negative 
full-scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of :!:(VREF +0.1). 

8 All digital outpurs unloaded. All digital inputs at 5 V CMOS levels. 
'Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 

IOCLKIN is stopped. All digital inputs are grounded. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATiNGS l 

(T A = + 2Soc unless otherwise noted) 

DVDD to AGND ................... -0.3 V to +6 V 
DVDD to AVDD •••••••••••••••••• -0.3 V to +0.3 V 
DVss to AGND ..... _ •...........•. +0.3 V to -6 V 
AVDD to AGND ................... -0.3 V to +6 V 
AVss to AGND .................... +0.3 V to -6 V 
AGND to DGND ................. -0.3 V to +0.3 V 
Digital Input Voltage to DGND ... -0.3 V to DVDD +0.3 V 
Analog Input 

Voltage to AGND ....... AVss -0.3 V to AVDD +0.3 V 
Input Current to Any Pin Except Supplies2 ••••••• ±IO rnA 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ...... -40°C to +8SOC 

CAUTION 

Industrial Cerdip (A, B Versions) ....... -40°C to +8SoC 
Extended Cerdip (S, T Version) ....... -SsoC to +12SoC 

Storage Temperature Range ........... -6SoC to + IS0°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7SoC ....... 4S0 mW 
Derates above +7SoC by .................. 10 mWrC 

NOTES 
IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only aod functional 
operation of the device at these or any other conditions above those Iisred in the 
operational sections of this specification is not implied. Exposure ro absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currenrs of up ro 100 rnA will not cause SCR latch-up. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~::: 
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A07701 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

MODE Selects the Serial Interface Mode. If MODE is tied to -5 V, the AD7701 will operate in the asynchronous 
communications (AG) mode. The SCLK pin is conftgured as an input, and data is transmitted in two bytes, 
each with one start bit and two stop bits. If MODE is tied to DGND, the synchronous external clocking 
(SEC) mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB 
coming fll'St. If MODE is tied to +5 V, the AD7701 operates in the synchronous self-clOCking (SSG) mode. 
SCLK is configured as an output, with a clock frequency of fcLKIN/4 and 25% duty-cycle. 

2 CLKOUT Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT and CLKIN. If 
an external clock is used, CLKOUT is not connected. 

3 

4,17 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

CLKIN 

SCI,SC2 

DGND 

DVss 

AVss 

AGND 

AIN 

VRBP 

SLEEP 

BP/uP 

CAL 

AVDD 

DVDD 

CS 

DRDY 

SCLK 

SDATA 

Clock Input for External Clock. 

System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 

Digital Ground. Ground reference for all digital signals. 

Digital Negative Supply, - 5 V nominal. 

Analog Negative Supply, -5 V nominal. 

Analog Ground. Ground reference for all analog signals. 

Analog Input. 

Voltage Reference Input, +2.5 V nominal. This determines the value of positive full-scale in the unipolar 
mode and of both positive and negative full-scale in the bipolar mode. 

Sleep mode pin. When this pin is taken low, the AD7701 goes into a low-power mode with typically 10 floW 
power consumption. 

Bipolar/unipolar Mode Pin. When this pin is low, the AD7701 is configured for a unipolar input range going 
from AGND to VREP' When Pi!! 12 is high, the AD7701 is configured for a bipolar input range, ±VREP ' 

Calibration Mode Pin. When CAL is taken high for more than 4 cycles, the AD770 I is reset and performs a 
calibration cycle when ·CAL is brought low again. The CAL pin can also be used as a strobe to synchronize 
the operation of several AD7701s. . 

Analog Positive Supply, + 5 V nominal. 

Digital Positive Supply, + 5 V nominal. 

Chip Select Input. When CS is brought low, the AD7701 will begin to transmit serial data in a format deter
mined by the state of the MODE pin. 

Data Ready output. DRDY is low when valid data is available in the output register. It goes high after trans
mission of a word is completed. It also goes high for four clock cycles when a new data word is being loaded 
into the output register, to indicate that valid data is not available, irrespective of whether data transmission is 
complete or not. . 

Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of se
rial data transmission that has been selected by the MODE pin. When confIgUred as an output in the synchro
nous self-clocking mode, it has a frequency of fCLKlN/4 and a duty cycle of 25%. 

Serial Data Output. The AD7701's output data is available at this pin as a 16-bit serial word. The transmis
sion format is determined by the state of the MODE pin. 

PIN CONFIGURATION ORDERING GUIDE 

Temperature Linearity Package 
Modell Range Error (%FSR) Options2 

AD770IAN -40°C to +85OC 0.003 N-20 
AD770IBN -40°C to +85°C 0.0015 N-20 
AD7701AR -40°C to +85°C 0.003 R-20 
AD770lBR -40°C to +85°C 0.0015 R-20 
AD7701AQ -40°C to +85°C 0.003 Q-20 
AD7701BQ -40°C to +85°C 0.0015 Q-20 
AD7701SQ3 -55°C to +125°C 0.003 Q-20 
AD7701TQ3 - 55°C to + 125°C 0.0015 Q-20 

NOTES 
'To order MIL-STO-883B, Class B processed pariS, add 1883B to part num
ber. Contact your local sales office for military data sheet. 

'N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; 
R = SOIC. For outline information see Package Infortnation section. 

'Available to 1883B processing only. 
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AD7701 

TIMING CHARACTERISTICS 1, 2 
(AVoo = DVoo = +5 V :t: 10%; AVss = DVss = -5 V :t: 10%; AGND = DGNO = 0 V; 
felKIN = 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DVoo) 

Limit at T .. dn' T max Limit at T min~ T max 

Parameter (A, B Versions) (S, T Versions) Units Conditions/Comments 

fCLKIN 
3,4 40 40 kHz min Master Clock Frequency: Internal Gate Oscillator 

5 5 MHz max Typically 4.096 MHz 
40 40 kHz min Master Clock Frequency: Externally Supplied 
5 5 MHz max 

t,' SO SO nsmax Digital Output Rise Time. Typically 20 ns 
tt' SO SO nsmax Digital Output Fall Time. Typically 20 ns 
t1 0 0 nsmin SCI, SC2 to CAL High Setup Time 
t2 SO SO nsmin SCI, SC2 Hold Time After CAL Goes High 
t36 1000 1000 ns min SLEEP High to CLKIN High Setup Time 

SSC Mode 
t/ 3JfcLKIN 3/fCLKIN ns min Data Access Time (CS Low to Data Valid) 
t5 100 100 ns max SCLK Falling Edge to Data Valid Delay (25 ns typ) 
t6 250 250 ns min MSB Data Setup Time. Typically 380 ns 
t7 300 300 ns max SCLK High Pulse Width. Typically 240 ns 
t8 790 790 ns max SCLK Low Pulse Width. Typically 730 ns 

r..8 IIfCLKIN + 200 IIfCLKIN + 200 nsmax SCLK Rising Edge to Hi-Z Delay (lIfCLKIN + 100 ns typ) 
t 8,9 

10 (4JfcLKIN) +200 (4JfcLKIN) +200 nsmax CS High to Hi-Z Delay 

SEC Mode 
fSCLK 5 5 MHz Serial Clock Input Frequency 
tl1 SO SO ns min SCLK Input High Pulse Width 

t12 180 180 ns min SCLK Low Pulse Width 
t 7,10 

13 160 160 nsmax Data Access Time (CS Low to Data Valid). Typically 80 ns 
t1• 

11 ISO ISO nsmin SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
t ls8 250 250 nsmin CS High to Hi-Z Delay 
t 168 200 200 nsmin SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 

ACMode 
t17 40 40 nsmax CS Setup Time. Typically 20 ns 
t18 180 180 nsmax Data Delay Time. Typically 90 ns 
t 19 200 200 ns max SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are specified with t, = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures I to 5. 
'CLKIN Duty Cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7701 is not in SLEEP mode. If no clock is present in this case, the de
vice can draw higher current than specified and possibly become uncalibrated. 

'The AD7701 is production tested with fcLKlN at 4.096 MHz. It is guaranteed by characterization to operate at 200 kHz. 
'Specified using 10% and 90% points on waveform of interest. 
6In order to synchronize several AD770ls together using the SLEEP pin, this specification is met. 
74 and t13 are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
8(8' t lO, t l5 and t 16 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char
acteristics is the true bus relinquish time of the part and as such as independent of external bus loading capacitance. 

"If es is returned high before all 16 bits are output, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 
"'Ifes is activated asynchronously to DRDY, es will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 

be as great as 4 CLKIN cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous es, the SCLK input should not be taken high 
sooner then 4 CLKIN cycles plus 160 ns after es goes low. 

"SDATA is clocked out on the falling edge of the SCLK input. 
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Figure 1. Load Circuit for Access 
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Figure 3. SSC Mode Data Hold Time Figure 4a. SEC Mode Data Hold Time Figure 4b. SEC Mode Timing Diagram 
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SDATA ,~ 
Figure 5. SSC Mode Timing Diagram 

TERMINOLOGY 

LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are Zero-Scale (not to be con
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 ... 000 to 000 ... (01) and Full-Scale, a 
point 1.5 LSB above the last code transition (111 ... 110 to 
111 ... 111). The error is expressed as a percentage of 
full scale. 

DIFFERENTIAL LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (l LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of ± 1 LSB or less 
guarantees monotonicity. 

POSITIVE FULL-SCALE ERROR 
Positive Full-Scale Error is the deviation of the last code transi
tion (111 . . . 11 0 to 111 . . . 111) from the ideal (V REF - 3/2 
LSBs). It applies to both positive and negative analog input 
ranges and it is expressed in microvolts. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni
polar mode. It is expressed in microvolts. 
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Figure 6. AC Mode Timing Diagram 

BIPOLAR ZERO ERROR 
This is the deviation of the mid-scale transition (0111 ... 111 
to lOOO ..• 000) from the ideal (AGND - 0.5 LSB) when op
erating in the bipolar mode. It is expressed in microvolts. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
(-VREF + 0.5 LSB), when operating in the bipolar mode. It is 
expressed ill microvolts. 

POSITIVE FULL-SCALE OVERRANGE 
Positive Full-Scale Overrange is the amount of overhead avail
able to handle input voltages greater than + V REF ( for example, 
noise peaks or excess voltages due to system gain errors in sys
tem calibration routines) without introducing errors due to over
loading the analog modulator or overflowing the digital mter. It 
is expressed in millivolts. 

NEGATIVE FULL·SCALE OVERRANGE 
This is the amount of overhead available to handle voltages be
low -VREF without overloading the analog modulator or over
flowing the digital filter. Note that the analog input will accept 
negative voltage peaks even in the unipolar mode. The overhead 
is expressed in millivolts. 
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OFFSET CALIBRATION RANGE 
In the system calibration modes (SC2 low) the AD7701 cali· 
brates its offset with respect to the AJN pin. The Offset Calibra· 
tion Range specification defines the range of voltages, expressed 
as a percentage of V REP that the AD770 I can accept and still 
calibrate offset accurately. 

FULL·SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7701 can accept in the 
system calibration mode and still calibrate full·scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD770 I 's analog input define the analog input range. 
The input span specification defmes the minimum and maxi· 
mum input voltages from zero to full·scale that the AD7701 can 
accept and still calibrate gain accurately. The input span is ex· 
pressed as a percentage of V REP' 

GENERAL DESCRIPTION 
The AD7701 is a 16·bit AID converter with on·chip digital fil· 
tering, intended for the measurement of wide dynamic range, 
low frequency signals such as those representing chemical, phys· 
ical or biological processes. It contains a charge·balancing 
(sigma·delta) ADC, calibration microcontroller with on·chip 
static RAM, a clock oscillator and a serial communications port. 

The analog input signal to the AD7701 is continuously sampled 
at a rate detertnined by the frequency of the master clock, 
CLKIN. A charge·balancing AID converter (Sigma Delta Modu· 
lator) converts the sampled signal into a digital pulse train 
whose duty cycle contains the digital infortnation. A six·pole 
Gaussian digital low·pass filter processes the output of the mod· 
ulator and updates the 16·bit output register at a 4 kHz rate. 
The output data can be read from the serial port randomly or 
periodically at any rate up to 4 kHz. 
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Figure 7. Typical System Connection Diagram 
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The AD7701 can perform self·calibration using the on·chip cali· 
bration microcontroller and SRAM to store calibration parame· 
ters. A calibration cycle may be initiated at any time using the 
CAL control input. 

Other system components may also be included in the calibra· 
tion loop to remove offset and gain errors in the input channel. 

For battery operation, the AD770 I also offers a standby mode 
that reduces idle power consumption to typically 10 11 W. 

THEORY OF OPERATION 
The general block diagram of a sigma delta ADC is shown in 
Figure 8. It contains the following elements. 

1. A sample· hold amplifier. 
2. A differential amplifier or subtractor. 
3. An analog low pass filter. 
4. A I·bit AID converter (comparator). 
S. A I·bit DAC. 
6. A digital low pass filter. 

In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I·bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ· 
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 

Figure 8. General Sigma Delta ADC 

Oversampling is fundamental to the operation of sigma delta 
ADCs. Using the quantization noise formula for an ADC: 

SNR = (6.02 x number of bits + 1.761 dB 

a I·bit ADC or comparator yields an SNR of 7.78 dB. 

The AD7701 samples the input signal at 16 kHz, which spreads 
the quantization noise from 0 to 8 kHz. Since the specified ana· 
log input bandwidth of the AD7701 is only 0 to 10 Hz, the 
noise energy in this bandwidth would be only 1/800 of the total 
quantization noise, even if the noise energy was spread evenly 
throughout the spectrum. It is reduced still further by analog 
filtering in the modulator loop, which shapes the quantization 
noise spectrum to move most of the noise energy to frequencies 
above 10 Hz. The SNR perfortnance in the 0 to 10 Hz range is 
conditioned to the 16·bit level in this fashion. 

The output of the comparator provides the digital input for the 
I·bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse train appearing at the output of the compara· 
tor. It can be retrieved as a parallel binary data word using a 
digital filter. 
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AD7701 
Sigma delta ADCs are generally described by the order of the 
analog 10Wpass filter. A simple example of a first order sigma 
delta ADC is shown in Figure 9. This contains only a first-order 
lowpass filter or integrator. It also illustrates the derivation of 
the alternative name for these devices: Charge-Balancing ADCs. 

R 

l-BITDAC 

Figure 9. Basic Charge-Balancing ADC 

The term charge-balancing comes from the fact that this system 
is a negative feedback loop that tries to keep the net charge on 
the integrator capacitor at zero, by balancing charge injected by 
the input voltage with charge injected by the I-bit DAC. When 
the analog input is zero, the only contribution to the integrator 
output comes from the I-bit DAC. For the net charge on the 
integrator capacitor to be zero, the DAC output must spend half 
its time at + I V arid half its time at -I V. Assuming ideal com
ponents, the duty cycle of the comparator will be 50%. 

When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at + I V, so 
the duty cycle of the comparator increases. When a negative in
put voltage is applied, the duty cycle decreases. 

The AD7701 uses a second-order sigma delta modulator and a 
sophisticated digitai filter that provides a rolling average of the 
sampled output. After power-up or if there is a step change in 
the input voltage, there is a settling time that must elapse before 
valid data is obtained. 

DIGITAL FILTERING 
The AD7701's digital filter behaves like a similar analog filter, 
with a few minor differences. ' 

First, since digital filtering occurs after the A to D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7701 has over
range headroom built into the sigma delta modulator and digital 
filter 'whi~ allows overrange excursions of 100m V. If noise sig
nals are 1arger than this, consideration should be given to analog 
input filtering, or to reducing the gain in the input channel so 
that a full-scale input (2.5 V) gives only a half-scale input to the 
AD7701 (1.25 V). This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by I bit (50%). 

FILTER CHARACTERISTICS 
The cutoff frequency of the digital filter is fcuJ409600. At the 
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maximum clock frequency of 4.096 MHz, the cutoff frequency 
of the filter is 10 Hz and the output rate ,is 4kHz. 

Figure io shows the filter frequency response. This is a 6-pole 
Gaussian response that provides 55 dB of 60 Hz rejection for a 
10Hz cutoff frequency. If the clock frequency is halved to give 
a 5 Hz cutoff, 60 Hz rejection is better than 90 dB. A normal
ized s-domain pole-zero plot of the filter is shown in Figure II. 

The response of the filter is defined by: 

H(x) = [I + 0.693x2 + 0.240x' + 0.0555x· + 0.00962x· 
+ 0.00133xlO + 0.000154x12]-O,S 

where: 

x = flf3 dB' f3 dB = fCLK/~409600, 
and 

f is the frequency of interest. 
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Figure 10. Frequency Response of AD7701 Filter 
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Figure 11. Normalized Pole-Zero Plot of AD7701 Filter 

Since the AD7701 contains this on-chip, low pass filtering, there 
is a settling time associated with step function inputs, and data 
will be invalid after a step change until the settling time has 
elapsed. The AD770 I is therefore unsuitable for high speed 
multiplexing, where channels are switched and converted se
quentiallyat high rates, as switching between channels can cause 
a step change in the input. Rather, it is intended for distributed 
converter systems using one ADC per channel. 

However, slow multiplexing of the AD7701 is possible, provided 
that the settling time is allowed to elapse before data for the new 
channel is accessed. 
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The output settling of the AD7701 in response to a step input 
change is shown in Figure 12. The Gaussian response has fast 
settling with no overshoot, and the worst-case settling time to 
±0.0007% (±O.S LSB) is 125 ms with a 4.096 MHz master 
clock frequency. 
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Figure 12. AD7701 Step Response 

USING THE AD7701 

SYSTEM DESIGN CONSIDERATIONS 

160 

The AD7701 operates differently from successive approximation 
ADCs or other integrating ADCs. Since it samples the signal 
continuously, like a tracking ADC, there is no need for a start 
convert command. The 16-bit output register is updated at a 
4 kHz rate, and the output can be read at any time, either syn
chronously or asynchronously. 

CLOCKING 
The AD7701 requires a master clock input, which may be an 
external TTUCMOS compatible clock signal applied to the 
CLKIN pin (CLKOUT not used). Alternatively, a crystal of the 
correct frequency can be connected between CLKIN and CLK
OUT, when the clock circuit will function as a crystal-controlled 
oscillator. 

AD7701 
The input sampling frequency, output data rate, filter character
istics and calibration time are all directly related to the master 
clock frequency feLKIN by the ratios given in the specification 
table. Therefore, the first step in system design with the 
AD7701 is to select a master clock frequency suitable for the 
bandwidth and output data rate required by the application. 

ANALOG INPUT RANGES 
The AD770 I performs conversion relative to an externally sup
plied reference voltage, which allows easy interfacing to ratio
metric systems. In addition, either unipolar or bipolar input 
voltage range may be selected using the BPIUP input. With 
BPIUP tied low, the input range is unipolar and the span is 0 to 
+ V REP' With BPIUP tied high, the input range is bipolar and 
the span is ±VREP' In the bipolar mode both positive and nega
tive full-scale are directly determined by V REP' This offers supe
rior tracking of positive and negative full scale and better mid
scale (bipolar zero) stability than bipolar schemes that simply 
scale and offset the input range. 

The digital output coding for the unipolar range is Unipolar Bi
nary; for the bipolar range it is Offset Binary. Bit weights for 
the unipolar and bipolar modes are shown in Table!. The input 
voltages and output codes for unipolar and bipolar ranges, using 
the recommended +2.5 V reference, are shown in Table II. 

Unipolar Mode Bipolar Mode 

,...V LSBs %FS ppmFS LSBs %FS ppmFS 

10 0.26 0.0004 4 0.13 0.0002 2 
19 0.5 0.0008 8 0.26 0.0004 4 
38 1.00 0.0015 15 0.5 0.0008 8 
76 2.00 0.0031 31 1.00 0.0015 IS 
153 4.00 0.0061 61 2.00 0.0031 31 

Table I. Bit Weight Table (2.5 V Reference Voltage) 

Unipolar Mode Bipolar Mode 

REV. A 

Input Relative to 
FS andAGND 

+VREP -1.5 LSB 
+VREP -2.5 LSB 
+VREP -3.5 LSB 

+VREp/2 +0.5 LSB 
+VREp/2 -0.5 LSB 
+VREp/2 -1.5 LSB 

AGND +2.5 LSB 
AGND + 1.5 LSB 
AGND +0.5 LSB 

NOTES 
'VREF = +2.5 V 
'AGND= OV 

Input in Volts Input Relative to 
FSandAGND 

+2.499943 +VREP -1.5 LSB 
+2.499905 +VREP -2.5 LSB 
+2.499867 +VREP -3.5 LSB 

+1.250019 AGND +0.5 LSB 
+1.249981 AGND -0.5 LSB 
+1.249943 AGND -1.5 LSB 

+0.000095 -VREP +2.5 LSB 
+0.000057 -VREP +1.5 LSB 
+0.000019 -VREP +0.5 LSB 

'Unipolar Mode, I LSB = 2.5 V/655536 = 0.000038 V 
'Bipolar Mode, 1 LSB = 5 Vl65536 = 0.000076 V 
'Inputs are voltages at code transitions. 

Input in Volts Output Data 

+2.499886 
llli 1111 1111 1111 
1111 llll lll1 1110 

+2.499810 
llli llli 1111 1101 

+2.499733 
llli llli 1111 1100 

+0.000038 
1000 0000 0000 0001 
1000 0000 0000 0000 

-0.000038 
01111111 1111 1111 

-0.0001l4 
Olll l1ll Ill1 1110 

-2.499810 
0000 0000 0000 0011 
0000 0000 0000 0010 

-2.499886 
0000 0000 0000 0001 

-2.499962 
0000 0000 0000 0000 

Table II. Output Coding 
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AD7701· 
INPUT SIGNAL CONDITIONING 
Reference voltages from + 1 V to + 3 V may· be used with the 
AD7701, with little degradation in p{iiformance. Input ranges 
that cannot be accommodated by this range of reference voltages 
may be achieved by input signal conditioning. This may take 
the form of gain to accommodate a smaller signal range, or pas
sive attenuation to reduce a larger input voltage range. 

Source Resistance 
If passive attenuators are used in front of the AD7701, care 
must be taken to ensure that the source impedance is suffi
ciently low. The AD7701 has an analog input with over 1 GO 
dc input resistance. In parallel with this there as a small dy
namic load which varies with the clock frequency (see Figure 
13). Each time the analog input is sampled, a 10 pF capacitor 
draws a charge packet of maximum 1 pC (10 pF x 100 mY) 

Rl 

R2 

elN 
10pF 

Figure 13. Equivalent Input Circuit and Input Attenuatar 

from the analog source with ~ frequency fcLKI.,I256. For a 
4;096 MHz CLKIN, thiS yields an average current draw of 
16 nA. Mter each sample the AD7701 allows 62 clock periods 
for the input voltage to settle. The equation which defines set
tling time is: 

where: 
Vo 
VIN 

R 
C 

is the final settled value, 
is the value of the input signal, 
is the value of the input source resistance, 
is the 10 pF sample capacitor, 
is equal to 62/fcLKIN' 

From this, the following equation can be developed which gives 
the maximum allowable source resistance, RS(MAX)' for an error 
ofVE : 

62 
Rs IMAXI = -:---=---=:::--:--c:=---==-:-:-

!eLKIN. (10 pF) . In (100 mVIVE) 

Provided the source resistance is less than this value, the aua10g 
input will settle within the desired error band in the requisite 62 
clock periods. Insufficient settling leads to offset errors. These 
can be calibrated in system calibration schemes. . 

If a limit of 10 ... V (0.25 LSB at 16 bits) is set for the maximum 
offset voltage, then the maximum allowable source resistance is 
160 kO from the above equation, assuming that there is no ex-
ternal stray capacitance. . 
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An RC filter may be added infront of the AD7701 to reduce 
high frequency noise. With an external capacitor added from 
AIN to AGND, the following equation will specify the maximum 
allowable source resistance: 

62 
Rs IMAXI = . . [100 mV . GINflGIN + G .. XTlj 

JCLKIN' IGIN + GBXTI . In V .. 

The practical limit to the maximum value of source resistance is 
thermal (Johnson) noise. A practical resistor may be modeled as 
an ideal (noiseless) resistor in series with a noise voltage source 
or in parallel with a noise current source. 

where: 

V. = V4kTRIVoits 

i. = V4 kTflR Amperes 

k is Boltzmann's constant (1.38 X 10-2• J/K) 
and 

T is temperature in degrees Kelvin (OC + 273). 

Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their open
loop output resistance is normally only tens of ohms and, in 'any 
case, most modern general purpose op amps have sufficiently 
fast closed-loop settling time for this not to be a problem. Offset 
voltage in op amps can be eliminated in a system calibration 
routine. With the wide dynamic range and small LSB size of the 
AD7701, noise can also be a problem, but the digital filter will 
reject most broadband noise above its cutoff frequency. How
ever, in certain applications there may be a need for analog in
put fIltering. 

Antialias Considerations 
The digital filter of the AD7701 does no.t provide any rejection 
at integer multiples of the sampling frequency (nfcLKIN/256, 
where n = 1, 2, 3 ... ) . 

With a 4.096 MHz master clock there are narrow (±1O Hz) 
bands at 16 kHz, 32 kHz, 48 kHz, etc., where noise passes un
attenuated to the output. 

However, due to the AD7701's high oversampling ratio of 800 
(16 kHz to 20 Hz) these bands occupy only a small fraction of 
the spectrum, and most broadband noise is filtered. 

The reduction in broadband noise is given by: 

. eOUT = elN V21clfs = 0.035 elN 

where: 
eIN and eOUT are rms noise terms referred to the input 

and 

I C is the filter - 3 dB corner frequency 
(fCLKIN/409600) 

Is is the sampling frequency (fcLKIN/256). 

Since the ratio of fs to fCLKIN is fixed, the digital filter reduces 
broadband white noise by 96.5% independent of the master 
clock frequency. 

REV. A 



VOLTAGE REFERENCE CONNECTIONS 
The voltage applied to the V REF pin defines the analog input 
range. The specified reference voltage is 2.5 V, but the AD7701 
will operate with reference voltages from I V to 3 V with little 
degradation in performance. 

The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Fortunately, most precision references have 
sufficiently low output impedance and wide enough bandwidth 
to settle to 10 II-V within 62 clock cycles. 

+5Vo--.... ------I AVoo 

LT1019 AD7701 

t---1-----I VREF 

t-------I AGND 

Figure 14. Typical External Reference Connections 

The digital filter of the AD7701 removes noise from the refer
ence input, just as it does with noise at the analog input, and 
the same limitations apply regarding lack of noise rejection at 
integer multiples of the sampling frequency. If reference noise is 
a problem, some voltage references offer noise reduction 
schemes using an external capacitor. Alternatively, a simple RC 
filter may be used, as shown in Figure 15. 

+5V o--t----------fAVoo 

AD7701 

t---t---'lM-..... ----1 VREF 
C F 
100pF 

t------~---4AGND 

Figure 15. Filtered Reference Input 

The same considerations apply to this filter as to a filter at the 
analog input. In this case: 

62 
[RF (GF + 10 pF)) = ------,-,..,..,..---,-:--:----,------

fc [ 100 mV· GIN (GIN + GF)] 
eLKIN' In V 

FSE 

where: 
[eLKIN is the master clock frequency 

and 
V FSE is the maximum desired error in volts. 
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GROUNDING AND SUPPLY DECOUPLING 
AGND is the ground reference voltage for the AD7701, and is 
completely independent of DGND. Any noise riding on the 
AGND input with respect to the system analog ground will 
cause conversion errors. AGND should therefore be used as the 
system ground and also as the ground for the analog input and 
the reference voltage. 

The analog and digital power supplies to the AD7701 are inde-
pendent and separately pinned out, to minimize coupling be- 2 
tween analog and digital sections of the device. The digital filter 
will provide rejections of broadband noise on the power sup-
plies, except at integer multiples of the sampling frequency. 
Therefore, the two analog supplies should be decoupled to 
AGND using 100 nF ceramic capacitors to provide power sup-
ply noise rejections at these frequencies. The two digital sup-
plies should similarly be decoupled to DGND. 

ACCURACY AND AUTOCALIBRATION 
Sigma delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no-missing-codes performance. The AD7701 achieves excellent 
linearity (±0.00070/0) by the use of high quality, on-chip silicon 
dioxide capacitors, which have a very low capacitan,ce/voltage 
coefficient. 

The AD7701 offers two self-calibration modes using the on-chip 
calibration microcontroller and SRAM. Table III is a truth table 
for the calibration control inputs SCI and SC2. 

In the self-calibration mode, zero-scale is calibrated against the 
AGND pin and full scale is calibrated against the VREF pin, to 
remove internal errors. 

Note that in the bipolar mode the AD7701 calibrates positive 
full scale and midscale (bipolar zero). 

In the system-calibration mode, the AD7701 calibrates its zero 
and full scale to voltages present on the analog input pin in two 
sequential steps. This allows system offsets and/or gain errors to 
be nulled out. 

SYSTEM 
REF HI 

A'N 

SYSTEM 
REFLO 

AD7701 
MICRO 

COMPUTER 

Figure 16. Typical Connections for System Calibration 

A typical system calibration scheme is shown in Figure 16. In 
normal operation the analog signal is fed to the AD7701 via an 
analog multiplexer. When the system is to be calibrated, AIN is 
first switched to the system REF LO via the multiplexer and 
CAL is strobed high, with SCI and SC2 both high. AIN is then 
switched to the system REF HI and CAL is strobed, with SCI 
low and SC2 high. In this way, the effect of all error sources 
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AD7701 

CAL SCI SC2 CAL TYPE ZERO REFERENCE FS REFERENCE SEQUENCE CALIBRATION TIME 

J1. 0 0 Self-Cal AGND VREF One Step 3,145,655 Clock Cycles 
...n.. I I System Offset A'N - 1st Step 1,052,599 Clock Cycles 
...n.. 0 I System Gain - AIN 2nd Step 1,068,813 Clock Cycles 
.n. I 0 System Offset A'N VREF One Step 2,117,389 Clock Cycles 

NOTE 
DRDY remains high throughout the calibration sequence. In the Self-Cal mode;'DRDY falls once the AD770l has settled to the analog input. In all other 
modes DRDY falls as the device begins to settle. 

Table III. Calibration Truth Table 

between·the multiplexer and the AD7701 is removed. Op amps 
and other signal conditioning circuits may be used in front of 
the AD7701, without worrying about their absolute gain or off
set errors. Note that the absolute value of the reference supplied 
to the AD7701 is no longer important, provided it has adequate 
short-term stability between calibration cycles, as full scale is 
calibrated to the system reference. 

If system offset errors are important but system gain errors are 
not, then a one step system calibration may be performed with 
SCI high and SC2 low. In this case, offset is calibrated against 
A'N' which should be connected to system REF LO during 
calibration, but full scale is calibrated against the AD7701's 
VREF input. 

System calibration schemes will yield better accuracy than self
calibration, even if there are no system errors. Using self
calibration, errors arise due to the mismatch in source 
impedances between the references during calibration (AGND 
and VREF) and the analog input during normal operation. In 
system calibration, the source impedances inherently remain 
identical, such that the theoretical limit to system accuracy is 
calibration resolution. The practical limit is the noise floor of 
the AD7701. 

Note that in system calibration, "REF LO'~ does not necessarily 
mean the system ground or zero volts. The AD7701 can be cali
brated to measure between any two voltages that lie within its 
calibration range by deliberately making REF LO nonzero. For 
example, if REF LO is +0.5 V and REF HI is +2.5 V, the uni
polar span will be between these limits. 

CALffiRATION RANGE 
When designing system calibration schemes, care must be taken 
to ensure that the worst-case system errors do not cause the 
overrange headroom of the AD7701 to be exceeded. Although 
the measurement error caused by offset and gain errors can be 
nulled out, the actual error voltages will still be present at the 
analog input and can cause overloading of the analog modulator 
or overflow of the digital fIlter. With a 2.5 V reference, the 
maximum input voltage is (+VREF + 100 mY), and the mini
mum input voltage is (-VREF - 100 mY). 

POWER UP AND CALffiRATION 
A calibration cycle must be carried out after power up to initial
ize the device to a consistent starting condition and correct cali-." 
bration. The CAL pin must be held high for at least four clock 
cycles, after which calibration is initiated on the falling edge of 
CAL and takes a maximum of 3,145,655 clock cycles (approxi
mately 768 ms , with a 4.096 MHz clock). See Table III. 
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Figure 17. Power-On Reset Circuit 

Figure 17 shows a simple RC circuit which will briefly pull the 
CAL input high as power applied. For this circuit to work the 
power supply must come up cleanly without oscillation, other
wise the internal circuits of the AD7701 may not all recognize 
the same reset transition. This can be overcome by using a 
Schmitt-trigger inverter between the RC combination and the 
CAL input to provide a clean transition. After power up, it is 
necessary to wait for the filter settling time (507,904 clock cy
cles) before accessing the output data. Thereafter data may be 
read at a 4 kHz rate. 

The type of calibration cycle initiated by CAL is determined by 
the SCI and SC2 inputs, in accordance with Table III. 

The power dissipation and temperature drift of the AD7701 are 
low and no warm-up time is required before the initial calibra
tion is performed. However, the system reference must have 
stabilized before calibration is initiated. 

POWER SUPPLY SEQUENCING 
The positive digital supply (DV 00) must never exceed the posi
tiveanalog supply (AVoo) by more than 0.3 V. Power supply 
sequencing is therefore important. If separate analog and digital 
supplies are used, care must be taken to ensure that the analog 
supply is powered up first. 

It is also important that power is applied to the AD7701 before 
signals at V REF' AIN or the logic input pins in order to avoid 
any possibility of latch-up. If separate supplies are used for the 
AD7701 and the system digital circuitry, then the AD7701 
should be powered up first. 

A typical scheme for powering the AD7701 from a single set of 
±5 V rails is shown in the system connection diagram, Figure 7. 
In this circuit AVoo and DVoo are brought along separate 
tracks from the same + 5 V supply. Thus, there is no possibility 
of the digital supply coming up before the analog supply. 
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GROUNDING 
The AD7701 uses the analog ground connection, AGND, as the 
measurement reference node. It should be used as the reference 
node for both the analog input signal and the reference voltage 
at the V REF pin. 

The analog and digital power supplies to the AD770 I die are 
pinned out separately to minimize coupling between the analog 
and digital sections of the chip. All four supplies should be de
coupled separately to their respective grounds as shown in Fig
ure 7. The on-chip digital fIltering of the AD7701 further 
enhances power supply rejection by attenuating noise injected 
into the conversion process. 

SINGLE SUPPLY OPERATION 
Figure IS shows a circuit to power the AD7701 from a single 
+ 10 V supply, using an op amp to provide a half supply refer
ence point for AGND and DGND. As the digital I/O pins ar 
referenced to this point, level shifting is required for external 
digital communications. If galvanic isolation is required in the 
system, level shifting and isolation can both be provided by 
opto-isolators. 

10V± tV 

10k!! O.lI.lF 

O.l~(F 

Figure 18. Single Supply Operation 

SLEEP MODE 
The low power standby mode is initiated by taking the SLEEP 
input low, which shuts down all analog and digital circuits and 
reduces power consumption to 10 .. W. The calibration coeffi
cients are still retained in memory, but as the converter has 
been quiescent, it is necessary to wait for the fIlter settling time 
(507,904 cycles) before accessing the output data. 

BATTERY BACKUP OF CALIBRATION COEFFICmNTS 
The calibration data stored in the AD7701's static RAM is lost 
whenever power is removed. In certain applications it may be 
desirable to protect the contents of the calibration SRAM 
against intermittent power loss, for example when a mains pow
ered instrument is moved to a different location. 
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Figure 19. Battery Backup of Calibration Data 

Figure 19 shows a simple battery backup circuit that maintains 
power to the SRAM during loss of the main +5 V supply. 
When power is lost, the SLEEP input goes low, reducing the 
power consumption to typically 10 .. W, and a battery takes over 
from the main power supply. Note that AVDD and DVDD must 
both remain powered to retain the calibration memory. 3.6 V 
lithium batteries are available which can provide 1750 mA-hours 
before they drop below the 2 V memory-retention threshold of 
the AD7701. This translates to a memory-retention period of 20 
years in the Sleep mode, allowing one time factory calibration of 
a system. 

It should be noted that in this simple circuit, the supply voltage 
will fall below the battery voltage before it falls below the 
SLEEP pin threshold, and the battery will be supplying the full 
4 rnA operating current of the AD770 I until the supply falls 
below the logic 0 voltage of the SLEEP pin. This can cause ex
cessive battery drain if power loss is frequent or the supply volt
age falls slowly, for example if there are large reservoir 
capacitors in the system. In this case, the backup circuit should 
be designed so that voltage on SLEEP falls to O.S V before the 
supply voltage falls below 3.6 V. 

DIGITAL INTERFACE 
The AD7701's serial communications port allows easy interfac
ing to industry-standard microprocessors. Three different modes 
of operations are available, optimized for different types of 
interface. 

SYNCHRONOUS SELF·CLOCKING MODE (SSC) 
The SSC mode (MODE pin high) allows easy interfacing to 
serial-parallel conversion circuits in systems with parallel data 
communication. This mode allows interfacing to 74XX299 Uni
versal Shift registers without any additional decoding. The SSC 
mode can also be used with microprocessors such as the 6SHCll 
and 6SHC05, which allow an external device to clock their serial 
port. 
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f-!--------1024 CLKIN CVCLES---------------\ 

Ir= 64 eLKIN CYCLES 64 elKIN CYCLES 
INTERNAL 
STATUS ANALOG SETILING OtGITAL COMPUTAnON DIGITAL COMPUTATION 

72 elKIN CYCLES 

DRDY (0) 

Cs{I) 

HI-Z 
SCLK (0) 

HI-Z MSB 
SDATA{O) 

Figure 20. Timing Diagram for SSC Data Transmission Mode 

Figure 20 shows the timing diagram for the sse mode. Data is 
clocked out by an internally generated serial clock. The AD7701 
divides each sampling interval into sixteen distinct periods. 
Eight periods of 64 clock pulses are for analog settling and eight 
periods of 64 clock pulses are for digital computation. The sta
tus of CS is polled at the beginning of each digital computation 
period. If it is low at any of these times then SCLK will become 
active and the data word currently in the output register will be 
transmitted, MSB first. After the LSB has been transmitted 
DRDY goes high and SDA T A goes three-state. If CS, having 
been brought low, is taken high again at any time during data 
transmission, SDA T A and SCLK will go three-state after the 
current bit finishes. If CS is subsequently brought low, trans
mission will resume with the next bit during the subsequent dig
ital computation period. If transmission has not been initiated 
and completed by the time the next data word is available, 
DRDY will go high for four clock cycles then low again as the 
new word is loaded into the output register. 

A more detailed diagram of the data transmission in the SSC 
mode is shown in Figure 21. Data bits change on the falling 
edge of SCLK and are valid on the rising edge of SCLK. 

eLKIN (I) 1J\N .... 
1--72 CLKIN CYCLES 

SYNCHRONOUS EXTERNAL CLOCK MODE (SEC) 
The SEC mode (MODE pin grounded) is designed for direct 
interface to the synchronous serial ports of industry-standard 
microprocessors such as the COPS series, 68HCll and 68HCOS. 
The SEC mode also allows customized interfaces, using 1/0 port 
pins, to microprocessors that do not have a direct fit with the 
AD7701's other modes. 

As shown in Figure 22, a falling edge on es enables the serial 
data output with the MSB initially valid. Subsequent data bits 
change on the falling edge of an externally supplied SCLK. 
After the LSB has been transmitted, DRDY goes high and 
SDATA goes three-state. If CS is low and the AD7701 is still 
transmitting data when a new data word becomes available, the 
old data word continues to be transmitted and the new data is 
lost. 

If CS is taken high at any time during data transmission, 
SDAT A will go three-state immediately. If CS returns low, the 
AD7701 will continue transmission with the same data bit. If 
transmission has not been initiated and completed by the time 
the next data word becomes available, and if es is high, DRDY 
will return high for four clock cycles, then fall as the new word 
is loaded into the output register . 

.... -
DRiiY(O) L .... __ +-_________ _ ___ ~~I 

CS(I) _____ ---'r 
SDATA(O) 

_ HI-Z •••• __ ----::::-, 
I..D_B_15_(_M_S_B)..A.. ___ .JI.. __ •••• ~ I DBI I DBO(LSB) ~ 

HI·Z _ n n n n n~ 
SCLK (0) ---•••• ~ L---' L-... ---.J L---' L---' V--------

Figure 21. SSC Mode Showing Data Timing Relative to SCLK 
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Figure 22. Timing Diagram for the SEC Mode 

ASYNCHRONOUS COMMUNICATIONS (AC) MODE 
The AC mode (MODE pin tied to -5 V) offers a UART
compatible interface which allows the AD7701 to transmit data 
asynchronously from remote locations. An external SCLK sets 
the baud mte and data is transmitted in two bytes in UART
compatible format. Using the AC mode, the AD7701 can be 
interfaced direct to microprocessors with UART interfaces, such 
as the 8051 and TMS70X2. 

Data transmission is initiated by CS going low. If CS is low on a 
falling edge of SCLK, the AD7701 begins transmitting an 8-bit 
data byte (DB8 - DBI5) with one start bit and two stop bits, as 
in Figure 18. The SDATA output will then go three-state. The 
second byte is transmitted by bringing CS low again and DBO to 
DB7 are transmitted in the same format as the first byte. 

UART baud rates are typically low compared to the AD7701's 
4 kHz output update rate. If CS is low and data is still being 
transmitted when a new data word becomes available, the new 
data will be ignored. However, if CS has beeD taken high be
tween bytes, when a new data word becomes available, the 
AD770 I could update the output register before the second byte 
is transmitted. In this case, the UART would receive the first 
byte of the new word instead of the second byte of the old 
word. WheD using the AC mode, care must obviously be taken 
to ensure that this does not occur. 

DIGITAL NOISE AND OUTPUT LOADING 
As mentioned earlier, the AD7701 divides its internal timing 
into two distinct phases, analog sampling and settling and digital 
computation. In the SSC mode, data is transmitted only during 
the digital computation periods, to minimize the effects of digi
tal noise on analog performance. In the SEC and AC modes data 
transmission is externally controlled, so this automatic safeguard 
does not exist. 

Wllatever mode of operation is used, resistive and capacitive 
loads on digital outputs should be minimized in order to reduce 
crosstalk between analog and digital portions of the circuit. For 
this reason connection to low-power CMOS logic such as one of 
the 4000 series or 74C families is recommended. 

It is especially important to minimize the load on SDATA in the 
AC mode, as transmission in this mode is inherently asynchro
nous. In the SEC mode the AD7701 should be synchronized to 
the digital system clock via CLKIN. 

SCLKII, \J\.JVW----\J\J\J\J\JVW----\J\JVV\..Jl 
DRDv (0) 1 .... ____________ __ 

CS(I) 

SDATA(O) 

Figure 23. Timing Diagram for Asynchronous Communications Mode 
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WDEVICES 

FEATURES 
Monolithic 20-Bit ADC 
0.0003% Linearity Error 
20-Bit No Missed Codes 
On-Chip Self-Calibration Circuitry 
Programmable Low-Pass Filter 

0.1 Hz to 10 Hz Corner Frequency 
o to +2.5 V or ±2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power 

APPLICATIONS 
Industrial Process Control 
Weigh Scales 
Portable Instrumentation 
Remote Data Acquisition 

GENERAL DESCRIPTION 
The AD7703 is a 20-bit ADC which uses a sigma delta conver
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which 
updates the output data register with 20-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre
quency and output word rate are set by a master clock input 
that may be supplied externally, or by an on-chip gate oscillator. 

The inherent linearity of the ADC is excellent, and endpoint 
accuracy is ensured by self-calibration of zero and full scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. 

The output data is accessed through a serial port, which has two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry standard microcontrollers. 

CMOS construction ensures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 ,...W. 
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LC2MOS 
20-Bit AID Converter 

AD7703 I 
FUNCTIONAL BLOCK DIAGRAM 

SCl SC2 

2 1 

ClKIN ClKOUT MODe 

PRODUCT HIGHLIGHTS 
1. The AD7703 offers 20-bit resolution coupled with outstand

ing 0.0003% accuracy. 

2. No missing codes ensures true, usable, 20-bit dynamic range, 
removing the need for programmable gain and level-setting 
circuitry. 

3. The effects of temperature drift are eliminated by on-chip 
se1f-calibration, which removes zero and gain error. External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 

4. A flexible synchronization allows the AD7703 to interface 
directly to the serial ports of industry standard microcontrol
lers and DSP processors. 

5. Low operating power consumption and an ultralow power 
standby mode make the AD7703 ideal for loop powered re
mote sensing applications, or battery-powered portable 
instruments. 
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(TA = +25"C; AVDD = D1aD = +5 V; AVss = DVss = -5 V; VREF = +2.5 V; 

AD7.703 SPECIFICATIONS fCLKlN = 4.096 MHz; BPIUP = +5 V; MODE = +5 V; AIN Source Resistance = 
. - 750 0 1 with 1 nF to AGND at AI. unless otherwisastatad.) .. 

Parameter AIS VersioDs' B Version2 C VersiOD2 Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution 20 20 20 Bits 
Inregral NooIinearity, T .... to T_ ±O.OOIS ±0.OOO7 ±0.OOO3 % FSR typ 

+2S"C ±0.003 ±O.OOIS ±O.OOOS % FSRmax 
TmiDtoT~ ±0.003 ±O.OOIS ±0.0012 % FSRmax 

Differential Nonlinearity, T miD to T max ±O.S ±0.5 ±O.S LSB typ Guaranteed No Missing Codes 
Positive Full·Scale Error' ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Full·Scale Drift" ±191±37 ±19 ±19 LSB typ 
Unipolar Offset Error' ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Unipolar Offset Drift" ±26 ±26 ±26 LSB typ Temp Ranp: 0 to + 70"<: 

±67 +48/-400 ±67 ±67 LSB typ Specified Temp Ranp 
Bipolar Zero Error' ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Bipolar Zero Drift' ±13 ±13 ±13 LSB typ Temp Range: 0 to + 70"<: 

±34 +24/-200 ±34 ±34 LSB typ Specified Temp Ranp 
Bipolar Negative Full-Scale Error' ±S ±S ±S LSB typ 

±32 ±32 ±32 LSB max 
Bipolar Negative Full-Scale Drift" ±10/±20 :tIO ±)O LSB typ 
Noise (Referred to Output) 1.6 1.6 1.6 LSB rIDS typ 

DYNAMIC PERFORMANCE 
Sampling Frequency, fs fcLKJ,.I2S6 fcLK1NI2S6 fCLKINI2S6 Hz 
Output Update Rate, lOUT iCLKJNII024 fcLK1N/I024 fcLKIN/I024 Hz 
Filter Comer Frequency, L, dB f=..I409,600 fcLK1NI409,600 fcLK1NI409,600 Hz 
Settling Time to ±0.OOO7% FS S07904IfcLKIN S07904/fCLKIN S079041fcLKIN sec For Full-Scale Input Step 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Range VREF + 0.1 VREF + 0.1 VREF + 0.1 V max System Calibration Applies to 
Positive Full-Scale Overrange .VREF + 0.1 VREF + 0.1 VREF + 0.1 V max Unipolar and Bipolar Ranps. 
Negative Full-Scale Overrange -(VREF + 0.1) -(VREF + 0.1) -(VREF - + 0.1) V max After Calibration, if AIN> V REF' 
Maximum Offset Calibration Ranp" • the Device Will Output All Is. 

Unipolar Input Ranp -(VREF + 0.1) -(VREF + 0.1) -(VREF + 0.1) V max If A1N<0 (Unipolar) or -VREF 
Bipolar Input Ranp -0.4 VREF to +0.4 VREF -0.4 VREF to +0.4 VREF -0.4 VREF to +0.4 VREF V max (Bipolar), the Device Will 

Input Span' O.S VREF O.S VREF O.S VREF Vmio Output all Os 
2 VREF + 0.2 2 VREF + 0.2 2 VREF + 0.2 V max 

ANALOG INPUT 
Unipolar Input Ranp Oto +2.5 o to +2.5 o to +2.S Volts 
Bipolar Input Range ±2.S ±2.5 ±2.5 Volts 
Input Capacitance 20 20 20 pFtyp 
Input Bias Currentl I I I nAtyp 

LOGIC INPUTS 
All Inputs except CLKIN 

V1NL,Input Low Voltage O.S O.S O.S V max 
V1NH,Input High Voltage 2.0 2.0 2.0 V min 

CLKlN 
V1NL,Input Low Voltage O.S O.S O.S V max 
VINH, Input High Voltage 3.S 3.S 3.S Vmio 

liN' Input Current 10 10 10 ILA max 

LOGIC OUTPUTS 
VOL' Output Low Voltage 0.4 0.4 0.4 V max ISINK = 1.6mA 
VOH' Output High Voltage DVoo-1 DVoo-1 DVoo-1 Vmio IsoVRCE = 100 ILA 
Floating Stat. Leakage Current ±IO ±IO ±IO ILA max 
Floating State OutpUt Capacitance 9 9 9 pFtyp 

POWER REQUfREMENTS' 
Power Supply Voltages 

Analog Positive Supply (A V 00) 4.SI5.5 4.515.S 4.5IS.S VmiDlVmax For Specified Performance 
Digital Positive Supply (DVoo) 4.S/AVoo 4.5IAVoo 4.SIAVoo VmiDIV max 
Analog Negative Supply (A V ss) -4.5I-S.S -4.51-S.5 -4.SI-S.5 VmiDIV max 
Digital Negative Supply (DV ss) -4.SI-S.5 -4.SI-S.5 -4.SI-S.S VmiDIV max 
Calibration Memory Retention 
Power Supply Voltage 2.0 2.0 2.0 Vmio 
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AD7703 
Parameter AIS VersiODS:Z B Version' eVersion] Vails Test Conditiol1llComments 

STATIC PERFORMANCE 

DC Power Supply Currents' 
Analog Positive Supply (Aloo) 3.2 3.2 3.2 mAmax Typically2mA 
Digital Positive Supply (DIDO) 1.5 1.5 1.5 mAmax Typically I mA 
Analog Negative Supply (Alss) 3.2 3.2 3.2 mAmax Typically2mA 
Digital Negative Supply (DIss) 0.1 0.1 0.1 mAmax Typically 0.03 mA 

Power Supply Rejection' 
Positive Supplies 70 70 70 dBtyp 
Negative Supplies 75 75 75 dBtyp 
Power Dissipation 
Normal Operation 40 40 40 mWmax SLEEP = Logic I, 

Typically 25 mW 
Standby Operation'· SLEEP = Logic 0 

A,B,C 20 20 20 .,.Wmax Typically 10.,.W 
S 40 40 40 .,.Wmax 

NOTES 
'The A'N pin presents a very high impedance dynamic load which varies with clock frequency. A ceramic I nF capacitor from the Am to AGND is necessary. 
Source resistance should be 750 n or less. 

'Temperature Ranges are as follows: A, B, C Versions: -40·C to +85"<:; S Version: -5S"<: to + 12S·C. 
'Applies after calibration at the temperature of interest. Full-Scale Error applies for both unipolar and bipolar input ranges. 
'Total drift over the specified temperature range after calibration at power-up at + 2S·C. This is guaranteed by design andlor characterization. Recalibration at 
any temperature will remove these errors. 

'In unipolar mode the offiet can have a negative value ( - V REP) such that the unipolar mode can mimic bipolar mode operation. 
'The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
'For unipolar mode, input span is the difference between full acale and zero scale. For bipolar mode, input span is the difference between positive and negative 
full-scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of ±(VREP + 0.1). 

'AU digital outputs uu1oaded. AU digital inputs at 5 V CMOS levels. 
'Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 

'"eLKIN is stopped. All digital inputs are grounded. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25·C unless otherwise noted) 

DVoo to AGND ................... -0.3 V to +6 V 
DVoo to AVoo .................. -0.3 V to +0.3 V 
DVss to AGND .................... +0.3 V to -6 V 
AVoo to AGND ................... -0.3 V to +6 V 
AVss to AGND .................... +0.3 V to -6 V 
AGND to DGND ................. -0.3 V to +0.3 V 
Digital Input Voltage to DGND ... -0.3 V to DVoo + 0.3 V 
Analog Input Voltage to AGND 
................... AVss - 0.3 V to AVoo + 0.3 V 

Input Current to any Pin Except Supplies l •....... ± 10 rnA 
Operating Temperature Range 

Industrial (A, B, C Versions) .......... -4O"C to +85°C 
Extended (S Version) .............. - 550C to + 125°C 

Model 

AD7703AN 
AD7703BN 
AD7703CN 
AD7703AR 
AD7703BR 
AD7703CR 
AD7703AQ 
AD7703BQ 
AD7703CQ 
AD7703SQ2 

NOTES 

ORDERING GUIDE 

Temperature Linearity Error Package 
Range (% FSR) Optionl 

-40°C to +85°C 0.003 N-20 
-40°C to +85°C 0.0015 N-20 
-40°C to +85°C 0.0012 N-20 
-40°C to +85°C 0.003 R-20 
-40°C to +85OC 0.0015 R-20 
-40°C to +85°C 0.0012 R-20 
-40°C to +85OC 0.003 Q-20 
-40°C to +85°C 0.0015 Q-20 
-40°C to +85°C 0.0012 Q-20 
- 55°C to + 125°C 0.003 Q-20 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sees) ........... +300°C 
Power Dissipation (DIP Package) to +75°C ....... 450 mW 

'N = Plastic DIP; R = SOlC; Q = Cerdip. For outline information see 
Package Information section. 

Derates above +75°C by .................. 10 mW1"C 
Power Dissipation (SOIC Package) to +75°C ....... 250 mW 
Derates above +75°C by ...............•.. 15 mWrc 

*Stresses above those listed under U Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress ratios only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch-up. 

'Available to 1883B processing only. Contact local sales office for military 
data sheet. 

CAUTION ________________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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AD7703 
TIMING CHARACTERISY· ICSl 2 (AVoo = DVoo = +5 V ± 10%; AVss = DVss = -5 V ± 10%; AGND = DGND = 0 V; fCLKIN 

• = 4.096 MHz; Input Levels: Logic 0 = 0 V. Logic 1 = DVoo; unless otherwise stated.) 

Limit at T..un. T max Limit at T rom' T max 

Parameter (A, B, C Versions) (S Version) Units Conditions/Comments 

fCLKIN 
3, • 40 40 kHz min Master Clock Frequency: Interruil Gate Oscillator 

5 5 MHz max Typically 4096 kHz 
40 40 kHz min Master Dock Frequency: Externally Supplied 
5 5 MHz max 

t/ 50 50 nsmax Digital Output Rise Time. Typically 20 ns 
tr' 50 50 nsmax Digital Output Fall Time. Typically 20 ns 
t, 0 0 nsmin SCI, SC2 to CAL High Setup Time 
t2 50 50 nsmin SCI, SC2 Hold Time After CAL Goes High 
t: 1000 1000 nsmin SLEEP High to CLKIN High Setup Time 

SSCMODE 
t/ 3/fcLKIN 3/fcLKIN nsmin Data Access Time (CS Low to Data Valid) 
ts 100 100 nsmax SCLK Falling Edge to Data Valid Delay (25 ns typ) 
t. 250 250 nsmin MSB Data Setup Time. Typically 380 ns 
t7 300 300 nsmax SCLK High Pulse Width. Typically 240 ns 
t8 790 790 nsmax SCLK Low Pulse Width. Typically 730 ns 
t. IIfCLKIN + 200 IIfCLKIN + 200 nsmax SCLK Rising Edge to Hi-Z Delay (l/fCLKIN + 100 ns typ) 
t 8,' 10 41fcLKIN + 200 4/fcLKIN + 200 nsmax CS High to Hi-Z Delay 

SEC MODE 
fSCLK 5 5 MHz max Serial Dock Input Frequency 
tll 50 50 nsmin SCLK High Pulse Width 

t'2 180 180 nsmin SCLK Low Pulse Width 
t 7,10 

13 160 160 nsmax Data Access Time (CS Low to Data Valid). Typically 80 ns 
t II I. 150 150 nsmin SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
t ,s8 250 250 nsmin CS High to Hi-Z Delay 
·t,68 200 200 nsmin SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 

NOTES 
'Sample tested at +25"<: to ensure compliance. All input signals are specified with tr = tf = 5 ns(lO% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures I to 6. 
'CLKIN duty cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7703 is not in SLEEP mode. If no clock is present in this case, the de
vice can draw higher current than specified and possibly become uncalibrated. 

4The AD7703 is production tested with fCLKlN at 4.096 MHz. It is guaranteed by clIaracterization to operate at 200 kHz. 
'Specified using 10% and 90% points on waveform of interest. 
6In order to synchronize several AD7703s together using the SLEEP pin, this specification must be met. 
't4 and t" are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
't., t,., tIS and t'6 are derived from the measured time taken by the data outputs to cI1ange 0.5 V when loaded with the circuit of Figure I. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char
acteristics is the true bus relinquish time of the part and as such is independent of external bus loading capacitances. 
·If~ is returned high before al120 bits are 0!!!put, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 

,oIf CS is activated asynchronously to DRDY, CS will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 
be as great as 4 CLKIN cycles plus 160 ns. To guarantee ·proper clocking of SDATA when using asynchronous (;S, The SCLK input should not be taken 
high sooner than 4 CLKIN cycles plus 160 ns after (;S goes low. 

"SDATA is clocked out on the falling edge of the SCLK input. 

TO OUTPUT 
PIN 0-----4t-..... +2.1V 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 
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SC1,SC2(1) 

Figure 2. Calibration Control Timing 

~')C?vC 
SLEEP(1)----..... 

Figure 3. Sleep Mode Timing 
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SDATA(O) DATA I HI-Z 
VALID 

Figure 4. SSC Mode Data Hold Time 

DRDY ,,'----------fJ------
Cs 

SClK 

Figure 5b. SEC Mode Timing Diagram 

TERMINOLOGY 
LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are zero-scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the fIrst code transi
tion (000 ... 000 to 000 ... 001) and full scale, a point 1.5 
LSB above the last code transition (Ill ... 110 to Ill ... 111). 
The error is expressed as a percentage of full scale. 

DIFFERENTIAL LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (I LSB) width. Differential linearity error is expressed in 
LSBs. A differential linearity specifIcation of ± I LSB or less 
guarantees monotonicity. 

POSITIVE FULL-SCALE ERROR 
Positive full-scale error is the deviation of the last code transi
tion (Ill ... 110 to III ... Ill) from the ideal (VREF -
3/2 LSBs). It applies to both positive and negative analog input 
ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the fIrst code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni
polar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0 III ... III to 
1000 ... 000) from the ideal (AGND - 0.5 LSB) when operat
ing in the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the fIrst code transition from the ideal 
(-VREF + 0.5 LSB), when operating in the bipolar mode. 
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SClK 

SDATA 

cs---£.: 
SDATA(O) DATA I HI-Z 
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AD 7703 

Figure 5a. SEC Mode Data Hold Time 

~----------fJ-----------

fJ~ 
_1 19 f-

:,:,",",\,;--==:=-~ HI-Z 

Figure 6. SSC Mode Timing Diagram 

POSITIVE FULL-SCALE OVERRANGE 
Positive full-scale overrange is the amount of overhead available 
to handle input voltages greater than + V REF (for example, noise 
peaks or excess voltages due to system gain errors in system cali
bration routines) without introducing errors due to overloading 
the analog modulator or overflowing the digital fIlter. 

NEGATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages be
low -V REF without overloading the analog modulator or over
flowing the digital fIlter. Note that the analog input will accept 
negative voltage peaks even in the unipolar mode. 

OFFSET CALmRATION RANGE 
In the system calibration modes (Se2 Low) the AD7703 cali
brates its offset with respect to the A'N pin. The offset calibra
tion range specifIcation defInes the range of voltages that the 
AD770 I can accept and still calibrate offset accurately. 

FULL-SCALE CALmRATION RANGE 
This is the range of voltages that the AD7703 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7703's analog input defme the analog input range. 
The input span specifIcation defInes the minimum and maxi
mum input voltages from zero to full scale that the AD7703 can 
accept and still calibrate gain accurately. 
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AD7703 PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

2 

3 

4,17 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

"V 
0.596 
1.192 
2.384 
4.768 
9.537 

MODE Selects the Serial Interface Mode. If MODE is tied to DGND, the Synchronous External Oocking (SEC) 
mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB 
coming first. If MODE is tied to +5 V, the AD7703 operates in the Synchronous Self-Clocking (SSC) mode. 
SCLK is configured as an output, with a clock frequency of fCLKIN/4 and 25% duty cycle. 

CLKOUT Oock Output to generate an Internal Master Oock by connecting a crystal between CLKOUT and CLKIN. If 
an external clock is used, CLKOUT is left open circuit. 

CLKIN Oock Input for External Clock. 

SCI, SC2 System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 

DGND 

DVss 

AVss 

AGND 

AIN 

VREP 

SLEEP 

BP/uP 

CAL 

AVDD 

DVDD 

CS 

DRDY 

SCLK 

SDATA 

Digital Ground. Ground reference for all digital signals. 

Digital Negative Supply, -5 V nominal. 

Analog Negative Supply, -5 V nominal. 

Analog Ground. Ground reference for all analog signals. 

Analog Input. 

Voltage Reference Input, +2.5 V nominal. This determines the value of positive full scale in the unipolar 
mode and of both positive and negative full-scale in th~ Bipolar Mode. 

Sleep mode pin. When this pin is taken Low, the AD7703 goes into a low-power mode with typically 10 fLW 
power consumption. 

Bipolar/Unipolar mode pin. When this pin is low the AD7703 is configured for a unipolar input range of 
AGND to VREP' When Pin 12 is High, the AD7703 is configured for a bipolar input range, ±VREP' 

Calibration mode pin. When CAL is taken High for more than 4 xnaster clock cycles, the AD7703 is reset and 
performs a calibration cycle when CAL is brought Low again. The CAL pin can also be used as a strobe to 
synchronize the operation of several AD7703s. 

Analog Positive Supply, +5 V nominal. 

Digital Positive Supply, +5 V nominal. 

Chip Select Input. When CS is brought low, the AD7703 will begin to transmit serial data in a forxnat 
determined by the state of the MODE pin. 

Data Ready Output. DRDY is low when valid data is available in the output register. It goes High after 
transmission of a word is completed. It also goes High for four clock cycles when a new data word is being 
loaded into the output register, to indicate that valid data is not available, irrespective of whether data 
transmission is complete or not. 

Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of 
serial data transmission that has been selected by the MODE pin. When configured as an output in the 
Synchronous Self-Oocking mode, it has a frequency of fCLKIN/4 and a duty cycle of 25%. 

Serial Data Output. The AD7703's output data is available at this pin as a 20-bit serial word. 

UNIPOLAR MODE DIPOLAR MODE PIN CONFIGURATION 

LSDs % FS ppmFS LSDs % FS ppmFS 

0.25 0.0000238 0.24 0.13 0.0000119 0.12 
0.5 0.0000477 0.48 0.26 0.0000238 0.24 
1.00 0.0000954 0.95 0.5 0.0000477 0.48 
2.00 0.0001907 1.91 1.00 0.0000954 0.95 
4.00 0.0003814 3.81 2.00 0.0001907 1.91 

Table I. Bit Weight Table (~.5 V Reference Voltage) 

MODE 1 

CLKOUT 2 

CLKIN 

SCl 4 

DGND 

SCLK 

DRDY 

SC2 

CS 
DVoo 

AVoo 

CAL 

BPtUP 

SLEEP 

2-424 ANALOG-TO-DIGITAL CONVERTERS REV. A 



GENERAL DESCRIPTION 
The AD7703 is a 20-bit AID converter with on-chip digital fil
tering, intended for the measurement of wide dynamic range, 
low frequency signals such as those representing chemical, phys
ical or biological processes. It contains a charge-balancing (sigma 
delta) ADC, calibration microcontroller with on-chip static 
RAM, a clock oscillator and a serial communications port. 

The analog input signal to the AD7703 is continuously sampled 
at a rate determined by the frequency of the master clock, 
CLKIN. A charge-balancing AID converter (sigma delta modu
lator) converts the sampled signal into a digital pulse train 
whose duty cycle contains the digital information. A six-pole 
Gaussian digital low pass filter processes the output of the 
sigma-delta modulator and updates the 20-bit output register at 
a 4 kHz rate. The output data can be read from the serial port 
randomly or periodically at any rate up to 4 kHz. 

DVDD 

SLEEP 

VREF MODE 

AD7703 

BP/UP 

CALIBRATE CAL 

ANALOG 
ClKIN 

INPUT AIN ClKOUT 

AGND SC1 
SC2 

AVss 
DGND 

Figure 7. Typical System Connection Diagram 

The AD7703 can perform self-calibration using the on-chip cali
bration microcontroller and SRAM to store calibration parame
ters. A calibration cycle may be initiated at any time using the 
CAL control input. 

Other system components may also be included in the calibra
tion loop to remove offset and gain errors in the input channel. 

For battery operation, the AD7703 also offers a standby mode 
that reduces idle power consumption to typically 10 ",W. 

THEORY OF OPERATION 
The general block diagram of a sigma-delta ADC is shown in 
Figure 8. It contains the following elements: 

1. A sample-hold amplifier 

2. A differential amplifier or subtractor 

3. An analog low pass filter 

4. A I-bit AID converter (comparator) 

S. A I-bit DAC 

6. A digital low pass filter 
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AD7703 
COMPARATOR 

r-----~ r-~~ 

Figure 8. General Sigma Delta ADC 

In operation, the sampled analog signal is fed to the subtractor, • 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ-
ence signal at a frequency many times that of the analog signal 
frequency (oversampling). 

Oversampling is fundamental to the operation of sigma-delta 
ADCs. Using the quantization noise formula for an ADC: 

SNR = (6.02 x number of bits + 1.76) dB, 

a I-bit ADC or comparator yields an SNR of 7.78 dB. 

The AD7703 samples the input signal at 16 kHz, which spreads 
the quantization noise from 0 to 8 kHz. Since the specified ana
log input bandwidth of the AD7701 is only 0 to 10 Hz, the 
noise energy in this bandwidth would be only 1I800 of the total 
quantization noise, assuming that the noise energy was spread 
evenly throughout the spectrum. It is reduced still further by 
analog filtering in the modulator loop, which shapes the quanti
zation noise spectrum to move most of the noise energy to fre
quencies above 10 Hz. The SNR performance in the 0 to 10 Hz 
range is conditioned to the 20-bit level in this fashion. 

The output of the comparator provides the digital input for the 
I-bit DAC, so the system functions as a negative feedback loop 
which minimizes the difference signal. The digital data that rep
resents the analog input voltage is in the duty cycle of the pulse 
train appearing at the output of the comparator. It can be re
trieved as a parallel binary data word using a digital filter. 

Sigma delta ADCs are generally described by the order of the 
analog low pass filter. A simple example of a first order sigma 
delta ADC is shown in Figure 8. This contains only a first-order 
low pass filter or integrator. 

The AD7703 uses a second order sigma delta modulator and a 
digital filter that provides a rolling average of the sampled out
put. After power up or if there is a step change in the input 
voltage, there is a settling time before valid data is obtained. 
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AD7703 
DIGITAL FILTERING 
The AD7703's digital filter behaves like an analog filter, with a 
few minor differences. 

First, since digital filtering occurs after the A to D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7703 has over
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 100 mY. If noise sig
nals are larger than this, consideration should be given to analog 
input filtering, or to reducing the gain in the input channel so 
that a full·scale input (2.5 V) gives only a half-scale input to the 
AD7703 (1.25 V). This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by I bit (50%). 

FILTER CHARACTERISTICS 
The cutoff frequency of the digital filter is fCLK/409600. At the 
maximum clock frequency of 4.096 MHz, the cutoff frequency 
of the filter is 10 Hz and the data update rate is 4 kHz. 

Figure 9 shows the filter frequency response. This is a 6-pole 
Gaussian response that provides 55 dB of 60 Hz rejection for a 
to Hz cutoff frequency. If the clock frequency is halved to give 
a 5 Hz cutoff, 60 Hz rejection is better than 90 dB. 
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20 
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'CLK= 2MHz 
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10 
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Figure 9. Frequency Response of AD7703 Filter 

Since the AD7703 contains this low-pass filtering, there is a set
tling time associated with step function inputs, and data will be 
invalid after a step change until the settling time has elapsed. 
The AD7703 is, therefore, unsuitable for high speed multiplex
ing, where channels are switched and converted sequentially at 
high rates, as switching between channels can cause a step 
change in the input. However, slow multiplexing of the AD7703 
is possible, provided that the settling time is allowed to elapse 
before data for the new channel is accessed. 

The output settling of the AD7703 in response to a step input 
change is shown in Figure 10. The Gaussian response has fast 
settling with no overshoot, and the worst-case settling time to 
±0.OOO7% is 125 ms with a 4.096 MHz master clock frequency. 
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Figure 10. AD7703 Step Response 

USING THE AD7703 
SYSTEM DESIGN CONSIDERATIONS 

160 

The AD7703 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu
ously, like a tracking ADC, there is no need for a statt convert 
command. The 20-bit output register is updated at a 4 kHz rate, 
and the output can be read at any time, either synchronously or 
asynchronously. 

CLOCKING 
The AD7703 requires a master clock input, which may be an 
external TTUCMOS compatible clock signal applied to the 
CLKIN pin (CLKOUT not used). Alternatively, a crystal of the 
correct frequency can be connected between CLKIN and 
CLKOUT, when the clock circuit will function as a crystal
controlled oscillator. 

Figure 11 shows a simple model of the on-chip gate oscillator 
and Table II gives some typical capacitor values to be used with 
various resonators. 

'SeeTable II 

Figure 11. On-Chip Gate Oscillator 
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Resonators Cl C2 

Ceramic 
200 kHz 330 pF 470 pF 
455 kHz 100pF 100 pF 
1.0 MHz 50 pF 50 pF 
2.0 MHz 20 pF 20 pF 

Crystals 
2.000 MHz 30 pF 30 pF 
3.579 MHz 20 pF 20 pF 
4.096 MHz None None 

Table II. Resonator Loading Capacitors 

The input sampling frequency, output data rate, filter character
istics and calibration time are all directly related to the master 
clock frequency feLKIN by the ratios given in the specification 
table under Dynamic Performance. Therefore, the first step in 
system design with the AD7703 is to select a master clock fre
quency suitable for the bandwidth and output data rate required 
by the application. 

ANALOG INPUT RANGES 
The AD7703 performs conversion relative to an externally sup
plied reference voltage, which allows easy interfacing to ratio
metric systems. In addition, either unipolar or bipolar input 
voltage ranges may be selected using the BPIUP input. With 
BPIUP tied low, the input range is unipolar and the span is 
(V REP - V AGND)' where V AGND is the voltage at the device 
AGND pin. With BPIUP tied high, the input range is bipolar 
and the span is 2 V REp. In the bipolar mode both positive and 
negative full scale are directly determined by V REp. This offers 
superior tracking of positive and negative full scale and better 
midscale (bipolar zero) stability than bipolar schemes that sim
ply scale and offset the input range. 

The digital output coding for the unipolar range is unipolar bi
nary and for the bipolar range it is offset binary. Bit weights for 
the unipolar and bipolar modes are shown in Table 1. 

SYSTEM 
REF HI 

AIN 

SYSTEM 
REFLO 

ANALOG 
MUX 

AD7703 
ACCURACY 
Sigma delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. 

The AD7703 achieves excellent linearity by the use of high qual
ity, on-chip silicon dioxide capacitors, which have a very low 
capacitance/voltage coefficient. The device also achieves low in
put drift through the use of chopper-stabilized techniques in its 
input stage. To ensure excellent performance over time and tem- 2 
perature, the AD7703 uses digital calibration techniques which 
minimize offset and gain error to typically ±4 LSBs. 

AUTOCALIBRATION 
The AD7703 offers both self calibration and system calibration 
facilities. For calibration to occur, the on-chip microcontroller 
must record the modulator output for two different input condi
tions. These are the "zero scale" and "full scale" points. In uni
polar self-calibration mode, the zero scale point is V AGND and 
the full-scale point is V REp. With these readings the microcon
troller can calculate the gain slope for the input to output trans
fer function of the converter. In unipolar mode the slope factor 
is determined by dividing the span between zero and full scale 
by 220 • In bipolar mode it is determined by· dividing the span by 
219 since the inputs applied represent only half the total codes. 
In both unipolar and bipolar modes the slope factor is saved and 
used to calculate the binary output code when an analog input is 
applied to the device. Table IV gives the output code size after 
calibration. 

System calibration allows the AD7703 to compensate for system 
gain and offset errors. A typical circuit where this might be used 
is shown in Figure 12. 

System calibration performs the same slope factor calculations as 
self calibration but uses voltage values presented by the system 
to the AIN pin for the zero and full-scale points. There are two 
system calibration modes. 

The first mode offers system level calibration for system offset 
and system gain. This is a two step operation. The zero scale 
point must be presented to the converter first. It must be ap
plied to the converter before the calibration step is initiated and 
remain stable until the step is complete. The DRDY output 
from the device will signal when the step is complete by going 
low. After the zero scale point is calibrated the tiIlI-scale point is 
applied and the second calibration step is initiated. Again the 
voltage must remain stable throughout the calibration step. 

AD7703 

SCLK 
SDATA 

CAL 
SCl 
SC2 

MICRO 
COMPUTER 

Figure 12. Typical Connections for System Calibration 
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AD7703 
The two step calibration mode offers another feature. After the 
sequence has been completed, additional offset calibrations Can 
be performed 'by themselves to adjust the zero reference point to 
a new system zero reference value. This second system calibra
tion mode uses an input voltage for the zero-scale calibration 
point but uses the V REF v;uue for the full-scale point. 

Initiating Calibration 
Table III illustrates the calibration modes available in the 
AD7703. Not shown in the table is the function of the BPIUP 
pin which determines whether the converter has been calibrated 
to measure bipolar or unipolar signals. A calibration step is initi
ated by bringing the CAL pin high for at least 4 CLKIN cycles 
and then bringing it low again. The states of SCI and SC2 along 
with the BPIUP pin will determine the type of calibration to be 
performed. All three signals should be stable before the CAL 
pin is taken positive. The SCI and SC2 inputs are latched when 
CAL goes high. The BP/UP input is not latched and therefore ' 
must remain in a fixed state throughout the calibration and mea
surement cycles. Any time the state of the BPIUP is changed, a 
new calibration cycle must be performed to enable the AD7703 
to function properly in the new mode. 

When a calibration step is initiated, the DRDY signal will go 
high and remain high until the step is finished. Table III shows 
the number of clock cycles each calibration requires. Once a 
calibration step is initiated it must fmish before a new calibra
tion step can be executed. In the two step system calibration 
mode, the offset calibration step must be initiated before initiat
ing the gain calibration step. 

CAL SCI SC2 CAL TYPE ZERO SCALE CAL 

0 0 Self-Cal VAGND 
1 I System Offset AIN 
0 I System Gain -
I 0 System Offset AIN 

NOTE 

When self-calibration is completed DRDY falls and the output 
port is updated with a data word that represents the analog in
put signal. When a system calibration step is completed, DRDY 
will fall and the output port will be updated with the appropri
ate data value (all Os for the zero scale point and all Is for the 
full-scale point). In the system calibration mode, the digital f!l
ter must settle before the output code will represent the value of 
the analog input signal. Tables IV and V indicate the output 
code size and output coding of the AD7703 in its various 
modes. In these tables, SOFF is the measured system offset in 
volts and SGAIN is the measured system gain at the full-scale 
point in volts. 

Span and Offaet Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span which can be accommodated. The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of 0.8 VREF and a maximum value of 2 (VREF 
+ 0.1 V). 

The amount of offset which can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off
set of 0.2 VREF and a minimum offset of - (VREF+ 0.1 V). 
Thus the AD7703 in the unipolar mode can be calibrated to 
mimic bipolar operation. 

FULL-SCALE CAL SEQUENCE CALmRATION TIME 

VREF One Step 3,145,655 Clock Cycles 
- 1st Step 1,052,599 Clock Cycles 
AIN 2nd Step 1,068,813 Clock Cycles 
VREF One Step 2,117,389 Clock Cycles 

DRDY remains high throughout the calibration sequence. In the Self-Cal mode, DRDY falls once the AD7703 has settled to the analog input. In all other 
modes DRDY falls as the device begins to settle. 

Table III. Calibration Truth Table 

I LSB 

CAL MODE ZERO SCALE GAIN FACTOR UNIPOLAR BIPOLAR 

Self-Cal V"'GND VREF 
(VREF - VAGND) 2(VREF - VAGND) 

1048576 1048576 

System Cal SOFF SGAIN 
(SGAlN - SOFF) 2(SGAlN - SOFF) 

1048576 1048576 

Tabie IV. Output Code Size After Calibration 

2-428 ANALOG-TO-DIGITAL CONVERTERS REV. A 



AD7703 
INPUT VOLTAGE, UNIPOLAR MODE INPUT VOLTAGE, BIPOLAR MODE 

System Cal Self-Cal Output Codes Self-Cal System-Cal 

> (SGAIN - 1.5 LSB) > (VREP - 1.5 LSB) FFFFF > (VREP - 1.5 LSB) > (SGAIN - 1.5 LSB) 

FFFFF 
SGAIN - I. 5 LSB V REP - 1.5 LSB --- VREP - 1.5 LSB SGAIN - I. 5 LSB FFFFE 

80000 
(SGAIN - Sopp)/2 - 0.5 LSB (VREP - VAGND)/2 - 0.5 LSB 

7FFFF V AGND - 0.5 LSB SOFF - 0.5 LSB 

SOFP + 0.5 LSB V AGND + 0.5 LSB 
00001 
00000 

-VREF + 0.5 LSB -SGAIN + 2 SOPF + 0.5 LSB 

«SOFP + 0.5 LSB) «V AGND + 0.5 LSB) 00000 «-VREF + 0.5 LSB) «-SGAIN +2 SOPF + 0.5 LSB) 

Table V. AD7703 Output Coding 

In the bipolar mode the system offset calibration range is re
stricted to ±0.4 V REp. It should be noted that the span restric
tions limit the amount of offset which can be calibrated. The 
span range of the converter in bipolar mode is equidistant 
around the voltage used for the zero scale point. When the zero
scale point is calibrated it must not cause either of the two end
points of the bipolar transfer function to exceed the positive or 
the negative input overrange points (+ V REP + 0.1) V or 
-(V REP + 0.1) V. If the span range is set to a minimum 
(0.8 V REP) the offset voltage can move ±0.4 V REP without caus
ing the end points of the transfer function to exceed the over
range points. Alternatively, if the span range is set to 2 V REP' 

the input offset cannot move more than +0.1 Vor -0.1 V be
fore an endpoint of the transfer function exceeds the input over
range limit. 

POWER UP AND CALIBRATION 
A calibration cycle must be carried out after power up to initial
ize the device to a consistent starting condition and correct cali
bration. The CAL pin must be held high for at least four clock 
cycles, after which calibration is initiated on the falling edge of 
CAL and takes a maximum of 3,145,655 clock cycles (approxi
mately 768 ms with a 4.096 MHz clock). See Table III. 

Figure 13 shows a simple RC circuit which will briefly pull the 
CAL input High as power is applied. For this circuit to work 
the power supply must come up cleanly without oscillation, 
otherwise the internal circuits of the AD7703 may not all recog
nize the same reset transition. This can be overcome by using a 
Schmitt-trigger inverter between the RC combination and the 
CAL input, to provide a single transition. After power up, it is 
necessary to wait for the filter settling time (507,904 clock cy
cles) before accessing the output data. Thereafter data may be 
read at a 4 kHz rate. 

The type of calibration cycle initiated by CAL is determined by 
the SCI and SC2 inputs, in accordance with Table III. 
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Figure 13. Power-On Reset Circuit 

Drift Considerations 
The AD7703 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. Figure 14 indicates the typi
cal offset due to temperature changes after calibration at 25°C. 
Drift is relatively flat up to 75°C. Above this temperature, leak
age current becomes the main source of offset drift. Since leak
age current doubles approximately every lOoC, the offset drifts 
accordingly. The value of the voltage on the sample capacitor is 
updated at a rate determined by the master clock, therefore the 
amount of offset drift which occurs will be proportional to the 
elapsed time between samples. Thus, to minimize offset drift at 
higher temperatures, higher CLKIN rates are recommended. 

Gain drift within the converter depends mainly upon the tem
perature tracking of the internal capacitors. It is not affected by 
leakage currents so that it is significantly less than offset drift. 
The typical gain drift of the AD7703 is less than 40 LSBs over 
the specified temperature range. 

Measurement errors due to offset drift or gain drift can be elimi
nated at any time by recalibrating the converter. Using the sys
tem calibration mode can also minimize offset and gain errors in 
the signal conditioning circuitry. Integral and differential linear
ity are not significantly affected by temperature changes. 
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Figure 14. Typical Bipolar Offset vs. Temperature after 
Calibration at 25°C 

INPUT SIGNAL CONDITIONING 
Reference voltages from + I V to + 3 V may be used with the 
AD7703, with little degradation in performance. Input ranges 
that cannot be accommodated by this range of reference voltages 
may be achieved by input signal conditioning. This may take 
the form of gain to accommodate a smaller signal range, or pas
sive attenuation to reduce a larger input voltage range. 

Source Resistance 
If passive attenuators are used in front of the AD7703, care 
must be taken to ensure that the source impedance is suffi
ciently low. The dc input resistance for the AD7703 is over 
I GO. In parallel with this there as a small dynamic load which 
varies with the clock frequency (see Figure IS). Each time the 

Figure 15. Equivalent Input Circuit and Input Attenuator 

analog input is sampled, a 10 pF capacitor draws a charge 
packet of maximum I pC (10 pF x 100 mY) from the analog 
source with a frequency fCLKIN/256. For a 4.096 MHz CLKIN, 
this yields an average current draw of 16 nA. Mter each sample 
the AD7703 allows 62 clock periods for the input voltage to set
tle. The equation which defines settling time is: 

Vo = VIN[I - e-VRc:J 
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where V 0 is the fmal settled value, VlN is the value of the input 
signal, R is the value of the input source resistance, C is the 
10 pF sample capacitor. The value of t is equal to 62/fCLKIN. 
The following equation can be developed which gives the maxi
mum allowable source resistance, RS(MAx), for an error of V E' 

62 
RSIMAXI = /CLKIN • (10 pF) • 1 n (I00mVIVE ) 

Provided the source resistance is less than this value, the analog 
inpilt will settle within the desired error band in the requisite 62 
clock periods. Insufficient settling leads to offset errors. These 
can be calibrated in system calibration schemes. 

If a limit of 600 nV (0.25 LSB at 20 bits) is set for the maxi
mum offset voltage, then'the maximum allowable source resis
tance is 125 kO from the above equation, assuming that there is 
no external stray capacitance. 

An RC filter may be added in front of the AD7703 to reduce 
high frequency noise. With an external capacitor added from 
AIN to AGND, the following equation will specify the maximum 
allowable source resistance: 

The practical limit to the maximum value of source resistance is 
thermal (Johnson) noise. A practical resistor may by modeled as 
an ideal (noiseless) resistor in series with a noise voltage source 
or in parallel with a noise current source. 

V. = V4kTR/Vo[ts 

in = V4 kTf/R Amperes 

where k is Boltzmann's constant (1.38 x 10-2• J/K), and T is 
temperature in degrees Kelvin ("C + 273). 

Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their open
loop output resistance is normally only tens of ohms and, in any 
case, most modern general purpose op amps have sufficiently 
fast closed loop settling time for this not to be a problem. Offset 
voltage in op amps can be eliminated in a system calibration 
routine. 

Antialias Considerations 
The digital filter of the AD7703 does not provide any rejection 
at integer multiples of the sampling frequency (nfcLKIN/256, 
where n = 1, 2, 3, .. ). 

With a 4.096 MHz master clock there are narrow (±10 Hz) 
bands at 16 kHz, 32 kHz, 48 kHz, etc., where noise passes un
attenuated to the output. 

However, due to the AD7703's high oversampling ratio of 800 
(16 kHz to 20 Hz) these bands occupy only a small fraction of 
the spectrum, and most broadband noise is fIltered. 
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The reduction in broadband noise is given by: 

e ... = ein V2/e / Is = 0.035 ein 

where ein and e"", are rms noise terms referred to the input and 
Ie is the filter -3 dB corner frequency (fCLKIN/40%OO) and Is 
is the sampling frequency (fCLKIN/256). 

Since the ratio of fs to fCLKIN is fixed, the digital filter reduces 
broadband white noise by 96.5% independent of the master 
clock frequency. 

VOLTAGE REFERENCE CONNECTIONS 
The voltage applied to the VREF pin defmes the analog input 
range. The specified reference voltage is 2.5 V, but the AD7703 
will operate with reference voltages from I V to 3 V with little 
degradation in performance. 

The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Fortunately, most precision references have 
sufficiently low output impedance and wide enough bandwidth 
to settle to the required accuracy within 62 clock cycles. 

The digital filter of the AD7703 removes noise from the refer
ence input, just as it does with noise at the analog input, and 
the same limitations apply regarding lack of noise rejection at 
integer multiples of the sampling frequency. Note that the refer
ence should be chosen to minimize noise below 10 Hz. The 
AD7703 typically exhibits 1.6 LSB rms noise in its measure
ments. This specification assumes a clean reference. Many 
monolithic bandgap references are available which can supply 
the 2.5 V needed for the AD7703. However, some of these are 
not specified for noise especially in the 0.1 Hz to 10 Hz band
width. If the reference noise in this bandwidth is excessive, it 
can degrade the performance of the AD7703. Recommended 
references are the AD580 and the LT1019. Both of these 2.5 V 
references typically have less than 10 flo V p-p noise in the 
0.1 Hz to 10 Hz band. 

POWER SUPPLIES AND GROUNDING 
AGND is the ground reference voltage for the AD7703, and is 
completely independent of DGND. Any noise riding on the 
AGND input with respect to the system analog ground will 
cause conversion errors. AGND should therefore be used as the 
system ground and also as the ground for the analog input and 
the reference voltage. 

The analog and digital power supplies to the AD7703 are inde
pendent and separately pinned out, to minimize coupling be
tween analog and digital sections of the device. The digital filter 
will provide rejection of broadband noise on the power supplies, 
except at integer multiples of the sampling frequency. There
fore, the two analog supplies should be individually decoupled 
to AGND using 100 nF ceramic capacitors to provide power 
supply noise rejection at these frequencies. The two digital sup
plies should similarly be decoupled to DGND. 
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AD 7703 
The positive digital supply (DV 00) must never exceed the posi
tive analog supply (AVoo) by more than 0.3 V. Power supply 
sequencing is therefore important. If separate analog and digital 
supplies are used, care must be taken to ensure that the analog 
supply is powered up first. 

It is also important that power is applied to the AD7703 before 
signals at V REF' AIN or the logic input pins in order to avoid 
any possibility of latch-up. If separate supplies are used for the 
AD7703 and the system digital circuitry, then the AD7703 
should be powered up first. 

A typical scheme for powering the AD7703 from a single set of 
±5 V rails is shown Figure 7. In this circuit AVoo and DVoo 
are brought along separate tracks from the same + 5 V supply. 
Thus, there is no possibility of the digital supply coming up be
fore the analog supply. 

SLEEP MODE 
The low power standby mode is initiated by taking the SLEEP 
input low, which shuts .down all analog and digital circuits and 
reduces power consumption to 10 floW. When coming out of 
SLEEP mode it is sometimes possible (when using a crystal to 
generate eLKIN, for example) to lose the calibration coeffi
cients. Therefore, it is advisable as a safeguard to always do a 
calibration cycle after coming out of SLEEP mode. 

BATTERY BACKUP OF CALIBRATION COEFFICIENTS 
The calibration data stored in the AD7703's static RAM is lost 
whenever power is removed. In certain applications it may be 
desirable to protect the contents of the calibration SRAM 
against intermittent power loss, for example when a mains pow
ered instrument is moved to a different location. 

Figure 16 shows a simple battery backup circuit that maintains 
power to the SRAM during loss of the main + 5 V supply. 
When power is lost, the SLEEP input goes low, reducing the 
power consumption to typically 10 floW, and a battery takes over 
from the main power supply. Note that AVoo and DVoo must 
both remain powered to retain the calibration memory. 3.6 V 
lithium batteries are available which can provide 1750 mA· hours 
before they drop below the 2 V memory retention threshold of 
the AD7703. This translates to a memory-retention period of 20 
years in the Sleep mode, allowing one time factory calibration of 
a system. 

01 
HP5082·2800 

47kQ 

02 
HP5082·2800 

AD7703 

..... ----tAGNO 

..... --~-------iSLEEP 

Figure 16. Battery Backup of Calibration Data 
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AD7703 
It should be noted that in this simple circuit, the supply voltage 
will fall below the battery voltage before if falls below the 
SLEEP pin threshold, and the battery will be supplying the full 
2 rnA operating current of the AD7703 until the supply falls 
below the logic 0 voltage of the SLEEP pin. This can cause 
excessive battery drain if power loss is frequent or the supply 
voltage falls slowly, for example if there are large reservoir ca
pacitors in the system. In this case, the backup circuit should be 
designed so that voltage on SLEEP falls to 0.8 V before the sup
ply voltage falls below 3.6 V. 

DIGITAL INTERFACE 
The AD7703's serial communications port allows easy interfac
ing to industry standard microprocessors. Two different modes 
of operation are available, optimized for different types of 
interface. 

SYNCHRONOUS SELF-CLOCKING MODE (SSC) 
The SSC mode (MODE pin high) allows easy interfacing to 
serial-parallel conversion circuits in systems with parallel data 
communication. This mode allows interfacing to 74XX299 Uni
versal Shift registers without any additional decoding. The SSC 
mode can also be used with microprocessors such as the 68HC 11 
and 68HCOS, which allow an external device to clock their serial 
port. 

Figure 17 shows the timing diagram for the SSC mode. Data is 
clocked out by an internally generated serial clock. The AD7703 
divides each sampling interval into sixteen distinct periods. 
Eight periods of 64 clock pulses are for analog settling and eight 
periods of 64 clock pulses are for digital computation. The sta
tus of CS is polled at the beginning of each digital computation 
period. If it ~ low at any of these times then SCLK will become 
active and the data word currently 'in the output register will be 
transmitted, MSB first. After the LSB has been transmitted 
DRDY will go high until the new data word becomes available. 
IfCS, having been brought low, is taken high again at any time 
during data transmission, SDATA and SCLK will go three-state 
after the current bit fmishes. If CS is subsequently brought low, 
transmission will resume with the next bit during the subse
quent digital computation period. If transmission has not been 
initiated and completed by the time the next data word is avail
able, DRDY will go high for four clock cycles then low again as 
the new word is loaded into the output register. 

A more detailed diagram of the data transmission in the SSC 
mode is shown in Figure 18. Data bits change on the falling 
edge of SCLK and are valid on the rising edge of SCLK. 

1~._-------------1024 ClKIN CYCLES -----I ... 
64 ClKIN_~ __ , 

CYCLES 
INTERNAL ---, ,-;:;':';=;;;"'-,\1,-':;";"=:'::"'""",,-
STATUS ANALOG TIME 0 DIGITAL TIME 7 

DRDY(O) 
72 ClKIN CYCLES 

_---.J! \'--__ 
CS(1) /POllED 

HI-Z 
SClK(O) 

ff ________ ~H~I-~Z ______ _ 

SDATA(O) 
HI-Z ff ______ ~H~I-~Z ______ _ 

Figure 17. Timing Diagram for SSC Data Transmission Mode 

ClKIN(1) 'l "f'." n n n n n n n n r\~.~ n n n n n n n n n I U·u u· U U U U U U U U U w w U U U U U U U U U U 
72 

DRDY(O) 
~ ClKIN,. ;-CYCLES 

•••• •••• 
CS(1) .... \ •••• r 

SDATA (0) !!!:!. •••• - DB19 (MSB) DB18 XDB17. • t. DB2 X DB1 X DBO (LSB) ~ 

SClK(O) ..!:!!::!.. •••• ~~~ 
Figure 18. SSC Mode Showing Data Timing Relative to SCLK 
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SYNCHRONOUS EXTERNAL CLOCK MODE (SEC) 
The SEC mode (MODE pin grounded) is designed for direct 
interface to the synchronous serial ports of industry standard 
microprocessors such as the 68HCll and 68HCOS. The SEC 
mode also allows customized interfaces, using I/O port pins, to 
microprocessors that do not have a direct fit with the AD7703's 
other mode. 

As shown in Figure 19, a falling edge on CS enables the serial 
data output with the MSB initially valid. Subsequent data bits 
change on the falling edge of an externally supplied SCLK. Af
ter the LSB has been transmitted, DRDY and SDATA go 
three-state. If CS is low and the AD7703 is still transmitting 
data when a new data word becomes available, the old data 
word continues to be transmitted and the new data is lost. 

If CS is taken high at any time during data transmission, 
SDATA will go three-state immediately. If CS returns low, the 
AD7703 will continue transmission with the same data bit. If 
transmission has not been initiated and completed by the time 
the next data word becomes available, and if CS is high, DRDY 
will return high for four clock cycles, then fall as the new word 
is loaded into the output register. 

AD7703 
DIGITAL NOISE AND OUTPUT LOADING 
As mentioned earlier, the AD7703 divides its internal timing 
into two distinct phases, analog sampling and settling and digital 
computation. In the SSC mode, data is transmitted only during 
the digital computation periods, to minimize the effects of digi
tal noise on analog performance. In the SEC mode data trans
mission is externally controlled, so this automatic safeguard does 
not exist. To compensate, the AD7703 should be synchronized 
to the digital system clock via CLKIN when used in the SEC 
mode. 

Whatever mode of operation is used, resistive and capacitive 
loads on digital outputs should be minimized in order to reduce 
crosstalk between analog and digital portions of the circuit. For 
this reason connection to low-power CMOS logic such as one of 
the 4000 series or 74C families is recommended. 

DRDY(O) \ ..... ____________ _ 
. • ••• ----------L 

CS(1) _____ .... __________ ••• • _________ ....J 

SCLK(O) 

SOATA(O) ..;cH"'-I-.:;Z ____ -< OB19(MSB) OB17 •••• DB2 

Figure 19. Timing Diagram for the SEC Mode 
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FEATURES 
Charge Balancing ADC 

21 Bits No Missing Codes 
±O.0015% Nonlinearity 

Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
Differential Inputs 

Low Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internal/External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power Down Mode 

(50 .... Wtyp) 

APPLICATIONS 
Weigh Scales 
Thermocouples 
Process Control 
Smart Transmitters 
Chromatography 

GENERAL DESCRIPTION 
The AD7710 is a complete analog f 
measurement applications. The device accept 
directly from a strain gage or transducer and 0 uts a serial 
digital word. It employs a sigma-delta conversion technique to 
realize up to 21 bits of no missing codes performance. The input 
signal is applied to a proprietary programmable gain front end 
based around an analog modulator. The modulator output is 
processed by an on-chip digital filter. The first notch of this dig
ital filter can be programmed via the on-chip control register 
allowing adjustment of the filter cutoff and settling time. 

The part features two differential analog inputs and a differen
tial reference input. Normally, one of the channels will be used 
as the main channel with the second channel used as an auxil
iary input to periodically measure a second voltage. It can be 
opetated from a single supply (by tying the V ss pin to AGND) 
provided that the input signals on the analog inputs are more 
positive than - 30 m V. By taking the V ss pin negative, the part 
can convert signals down to -VREF on its inputs. The AD7710 
thus performs all signal conditioning and conversion for a single 
or dual channel system. 

The AD7710 is ideal for use in smart, microcontroller based 
systems. Input channel selection, gain settings and signal polar
ity can be conftgured in software using the bidirectional serial 
port. The AD7710 contains self-calibration, system calibration 
and background calibration options and also allows the user to 
read and write the on-chip calibration registers. 

*Patent pending. 

AIN1(+) 

AlN1(-) 

LC2MOS 
Signal Conditioning ADC 

AD7710* I 
FUNCTIONAL BLOCK DIAGRAM 

REF REF 
AV DO DV DO IN(-) IN(+) REFDUT 

YeLl< 
IN 

MCLK 
OUT 

ction ensures low power dissipation and a soft
rogrammable power down mode reduces the standby 

wer consumption to only 50 j.L W typical. The part is available . 
in a 24-pin, 0.3 inch wide, plastic and hermetic dual-in-line 
package (DIP) as well as a 24-lead small outline (SOIC) 
package. 

PRODUCT HIGHLIGHTS 
1. The programmable gain front end allows the AD7710 to ac

cept input signals directly from a strain gage or transducer, 
remoVing a considerable amount of signal conditioning. 

2. The AD7710 is ideal for microcontroller or DSP processor 
applications with an on-chip control register which allows 
control over filter cutoff, input gain, channel selection, signal 
polarity and calibration modes. 

3. The AD7710 allows the user to read and write the on-chip 
calibration registers. This means that the microcontroller has 
much greater control over the calibration procedure. 

4. No missing codes ensures true, usable, 21-bit dynamic range 
coupled with excellent ±0.0015% accuracy. The effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero scale and full-scale errors. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(AVDD = +5 V to +10 V; DVDD = +5 V; REF OUT = REF INC+); REF INC-) = 
AD771 O-SPECIFICATIONS ~:~~ ':f~:~~s:n::'~z unless otherwise stated. All specificatlonsTMIN to T •• 

Paramet~ A, SVersions' 

STATIC PERFORMANCE 
No Missing Codes 21 
Output Noise See Tables I & n 
Integral Nonlinearity ±0.0015 
Positive Full-Scale Error· 3 See Note 4 
Full-Scale Drift' I . 
Uaipolat Offset Error' See Note 4 
Unipolat Offset Drift' I 
Bipolat Zero Error' See Note 4 
Bipolat Zero Drift' I 
Bipolat Negative Full-Scale Error' ±0.0015 
Bipolat Negative Full-Scale Drift" I 

ANALOG INPUTSJREFERENCE INPUTS 
Common-Mode Rejection (CMR) 100 
Common-Mode Volta8e Range" Vss to AVDD 

50 Hz Rejection' 100 
60 Hz Rejection' 100 
DC Input Leakage Current' @ + 25"<: 10 

TMlN to TMAx I 
Sampling Capacitance' 20 
Source Impedance 10 

Analog Inputs 
Input Voltage Ranges 

Input Sampling Rste, fs 
Reference Inputs 

REF IN(+) - REF IN (-) Voltage 
input Sampling Rste, fs 

REFERENCE OUTPUT 
Output Voltage 
Initial Tolerance ±I 

Vaits 

Bits min 

%ofFSRmax 

!lvre max 

dB min 
V min to V max 
dB min 
dB min 
pAmax 
nAmax 
pFmax 
kOmax 

Drift 25 typ 
Line Regulation (A V DD) 

Load Regulation 
External Current 

VBIAS INPUT 
Input Voltage Range 

LOGIC INPUTS 
Input Current 
All Inputs Except MCLK IN 

VINL, Input Low Voltage 
VINH, Input High Voltage 

MCLK IN Only 
VINL, Input Low Voltage 
VINH, Input High Voltage 

I mVNmax 
I mV/mAmax 
I mAmax 

AVDD - 0.85 X VREF V max 
V .. + 0.85 x VREF Vmin 

±IO 

0.8 
2.0 

0.8 
3.5 

V max 
V min 

V max 
V min 

Conditions/Comments 

Guaranteed by Design 
Depends on Filtet Cutoffs and Selected Gain 
Filtet Notches s 60 Hz 
Excluding Reference 
Excluding Reference 

Excluding Reference; Typically ±0.0004% 
Excluding Reference 

At de 

For Filtet Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 X fNOTCH 
For Filter Notches 10 Hz, 30 Hz, 60 Hz, ±0.02 x fNOTCH 

Ie Output Impedance of Whatever 
g Input 

I!'-DePonds On Gain. Selected 
(BJU Bit ofControi Register = 0) 

Range (BIU Bit Of Control Registet = I) 

Maximum Load Current I mA 

See V BlAS Input Section 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

LOGIC OUTPUTS 
VOL' Output Low Voltage 
VOH, Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance'o 

TRANSDUCER BURN-OUT 
Current 
Initial Tolerance 
Drift 

COMPENSATION CURRENT 
Output Current 
Initial Tolerance 
Drift 
Line Regulation (A V DD) 

Load Regulation 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Untit" 
Negative Full-Scale Calibration Limit" 
Offset Calibration Limit12 

Input Span'2 

POWER REQUIREMENTS 
Powet SUpply Voltages 

AVDD - Vss Voltage 
DVOD Voltage 

Power Supply Currents 
AV DO Current 
DV OD Current 
Vss Current 

Power Supply Rejection" 
Positive SUpply (A V DD)14 

Negative Supply (V ss) 
Power Dissipation 

Normal Mode 
Normal Mode 
Standby (powet-Down) Mode 

NOTES 

A, S Versions' Units 

0.4 V max 
4.0 V min 
±10 II-A max 
9 pF typ 

100 nAnom 
±10 %typ 
100 ppmI"C typ 

20 ",A max 
±4 II-A max 
40 ppmI"C typ 
20 nAlVmax 
20 nAlVmax 

(1.05 x VREF)/GAIN V max 
-(1.05 x VREF)/GAIN 
-(1.05 x VREF)lGAlN 
0.8 x VR1!.JGAIN 
(2.1 x VREP)lGAIN 

40 
45 
100 

'Temperature ranges are as follows: A Version, -4O"C to +85'C; S Version -55'C to + 125'C. 
2Applies after calibrstion at the temperature of interest. 
'Positive CuD-acale error applies to both unipolar BOd bipolar input ranges. 
'These errors will be of the order of the output noise of the pan as shown in Table I. 

AD771 0 
Conditions/Comments 

ISlNK = 1.6 rnA 
IsoURCB = 100 ",A 

Selected PGA Gain (Between 1 and 128) 
Selected PGA Gain (Between 1 and 128) 

elected PGA Gain (Between 1 and 128) 
e Selected PGA Gain (Between 1 and 128) 

S the Selected PGA Gain (Between 1 and 128) 

. ed Performance 

AVDO = DVDD = +5 V, V" = 0 V; Typically 25 mW 
AVDD = DVDD = +5 V, Vss = -5 V; Typically 30 mW 
AVDD = DVDD = +SV, Vss =OVor -5 V; TypicallySO",W 

'Recalibration at any temperature or use of the background calibration mode will remove these drift errors. The .. numbers are guaranteed by design and/or 
characterization. 

"This common-mode voltage range is allowed provided that the absolute value of the input voltage does not exceed A V DD + 30 m V BOd V ss - 30 m V. 
'These numbers are guaranteed by design and/or cbaracterization. 
'The analog inputs present a very high impedance dynamic load which varies with clock frequency BOd input sample rate. The maximum recommended source resistance 
is 101<0. 

"VREP = REF IN(+) - REF IN(-). 
'°Sample tested at + 25'C to ensure comp1isnce. 
IIAfter calibrstion, if the analog input exceeds positive CuD scale, the converter will output all Is. If the analog input is less than negstive CuD scale, then the device will out

put all Os. 
12These cahbration BOd span limits apply provided the absolute voltage on the analog inputs does not exceed VDD or go more negstive than Vss - 30 mY. The offset caIi

brstion limit applies to both the unipolar zero point BOd the bipolar zero point. 
"Measured at de BOd applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with tilter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will exceed 120 "dB 

with tilter notches of 10 Hz, 30 Hz or 60 Hz. 
'''This number can be improved (to 95 dB typ) by deriving the VBIAS voltage (via Zener diode or reference) from the AVDD supply. 
Specificationa subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS* 
eTA = +25"(;, unless otherwise noted) 

Digital Input Voltage to DGND .... -0.3 V to DVoo+O.3 V 
Digital Output Voltage to DGND ... -0.3 V to DVov+O.3 V 

AVoo to Vss ..................... -0.3 V to + 12 V Operating Temperature Range 
AVoo to AGND ................... -0.3 V to +12 V 
AVoo to DGND ......•........... -0.3 V to +12 V 
DVoo to AGND ................... -0.3 V to +6 V 
DV 00 to DGND ................... -0.3 V to +6 V 

Commercial (A Version) .•....•...... -40°C to +85OC 
Extended (S Version) •............. -55°C to + 125°C 

Storage Temperature Range ••••••••••. -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) •.....•.•.. + 300"C 

Vss to AGND ..................... +0.3 V to -6 V Power Dissipation (Any Package) to +75°C ....... 450 mW 
Vss to DGND ..................... +0.3 V to -6 V Derates Above +75°C .........••...•••.... 6 mWrC 
AGND to DGND ............. -0.3 V to AVoo+O.3 V 
Analog Input Voltage to AGND .. Vss-0.3 V to AVoo+0.3 V 
Reference Input Voltage to AGND 

...................... Vss-0.3 V to AVoo+0.3 V 
REF OUT to AGND .•.............. -0.3 V to AVoo 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of the specification is not implied. EXposure to absolute 
maximum rating conditions for extended periods may affect device relisbility. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields .. Unused devices must be stored in conductive foam or shunts. The protective foam 

WARNING! cJ 
~~CDEVIC[ should be discharged to the destination socket before devices are inserted. 

TIMING CHARACTERISTICS1, 2 (DVDD :: +5V ± 10~;A 
DSND - 0 V; fCLK I 

Parameter 

feLKIN 3.4 400 
12 
400 
10 

tcLKINLO 0.2 X tcLKIN 
0.8 X tcLKIN 

tcLK IN HI 0.2 X tcLKIN 
0.8 X tcLKIN nsmax 

t/ 50 nsmax 
t/ 50 nsmax 
tl 1000 nsmin 
Self-Clocking Mode 

tz 4 x tcLK IN nsmin 
t3 4 x tcLK IN nsmin 
t4 2 x tcLKIN nsmin 
ts 50 nsmin 
t6 4 x tCLK IN nsmax 
t76 3 x tcLK IN nsmax 
t.6 tcLK IN/2 nsmin 

tcLK I~2 + 20 nsmax 
~ tcLKINI2 11$ nom 
tIO 3 x tcLK IN/2 nsnom 
tll 10 nsmin 

tcLKINI2 nsmax 
tlz 20 nsmax 
t137 20 nsmax 
tI4 2 x tcLKIN nsmin 
tIS 50 nsmin 
t I6 4 x tcLKIN nsmax 
tl7 4 x tcLK IN nsmin 
tl8 20 nsmin 
t I9 20 nsmin 

Vss = 0 Vor -5 V ±10%; ASND = 
ic 1 = DV DD unless otherwise stated.) 

ock Frequency: Internal Gate Oscillator 
MHz. 10 MHz for Specified Performance 
Frequency: Externally Supplied 

Master Clock Input High Tinte 

Digital Output Rise Tinte. Typically 20 ns 
Digital Output Fall Time. Typically 20 ns 
SYNC Pulse Width 

DRDY to RFS Setup Tinte. tcLK IN = I/fcLK IN 
DRDY to RFS Hold Tinte 
AO to RFS Setup Tinte 
AO to RFS Hold Time 
RFS Low to SCLK Falling Edge 
Data Access Tinte (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 

SCLK High PulSe Width 
SCLK Low Pulse Width 
RFStrFS to SCLK Falling Edge Hold Time 

RFSITFS to SCLK Delay 
RFS to Data Valid Hold Time 
AO to TFS Setup Tinte 
AO to TFS Hold Time 
TFS to SCLK Falling Edge Delay Tinte 
TFS to SCLK Falling Edge Hold Tinte 
Data Valid to SCLK Setup Time 
Data Valid to SCLK Hold Tinte 

This information applies to a product under development. Its characteristics and specificationS are subject to change without notice. 
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Limit at TMIN, TMAX 
Parameter (A, S Versions) Units Conditions/Comments 

External Clocking Mode 

f'CLK fCLKIN/S MHz max Serial Clock Input Frequency 
t20 4 x tCLKIN nsmin DRDY to RFS Setup Time 
t21 4XlaKIN nsmin DRDY to RFS Hold Time 
t22 2 x tcLKIN nsmin AO to RFS Setup Time 
t23 50 nsmin AO to RFS Hold Time 
t2/ 3 x tCLKIN nsmax Data Access Time (RFS Low to Data Valid) 
t256 laKIN/2 nsmin SCLK Falling Edge to Data Valid Delay 

tcLK IN/2 + 20 nsmax 
t26 2 x laKIN nsmin SCLK High Pulse Width 
t27 2 x tcLK IN nsmin SCLK Low Pulse Width 
t28 10 nsmax SCLK Falling Edge to DRDY High 
t2/ 10 nsmin DRDY to Data Valid Hold Time 

20 nsmax 
t30 10 o SCLK Falling Edge Hold Time 

tcLKIN 
t3/ 20 ta Valid Hold Time 
t32 2 x tcLKIN TFS Setup Time 
t33 50 Hold Time 
t34 10 Edge to TFS Hold Time 
t35 20 to SCLK Setup Time 
t36 20 Valid to SCLK Hold Time 

NOTES 
'Sample tested at +25'C to ensure com to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figures 8 to 11. 
'CLK IN duty cycle range is 20% to 8 
device can draw higher current than s and 

'The AD7710 is production tested with fcLK 1N at 10 
'Specified u.ing 10% and 90% points on wsveform of • 
'These numbers are measured with the load circuit of Figure I and d time required for the output to cross 0.8 V or 2.4 V. 
'These numbers are derived from the measured time taken by the dsta output to change 0.5 V when losded with the circuit of Figure 1. The measured number 
is then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This mean. that the times quoted in the timing characteristics are 
the true bu. relinquish times of the part and as such are independent of external bus loading capscitances. 

TO OUTPUT 

PIN o-~P-"" +2.1V 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 

PIN CONFIGURATION 

DIP and SOIC 

SCLK 

AEFIII(+) 

RI!FIN(-) 

v .... 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Pin Mnemonic 

SCLK 

2 MCLKIN 

3 MCLKOUT 

4 AO 

5 SYNC 

6 MODE 

7 AINI(+) 

8 AINI(-) 

9 AIN2(+) 

10 AIN2(-) 

11 Vss 

12 AVoo 
13 VBIAS 

PIN FUNCTION DESCRIPTION 

Function 

Serial Clock. Logic Input/Output depending on the status of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes 
active when RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when 
the device has cOmpleted transmission of an output word. When MODE is low, the device is in its external 
clocking mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all 
data transmitted in a continuous train of pulses. Alternatively, it can be a noncontinuous clock with the 
information being transmitted to the AD7710 in smaller batches of data. 

Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with 
a CMOS compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally 10 
MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. . 

Address Input. With. this input low, reading and writing to the device is to the control register. With this 
input high, access is to' either the data register or the calibration registers 

Logic Input which allows for synchronization of the digital filt 
the nodes of the digital filter. . 

a number of AD77IOs. It resets 

Logic Input. When this pin is high, the device is . 
its external clocking mode. 

Analog Input Channel 1. Positive inp 
input is connected to an output 
burnt out or gone open cir 

Analog Input Chann 

Ana1bg Input 

Analog Input C 

Analog Positive Supply Voltage, +5 V to + 

. analog input. The AINI( +) 
t an external transducer has 

rued on/off via the control register. 

'fferential analog input. 

. erential analog input. 

supply operation. The input voltage on 
r correct operation of the device. 

Input Bias Voltage. This inpUt voltage shoul set such that VBIAS + 0.85 x VREP<AVOD and VBIAS -
0.85 x VREF>Vss where VREF is REF IN(+)- REF IN(-). Ideally, this should be tied halfway between 
AVDD and Vss. Thus with AVDD=+5 V and Vss=O V, it can be tied to REF OUT; with AVDD = +5 V 
and Vss = -5 V, it can be tied to AGND while with AVDD = +10 V, it can be tied to +5 V or to REF 
OUT. 

14 REF IN (-) Reference Input. The REF IN(-) can lie anywhere between AVDO and Vss provided REF IN(+) is greater 
than REF IN( - ). 

15 REF IN (+) Reference Input. The reference input is differential providing that REF IN( + ) is greater than REF IN( - ). 
REF IN( +) can lie anywhere between AV OD and V ss. 

16 REF OUT Reference Output. The internal +2.5 V reference is provided at this pin. This is a siogle ended output which 
is referred to AGND. It is a buffered output which is capable of providirig I mA to an external load. 

17 lOUT Compensation Current Output. A 20 ,..A constant current is provided at this pin. This current can be used in 
association with an external thermistor to provide cold junction compensation in thermocouple applications. 
This current can be turned on or off via the control register. 

18 AGND Ground reference point for analog circuitry. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Pin Mnemonic Function 

19 TFS Transmit Frame Synchronization. Active low logic input used to wtite serial data to the device with serial data 
expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after 
TFS goes low. In the self-clocking mode, TFS must go low before the first bit of the data word is written to 
the part. 

20 RFS Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 

21 DRDY Logic output. A falling edge indicates that a new output word is available for transmission. The DRDY pin 
will rerum high upon completion of transmission of a full output word. DRDY is also used to indicate when 
the AD7710 has completed its on-chip calibration sequence. 

22 SDATA Serial Data. Input /Output with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data becomes active after RFS goes low. During a write operation, valid serial 

23 DVDD 

data is expected on the rising edges of SCLK when TFS is low. 
Digital Supply Voltage, +5 V. DVDD should never exceed 
before AV DD or if DV DD can exceed AV DD by more 

more than 0.3 V. If DVDD powers up 
yother time, a Schottky diode should 

be placed between the two pins. 

24 DGND 

TERMINOLOGY 
INTEGRAL NONLINEARITY 
This is the maximum deviation of any c 
passing through the endpoints of 
points of the transfer function are 
with bipolar zero), a point 0.5 LS 
tion (000 . . . 000 to 000 . . . 00 I) an 
above the last code transition (Ill ... IlO to ..• Ill). 
The error is expressed as a percentage of full scale. 

POSITIVE FULL-SCALE ERROR 
Positive Full-Scale Error is the deviation of the last code transi
tion (Ill ... IlO to III •.. Ill) from the ideal AIN( +) volt
age (AIN(-) + VREplGAIN -3/2 LSBs). It applies to both 
unipolar and bipolar analog input ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal AIN( +) voltage is (AIN( -) + 0.5 LSB) when 
operating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 • . . 111 
to 1000 . . . 000) from the ideal AIN( + ) voltage (AIN( - ) 
-0.5 LSB) when operating in the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
AIN(+) voltage (AIN(-) -VRE¢GAIN + 0.5 LSB) when oper
ating in the bipolar mode. 

EOVERRANGE 
errange is the amount of overhead avail

put voltages on AIN( + ) input greater than 
RmJGAIN (for example, noise peaks or excess volt

gain errors in system calibration routines) 
errors due to overloading the analog modu

owing the digital filter. 

. s is the amount of overhead available to handle voltages on 
AIN(+) below AIN(-) -VREplGAIN without overloading the 
analog modulator or overflowing the digital filter. Note that the 
analog input will accept negative voltage peaks even in the uni
polar mode provided that AIN( +) is greater than AIN( -) and 
greater than Vss-30 mY. 

OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD7710 calibrates its offset 
with respect to the analog input. The Offset Calibration Range 
specification defmes the range of voltages that the AD7710 can 
accept and still calibrate offset accurately. 

FULL-SCALE CALmRATION RANGE 
This is the range of voltages that the AD7710 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7710's analog input define the analog input range. 
The input span specification defmes the minimum and maxi
mum input voltages from zero to full scale that the AD7710 can 
accept and still calibrate gain accurately. 

This information applies to a product under development. Its characteristics and specifications are subject to change without 
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CONTROL REGISTER (24 BITS) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. 

I MD2 I MDl I MDO I G2 I Gl I GO I CH I PD I WL I 10 IBO IBIU I 
I FSn I FSIO I FS9 I FS8 FS7 FS6 FSS FS4 FS3 FS2 FSI I FSO I 

Operating Mode 
MD2 MDl MOO Operating Mode 

o o o 

o o 

o o 

o 

o o 

o 

o 

Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal power 
on reset. 
Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one-step 
calibration sequence, and when complete, the part returns to normal mode. The DRDY output indicates 
when this self-calibration is complete. For this calibration type, the zero scale calibration is done internally 
on AGND and the full-scale calibration is done internally on VREF• 

Activate System Calibration. This activates system calibration 
two-step calibration sequence, with the zero scale calibrati 

el selected by CH. This is a 
the selected input channel and 

returns to normal mode at the end DRDY indicating when this zero scale calibration is 
of this flrst step in the two-step sequence. 

Activate System Calibration. This is the 
bration being performed on the sel 
calibration is complete. 

ration sequence with full-scale cali
indicates when the full-scale 

rns to normal mode. 

ration on the channel selected by CH. 
e, the part returns to normal mode with DRDY 

. calibration type, the zero scale calibra
·on is done internally on VREP• 

·bration on the channel selected by CH. If 
o provides continuous self~calibration of the refer

of the conversion sequence, extending the conversion 
time and reducing the word rate by a fact six. Its major advantage is that the user does not have to 
worry about recalibrating the device when there is a change in the ambient temperature. In this mode, 
AGND and V REF' as well as the analog input voltage, are continuously monitored and the calibration regis
ters of the device are automatically updated, if necessary. 
ReadlWrite Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the zero scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 
ReadlWrite Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-442 ANALOG-TO-DIGITAL CONVERTERS REV. 0 



PGAGain 
G2 Gl GO Gain 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

Channel Selection 
CH Channel 

(Default Condition After the 
Internal Power-On Reset) 

o AINl 
1 AIN2 

(Default Condition After the 
Internal Power-On Reset) 

Power-Down 
PD 

o 
1 

Normal Operation 
Power-Down 

Word Length 

(Default Condition After the 
Internal Power-On Reset) 

WL Output Word Length 

o I6-Bit 
1 24-Bit 

Output Compensation Current 
10 

o Off (Default Condition After 
1 On Internal Power-On Reset) 

Burn Out Current 
BO 

o Off (Default Condition After 
1 On Internal Power-On Reset) 

BipolarlUnipolar Selection (Both Inputs) 

B/U 

o 
1 

Bipolar 
Unipolar 

(Default Condition After 
Internal Power-On Reset) 

AD7710 
FILTER SECTION (FSll-FSO) 
The on-chip digital fIlter provides a Sinc3 (or (SinxlX)3 fIlter re
sponse. The 12 bits of data programmed into these bits deter
mine the fIlter cutoff frequency, the position of the first notch 
of the fIlter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 

The first notch of the fIlter occurs at a frequency determined by 
the relationship: fIlter fmt notch frequency = (fCLK IN/SI2)1 
code where code is the decimal equivalent of the code in bits FSO • 
to FSll and is in the range 19 to 2,000. With the nominal fCLK 
IN of 10 MHz, this results in a fmt notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD7710, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified 
operation of the d . 

ch frequency, as well as the selected gain, 
bles I and II and Figure 2 show the effect 
uency and gain on the effective resolution 

The output data rate (or effective conversion 
is equal to the frequency selected for the 

or example, if the first notch of the 
Hz, then a new word is available at a 

20 ms. If the first notch is at 1 kHz, a new 
every 1 ms. 

e of the fIlter to a full-scale step input change is 
data rate. For example, with the first fIlter ECh z, the settling time of the fIl.ter to a full-scale step 

is 80 ms max. If the fmt notch is at 1 kHz, the 
ttling time of the fIlter to a full-scale input step is 4 ms max 

The - 3 dB frequency is determined by the programmed first 
notch frequency according to the relationship: fIlter - 3 dB 
frequency = 0.262 x first notch frequency. 

This information applies to a product under development. Its characteristics and speCifications are subject to change without notice. 
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Table I shows the output nus noise for some typical notch and 
- 3 dB frequencies. The numbers given arefor the bipolar input 
ranges with aVREF of +2.5 V. The numbers in Table I are 
guaranteed by a· combination of testing, characterization and 
design. The output noise from the part comes from two sources, 
the quantization noise from the ana1og-to~digital conversion pro
cess and device noise. Device noise is independent of gain and 
essentially flat across the frequency spectrum. Quantization 
noise is ratiometric to the input full-scale (and hence gain) and 
its frequency response is shaped by the modulator. 

Looking at the table below, as the cutoff frequency increases the 
output noise increases because more of the quantization noise of 
the piIrt comes. through to the output and, hence, the output 
noise increases with incressing - 3 dB frequencies. For the 
lower notch settings, the output noise is dominated by the de-

vice noise and, hence, 8Itering the gain has little effect on the 
output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decresse with incressing gain. 

Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output nus noise to 
the input full scale) does not remain constant with incressing 
gain or with incressing bandwidth. Table II shows the same ta
ble as Table I except that the output is now expressed in tenus 
of effective resolution (the magnitude of the nus noise with re
spect to 2 x VRE.,IGAIN, i.e., the input full scale). It is possi
ble to do post filtering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the 
output noise (see Digital Filtering section). 

Table I. Output Noise vs. Gain and First Notch Frequency 

First Notch of Output RMS Noise (J.LV) 
Filter and OIP -3 dB Gain of Gain of Gain of Gain Gain of Gain of Gain of 
Data Ratel Frequency 1 2 4 32 64 128 

10 &2 2.62 Hz 1.7 0.84 0.42 0.42 0.42 
25&2 6.55 Hz 3.4 1.7 0.60 0.60 0.60 
30&2 7.86 Hz 3.4 2.4 0.60 0.60 0.60 
50 &2 13.1 Hz 9.5 4 0.84 0.84 0.84 
60&2 15.72 Hz 13.5 1.2 0.84 0.84 
100 Hz3 26.2 Hz 54 1.7 1.7 1.2 
250 Hz3 65.5 Hz 432 13.5 6.7 4.8 
500 Hz3 131 Hz 2.4 x 76 38 19 
1 kHz3 262 Hz 13.8 x 103 432 216 108 

NOTES 
'The default condition (after the internal power-on reset) for the first notch of 0 Hz. 
'For these filter notch frequencies, the output rms noise is primarily independent of the value of the reference voltage. Therefore, increasing the reference volt· 
age will give an incresse in the effective resolution of the device (i.e., the rstio of the rms noise to the input full scale is increased since the output rms noise 
remains constant as the input full-scale increases). 

'For these filter notch frequencies, the output rms noise is proportions! to the value of the reference voltage. 

Table D. Effective Resolution VB. Gain and First Notch Frequency 

First Notch of Effective Resolutionl (Bits) 
Filter and OIP -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate l Frequency 1 2 4 8 16 32 64 128 

10Hz 2.62 Hz 21.5 21.5 21 20.5 19.5 18.5 17.5 16.5 
25 Hz 6.55 Hz 20.5 20.5 20 20 19 18 17 16 
30Hz 7.86 Hz 20.5 20 20 19.5 18.5 18 17 16 
50 Hz 13.1 Hz 19 19 19 18.5 18 17.5 16.5 15.5 
60 Hz 15.72 Hz 18.5 18.5 18.5 18.5 18 17 16.5 15.5 
100 Hz 26.2 Hz 16.5 16.5 16.5 16.5 16.5 16.5 15.5 15 
250 Hz 65.5 Hz 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13 
500 Hz 131 Hz 11 11 11 11 11 11 11 11 
1 kHz 262 Hz 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

NOTE 
'Effective resolution is defined as the magnitude of the output rms noise to the input full scale (i.e., 2 x VRE,JGAIN). The above table applies for a VRBF of 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSD. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Figure 2 gives similar infonnation to that outlined in Table I. In 
this plot, the output nns noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 

10000 '===lR~~~a:ffi~n~ F GAIN OF 1 
1--+-++1+-+--1-1-1'7 GAIlIIOF2' 

1000 
GAIN OF 4 

~ 
GAINOF8 

I 100 
w 

~ 
5 10 

1; 
0 

0.1 
10 100 1000 10000 

NOTCH FREQUENCY - Hz 

Figure 2a. Plot of Output Noise vs. Gain and 
Frequency (Gains of 1 to 8) 

0.1 I.-....L_..L...L..L.L_-'-.....JL....JL..J..J........L_...J....L..L.J 
10 100 1000 10000 

NOTCH FREQUENCY - Hz 

Figure 2b. Plot of Output Noise vs. Gain and Notch 
Frequency (Gains of 16 to 128) 

CIRCUIT DESCRIPTION 
The AD7710 is a sigma-delta AID converter with on-chip digital 
fIltering, intended for the measurement of wide dynamic range, 
low frequency signals such as those in weigh scale, industrial 
control or process control applications. It contains a sigma-delta 
(or charge balancing) ADC, a calibration microcontroller with 
on-chip static RAM, a clock oscillator, a digital fIlter and a bidi
rectional serial communications port. 

AD7710 
The part contains two programmable gain differential analog 
input channels. The gain range is from I to 128 allowing the 
part to accept unipolar signals of between 0 to + 20 m V and 0 to 
+2.5 V or bipolar signals in the range from ±20 mV to ±2.5 V 
when the reference input voltage equals +2.5 V. The input sig
nal to the selected analog input channel is continuously sampled 
at a rate determined by the frequency of the master clock, CLK 
IN, and the selected gain (see Table III). A charge balancing 
AID converter (Sigma-Delta Modulator) converts the sampled 
signal into a digital pulse train whose duty cycle contains the • 
digital infonnation. The programmable gain function on the an-
alog input is also incorporated in this sigma-delta modulator 
with the input sampling frequency being modified to give the 
higher gains. A sinc3 digital low pass fIlter processes the output 
of the sigma-delta modulator and updates the output register at 
a rate detennined by the frrst notch frequency of this fIlter. The 
output data can be d from the serial port randomly or period-
ically at any 0 the output register update rate. The frrst 
notch 0 ter (and hence its -3 dB frequency) can 

an on-chip control register. The programma-
rst notch frequency is from 9.76 Hz to 

rogrammable range for the - 3 dB fre
Hz. 

n diagram for the part is shown in Figure 3. 
e AD7710 in the external clocking mode with both 

d DVDD pins of the AD7710 being driven from 
V supply. Some applications will have separate 

AVDD and DVDD and, in some of these cases, 
pply will exceed the + 5 V digital supply (see 

upplies and Grounding section). 

ANALOG 
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SUPPLY ~ ~ O.l~F V VO.l~F 
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DATA 

DRDY READY 
AIN1(+) 

TRANSMIT 
AIN1(-) TFS (WRITE) 
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RECEIVE 

AIN2(+) (READ) 

AIN2(-) 
SDATA SERIAL 

AOn1D 
DATA 

SERIAL 
lOUT SCLK 

CLOCK 

AO ADDRESS 
ANALOG AGND INPUT 
GROUND Vss MODE 
DIGITAL DGND 
GROUND 

REF OUT SYNC 

REFIN(+) MCLKOUT 
VBIAS 

REFIN(-) MCLKIN 

Figure 3. Basic Connection Diagram 
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AD771D 
The AD7710 provides a number of calibration options which 
can be programmed via the on-chip control register. A calibra
tion cycle may be initiated at any time by writing to this control 
register. The part can perform self-calibration using the on-chip 
calibration microcontroller and SRAM to store calibration pa
rameters. Other system components may also be included in the 
calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or ask 
the device to recalibrate when there is a change in the ambient 
temperature or power supply voltage. 

The AD7710 gives the user access to the on-chip calibration reg
isters allowing the microprocessor to read the device's calibra
tion coefficients and also to write its own calibration coefficients 
to the part. This gives the microprocessor much greater control 
over the AD7710's calibration procedure. It also means that the 
user can verify that the device has performed its calibration cor
rectly by comparing the coefficients after calibration with pre
stored values in E2PROM. 

The AD7710 can be operated in single supply systems provided 
that the analog input voltage does not go more negative tha 
m V. For larger bipolar signals, a V ss of - 5 V is re 
part. For battery operation, the AD7710 also 
programmable standby mode that reduces i 
tion to typically 50 floW. 

THEORY OF OPERATION 
The general block diagram of a sigma-delta AD 
Figure 4. It contains the following elements: 

1. A sample-hold amplifier. 

2. A differential amplifier or subtractor. 

3. An analog low pass filter. 

4. A I-bit AID converter (comparator). 

5. A I-bit DAC. 

6. A digital-low pass ftIter. 

Figure 4. General Sigma-Delta ADC 

In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 

Oversampling is fundamental to the operation of sigma-delta 
ADCs. Using the quantization noise formula for an ADC: 

SNR = (6.02 x number of bits + 1.76) dB, 

a I-bit ADC or comparator yields an SNR of 7.78 dB. 

The AD7710 samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog ftItering in the modulator loop, which shapes the 
quantization noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor
mance is thus improved from this I-bit level to the performance 
outlined in Tables I and II and in Figure 2. 

The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the ana put voltage is contained in the duty 
cycle of the pu aring at the output of the compara-
tor. It can parallel binary data word using a 
digital 

erally described by the order of the 
Ie example of a first order sigma-

e 5. This contains only a first order 
grator. It also illustrates the derivation of 
for these devices: Charge Balancing ADCs. 

Figure 5. Basic Charge Balancing ADC 

It consists of a differential amplifier (whose output is the differ
ence between the analog input and the output of a I-bit DAC), 
an integrator and a comparator. The term, charge balancing, 
comes from the fact that this system is a negative feedback loop 
that tries to keep the nett charge on the integrator capacitor at 
zero, by balancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution to the integrator output comes from 
the I-bit DAC. For the nett charge on the integrator capacitor 
to be zero, the DAC output must spend half its time at + FS 
and half its time at - FS. Assuming ideal components, the duty 
cycle of the comparator will be 50%. 

When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at + FS, so the 
duty cycle of the comparator increases. When a negative input 
voltage is applied, the duty cycle decreases. 
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The AD7710 uses a second order sigma-delta modulator and a 
digital filter that provides a rolling average of the sampled out
put. After power up or if there is a step change in the input 
voltage, there is a settling time that must elapse before valid 
data is obtained. 

Input Sample Rate 
The modulator sample frequency for the device remains at 
feLK IN/SI2 (20 kHz @ fCLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x 1 are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The ef
fective input inIpedance is lIC • fs where C is the input sam
pling capacitance and fs is the input sample rate. 

Table 01. Input Sampling Frequency vs. Gain 

Gain Input Sampling Frequency (fs) 

1 
2 
4 
8 
16 
32 
64 
128 

feLK IN/SI2 (20 kHz @ feLK IN = 10 MHz) 
2 x feLK IN/SI2 (40 kHz @ feLK IN = 10 MHz) 
4 x feLK IN/SI2 (80 kHz @ feLK IN = 10 M 
4 X feLK IN/SI2 (160 kHz @ feLK IN = 10 
4 X feLK IN/SI2 (160 kHz @ feL 
4 X feLK IN/SI2 (160 kHz @ 
4 x feLK IN/SI2 (160 k 
4 x feLK IN/S 12 (160 

DIGITAL FILTERING 
The AD7710's digital filter behaves like a s' 
with a few minor differences. 

First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within linIits. To alleviate this problem, the AD7710 has over
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input filtering, or to reducing the in
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil
ity greater than 100% at the expense of reducing the dynamic 
range by 1 bit (50%). 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FS11 in the control register. At the 
maxinIum clock frequency of 10 MHz, the mininIum cutoff fre
quency of the filter is 2.58 Hz while the maxinIum progranI
mabie cutoff frequency is 269 Hz. 

AD771 0 
Figure 6 shows the filter frequency response for a cutoff fre
quency of 2.62 Hz which corresponds to a fIrst filter notch fre
quency of 10 Hz. This is a (sinxlx)3 response (also called sinc3) 
that provides> 100 dB of SO Hz and 60 Hz rejection. Program
ming a different cutoff frequency via FSO-FS 11 does not alter 
the profile of the filter response, it changes the frequency of the 
notches as outlined in the Control Register section. 

~ 1---IWf-~H---\:h ... +--+---t---t 
--80 1--f--I----'Vf-~rl+__'\IT_1"""""'I:_t_;;......_i 

30 40 50 60 70 
FREQUENCY - Hz 

ulator provides samples at a 20 kHz output 
-chip digital filter decimates these samples to pro

ata at an output rate which corresponds to the pro
\rammed fIrst notch frequency of the filter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post filtering following the digital fIlter of the AD7710. 

For example, if the required bandwidth is 7.86 Hz but the re
quired update rate is 100 Hz, the data can be taken from the 
AD7710 at the 100 Hz rate giving a - 3 dB bandwidth of 26.2 
Hz. Post filtering can be applied to this to reduce the bandwidth 
and output noise, to the 7.86 Hz bandwidth level, while main
taining an output rate of 100 Hz. 

Since the AD7710 contains this on-chip, low pass filtering, there 
is a settling time associated with step function inputs, and data 
on the output will be invalid after a step change until the set
tling time has elapsed. The settling time depends upon the 
notch frequency chosen for the filter. The output data rate 
equates to this filter notch frequency and the settling time of the 
filter to a full-scale step input is 4 tinIes the output data period. 
In applications using both input channels, the settling time of 
the filter must be allowed to elapse before data from the second 
channel is accessed. 
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AD7710 
Post filtering can also be used to reduce the output noise from 
the device for bandwidths below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 n V. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a V2 reduction in the 
output rms noise. This additional filtering will result in a longer 
settling time. 

Antialias Considerations 
The digital filter does not provide any rejection at integer multi
ples of the modulator sample frequency (n x 20 kHz, where 
n = 1,2, 3 ... ). This means that there are frequency bands, 
±f3 dB wide (f3 dB is cutofffrequency selected by FSO to FSU) 
where noise passes unattenuated to the output. However, due to 
the AD7710's high oversampling ratio, these bands occupy only 
a small fraction of the spectrum and most broadband noise is 
filtered. In any case, because of the high oversampling ratio a 
simple, RC, single pole ftlter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing filtering. 

ANALOG INPUT FUNCTIONS 
Analog Input Ranges 
Both analog inputs are differential, programmable gain, inp 
channels which can handle either unipolar or bipolar in 
nals. The common-mode range of these inputs is 
AV DD provided that the absolute value of 
age lies between V ss - 30 m V /Uld AV 

The input sample rate for the part vari 
the input sampling capacitance is 15 pF 
input impedance is lIC • fs and this results in a 
lowable source impedance of whatever is driving the og in-
put of 10 k{l to ensure correct charging of the sampling 
capacitor. 

The dc input leakage current is 10 pA maximum at +25"C. This 
results in a dc offset voltage developed across the source imped
ance. However, this dc offset effect can be compensated for by a 
combination of the differential input capability of the patt and 
its system calibration mode. 

Bum-Out Current 
The AINl(+) input of the AD7710 contains a 100 nA current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea
surements on that channel. If the current is turned on and 
allowed flow into the transducer and a measurement of the input 
voltage on the AINI input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, 
this burn-out current is turned off by writing a 0 to the BO bit 
in the control rqpster. 

Output Compensation Current 
The AD7710 also contains a feature which can enable the user 
to implement cold junction compensation in thermocouple appli
cations. This can be achieved using the output compensation 
current from the lOUT pin of the device. Once again, this cur
rent can be turned on/off via the control register. Writing a 1 to 
the 10 bit of the control register enables this compensation 
current. 

The compensation current provides a 20 jLA. constant current 
source which can be used in association with a thermistor or a 
diode to provide cold junction compensation. A common 
method of generating cold junction compensation is to use a 
temperature dependent current flowing through a fixed resistor 
to provide a voltage that is equal to the voltage developed across 
the cold junction at any temperature in the expected ambient 
range. In this case, the temperature coefficient of the compensa
tion current is so low compared with the temperature coefficient 
of the thermistor that it can be considered constant with temper
ature. The temperature variation is then provided by the varia
tion of the thermistor's resistance with temperature. 

BipolarlUnipolar Inputs 
The two analog inputs on the AD7710 can accept either unipo
lar or bipolar input voltage ranges. Bipolar or unipolar options 
are chosen by programming the Btu bit of the control register. 
This programs both channels for either unipolar or bipolar oper
ation. Programming the part for either unipolar or bipolar oper
ation does not change an f the input signal conditioning; it 
simply changes ut coding. 

ential and, as a result, the voltage 
d bipolar signals are referenced is the 
put. For example, if AIN( - ) is + 1.25 V 

for unipolar operation with a gain 
e input voltage range on the 

to +3.75 V. If AIN(-) is +1.25 V 
nfigured for bipolar mode with a gain of 1 

f +2.5 V, the analog input range on the AIN(+) 
+3.75 V. 

contains a temperature compensated + 2.5 V refer
hich has an initial tolerance of ±25 m V. This reference 

tage is provided at the REF OUT pin and it can be used as 
the reference voltage for the part by connecting the REF OUT 
pin to the REF IN( + ) pin. This REF OUT pin is a single
ended output, referenced to AGND, which is capable of provid
ing up to 1 mA to an externa110ad. In applications where REF 
OUT is connected directly to REF IN( +), REF IN( - ) should 
be tied to AGND to provide the nominal +2.5 V reference for 
the AD7710. 

The reference inputs of the AD7710, REF IN( + ) and REF 
IN( -), provide a differential reference input capability. The 
common-mode range for these differential inputs is' from V ss to 
AVDD• The nominal differential voltage, VRBF (REF IN(+) 
-REF IN(-)), is +2.5 V for specified operation, but the refer
ence voltage can go to + 5 V with no degradation in performance 
provided that the absolute value of REF IN( +) and REF IN( -) 
does not exceed its AVDD and Vss limits. REF IN(+) must al
ways be greater than REF IN( -) for correct operation of the 
AD7710. 

Both reference inputs provide a high impedance, dynamic load 
similar to the analog inputs. The maximum dc input leakage 
current is 10 pA (± 1 jL1\ over temperature) and source resis
tances will result in gain errors on the part. The reference in
puts are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of 1 to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 
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The digital filter of the AD771 0 removes noise from the refer
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at integer mul
tiples of the sampling frequency. The output noise performance 
outlined in Tables I and II assumes a clean reference. If the ref
erence noise in the bandwidth of interest is excessive, it can de
grade the performance of the AD7710. Figure 7 shows the noise 
performance of the AD7710's on-board reference. 

Figure 7. AD7710 Re~ 

VBJAS Input 
The V BIAS input determines at w 
circuitry is biased. It essentially provides the for 
analog currents flowing in the modulator and, as such, it sho 
be driven from a low impedance point to minimize errors. 

For maximum internal headroom, the VBIAS voltage should be 
set halfway between AVDD and VSS. The difference between 
AVDD and (VBIAS + 0.85 x VREP) determines the amount of 
headroom the circuit has at the upper end, while the difference 
between Vss and (VBIAS -0.85 x VREP) determines the amount 
of headroom the circuit has at the lower end. Care should be 
taken in choosing a VBIAS voltage to ensure that VBIAS ±0.85 x 
V REP does not exceed the AV DD and V ss 
limits. For example, with AVDD = +4.75 V, Vss = 0 V and 
VRBF = +2.5 V, the allowable range for the VBIAS voltage is 
+2.125 V to +2.625 V. With AVDD = +9.5 V, Vss = 0 V and 
VRBF = +5 V, the range for VBIAS is +4.25 V to +5.25 V. 
With AVDD = +4.75 V, Vss = -4 .. 75 V and VRBF = +2.5 V, 
the VBIAS range is -2.625 V to +2.625 V. 

USING THE AD7710 
SYSTEM DESIGN CONSIDERATIONS 
The AD7710 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu
ously, like a tracking ADC, there is no need for a start convert 
command. The output register is updated at a rate determined 
by the fIrst notch of the filter and the output can be read at any 
time, either synchronously or asynchronously. 

AD771 0 
Clocking 
The AD7710 requires a master clock input, which may be an 
external TTUCMOS compatible clock signal applied to the 
MCLK IN pin with the MCLK OUT pin left unconnected. Al
ternatively, a crystal of the correct frequency can be connected 
between MCLK IN and MCLK OUT, in which case the clock 
circuit will function as a crystal controlled oscillator. For lower 
clock frequencies, a ceramic resonator may be used instead of 
the crystal. For these lower frequency oscillators, external capac
itors may be required on either the ceramic resonator or on the 
crystal. 

The input sampling frequency, the modulator sampling fre
quency, the - 3 dB frequency, output update rate and calibra
tion time are all directly related to the master clock frequency, 
feLK IN. Reducing the master clock frequency by a factor of 2 
will halve the above requencies and update rate and will double 
the calibration 

The the DVDD power supply is also di-
K IN· Reducing fCLK IN by a factor of 2 will 

current but will not affect the current drawn 
r supply. 

are operated from a common master clock, 
chronized to update their output registers simul

y. A falling edge on the SYNC input resets the filter 
AD7710 into a consistent, known state. A com

AD7710s' SYNC inputs will synchronize their 
·s would normally be done after each AD7710 has 

its own calibration or has had calibration coefficients 

ACCURACY 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7710 achieves excellent 
linearity by the use of high quality, on-chip silicon dioxide ca
pacitors, which have a very low capacitance/voltage coefficient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel
lent performance over time and temperature, the AD7710 uses 
digital calibration techniques which minimize offset and gain 
error. 

AutocalibratioD 
Autocalibration on the AD771 0 removes offset and gain errors 
from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem
perature or supply voltage. It should also be initiated if there is 
a change in the selected channel, gain, filter notch or bipolar/u
nipolar input range. However, if the AD7710 is in its back
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the filter has been al
lowed for). 
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AD7710 
The AD7710 offers self-calibration, system calibration and back
ground calibration facilities. For calibration to occur on these
leeted channel, the on-chip microcontroller must retord the 
modulator output for two different input conditions. These are . 
"zero scale" and "full-scale" points. With these readings, the 
microcontroller can calculate the gain slope for the input to out
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 

Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point used in determining the calibration coefficients 
is AGND and the full-scale point is V REF' The zero scale coeffi
cient is determined by converting an interna1 AGND node. The 
full-scale coefficient is determined from the span between this 
AGND conversion and a conversion on an interna1 VRBF node. 
The self -calibration mode is invoked by writing the appropriate 
values (0, 0, I) to the MD2, MDI and MOO bits of the control 
register. In this calibration mode, the AGND node is switched 
in to the modulator first and a conversion is performed; the 
VRBF node is then switched in and another conversion is per
formed. When the calibration sequence is complete, the calibra
tion coefficients updated and the fllter resettled to the analog 
input voltage, the DRDY output goes low. 

For bipolar input ranges in the self-calibrating mode, the se 
quence is very similar to that just outlined. In this 
points which the AD7710 calibrates are mi 
and positive full scale. 

System Calibration 
System calibration allows the AD7710 to 
gain and offset errors as well as its own internal 
calibration performs the same slope factor calculati 
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali
bration is a two-step process. The zero scale point must be pre
sented to the converter first. It must be applied to the converter 
before the calibration step is initiated and remain stable until the 
step is complete. System calibration is initiated by writing the 
appropriate values (0, I, 0) to the MD2, MDI and MDO bits of 
the control register. The DRDY output from the device will 
signal when the step is complete by going low. Mter the zero 
scale point is calibrated, the full-scale point is applied and the 
second step of the calibration process is initiated by again writ
ing the appropriate values (0, I, I) to MD2, MDI and MDO. 
Again the full-scale voltage must be set up before the calibration 
is initiated and it must remain stable throughout the calibration 
step. DRDY goes low at the end of this second step to indicate 
that the system calibI'!ltion is complete. In the unipolar mode, 
the system calibration is performed between the two endpoints 
of the transfer function; in the bipolar mode, it is performed 
between midscale and positive full scale. 

This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset calibra
tions can be performed by themselves to adjust the zero refer
ence point to a new system zero reference value. This is 
achieved by performing the first step of the system calibration 
sequence (by writing 0, I, 0 to M02, MDI, MOO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 

System Offset Calibration 
System offset calibI'!ltion is a variation of both the system cali
bration and self-calibI'!ltion. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. Sys
tem offset calibration is initiated by writing I, 0, 0 to MD2, 
MDI, MOO. The system zero scale coefficient is determined by 
converting the voltage applied to the AIN input while the full
scale coefficient is determined from the span between this AIN 
conversion and a conversion on an internal VREF node. The zero 
scale point should be applied to the AIN input for the duration 
of the calibration sequence. This is a one-step calibration se
quence with DRDY going low when the sequence is completed. 
In the unipolar mode, the system offset calibration is performed 
between the two endpoints of the transfer function; in the bipo
lar mode, it is performed between midscale and positive full 
scale. 

Background Calibration 
The AD7710 also offers a background calibration mode where 
the part interleaves its . ation procedure with its normal 

background calibration mode, the 
'bration points as are used in the 

,AGND and VRBF• The background 
by writing I, 0, I to MD2, MDI, 

er. When invoked, the hackground 
output data rate of the AD7710 by 

e is that the part is continually per
d automatically updating its calibration 

s a result, the effects of temperature drift, supply 
. t on zero and full-scale errors are auto-

tiC§ en the background calibration mode is 
n, e will remain in this mode until bits MD2, 

o of the control register are changed. 

IV summarizes the calibration modes and the calibration 
points associated with them. 

Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span which can be accommodated. The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of 0.8 x VRB"IGAIN and a maximum value 
of 2.1 x VRE"IGAIN. 

The amount of offset which can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off
set of 0.25 x VRE"IGAIN and a minimum offset of -(1.05 x 
V~GAIN). This offset range is limited by the requirement 
that the positive full-scale calibration limit is :s 1.05 x V RE"I 
GAIN. Thus, the maximum offset (0.25 x VRB"IGAIN) plus 
the minimum span (0.8 x VRE"IGAIN) cannot exceed 1.05 x 
VRE"IGAIN. 

In the bipolar mode, the system offset calibration range is re
stricted to ±0,65 x VRE"IGAIN. The span range of the con
verter in bipolar mode is equidistant around the voltage used for 
the zero scale point. Therefore, the maximum offset ±(0.65 x 
V~GAIN) plus ha1fthe minimum span ±(0.4 x VREF. 
IGAIN) must be less than ±(1.05 x VRE"IGAIN). If the span is 
set to 2 x VRE"IGAIN, the offset span cannot move more than 
±(0.05 x VRE"IGAIN) before the endpoints of the transfer 
function exceed the input overrange limits ±(1.05 x 
VRBF,GAIN). 
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AD771 0 
Table IV. Calibration Truth Table 

Cal Type MD2, MDI, MDO 

Se1f-Cal 0,0, I 
System Cal 0, 1,0 
System Cal 0, I, I 
System Offset Cal 1,0,0 
Background Cal 1,0, I 

POWER-UP AND CALmRATION 
On power-up, the AD7710 performs an internal reset which sets 
the contents of the control register to a known state. However, 
to ensure correct calibration for the device, a calibration routine 
should be performed after power-up. 

The power dissipation and temperature drift of the AD7710 are 
low and no warm up time is required before the initial calibra
tion is performed. However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 

Drift Considerations 
The AD7710 uses chopper stabilization techniques to 
input offset drift. Charge injection in the analog switc 
leakage currents at the sampling node are the pro 
offset voltage drift in the converter. The . 
rent is essentially independent of the 
injection effects will increase with . 
the offset drift numbers will be s1" 
Gain drift within the converter dep p 
perature tracking of the internal capacitors. 
leakage currents. 

Measurement errors due to offset drift or gain drift can be . 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPLIES AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. V BIAS provides the return path for most of the analog 
currents flowing in the analog modulator. As a result, the V BIAS 

input should be driven from a low impedance to minimize errors 
due to charging/discharging impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 

The analog and digital supplies to the AD771 0 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital mter will 
provide rejection of broadband noise on the power supplies, ex
cept at integer multiples of the modulator sampling frequency. 
The digital supply (DVoo) must never exceed the analog posi
tive supply (AVoo) by more than O.3V. Power supply sequenc
ing, therefore, is important. If separate analog and digital ' 
supplies are used, care must be taken to ensure that the analog 
supply is powered up fIrst. If this cannot be ensured, or if 
DVoo can exceed AVoo at any other time, a Schottky diode 
should be placed between DVoo and AVoo' 

Zero Scale Cal Full-Scale Cal Sequence 

AGND VREF One Step 
AlN Two Step 

AIN Two Step 
AIN VREF One Step 
AGND VREF One Step 

DIGITAL INTERFACE 
The AD7710's serial communications port provides a flexible 
arrangement to allow easy interfacing to industry standard mi
croprocessors, microcontrollers and digital signal processors. A 
serial read to the AD7710 can access data from the output regis
ter, the control register or from the calibration registers. A serial 
write to the AD7710 write data to the control register or the 

operation are available, optimized for 
terface where the AD7710 can act either as 

(it provides the serial clock) or as slave (an 
be provided to the AD7710). These two 

mode and external clocking mode, 
the following sections. 

is confIgured for its self-clocking mode by tying 
. high. In this mode, the AD7710 provides the 

used for the transfer of data to and from the 
self-clocking mode can be used with processors 

w an external device to clock their serial port includ
most digital signal processors and microcontrollers such as 

the 68HCll and 68HC05. It also allows easy interfacing to serial 
parallel conversion circuits in systems with parallel data commu
nication, allowing interfacing to 74XX299 Universal Shift regis
ters without any additional decoding. In the case of shift 
registers, the serial clock line should have a pull down resistor 
instead of the pull up resistor shown in Figure 8 and Figure 9. 

Read Operation 
Data can be read from either the output register, the control 
register or from the calibration registers. AO determines whether 
the data read accesses data from the control register or from the 
output/calibration registers. This AO signal must remain valid 
for the duration of the serial read operation. The function of the 
DRDY line is dependent only on the output update rate of the 
device and the reading of the output data register. DRDY only 
goes low when a new data word is available in the output data 
register. It is reset high when the last bit of data (either 16th bit 
or 24th bit) is read from the output register. If a new data word 
becomes available to the outpUt register while data is being read 
from the output register, DRDY will not indicate this and the 
new data word will be lost to the user. DRDY is not affected by 
reading from the control register or the calibration registers. 
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AD771 0 
Data can only be accessed from the output data register when 
DRDY is low. IT RFS goes low while DRDY is high, the SCLK 
and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7710. IT RFS goes low with DRDY high, no data trans
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can in most cases be brought low at 
any time with the AD7710 clocking the data into the micropro
cessor, microcontroller or shift register when its clock and data 
lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 

Figures 8a and 8b show timing diagrams for reading from the 
AD7710 in the self-clocking mode. Figure 8a shows a situation 
where all the data is read from the AD7710 in one read opera
tion. Figure 8b shows a situation where the data is read from 
the AD7710 over a number of read operations. Both read opera
tions show a read from the AD7710's output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its status should be ignored. 

DRDY(O) 

AD (I) ----<II 

RFS(I) 

SCLK(O) 

Figure 8a shows a read operation to the AD7710 where RFS 
remains low for the duration of the data word transmission. For 
the timing diagram shown, it is assumed that there is a pull up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7710 and also places the MSB of the word on the serial data 
line. All subsequent data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. The flnal active falling edge of SCLK 
clocks out the LSB and this LSB is valid prior to the flnal active 
rising edge of SCLK. Coincident with the next falling edge of 
SCLK, DRDY is reset high. DRDY going high turns off the 
SCLK and the SDATA outputs. This means that the data hold 
time for the LSB is slightly shorter than for all other bits. 

Figure 8b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re
turns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing ers and functions are very similar to 
that outlined fo but Figure 8b has a number of addi-
tional lationships when RFS returns high 

a word. 

SDATA(O) ----------1t:!~:t:::::Jc:::~t)[:::::x~~:t-2~~A~n!--

Figure 8a. Self-Clocking Mode, Output Data Read Operation 

iiiiDv (0) S SS 

AD (I) S SS 
S SS 

RFS~) 

SCLK(O) 

SDATA(O) 

Figure 8b. Self-Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD7710, regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it turns on the SCLK output and acti
vates the SDATA output. The fIrst bit placed on the SDATA 
line after RFS goes low is the same bit as appeared on the bus 
when RFS went high. When the entire word is transmitted, the 
DRDY line will go high turning off the SDAT A and SCLK 
lines as per Figure 8a. 

Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 

Figure 9a shows a write operation to the AD7710 with TFS re
maining low for the duration of the write operation. AO deter
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must re
main valid for the duration of the serial write operation. The 
faIling edge of TFS enables the internally generated SC 
put. The serial data to be loaded to the AD77l0 
on the rising edge of this SCLK signal. Data 
AD7710 on the rising edge of the SCLK 
transferred fIrst. On the last active 

AD7710 
LSB is loaded to the AD7710. Subsequent to the next faIIing 
edge of SCLK, the SCLK output is turned off. (The timing dia
gram of Figure 9a assumes a puIl up resistor on the SCLK line.) 

Figure 9b shows a timing diagram for a write operation to the 
AD7710 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Once 
again, the timing diagram of Figure 9b assumes a pull up resis
tor on the SCLK output. Timing parameters and functions are 
very similar to that outlined for Figure 9a but Figure 9b has a 
number of additional times to show timing relationships when 
TFS returns high in the middle of transferring a word. 

The faIling edge of TFS again initiates the SCLK output and 
data to be loaded to the AD771 0 must be valid prior to the ris~ 
ing edge of this SCLK signal. The rising edge of TFS turns off 
the SCLK output. TFS should return high during the low time 
of SCLK. When -- returns low again, it turns on the SCLK 

bits have been written to the device, the 
off as per Figure 9a. 

de 
ed for its external clocking mode by 

ow. In this mode, SCLK of the AD7710 
and an external serial clock must be 

pin. This external clocking mode is de
interface to systems which provide a serial 

put which is synchronized to the seriaI data output, 
ntroIlers such as the 8OC5l, 87C5l, 68HCll 
most digital signal processors. 

AO(I) ------~--:------.----~r_-------__;___1 

SCLK(O) 

SDATA(O) -----------1~~!:t==-:x.=~ 

Figure 9a. Self-Clocking Mode, Control/Calibration Register Write Operation 

AO(I) ____ ~=;:===~S~~~=====~S~~====== -.JI,.f- S7 SS 
-k "_ ~~l~I'. 

SCLK(O) ------~-I ~ 

~'.I I,. I,. 
R ~ 

SDATA(O) MSB ~ ~ BITN.l 

TFS(I) 

Figure 9b. Self-Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write Operation) 
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AD771 0 
Read Operation 
Figures lOa and lOb show timing diagrams for reading from the 
AD7710 in the external clocking mode. Figure lOa shows a situ
ation where all the data is read from the AD7710 in one read 
operation. Figt¥'e lOb shows a situation where the data is read 
from the AD7710 over a number of read operations. 

As with the self-clocking mode, data can be read from either the 
output register, the control register or from the calibration regis
ters. AO determines whether the data read accesses data from 
the control register or from the output/calibration registers. This 
AO signal must remain valid for the duration of the serial read· 
operation. The function of the DRDY line is dependent only on 
the output update rate of the. device and the reading of the out
put data register. DRDY only goes low when a new data word 
is available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the out
put register. If a new data word becomes available to the output 
register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or the calibration register. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 
this external clocking mode, an external clock is applied to 

DRDv(O) 

SCLKO) ________ +-_---' 

SDATA(O) ----------

SCLK input. The receiving device (microprocessor or microcon
troller) expects to see valid data on edges of this SCLK signal. 
However, with DRDY high SDATA is not active and no data is 
transmitted. DRDY does not have any effect on reading data 
from the control register or from the calibration registers. 

Figure lOa shows a read operation to the AD7710 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is bronght low. The input 
SCLK signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All subsequent data bits are clocked out on a 
high to low transition oCthe serial clock and are valid prior to 
the following rising edge of this clock. The penultimate falling 
edge of SCLK clocks out the LSB and the final falling edge re
sets the DRDY line. high. This rising edge of DRDY turns off 
the serial data output. 

Figure lOb shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re
turns low a~ain to access e rest of the data word. Timing pa-
rameters an¥ fi ery similar to that outlined for 
Figure lOa s a number of additional times to 
show . s when RFS returns high in the middle 

Figure 10a. External Clocking Mode, Output Data Read Operation 

DRDv(~------'~------------~S~--------------~SIS§~---------------

ADO) S SS 
--------~------~S§~--------~S~S~-----------

R~O) ~------?:S~----~I S~~----------

-,--_---+---I-1 12S *130 ~---' SCLK (I) ~ ,-----

1"~26 ~~ 131~" J 126 
:J.STATE SDATA(O) _______ ~ USB . BrrN BITN+l 

Figure 10b. External Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD7710, regardless of the number of times 
RFS changes state during the read operation. When RFS re
turns low again, it activates the SDA T A output and places the 
next bit of the data word on the SDAT A output. When the en
tire word is transmitted, the DRDY line will go high turning off 
the SDATA output as per Figure lOa. 

Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write opemtion is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 

Figure 11a shows a write operation to the AD7710 with TFS 
remaining low for the duration of the write operation. AO deter
mines whether a write opemtion transfers data to the control 
register or to the calibration registers. This AO signal must re
main valid for the duration of the serial write opemtion. As be
fore, the serial clock line should be low between read and write 
opemtions. The serial data to be loaded to the AD7710 must 
valid on the high level of the externally applied SCLK si 
Data is clocked into the AD7710 on the high level of 
signal with the MSB transferred first. On the 
edge of SCLK, the LSB is loaded to the 

ADO) _ ... -111.... 

AD771 0 
Figure 11 b shows a timing diagram for a write operation to the 
AD77l0 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Tim
ing parameters and functions are very similar to that outlined 
for Figure 11a but Figure 11 b has a number of additional times 
to show timing relationships when TFS returns high in the mid
dle of transferring a word. 

Data to be loaded to the AD7710 must be valid prior to the ris
ing edge of the SCLK signal. TFS should return high during 
the low time of SCLK. After TFS returns low again, the next • 
bit of the data word to be loaded to the AD771 0 is clocked in 
on next high level of the SCLK input. On the last active rising 
edge of the SCLK input, the LSB is loaded to the AD7710. 

SIMPLIFYING THE INTERFACE 
In some applications, the user may not require the facility of 

calibration registers. In this case, the se-
7710 can be simplified by connecting the 
ut of the AD7710. This means that 'any 
load data to the control register (since 

. s low) and any read to the device will ac
put data register or from the calibration 
gh while RFS is low). It should be noted 

ent the user does not have the capability of 
e control register. 

Figure 11a. External Clocking Mode, Control/Calibration Register Write Operation 

---x S! ss 
AD (I) --::;rt-t-.. -:-I_-----lSrf7-------!SSSS-------

TFs(I) LI _____ .((.. ____ -! 

Figure 11 b. External Clocking Mode, Control/Calibration Register Write Operation 
(TFS Returns High During Write Operation) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Charge Balancing ADC 

21 Bits No Missing Codes 
:0.0015% Nonlinearity 

Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
One Differential Input 
One Single-Ended Input 

Low-Pass Filter with Programmable Filter Cutoffs 
Ability to ReadlWrite Calibration Coefficients 
RTD Excitation Current Sources 
Bidirectional Microcontroller Serial Interface 
Internall External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power Down Mode 

(50 ".Wtyp) 

APPLICATIONS 
RTD Transducers 
Process Control 
Smart Transmitters 
Portable Industrial Instrume 

GENERAL DESCRIPTION 
The AD7711 is a complete analog front end 
measurement applications. The device accepts ev 
directly from a transducer and outputs a serial digital word. It 
employs a sigma-delta conversion technique to realize up to 
21 bits of no missing codes performance. The input signal is 
applied to a proprietary programmable gain front end based 
around an analog modulator. The modulator output is processed 
by an on-chip digital filter. The first notch of this digital filter 
can be programmed via the on-chip control register allowing 
adjustment of the filter cutoff and settling time. 

The part features one differential analog input and one single 
ended analog input as well as a differential reference input. Nor
mally, one of the channels will be used as the main channel with 
the second channel used as an auxiliary input to periodically 
measure a second voltage. It can be operated from a single sup
ply (by tying the V ss pin to AGND) provided that the input 
signals on the analog inputs are more positive than -30 mY. By 
taking the V ss pin negative, the part can convert signals down 
to -V REF on its inputs. The part provides two current sources 
that can be used to provide excitation in three-wire and four
wire RTD configurations. The AD7711 thus perfortns all signal 
conditioning and conversion for a single or dual channel system. 

*Patent pending. 

LC2MOS Signal Conditioning ADC 
with RTD Excitation Currents 

AD7711* I 
FUNCTIONAL BLOCK DIAGRAM 

REF REF 
AV DD DY DO INH IN(+) 

AIN.(.) 0--.... -[:. I 
AIN'(-) 0----1 

AlN2o----I 

REF OUT 

ideal for use in smart, microcontroller based 
, signal polarity, input channel selection 

nt control can be configured in software using 
'onal serial port. The AD7711 contsins self

'bration, system calibration and background calibration op
tions and also allows the user to read and to write the on-chip 
calibration registers. 

CMOS construction ensures low power dissipation and a soft
ware programmable power down mode reduces the standby 
power consumption to only 50 /I. W typical. The part is available 
in a 24-pin, 0.3 inch wide, plastic and hertnetic dual-in-line 
package (DIP) as well as a 24-lead small outline (SOle) 
package. 

PRODUCT HIGHLIGHTS 
1. The programmable gain front end allows the AD7711 to ac

cept input signals directly from a strain gage or transducer, 
removing a considerable amount of signal conditioning. On
chip current sources provide excitation for three-wire and 
four-wire RTD configurations. 

2. No Missing Codes ensures true, usable, 21-bit dynamic range 
coupled with excellent ±0.OOI5% accuracy. The effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero scale and full-scale errors. 

3. The AD7711 is ideal for microcontroller or DSP processor 
applications with an on-chip control register which allows 
control over filter cutoff, input gain, channel selection, signal 
polarity, RTD current control and calibration modes. 

4. The AD7711 allows the user to read and to write the on-chip 
calibration registers. This means that the microcontroller has 
much greater control over the calibration procedure. 
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(AVoo = +5 V to +10 V; DVoo = +5 V; REF OUT = REF IN(+); REF IN(-) = 

AD7711-SPECIFICATIONS ~~:~ ::!se=n~e:'~Z, unless otherwise stated. AII.specifications TM1ii'toTMAX, 

Parameter A, S Versionsl 

STATIC PERFORMANCE· 
No Missing Codes 21 
Output Noise See Tables I & II 
Integral Nonlinearity ±0.OOI5 
Positive Full-Scale Error" 3 See Note 4 
Full-Scale Drift' 1 
Unipolar Offset Error' See Note 4 
Unipolar Offset Drift" I 
Bipolar Zero Error' See Note 4 
Bipolar Zero Drift' I 
Bipolar Negative Fun-Scale Error' ±0.0015 
Bipolar Negative Full-Scale Drift' I 

ANALOG INPUTSJREFERENCE INPUTS 
50 Hz Rejection" 100 
60 Hz Rejection" 100 
DC Input Leakage Current" @ + 25'C 10 

TMIN 10 TMAX I 
Sampling Capacitance" 20 
Source Impedance 10 

AINIIREFIN 
Common-Mode Rejection (CMR) 
Common-Mode Voltage Range? 

Analog Inputs 
Input Voltage Range' 

. Input Sampling Rate, fs 
Reference Inputs 

REF IN(+) - REF IN(-) Voltage 
Input Sampling Rate, fs 

REFERENCE OUTPUT 
Output Vol. 
Initial Tolerance 
Drift 
Line Regulation (A V DD) 

Load Regulation 
External Current 

VBlAS INPUT 
Input Voltage Range 

LOGIC INPUTS 
Input Current 
All Inputs Except MCLK IN 

VINL, Input Low Voltage 
VINH, Input High Voltage 

MCLK IN Only 
VINL, Input Low Voltage 
VINH, Input High Voltage 

100 
V .. to AVDD 

2.5 
±l 
25 
I 
I 
I 

AVDD - 0.85 X VREF 

V .. + 0.85 X VREF 

±1O 

0.8 
2.0 

0.8 
3.5 

Units 

Bits min 

%ofFSRmax 

.,.vrc max 

.,.vrc max 
%ofFSRmax 
.,.vrc max 

dB min 
dB min 
pAmax 
nAmax 
pFmax 
kOmax 

V 
% 
ppmfCtyp 
mVNmax 
mVimAmax 
mAmax 

V max 
V min 

.,.A max 

V max 
V min 

V max 
V min 

Conditions/Comments 

Guaranteed by Design 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches :s 60 Hz 
Excluding Reference 
Excluding Reference 

Excluding Reference; Typically ±0.0004% 
Excluding Reference 

For Filter Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 x fNOTCH 
For Filter Notches of 10 Hz, 30 Hz, 60 Hz, ±0.02 X fNOTCH 

; Depends On Gain Selected 
(BtU Bit of Control Register ~ 0) 

t Range (Btu Bit Of Control Register ~ I) 

Maximum Load Current 1 mA 

See V BlAS Input Section 
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Parameter 

LOGIC OUTPUTS 
VOL' Output Low Voltage 
V OH' Output High Voltage 
Floating State Leakage Current 
Floating State Output CapacitancelO 

A, S Versions1 

0.4 
4.0 
±10 
9 

RTD EXCITATION CURRENTS (RTDl, RTD2) 
Output Current 200 
Initial Toletance ±20 
~t 35 
Line Regulation (AVoo) 200 
Load Regulation 200 

TRANSDUCER BURN-OUT 
Current 
Initial Toletance 
Drift 

SYSTEM CAUBRATION 

100 
±IO 
100 

Units 

V max 
V min 
J.LA max 
pF typ 

fJoAnorn 
% max 
ppmf'C typ 
nNVmax 
nNVmax 

nAnorn 
%typ 
ppmfOC typ 

Positive Full-Scale Calibration limit" 
Negative Full-Scale Calibration limit" 
Offset Calibration limit12 

(1.05 x VREP)/GAIN V max 
-(1.05 x VREP)/GAIN V max 

Input Span 12 

POWER REQUIREMENTS 
POWet Supply Voltages 

AVoo - Vss Voltage 
DVoo Voltage 

POWet Supply Currents 
AV 00 Current 
DV 00 Current 
Vss Current 

POWet Supply Rejection" 
Positive Supply (A V 00)14 

Negative Supply (V ss) 
POWet Dissipation 

Normal Mode 
Normal Mode 
Standby (powet-Down) Mode 

NOTES 

-(1.05 x VREF)/GAIN V max 
0.8 x V""",GAIN 
(2.1 x VREF)/GAIN 

40 
45 
100 

'Temperature ranges are as folloW!!: A Version, -4O"C to +85"(;; S Version -55'C to + 125"(;. 
2 Applies after calibration at the temperature of interest. 
'Positive fuJI·scale error applies to both unipolar and bipolar input ranses. 
'These errors will be of the order of the output noise of the pan, as shown in Table I. 

Conditions/Comments 

IS1NK = 1.6mA 
IsoURcE = 100 J.LA 

AD7711 

Selected PGA Gain (Between I and 128) 
Selected PGA Gain (Between I and 128) 
elected PGA Gain (Between I and 128) 
elected PGA Gain (Between I and 128) 

e Selected PGA Gain (Between I and 128) 

. ed Performance 

AVoo = DVDD = +5 V, Vss = 0 V; Typically 25 mW 
AVDD = DVDD = +5 V, Vss = -5 V; Typically 30 mW 
AVDD = DVDD = +5V, Vss = OVor -5 V; Typically50fJoW 

'Recalibration at any temperature or use of the backsround calibration mode will remove these drift errors. These numbers are guaranteed by design and/or 
characterization. 

"These numbers are guanmteed by design and/or cbatacterization. 
7This common·mode voltage range is allowed provided that the abaolute value of the input voltase does not exceed A V 00 + 30 m V aod V ss - 30 m V. 
sThe analog inputs present a very high impedaoce dyoamic load which varies with clock frequency aod inpot sample rate. The maximum recommended source resistance 
is 10 kIl. 

"VREP = REF IN(+) - REF IN(-). 
lOSample tested at + 250C to ensure compliance. 
11 Mter calibration, if the analog inpot exceeds positive full scale then the converter will output all Is. If the analog input is less than negative full scale, then the device will 

output all Os. 
"These calibration and spao limits apply provided that the abaolute voltage on the analog inputs does not exceed Voo or does not go more negative than Vss - 30 mY. 

The offset calibration limit applies to both the unipolar zero point aod the bipolar zero point. 
"Measured at de and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with ftIter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will exceed 120 dB 

with fllter notches of 10 Hz, 30 Hz or 60 Hz. 
''This number cao be improved (to 95 dB typ) by deriving the VBlAS voltsge (vis Zener diode or reference) from the AVoo supply. 

Specifications subject to change without notice. 
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AD1711 
ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25'C unless otherwise noted) 

AVoo to Vss ............••....... -0.3 V to +12 V 

Digital Input Voltage to DGND .... -0.3 V to DVoo+0.3 V 
Digital Output Voltage to DGND .•. -0.3 V to DVoo+0.3 V 
Operating Temperature Range 

AVoo to AGND ................... -0.3 V to +12 V 
. AVoo to DGND ...•..•.•••.•..... -0.3 V to +12 V 
DVoo to AGND ................... -0.3 V to +6 V 
DVoo to DGND ..•.•.•.•.•....•... -0.3 V to +6 V 
Vss to AGND ..................... +0.3 V to -6 V 
Vss to DGND ....•.•.•..•.••••.... +0.3 V to -6 V 
AGND to DGND ............. -0.3 V to AVoo+0.3 V 
Analog Input Voltage to AGND •. Vss-0.3 V to AVoo+0.3 V 
Reference Input Voltage to AGND 

. . . • • . . . • . • • . • . . . . . • . • Vss-0.3 V to AVoo+0.3 V 
REF OUT to AGND ..............•. -0.3 V to AVoo 

Commercial (A Version) .•.••.•...... -4OOC to +85"C 
Extended (S Version) ......•..•.•.. -55"C to + 125"C 

Storage Temperature Range •..•..•.•.. -65"C to + 150"C 
Lead Temperature (Soldering, 10 sees) .........•. + 300"C 
Power Dissipation (Any Package) to +75·C •...... 450 mW 

*Stresses above those listed undet "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these ot any othet conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions fot extended perioda may affect device reliability • 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 

WARNING! d 
~~[D'VICC should be discharged to the destination socket before devices are inserted. 

TIMING CHARACTERISTICS1, 2 (DYDD : +5V ± 10~;AYD 
OGND - 0 V; fCLKlN 

Limit at T MIN, T 
Parameter. (A, S Versiona) 

61N 
3,4 400 

12 
400 
10 

tcLK IN LO 0.2 X tcLKIN 
0.8 X tcLKIN 

tcLKINHI 0.2 X tcLKIN 
0.8 X tcLKIN 

t/ 50 nsmax 
t{ 50 nsmax 
tl 1000 nsmin 
Self-Clocking Mode 

t2 4 x tcLIC IN nsmin 
t3 4 x tcLKIN nsmin 
to 2 x tcLIC IN nsmin 
ts 50 nsmin 
t,; 4 x tcLKIN nsmax 
t/ 3 x tcLKIN nsmax 
ts6 tcLIClNl2 nsmin 

tcLKn/2 + 20 nsmax 
~ tcLIC mI2 nsnom 
tlO 3 x tcLK1N12 nsnom 
tll 10 nsmin 

tcLKIt/2 nsmax 
tl2 20 nsmax 
t137 20 nsmax 

tl' 2 x tcLKIN nsmin 
tiS 50 nsmin 
t16 4 x tcLKIN nsmax 
tl7 4 x tcLKIN nsmin 
tiS 20 nsmin 
t19 20 nsmin 

;Yss = OYor -5Y ±lD%;AGND = 
gie 1 = DYDD• unless otherwise stated.) 

ck Frequency: Internal Gate Oscillator 
o MHz; 10 MHz for Specified Performance 

Frequency: Externally Supplied 

Master Clock Input High Time 

Digital Output Rise Time; Typically 20 ns 
Digital Output Fall Time; Typically 20 ns 
SYNC Pulse Width 

DRDY to RFS Setup TinIe. tcLK IN = 1/fCLK IN 
DRDY to RFS Hold Time 
AO to RFS Setup Time 
AO to RFS Hold Time 
RFS Low to SCLK Falling Edge 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 

SCLK High Pulse Width 
SCLK Low Pulse Width 
RFSITFS to SCLK Falling Edge Hold Time 

RFSITFS to SCLK Delay 
RFS to Data Valid Hold TinIe 
AO to TFS Setup Time 
AO to TFS Hold Time 
TFS to SCLK Falling Edge Delay TinIe 
TFS to SCLK Falling Edge Hold Time 
Data Valid to SCLK Setup Time 
Data Valid to SCLK Hold Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7711 

Limit at T MIN' T MAX 

Parameter (A, S Versions) Units Conditions/Comments 

External-Clocking Mode 

fSCLK feLKIN/S MHz max Serial Clock Input Frequency 
t20 4 x tcLK IN nsmin DRDY to RFS Setup Time 
t21 4 x tcLK IN nsmin DRDY to RFS Hold Time 

t22 2 x tcLKIN nsmin AO to RFS Setup Time 
t23 SO nsmin AO to RFS Hold Time 
t246 3 x tcLK IN nsmax Data Access Time (RFS Low to Data Valid) 
t256 tcLK 1N/2 nsmin SCLK Falling Edge to Data Valid Delay 

tcLK 1~2 + 20 nsmax 
t26 2 x tcLKIN nsmin SCLK High Pulse Width 
t27 2 x tcLK IN nsmin SCLK Low Pulse Width 
t28 10 nsmax SCLK Falling Edge to DRDY High 
t297 10 nsmin DRDY to Data Valid Hold Time 

20 nsmax 
t30 10 nsmin SCLK Falling Edge Hold Time 

tcLK'N nsmax 
t3/ 20 Valid Hold Time 
t32 2 x tcLK IN Setup Time 
t33 SO Hold Time 
t34 10 Edge to TFS Hold Time 
t35 20 SCLK Setup Time 
t36 20 Valid to SCLK Hold Time 

NOTES 
'Sample tested at +25"C to ensure comp' 
'See Figures 8 to 11. 
'eLK IN Duty Cycle range is 20% to ANDBY mode. If no clock is preaent in this case, the 
device can dtaw higher current than s 

'The AD7711 is production tested with fcuc IN at 1 
'Specified using 10% and 90% points on waveform 0 • 

"These numbers ate measuted with the load circuit uf Figure 1 and defuted 
7These numbers ate derived from the 1l1easuted time taken by the data ou change 0.5 V when loaded with the circuit uf Figure 1. The measuted number 
is then extrapolated back to remove effects uf cbatging or discbatging the 100 pF capacitor. This means Wt the times quoted ill the timing cbaracteristics ate 
the true bus relinquish times of the part and, as such, ate in<iependent of externsl bus loading capacitances. 

TO OUTPUT 

PIN o-~~-f( +2.1Y 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 

PIN CONFIGURATION 
DIP and SOIC 

seu< 

AIN2 

REF OUT 

REFIN(.) 

REFIN(-) 

VIlAS 
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·AD7711 

Pin Mnemonic 

SCLK 

2 MCLKIN 

3 MCLKOUT 

4 AO 

5 SYNC 

6 MODE 

7 AINIC+) 

8 AINIC-) 

9 RTDl 

10 RTD2 

11 Vss 

12 AVDD 

13 VB1AS 

14 REF INC-) 

IS REF INC+) 

16 REFOUT 

17 AIN2 

18 AGND 

PIN FUNCTION DESCRIPTION 

Function 

Serial Clock. Logic Input/Output depending on the status of the MODE pin. When MODE is high, the 
device is in itsself-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes 
active when RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when 
the device has completed transmission of an output word. When MODE is low, the device is in its external 
clocking mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all 
data transmitted in a· continuous train of pulses. Alternatively, it can be a noncontinuous clock with the 
information being transmitted to the AD7711 in sma1ler batches of data .. 

Master ClOCk' signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with 
a CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally 
10 MHz. 

When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. 

Address Input. With this input low, reading and writing to the device is to the control register. With this 
input high, access is to either the data register or the calibration registers. 

Logic Input which allows for synchronization of the digital filters w a number of AD771ls. It resets 
the nodes of the digital filter. 

Logic Input. When this pin is high, the device is in it 
its external clocking mode. 
Analog Input Channel 1. Positive input 
input is connected to an output 
burnt out or gone open 

Analog Input Chann 

tial analog input. The AINIC + ) 
t an external transducer has 

on/off via the control register. 

differential analog input. 

Constant vided at this pin, and this can be used as 
the excitation off via the control register 

Constant Current utp vided at this pin, and this can be used as 
the excitation current fj or off ·via the control register. This second 
current can be used to e ead re . three-wire RTD configurations. 

Analog Negative Supply, 0 V to -5 V. Ti ND for single supply operation. The input voltage on 
AINI or AIN2 should not go> 30 mV negative w.r.t. Vss for correct operation of the device. 

Analog Positive Supply Voltage, +5 V to + 10 V. 

Input Bias Voltage. This input voltage should be set such that VB1AS + 0.85 x VREF<AVDD and VB1AS -
0.85 x V REP> V ss where V REP is REF INC +)- REF INC -). Ideally, this should be tied halfway between 
AVDD and VSS. Thus, with AVDD = +5 V and Vss = 0 V, it can be tied to REF OUT; with AVDD = +5 V 
and Vss = .-5 V, it can be tied to AGND, while with AVDD = +10 V, it can be tied to +5 V or to REF 
OUT. . 

Reference Input. The REF INC - ) can lie anywhere between AV DD and V ss provided REF INC + ) is greater 
than REF INC - ). 
Reference Input. The reference input is differential providing that REF INC +) must be greater than 
REF INC-). REF INC+) can lie anywhere between AVDD and Vss. 

Reference Output. The internal +2.5 V reference is provided at this pin. This is a single ended output which 
is referred to AGND. It is a buffered output is capable of providing I mA to an external load. 

Analog Input Channel 2. Single ended programmable gain analog input. 

Ground reference point for analog circuitry. 

This information applies to a :product under development. Its characteristics and specifications are subject to change without notice. 
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AD7711 

Pin Mnemonic Function 

19 TFS Transmit Frame Synchronization. Active low logic input used to write serial data to the device with serial data 
expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after 
TFS goes low. During a write operation to the AD7711, the SDATA line should not return to high impedance 
until after TFS returns high. 

20 RFS Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 

21 DRDY Logic output. A falling edge indicates that a new output word is available for transmission. The DRDY pin • 
will return high upon completion of transmission of a full output word. DRDY is also used to indicate when 
the AD7711 has completed its on-chip calibration sequence. 

22 SDATA Serial Data. Input 100tput with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data becomes active after RFS goes low. During a write operation, valid serial 
data is expected on the rising edges of SCLK when TFS is low. 

23 DVDD Digital Supply Voltage, +5 V. DVDD should never exceed AV more than 0.3 V. If DVDD powers up 
before AVDD, or if DVDD can exceed AVDD by more yother time, a Schottky diode should 
be placed berween the two pins. 

24 DGND Ground reference point for digital circuitry. 

TERMINOLOGY 
INTEGRAL NONUNEARITY 
This is the maximum deviation of any code fi 
passing through the endpoints of the 
points of the transfer function are 
with bipolar zero), a point 0.5 LS 
tion (000 . • . 000 to 000 . . . 00 I) an 
above the last code transition (111 ... 1I0 t 
The error is expressed as a percentage of full 

POSITIVE FULL-SCALE ERROR 
Positive full-scale error is the deviation of the last code transi
tion (1I1 .•. 1I0 to 1I1 ... 1I1) from the ideal input full-scale 
voltage. For AINI( +), the ideal full-scale input voltage is 
(AINI( -) + V~GAIN -3/2 LSBs); for AIN2, the ideal full
scale input voltage is VRBp/GAIN -3/2 LSBs. It applies to both 
unipolar and bipolar analog input ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal input voltage. For AINI( +), the ideal input 
voltage is (AINI( -) + 0.5 LSB); for AIN2, the ideal input is 
0.5 LSB when operating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0 1I1 . . . 1I1 to 
1000 ... 000) from the ideal input voltage. For AINI( +), the 
ideal input voltage is (AINI( -) -0.5 LSB); for AIN2, the ideal 
input is -0.5 LSB when operating in the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
input voltage. For AINI( +), the ideal input voltage is (AINI( -) 
-V~GAIN + 0.5 LSB); for AIN2 the ideal input is -VRBp/ 
GAIN + 0.5 LSB when operating in the bipolar mode. 

OVERRANGE 
ange is the amount of overhead available 

ltages on the AINI( +) input greater than 
AIN or on the AIN2 input greater than 
example, noise peaks or excess voltages due 
rs in system calibration routines) without in

ue to overloading the analog modulator or to 

e digital filter. 

GATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages on 
AINI(+) below AINI(-) -VRBF/GAIN or on AIN2 below 
- VamJGAIN without overloading the analog modulator or 
overflowing the digital filter. Note that the analog input will 
accept negative voltage peaks on AINI( +) even in the unipolar 
mode provided that AINI( +) is greater than AINI( -) and 
greater than Vss-30 mY. 

OFFSET CALmRATION RANGE 
In the system calibration modes, the AD77l1 calibrates its offset 
with respect to the analog input. The offset calibration range 
specification defmes the range of voltages that the AD7711 can 
accept and still calibrate offset accurately. 

FULL-SCALE CALmRATION RANGE 
This is the range of voltages that the AD7711 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7711's analog input defme the analog input range. 
The input span speciflcation defmes the minimum and maxi
mum input voltages from zero to full scale that the AD7711 can 
accept and still calibrate gain accurately. 
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AD7711 
CONTROL REGISTER (24 BITS) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. 

I MD2 I MDI I MOO I G2 IGl IGO ICH 'PD IWL , RO I BO 'BIU I 
, FSll I FSIO I FS9 , FS8 , FS7 FS6 , FSS FS4 FS3 FS2 FSI I FSO I 

Operating Mode 
MD2 MDI MDO Operating Mode 

o 

o 

o 

o 

o o 

o 

o 

o o 

o 

o 

Normal Mode. This is the normal mode of operatioli of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal 
power-on reset. 

Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one
step calibration sequence, and when complete, the part returns to Normal Mode. The DRDY output 
indicates when this self-calibration is complete. For this calibration type, the zero scale calibration is 
done internally on AGND and the full-scale calibration is done internally on V REF' 

Activate System Calibration. This activates system calibration on el selected by CH. This is a 
two-step calibration sequence, with the zero scale calibra.tion the selected input channel 
and DRDY indicating when this zero scale calibration i returns to Normal Mode at 
the end of this first step in the two-step sequenc 
Activate System Calibration. This is the s 
calibration being performed on the 
scale calibration is complete. 
Activate System Offset 
CH. This is a one 
DRDYindi 
scale calibrati 
VREF• 

ration on the channel selected by 
the part returns to Normal Mode with 
For this calibration type, the zero 
-scale calibration is done internally on 

Activate Background calibration on the channel selected by CH. 
If the background calibra mode is 7711 provides continuous self-calibration of the 
reference and AGND. This calibration e as part of the conversion sequence, extending the 
conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does 
not have to worry about recalibrating the device when there is a change in the ambient temperature. In 
this mode, AGND andVREP' as well as the analog input voltage, are continuously monitored and the 
calibration registers of the device are automatically updated, if necessary. 

ReadIWrite Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the zero scale calibration coefficients of the channel selected by CH. The word length 
for reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 

ReadlWrite Full-Scale' Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the full-scale calibration coefficients of the chanrielselected by CH. The word length 
for reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 
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PGAGain 

G2 Gl GO Gain 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

Channel Selection 
CH Channel 

(Default Condition After the 
Internal Power-On Reset) 

o AIN1 
1 AIN2 

(Default Condition Mter the 
Internal Power-On Reset) 

Power-Down 
PD 

o Normal Operation (Default Condition After the 
1 Power-Down Internal Power-On Reset) 

Word Length 
WL Output Word Length 

o 16-Bit 
1 24-Bit 

RTD &c:itation Currents 

RO 

o Off (Default Condition Mter 
1 On Internal Power-On Reset) 

Burn-out Current 
DO 

o Off (Default Condition After 
1 On Internal Power-On Reset) 

Bipolar/unipolar Selection (Both Inputs) 

B/U 

o 
1 

Bipolar 
Unipolar 

(Default Condition After 
Internal Power-On Reset) 

AD7711 
FILTER SECTION (FSll-FSO) 
The on-chip digital filter provides a Sinc3 (or (SinxlX)3 filter re
sponse. The 12 bits of dats programmed into these bits deter
mine the filter cutoff frequency, the position of the fIrst notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 

The fIrst notch of the filter occurs at a frequency determined by 
the relationship: filter fIrSt notch frequency = (fCLK IN/S 12)/ 
code where cOiU is the decimal equivalent of the code in bits FSO 
to FSll and is in the range 19 to 2,000. With the notninal feLK 
IN of 10 MHz, this results in a fIrSt notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD7711, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecilled 
operation of the device. 

ch frequency, as well as the selected gain, 
les I and II and Figure 2 show the effect 

uency and gain on the effective resolution 
output data rate (or effective conversion 

. equal to the frequency selected for the 
r example, if the fIrst notch of the 

z, then a new word is available at a 
ry 20 ms. If the first notch is at 1 kHz, a new 
every I ms. 

of the filter to a full-scale step input change is 
data rate. For example, with the fIrSt filter 

z, the settling time of the filter to a full-scale step 
is 80 ms max. If the fIrst notch is at I kHz, the 

time of the filter to a full-scale input step is 4 ms max. 

The - 3 dB frequency is determined by the programmed fIrst 
notch frequency according to the relationship: filter - 3 dB 
frequency = 0.262 x fIrSt notch frequency. 
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AD7711 
Table I shows the output rms noise for some typical notch and 
- 3 dB frequencies. The numbers given are Jor the bipolar input 
ranges with a VREF of +2.5 V. The numbers in Table I are, 
guaranteed by a combination of testing, characterization and 
design. The output noise from the part comes from two sources: 
the quantization noise from the analog-to-digital conversion pro
cess and device noise. Device noise is iiu:tependent of gain and is 
essentially flat across the frequency spectrum. Quantization 
noise is ratiometric to the input full-scale (imd hence gain) and 
its frequency response is shaped by the modulator. 

Looking at the table below, as the cutoff frequency increases, 
the output noise increases because more of the quantization 
noise of the part comes through to the outpUt and, hence, the 
output noise increases with increa~-3 dB frequencies. For 
the lower notch settings, the output noise is dominated by the 

device noise and, hence, altering the gain has little effect on the 
output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. . 

Since the outpUt noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the outpUt rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. Table II shows the same ta
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re
spect to 2 x VRmJGAIN, i.e., the input full scale). It is possi
ble to do post filtering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the· 
output noise (see Digital Filtering section). 

Table I. OutpUt Noise vs. Gain and Firat Notch Frequency 

Firat Notch of Output RMS Noise ("V) 
Filter and OIP -3 dB Gain of Gain of Gain of G· Gain of Gain of Gain of 
Data Rate l Frequency 1 2 4 32 64 128 

10 Hzz 2.62 Hz 1.7 o. 0.42 0.42 0.42 
25Hzz 6.55 Hz 3.4 0.60 0.60 0.60 
30 Hzz 7.86 Hz 3.4 0.60 0.60 0.60 
50 HzZ 13.1 Hz 9.5 0.84 0.84 0.84 
60HzZ 15.72 Hz 13.5 1.2 0.84 0.84 
100 Hz3 26.2 Hz 54 1.7 1.7 1.2 
250 Hz3 65.5 Hz 432 13.5 6.7 4.8 
500 Hz3 131 Hz 2.4 x 76 38 19 
1 kHz3 262 Hz 13.8 x 103 432 216 108 

NOTES 
'The default condition (after the internal poWer-on reaet) for the first notch of 60 Hz. 
'For theae filter notch frequencies, the pUtpUt rms noise is primarily independent of the value of the reference voltage. Therefore, increasing the reference volt
age wiD give an increase in the effective reaolution of the device (i.e., the ratio of the rms noise to the input full scaJe is increased aince the outpUt rms noise 
remains constant as the input full-scaJe increases). 

'For theae filter notch frequencies, the outpUt rms lIOise is proportional to the value of the reference voltage. 

Table II. Effective Resolution vs. Gain and Firat Notch Frequency 

Firat Notch of Effective Resolutionl (Bits) 
Filter and OIP -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 64 128 

10Hz 2.62 Hz 21.5 21.5 21 20.5 19.5 18.5 17.5 16.5 
25 Hz 6.55 Hz 20.5 20.5 20 20 19 18 17 16 
30Hz 7.86 Hz 20.5 20 20 19.5 18.5 18 17 16 
50 Hz 13.1 Hz 19 19 19 18.5 18 17.5 16.5 15.5 
60Hz 15.72 Hz 18.5 18.5 18.5 18.5 18 17 16.5 15.5 
100Hz 26.2 Hz 16.5 16.5 16.5 16.5 16.5 16.5 15.5 15 
250Hz 65.5 Hz 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13 
500Hz 131 Hz 11 11 11 11 11 11 11 11 
1 kHz 262 Hz 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

NOTE 
'Effective resolution is defined as the magnitude of the output rms noise to the input full scaJe (i.e., 2 x V...".tGAIN). The above table applies for a VllEF of 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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Figure 2 gives similar information to that outlined in Table 1. In 
this plot, the output rms noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 

Figure 2. Plot of Output Noise vs. Gai 

CIRCUIT DESCRIPTION 
The AD7711 is a sigma-delta AID converter with on-chip digital 
filtering, intended for the measurement of wide dynamic range, 
low frequency signals such as those in RTD applications, indus
tria1 control or process control applications. It contains a sigma
delta (or charge balancing) ADC, a calibration microcontroller 
with on-chip static RAM, a clock oscillator, a digital filter and a 
bidirectional serial communications port. 

AD7711 
The part contains two analog input channels, a programmable 
gain differential analog input and a programmable gain single 
ended input. The gain range is from I to 128 allowing the part 
to accept unipolar signals of between 0 to + 20 m V and 0 V to 
+2.5 V or bipolar signals in the range from ±20 mV to ±2.S V 
when the reference input voltage equals +2.5 V. The input sig
nal to the selected analog input channel is continuously sampled 
at a rate determined by the frequency of the master clock, eLK 
IN, and the selected gain (see Table III). A charge balancing 
AID converter (Sigma-Delta Modulator) converts the sampled 2 
signal into a digital pulse train whose duty cycle contains the 
digital information. The programmable gain function on the an-
alog input is also incorporated in this sigma-delta modulator 
with the input sampling frequency being modified to give the 
higher gains. A sinc' digital low pass filter processes the output 
of the sigma-delta modulator and updates the output register at 
a rate determined e first notch frequency of this filter. The 
output data from the serial port randomly or period-
ically at an the output register update rate. The first 

ter (and hence its -3 dB frequency) can 
ia an on-chip control register. The programma

. notch frequency is from 9.76 Hz to 1.028 
ble range for the -3 dB frequency of 

ection diagram for the part is shown in Figure 3. 
AD7711 in the external clocking mode with both 

VDD pins of the AD7711 being driven from 
pply. Some applications will have separate 

AVDD and DVDD and, in some of these cases, 
og supply will exceed the +5 V digital supply (see 

er Supplies and Grounding section). 
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A07711 
The AD77II provides a number of calibration options which 
can be programmed vis the on-chip control register. A calibra
tion cycle may be initiated at any time by writing to this control 
register. The part can perform self-calibration using the on-chip 
calibration microcontroller and· SRAM to store calibration 
parameters. Other system components may also be included in 
the calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or 
asking the device to recalibrate when there is a change in the 
ambient temperature or power supply voltage. 

The AD7711 gives the user access to the on-chip calibration reg
isters allowing the microprocessor to read the deviCe's calibra
tion coefficients and also to write its own calibration coefficients 
to the part. This gives the microprocessor much greater control 
over the AD7711's calibration procedure. It also means that the 
user can verify that the device has performed its calibration cor
rectly by comparing the coefficients after calibration with pre
stored values in E2PROM. 
The AD7711 can be operated in single supply systems provided 
that the analog input voltage does not go more negative than 3 
mV. For larger bipolar signals, a Vss of -5 V is required 
part. Forbattery operation, the AD7711 also offi 
programmable standby mode that reduces 
tion to typically 50 II-W. 

THEORY OF OPERATION 
The general block diagram of a sigma-delta AD 
Figure 4. It contains the following elements: 

1. A sample hold amplifier. 

2. A differential amplifier or subtractor. 

3. An analog low-pass filter. 

4 A I-bit AID converter (comparator). 

5. A I-bit DAC. 

6. A digital low-pass filter. 

COIFARATOR 

Figure 4. General Sigma-Delta ADC 

In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 

Oversampling is fundamental to the operation of sigma-delta 
ADCs. Using the quantization noise formula for an ADC: 

SNR = (6.02 x number of bits + 1.76) dB, 

a I-bit ADC or comparator yields an SNR of 7.78 dB. 

The AD7711 samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog filtering in the modulator loop, which shapes the 
quantization noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor
mance is thus improved from this I-bit level to the performance 
outlined in Tables I and II and in Figure 2. 

The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse . at the output of the compara-
tor. It can be parallel binary data word using a 
digitalfil 

erally described by the order of the 
simple example of a first order sigma

S. This contains only a first order 
It also illustrates the derivation of 

for these devices: Charge-Balancing ADCs. 

Figure 5. Basic Charge Balancing ADC 

It consists of a differential amplifier (whose output is the differ
ence between the analog input and the output of a I-bit DAC), 
an integrator and a comparator. The term "charge balancing," 
comes from the fact that this system is a negative feedback loop 
that tries to keep the net charge on the integrator capacitor at 
zero, by balancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution to the integrator output comes from 
the I-bit DAC. For the net charge on the integrator capacitor to 
be zero, the DAC output must spend half its time at + FS and 
half its time at - FS. Assuming ideal components, the duty 
cycle of the comparator will be 50%. 

When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at + FS, so the 
duty cycle of the comparator increases. When a negative input 
voltage is applied, the duty cycle decreases. 

TheAD7711 uses a second-order sigma-delta modulator and a 
digital filter that provides a rolling average of the sampled out-
put. Mter power-up, or if there is a step change in the input 
voltage, there is a settling time that must elapse before valid 
data is obtained. 
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Input Sample Rate 
The modulator sample frequency for the device remains at 
6 IN/512 (20 kHz @ fCLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x I are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The ef
fective input impedance is I/C • fs where C is the input sam
pling capacitance and fs is the input sample rate. 

Table m. Input Sampling Frequency VB. Gain 

Gain Input SampJiDg Frequency (fs) 

I feLK 1~512 (20 kHz @ feLK IN = 10 MHz) 
2 2 x fCLK 1N/512 (40 kHz @ feLK IN = 10 MHz) 
4 4 x fcLK 1~512 (80 kHz @ fCLK IN = 10 MHz) 
8 4 x fCLK 1N/512 (160 kHz @ fcLK IN = 10 MHz) 
16 4 x fcLK IN/512 (160 kHz @ feLK IN = 10 MHz) 
32 4 x fCLK 1N/512 (160 kHz @ fcLK IN = 10 MHz) 
64 4 x fcLK 1~512 (160 kHz @ feLK IN = 10 MHz) 
128 4 x fCLK ~512 (160 kHz @ fcLK IN = 10 MHz) 

DIGITAL FILTERING 
The AD7711's digital filter behaves like a 
with a few minor differences. 

First, since digital filtering occurs 
process, it can remove noise inj 
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remo 
posed on the analog signal before it reaches the . Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7711 has over
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input filtering, or to reducing the in
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil
ity greater than 100% at the expense of reducing the dynamic 
range by I bit (50%). 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FS II in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre
quency of the filter is 2.58 Hz while. the maximum program
mable cutoff frequency is 269 Hz. 

Figure 6 shows the filter frequency response for a cutoff fre
quency of 2.62 Hz which corresponds to a first filter notch fre
quency of 10 Hz. This is a (sinx/x? response (also called sinc3) 

that provides> 100 dB of 50 Hz and 60 Hz rejection. Program
ming a different cutoff frequency via FSO-FSll does not alter 
the profile of the filter response; it changes the frequency of the 
notches as outlined in the Control Register section. 
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ntains this on-chip, low pass filtering, there 
. ted with step function inputs, and data 
invalid after a step change until the set-

e settling time depends upon the 
for the filter. The output data rate . 

notch frequency and the settling time of the 
e step input is 4 times the output data period. 
. both input channels, the settling time of 
allowed to elapse before data from the second 

e on-chip modulator provides samples at a 20 kHz output 
rate. The on-chip digital filter decimates these samples to pro
vide data at an output rate which corresponds to the pro
grammed first notch frequency of the filter. Since the output 
data rate exceeds the Nyquist criterion; the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post filtering following the digital filter of the AD77II. 

For example, if the required bandwidth is 7.86 Hz but the 
required update rate is 100 Hz, the data can be taken from the 
AD7711 at the 100 Hz rate giving a -3 dB bandwidth of 
26.2 Hz. Post filtering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 Hz bandwidth level, 
while maintaining an output rate of 100 Hz. 

Post filtering can also be used to reduce the output noise from 
the device for bandwidths below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 n V. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a v'2 reduction in the 
output rms noise. This additional filtering will result in a longer 
settling time. 
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AD77 11 
Antia1ias Considerations 
The digital filter does not provide any rejection at integer multi
ples of the modulator sample frequency (n x 20 kHz, where n 
= I, 2, 3 •.. ). This means .that there are frequency bands, 
±f3 dB wide (f3 dB is cutoff frequency selected by FSO to FSll) 
where noise passes unattenuated to the output. However, due to 
the AD7711 's high oversampling .ratio, these bands occupy only 
a small fraction of the spectrum and most broadband noise is 
filtered. In any case, because of the high· oversampling ratio a 
simple, RC, single-pole filter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing filtering. 

ANALOG INPUT FUNCTIONS 
Analog Input Rauges 
Both analog inputs are programmable gain, input channels 
which can handle either unipolar or bipolar input signals. The 
AINI channel is a differential input channel having a common
mode range from V ss to AV DD' provided that the absolute 
value of the analog input voltage lies between V ss - 30 mV and 
AVDD +30 mY. The AIN2 input channel is a single-ended in
put that is referred to AGND. 

The input SIIII1ple tate rot the part varies as per Table III and 
the input sampling caplcitance is IS pF typical. The effective 
input imPedance is lie . fs• This results in a maximum alIo 
able source impedance of wha~er is driving 
10 kG to ensure correct charging ofthesamp . 

The de input leakage current is 10 pA 
results in a de offset voltage develo 
ance. However, this dc offset effect can 
combination of the differential input ca 
its system calibration mode. 

Bum-out Current 
The AINI( + ) input of the AD7711 contsins a 100 nA current 
source which can be turned on/off via the control register. This 
current source can be uaed in checking that a transducer has not 
burnt out or gone open circ1Ut before attempting to take mea
surements on that channel. If the current is turned on and is 
allowed flow into the transducer and a measurement of the input 
voltage on the AINI input is taken, it can indicate that the 
transducer is malfunctioning. For normal operation, this burn
out current is turned off by writing a 0 to the BO bit in the con
trol register. . 

RTD Excitation Currents 
TheAD7711 slso contains two matched 2001-1A constant cur
rent sources which are provided at the RTDl and RTD2 pina of 
the device. These currents can be turned on/off via the control 
register. Writing a I to the RO bit oCthe control register en
ables these excitation currents. 

For four-wire RTD applications, one of these excitation currents 
is uaed to provide the excitation current for the RTD, the sec
ond current source can be left unconnected. For three-wire 
RTD configurations, the second on-chip current source can be 
uaed to eliminate errors due to voltage drops across lead 
resistances. 

The temperature coefficient of the RTD current sources is typi
cally 35 ppmfC with a typical matching between the tempera
ture coefficients of both current sources of 5 ppmfC. For 
applications where the absolute value. of the temperature coeffi
cient is too large, the following schemes can be used to remove 
the drift error. 

The conversion result from the AD77 I I is ratiometric to the 
V REF voltsge. Therefore, if the V REF voltage varies with the 
RTD temperature coefficient, the temperature drift from the 
current sOurce will be removed. For four-wire RTD applica
tions, the reference voltage can be made ratiometric to RTD 
current source by using the second current with a low t.c. resis
tor to generate the reference voltage for the part. In this case, if 
a 12.5 kG reaistor is used, the 200 I-IA current source generates 
+2.5 V across the resistor. This +2.5 V CIIiI. be applied to the 
REF IN(+) input of the AD7711 and with the REF IN(-) in
put at ground it will supply a VREF of 2.5 V for the part. For 
three-wire RTD configurations, the reference voltage for the 
part is generated by p . . a low t.c. resistor (12.5 kG for 
2.5 V reference) in ·th one of the constant current 
sources. The R sources can be driven to within 2 V 
of AV D t of the AD7711 is differential so 
th IN( -) of the AD7711 are driven from 

. Both schemes ensure that the refer-
s the RTD current sources over 
oves the temperature drift error. 

The AINI input channel is differential and, as a result, the volt
age to which the unipolar and bipolar signals are referenced is 
the voltage on the AINI(-) input. For example, if AINI(-) is 
+ 1.25 V and the AD7711 is conflgllted for unipolar operation 
with a gain of I and a VREF of +2.5 V, the input voltage range 
on the AINI(+) input is +1.25 V to +3.75 V. If AINI(-) is 
+ 1.25 V and the AD7711 is conflgllted for bipolar mode with a 
gain of I and a VlU!p of +2.5 V, the analog input range on the 
AINI( +) input is -1.25 V to + 3. 75 V. For the AIN2 input, 
the input signals are referenced to AGND. 

REFERENCE INPUT/OUTPUT 
The AD7711 contains a temperature compensated +2.5 V refer
ence which has an initial tolerance of ±25 mY. This reference 
voltage is provided at the REF OUT pin and it can be used as 
the reference voltage for the part by connecting the REF OUT 
pin to the REF IN(+) pin. This REF OUT pin is a single 
ended output, referenced to AGND, which is capable of provid
ing up to. I mA to an externslload. In applications where REF 
OUT is connected directly to REF IN( +), REF IN( - ) should 
be tied to AGND to provide the nominal +2.5. V reference for 
the AD7711 .. 
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The reference inputs of the AD7711, REF INC +) and REF 
INC -), provide a differential reference input capability. The 
common-mode range for these differential inputs is from V ss to 
AVoo. The nominal differential voltage, VREF CREF INC+) 
-REF INC-)), is +2.5 V for specified operation but the refer
ence voltage can go to +5 V with no degradation in performance 
provided that the absolute value of REF INC +) and REF INC -) 
does not exceed its AVoo and Vss limits. REF INC+) must al
ways be greater than REF INC -) for correct operation of the 
AD771l. 

Both reference inputs provide a high impedance, dynamic load 
similar to the analog inputs. The maximum dc input leakage 
current is 10 pA C±l !-LA over temperature) and source resis
tances will result in gain errors on the part. The reference in
puts are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of 1 to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 

The digital filter of the AD7711 removes noise from the refer
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at inte 
tiples of the sampling frequency. The output noise 
outlined in Tables I and II assumes a clean refi 
erence noise in the bandwidth of interest is 
grade the performance of the AD7711. 
performance of the AD7711's on 

VBJAS Input 
The V BIAS input determines at what voltage the internal analog 
circuitry is biased. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 

For maximum internal headroom, the VBIAS voltage should be 
set halfway between AV DO and V ss. The difference between 
AVoo and (YBIAS + 0.85 x VREF) determines the amount of 
headroom the circuit has at the upper end, while the difference 
between Vss and CVBIAS -0.85 x VREF) determines the amount 
of headroom the circuit has at the lower end. Care .should be 
taken in choosing a VBIAS voltage to ensure that VBIAS ±0.85 x 

AD1711 
VREF does not exceed the AVoo and Vss limits. For example, 
with AVoo = +4.75 V, Vss = 0 V and VREF = +2.5 V, the 
allowable range for the VBIAS voltage is +2.125 V to +2.625 V. 
With AVoo = +9.5 V, Vss = 0 V and VRBF = +5 V, the 
range for VBIAS is +4.25 V to +5.25 V. With AVoo = +4.75 
V, Vss = -4.75 V and VREF = +2.5 V, the VBIAS range is 
-2.625 V to +2.625 V. 

USING THE AD7711 
SYSTEM DESIGN CONSIDERATIONS 
The AD7711 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu
ously, like a tracking ADC, there is no need for a start convert 
command. The output register is updated at a rate determined 
by the first notch of the filter and the output can be read at any 
time, either synchronously or asynchronously. 

a master clock input, which may be an 
ompatible clock signal applied to the 

the MCLK OUT pin left unconnected. Al
of the correct frequency can be connected 
and MCLK OUT, in which case the clock 

crystal controlled oscillator. For lower 
. c resonator may be used instead of 

these lower frequency oscillators, external capac
uired on either the ceramic resonator or on the 

frequency, the modulator sampling fre-
3 dB frequency, output update rate and calibra

are all directly related to the master clock frequency, 
K IN· Reducing the master clock frequency by a factor of 2 

will halve the above frequencies and update rate and will double 
the calibration time. 

The current drawn from the DVoo power supply is also di
rectly related to fCLK IN. Reducing feLK IN by a factor of 2 will 
halve the DV DO current but will not affect the current drawn 
from the AVoo power supply. 

System Synchronization 
If multiple AD7711s are operated from a common master clock, 
they can be synchronized to update their output registers simul
taneously. A falling edge on the SYNC input resets the filter 
and places the AD7711 into a consistent, known state. A com
mon signal to the AD7711s' SYNC inputs will synchronize their 
operation. This would normally be done after each AD7711 has 
performed its own calibration or has had calibration coefficients 
loaded to it. 

ACCURACY 
Signxa-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7711 achieves excellent 
linearity by the use of high quality, on-chip silicon dioxide ca
pacitors, which have a very low capacitance/voltage coefficient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel
lent performance over time and temperature, the AD7711 uses 
digital calibration techniques that minimize offset and gain error. 
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AD7711 
Autoc:aIibration 
Autocalibration on the AD7711 removes offset and gain errors 
from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem
perarure or supply voltage. It should also be initiated if there is 
a change in the selected channel, gain, filter notch or bipolarl 
unipolar input range. However, if the AD7711 is in its back
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the filter has been 
allowed for). 

The AD7711 offers self-calibration, system calibration and back
ground calibration facilities. For calibration to occur on the se
lected channel, the on-chip microcontroller must record the 
modulator output for two different input conditions. These are 
"zero-scale" and "full-scale" points. With these readings, the 
microcontroller can calculate the gain slope for the input to out
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 

Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point used in determining the calibration coefficients 
is AGND and the full-scale point is V REF' The zero scale coeffi
cient is determined by converting an internal AGND node. The 
full-scale coefficient is determined from the span between . 
AGND conversion and a conversion on an internal V 
The self-calibration mode is invoked by writing 
values (0,0, 1) to the M02, MDl and MD 
register. In this calibration mode, the 
in to the modulator fl1'St and a conv 
VREF node is theil switched in and ano con 
formed. When the calibration sequence is comp 
tion coefficients updated. and the filter resettled to 
input voltage, the DRDY output goes low. 

For bipolar input ranges in the self-calibrating mode, tlie se
quence is very similar to that just outlined. In this case, the two 
points which the AD7711 calibrates are midscale (bipolar zero) 
and positive full scale. 

System Calibration 
System calibration allows the AD7711 to compensate for system 
gain and offset errors as well as its own internal errors. System 
calibration performs the saine slope factor calculations as self
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali
bration is a two-step process. The zero scale point must be pre
sented to the converter first. It must be applied to the converter 
before the calibration step is initiated and must remain stable 
until the step is complete. System calibration is initiated by 
writing the appropriate values (0, 1,0) to the MD2, MD1 and 
MOO bits of the i.e., control register. The DRDY output from 
the device will signa1 when the step is complete by going low. 
After the zero-scale point is calibrated, the full-scale point is 
applied and· the second step of the calibration process is initiated 
by again writing the appropriate values (0, 1, 1) to MD2, MDl 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable throughout the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo-

lar mode, the system calibration is performed between the two 
endpoints of the transfer function; in the bipolar mode, it is per
formed between midscale and positive full scale. 

This two-step system calibration mode offers another fearure. 
Mter the sequence has been completed, additional offset calibra
tions can be performed by themse1ves to adjust the zero refer
ence point to a new system zero reference value. This is 
achieved by performing the first step of the system calibration 
sequence (by writing 0, 1,0 to MD2, MD1, MOO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 

System Offset Calibration 
System offset calibration is a variation of both the system cali
bration and self-calibration. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. Sys
tem offset calibration is initiated by writing 1,0,0 to M02, 
MD1, MOO. The system zero scale coefficient is determined by 
converting the voltage ap to the AIN input, while the full-
scale coefficient is from the span between this AIN 
conversion and on an internal V REF node. The zero 
scale to the AIN input for the duration 

. This is a one-step calibration se-
low when the sequence is completed. 

offset calibration is performed 
of the transfer function; in the bipo-

rmed between midscale and positive full 

ation 
s a background calibration mode where 

s calibration procedure with its normal 
uence. In the background calibration mode, the 

nodes are used as the calibration points as are used in the 
-calibration mode (i.e., AGND and VREF). The background 

calibration mode is invoked by writing 1,0, 1 to M02, MOl, 
MOO of the control register. When invoked, the background 
calibration mode reduces the output data rate of the AD7711 by 
a factor of six. Its advantage is that the part is continually per
forming calibration and automatically updating its calibration 
coefficients. As a result, the effects of temperarure drift, supply 
sensitivity and time drift on zero and full scale errors are auto
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MD1 and MOO of the control register are changed. 

Table IV summarizes the calibration modes and the calibration 
points associated with them. 

Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be accommodated. The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of O.S x VREpiGAIN and a maximum value 
of2.1 x V~GAIN. 

The amount of offset that can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off
set of 0.25 x V~GAIN and a minimum offset of -(1.05 x 
V~GAIN). This offset range is limited by the requirement 
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AD7711 
Table IV. Calibration Truth Table 

Cal Type MD2, MDI, MOO 

Self-Cal 0,0, I 
System Cal 0, 1,0 
System Cal 0, I, I 
System Offset Cal 1,0,0 
Background Cal 1,0, I 

that the positive full-scale calibration limit is ,,; 1.05 x V REP/ 
GAIN. Thus, the maximum offset (0.25 x VREP/GAIN) plus 
the minimum span (0.8 x VREP/GAIN) cannot exceed 1.05 x 
VREP/GAIN. 

In the bipolar mode, the system offset calibration range is 
restricted to ±0.65 x VREP/GAIN. The span range of the 
converter in bipolar mode is equidistant around the voltage used 
for the zero scale point. Therefore, the maximum offset 
±(0.65 x VREP/GAIN) plus half the minimum span ±(0.4 x 
VREP/GAIN) must be less than ±(1.05 x VREP/GAIN). If the 
span is set to 2 x VREP/GAIN, the input offset cannot move 
more than ±(0.05 x VREP/GAIN) before the endpoints of the 
transfer function exceed the input overrange limits ±(1.05 x 
VREP/GAIN). 

POWER-UP AND CALmRATION 
On power-up, the AD7711 performs an . 
the contents of the control register to 
to ensure correct calibration for th 
should be performed after power-up 

The power dissipation and temperature drift 
low and no warm up time is required before the 'br 
tion is performed. However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 

Drift Considerations 
The AD7711 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and dc 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. The dc input leakage cur
rent is essentially independent of the selected gain but charge 
injection effects will increase with increasing gain. As a result, 
the offset drift numbers will be slightly larger for higher gains. 
Gain drift within the converter depends primarily upon the tem
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 

Measurement errors due to offset drift or gain drift can be elimi
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signa1 conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPUES AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. V BIAS provides the retum path for most of the analog 
currents flowing in the analog modulator. As a result, the V BIAS 

input should be driven from a low impedance to minimize errors 

Zero Scale Cal Full-Scale Cal Sequence 

AGND VREF One Step 
AIN Two Step 

AIN Two Step 
AIN VREF One Step 
AGND VREF One Step 

due to chargingldischarging impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground retum for this reference voltage. 

The analog and digital supplies to the AD7711 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital fIlter will 
provide rejection of broadband noise on the power supplies, 

'ples of the modulator sampling frequency. 
DD) must never exceed the analog posi
more than 0.3 V. Power supply sequenc-

portant. If separate analog and digital 
are must be taken to ensure that the analog 

fIrst. If this cannot be ensured, or if 
at any other time, a Schottky diode 

een DVDD and AVDD• 

• aI commuuications port provides a flexible 
w easy interfacing to industry standard mi

Dllcwcontrollers and digital signa1 processors. A 
to the AD7711 can access data from the output regis

control register or from the calibration registers. A seria1 
e to the AD7711 can write data to the control register or the 

calibration registers. 

Two different modes of operation are available, optimized for 
different types of interface where the AD7711 can act either as 
master in the system (it provides the serial clock) or as slave (an 
external serial clock can be provided to the AD7711). These two 
modes, labelled self-clocking mode and external clocking mode, 
are discussed in detail in the following sections. 

Self-Clocking Mode 
The AD7711 is confIgured for its self-clocking mode by tying 
the MODE pin high. In this mode, the AD7711 provides the 
seria1 clock signal used for the transfer of data to and from the 
AD7711. This self-clocking mode can be used with processors 
that allow an external device to clock their serial port, including 
most digital signa1 processors and microcontrollers such as the 
68HCll and 68HC05. It also allows easy interfacing to serial 
parallel conversion circuits in systems with parallel data commu
uication, allowing interfacing to 74XX299 Universal Shift regis
ters without any additional decoding. In the case of shift 
registers, the seria1 clock line should have a pull-down resistor 
instead of the pull-up resistor shown in Figure 8 and Figure 9. 

Read Operation 
Data can be read from either the output register, the control 
register or the calibration registers. AO determines whether the 
data read accesses data from the contIol register or from the out
put/calibration registers. This AO signa1 must remain valid for 
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AD7711 
the duration of the serial read operation. The function of the 
DRDY line is dependent only on the output update rate of the 
device and the reading of the output data register. DRDY only 
goes low when a new data word is available in the output data 
register. It is reset high when the last bit of data (either 16th bit 
or 24th bit) is read from the output register. If a new data word 
becomes available to the outpUt register while data is being read 
from the output register, DRDY will not indicate this and the 
new data word will be lost to the user. DRDY is not affected by 
reading from the control register or the calibration registers. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the SCLK 
and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7711. If RFS goes low withDRDY high, no data trans
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can, in most cases, be brought low at 
any time with the AD7711 clocking the data into the micropro
cessor, microcontroller or shift register when its clock and data 
lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 

iiiiiiY(O) 

AO(1) -----:::;;;~br'tL; 

iiFii(l) 

SCLK(O) 

Figures 8a and 8b show timing diagrams for reading from the 
AD7711 in the Self-Clocking mode. Figure 8a shows a situation 
where all the data is read from the AD7711 in one read opera
tion. Figure 8b shows a situation where the data is read from 
the AD7711 over a number of read operations. Both read opera
tions show a read from the AD7711's output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its status should be ignored. 

Figure Sa shows a read operation to the AD7711 where RFS 
remains low for the duration of the data word transmission. For 
the timing diagram shown, it is assumed that there is a pull up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7711 and also places the MSB of the word on the serial data 
line. All subsequent data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. e final active falling edge of SCLK 
clocks out the LSB LSB is valid prior to the final active 
rising edge of S . dent with the next falling edge of 

SOATA(O) -------------------1t:!~=t====:Jc:==~t)[====:x:1~:b~~~A~~!--

Figure 8a. Self-Clocking Mode, Output Data Read Operation 

ss 
ss 

AO(1) ________ ~+-----------~.s__----~S~S-------------

~---~S~~ ______ _ 

SClK(O) 

SOATA(O) -------------t~~t==:Jc:j 
Figure 8b. Self-Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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SCLK, DRDY is reset high. DRDY going high turns off the 
SCLK and the SDATA outputs. This means that the data hold 
time for the LSB is slightly shorter than for all other bits. 

Figure 8b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re
turns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing parameters and functions are very similar to 
that outlined for Figure 8a but Figure 8b has a number of addi
tional times to show timing relationships when RFS returns high 
in the middle of transferring a word. 

RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD7711, regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it turns on the SCLK output and acti
vates the SDATA output. The first bit placed on the SDATA 
line after RFS goes low is the same bit as appeared on the bus 
when RFS went high. When the entire word is transmitted, the 
DRDY line will go high turning off the SDATA and SCLK 
lines as per Figure 8a. 

Write Operation 
Data can be written to either the control regis 
registers. In either case, the write operati . 
the DRDY line and the write oper 
on the status of DRDY. 

AD7711 
Figure 9a shows a write operation to the AD7711 with TFS 
remaining low for the duration of the write operation. AO deter
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must 
remain valid for the duration of the serial write operation. The 
fa1ling edge of TFS enables the intema11y generated SCLK out
put. The seria1 data to be loaded to the AD7711 must be valid 
on the rising edge of this SCLK signal. Data is clocked into the 
AD7711 on the rising edge of the SCLK signal with the MSB 
transferred first. On the last active rising edge of SCLK, the 
LSB is loaded to the AD7711. Subsequent to the next fa1ling 
edge of SCLK, the SCLK output is turned off. (The timing dia
gram of Figure 9a assumes a pull up resistor on the SCLK line.) 

Figure 9b shows a timing diagram for a write operation to the 
AD7711 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Once 
again, the timin· of Figure 9b assumes a pull up resis-
tor on the t. Timing parameters and functions are 
very . ed for Figure 9a, but Figure 9b has a 

times to show timing relationships when 
the middle of transferring a word. 

again initiates the SCLK output and 
AD7711 must be valid prior to the ris

SCLK signal. The rising edge of TFS turns off 
t. TFS should return high during the low time 

TFS returns low again, it turns on the SCLK 
data bits have been written to the device, the 
med off as per Figure 9a. 

AG(I) -------'l--' .. --::.--~~ .... rI--4.S_-------....,...__1 

SCLK(O) 

SDATA(O) ----------1C~!:t==J..=j 

Figure 9a. Self-Clocking Mode, Control/Calibration Register Write Operation 

AG(Q -----l==;====~~l~t====~~~t============= 
mel) -------\ 

I--------!; 

SCLK(O) 

Figure 9b. Self-Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write Operation) 
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AD7711 
External Clocking Mode 
The AD7711 is configured for its external clocking mode by 
tying the MODE pin low. In this mode, SCLK of the AD7711 
is configured as an input and an external serial clock must be 
provided to this SCLK pin. This external clocking mode is de
signed for direct interface to systems which provide a serial 
clock output that is synchronized to the serial data output, in
cluding microcontrollers such as the 8OCS1, 87CS1, 68HCll and 
68HCOS and most digital signal processors. 

Read Operation 
Figures lOa and lOb show timing diagrams for reading from the 
AD7711 in the external clocking mode. Figure lOa'shows a situ
ation where all the data is read from the AD7711 in one read 
operation. FigUre lOb shows a situation where the data is read 
from the AD77ll over a number of read operations. 

As with the self-clocking mode, data can be read from either the 
output register, the control register or the calibration registers. 
AO determines whether the data read accesses data from the con
trol register or from the output/calibration registers. This AO 
signal must remain valid for the duration of the serial read oper
ation. The function of the DRDY line is dependent only on the 
output update rate of the device and the reading of the output 
data register. DRDY only goes low when a new data word is 
available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the 
put register .. If a new data word becomes available 

iiiiDv (0) 

AO (I) --'------'1-

RFS(I) 

SCLK(I) ________ +-_--1 

SDATA(O) ----------

register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or· the calibration register. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 
this external clocking mode, an external clock is applied to the 
SCLK input. The receiving device (microprocessor or microcon
troller) expects to see valid data on edges of this SCLK signal. 
However, with DRDY high SDATA is not active and no data is 
transmitted. DRDY does not have. any effect on reading data 
from the control register or from the calibration registers. 

Figure lOa shows a read operation to the AD7711 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is brought low. The input 
SCLK signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All sub t data bits are clocked out on a 
high to low serial clock and are valid prior to 
the folio . this clock .. The penultimate falling 
edge of the LSB and the final falling edge re

. This rising edge of DRDY turns off 

Figure 1Da. External Clocking Mode, Output Data Read Operation 

~~------~)r---------~SrS------------

AO(I) _____ --'I'--I-____ ilS;.-______ iS,S....-______ _ S SS 

~----~S~--~I S~~---------

SCLK(I) ---!----It~~·· ~~~ ~..~ 
, .. ~.~~ t~ ,~ 

3-STATE 
SDATA(O) ----------1 Msa '. BITN BITN+1 

RFS(I) 

Figure 1Db. External Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 

This information applies to a product underdevelopment Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no ob'iigation regarding future·manufacture unless otherwise agreed to in writing.· 

2-476 ANALOG-TO-DIGITAL CONVERTERS REV. 0 



turns low again to access the rest of the data word. Timing pa
rameters and functions are very similar to that outlined for 
Figure lOa but Figure lOb has a number of additional times to 
show timing relationships when RFS returns high in the middle 
of transferring a word. 

RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD7711, regardless of the number of times 
RFS changes state during the read operation. When RFS re
turns low again, it activates the SDA TA output and places the 
next bit of the data word on the SDATA output. When the en
tire word is transmitted, the DRDY line will go high turning off 
the SDATA output as per Figure lOa. 

Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 

Figure lla shows a write operation to the AD7711 with TFS 
remaining low for the duration of the write operation. AO det 
mines whether a write operation transfers data to the co 
register or to the calibration registers. This AO signal 
main valid for the duration of the serial write 
fore, the serial clock line should be low 
operations. The serial data to be load 
valid on the high level of the ext 
Data is clocked into the AD7711 on 

TfS(I) 

AD7711 
signal with the MSB transferred first. On the last active rising 
edge of SCLK, the LSB is loaded to the AD7711. 

Figure lib shows a timing diagram for a write operation to the 
AD7711 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Tim
ing parameters and functions are very similar to that outlined 
for Figure lla, but Figure lib has a number of additional times 
to show timing relationships when TFS returns high in the mid
dle of transferring a word. 

Data to be loaded to the AD7711 must be valid prior to the ris
ing edge of the SCLK signal. TFS should return high during 
the low time of SCLK . After TFS returns low again, the next 
bit of the data word to be loaded to the AD7711 is clocked in 
on next high level of the SCLK input. On the last active rising 
edge of the SCLK input, the LSB is loaded to the AD7711 as 
per Figure lla. 

e user may not require the facility of 
calibration registers. In this case, the se-

D7711 can be simplified by connecting the 
of the AD7711. This means that any 
d data to the control register (since 

is low) and any read to the device will ac-
e output data register or from the calibration 
o is high while RFS is low). It should be noted 
gement the user does not have the capability of 

ntrol register. 

Figure 11a. External Clocking Mode, Control/Calibration Register Write Operation 

~ SSS 
AG(I) ~~I32-I_-----;S-r-----~SSSS""'--------

I SS r~,---__ 
-]1 .. 1- j l30l-

SCLKP)--YLt~~ 
~~t-.~ 135_-~J.:-I .. "'.---__,. 

SDATA(I)~~ 

TFS(I) 

SS 

Figure 11 b. External Clocking Mode, Control/Calibration Register Write Operation (rFS Returns High During Write Operation) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Charge Balancing ADC 

21 Bits No Missing Codes 
:!:0.0015% Nonlinearity 

High Level and Low Level Analog Input Channels 
Programmable Gain for Both Inputs 

Gains from 1 to 128 
Differential Input for Low Level Channel 

Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internall External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power-Down Mode 

(50 fJoWtyp) 

APPLICATIONS 
Process Control 
Smart Transmitters 
Portable Industrial Instruments 

GENERAL DESCRIPTION 
The AD7712 is a complete analog 
measurement applications. The d 
channels and accepts either low level 
transducer or high level (±4 x VREF) signals ts a 
rial digital word. It employs a sigma-delta conversion techni 
to realize up to 21 bits of no missing codes performance. The 
low level input signal is applied to a proprietary programmable 
gain front end based around an analog modulator. The high
level analog input is attenuated before being applied to the same 
modulator. The modulator output is processed by an on-chip 
digital ftlter. The first notch of this digital ftlter can be pro
grammed via the on-chip control register allowing adjustment of 
the ftlter cutoff and settling time. 

Normally, one of the channels will be used as the main channel 
with the second channel used as an auxiliary input to periodi
cally measure a second voltage. The part can be operated from a 
single supply (by tying the V S5 pin to AGND) provided that the 
input signals on the low level analog input are more positive 
than -30 mY. By taking the VS5 pin negative, the part can con
vert signals down to -VREF on this low level input. This low
level input, as well as the reference input, features differential 
input capability. 

The AD7712 is ideal for use in smart, microcontroller based 
systems. Input channel selection, gain settings and signal polar
ity can be configured in software using the bidirectional serial 
port. The AD7712 also contains self-calibration, system calibra
tion and background calibration options and also allows the user 
to read and to write the on-chip calibration registers. 

·Patent pending. 

LC2MOS 
Signal Conditioning ADC 

AD7712* I 
FUNCTIONAL BLOCK DIAGRAM 

AI.,(.) o--..... -f-:l 
AI.'(-) 0----1 

REF OUT 

iYiiC 

iiTANiiiY 

r-=::::;--,,_).. :eLK 

r-----~~~~~::::~~~ 

'on ensures low power dissipation and a soft
ble power-down mode reduces the standby 

sumption to only 50 II-W typical. The part is available 
a 4-pin, 0.3 inch wide, plastic and hermetic dual-in-line 

package (DIP) as well as a 24-lead small outline (SOIC) 
package. 

PRODUCT IDGHUGHTS 
1. The low level analog input channel allows the AD7712 to 

accept input signals directly from a strain gage or transducer, 
removing a considerable amount of signal conditioning. To 
maximize the flexibility of the part, the high level analog 
input accepts signals of ±4 x VRmJGAIN. 

2. The AD7712 is ideal for microcontroller or DSP processor 
applications with an on-chip control register that allows con
trol over ftlter cutoff level, input gain, channel selection, sig
nal polarity and calibration modes. 

3. The AD7712 allows the user to read and to write the on-chip 
calibration registers. This means that the microcontroller has 
much greater control over the calibration procedure. 

4. No Missing Codes ensures true, usable, 2l-bit dynamic range 
coupled with excellent ±0.OOI5% accuracy. The effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero scale and full-scale errors. 
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(AVDD = +5 V to +10 V; DVDD = +5 V; REF OUT = REF IN(+); REF IN(-) = 

AD7712 - SPEC I FI CATI ONS ~:~~~ ~~'!!~S8=n::~Z unless otherMS8 stated., All specifications TMIN to TMAX• 

STATIC PERFORMANCE 
No Missing Codes 
OutpUt Noise 
Integral Nonlinearity 
Positive Full-Scale Error" • 
Full-Scale Drift' 
Unipolar Offset Error' 
Unipolar Offset Drift" 
Bipolar Zero Error' 
Bipolar Zero Drift" 
Bipolar Negative Full-Scale Error' 
Bipolar Negative Full-Scale Drift" 

ANALOG INPUTSlREFERENCE INPUTS 
50 Hz Rejection" 
60 Hz Rejection" 
AINIIREFIN 

DC Input Leakage Current" @ + 25'C 
TMJN 10 TMAX 
Sampling Capacitance" 
Source Impedance 

Common-Mode Rejection (CMR) 
Common~Mode Voltage Range7 

Analog Inputs 
Input Sampling Rate, f. 
AINI Input Voltage Range" 

AIN2 Input Voltage Range 

AIN2 de Input Current 
Reference Inputs 

REF IN(+) - REF IN(-) Voltage 
Input Sampling Rate, f. 

REFERENCE OUTPUT 
OutpUt Voltage 
Initial Tolerance 
Drift 
Line Regulation (AVDD) 

Load Regulation 
External Current 

VBIASINPUT 
Input Voltage Range 

LOGIC INPUTS 
Input, Current 
All Inputs Except MCLK IN 

VINL, Input Low Voltage 
V INH' Input High Voltage 

MCLKIN Only 
VINL, Input Low Voltage 
V INH' Input High Voltage 

A, S Venions1 

21 
See Tables I & II 
±0.00l5 
See Note 4 
1 
See Note 4 
I 
See Note 4 
I 
±0.OOI5 
I 

100 
100 

10 
I 
20 
10 

100 
Vss 10 AVDD 

+2.510 +5 
6",,512 

Units 

Bits min 

%ofFSRmax 

.,.vrc max 

.,.vrc max 

.,.vrc max 
%ofFSRmax 
.,.vrc max 

dB min 
dB min 

pAmax 
nAmax 
pFmax 
kOmax 

2.5 V nom 
±I % max 
25 ppmI'C typ 
I mVNmax 
1 mVlmAmax 
1 mAmax 

AVDD - 0.85 X VRBF V max 
V .. + 0.85 X VRBF V min 

±JO 

0.8 
2.0 

0.8 
3.5 

V max 
V min 

V max 
V min 

Corufidon~u 

Guaranteed by Design 
Depends on Filter CUlOff. and Selected Gain 
Filter Notches s 60 Hz 
Excluding Reference 
Excluding Reference 

Excluding Reference; Typically ±0.0004% 
Excluding Reference 

For Filter Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 X fNOTCH 
For Filter Notches of 10 Hz, 30 Hz, 60 Hz, ±0.02 x fNOTCH 

Outputlntpedance of Wbatever 
Analog Input 

Operation. Depends on Gain Selected 
Input Range (BIU Bit of Control Register = 0) 
put Range (BIU Bit of Control Register = I) 

Operation. Depends on Gain Selected 
ut Range (BIU Bit of Control Register = 0) 

put Range (BIU Bit of Control Register = I) 
2 = ±IO V 

For Specified Performance 

Maximum Load Current 1 mA 

See V BIAS Input Section 
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Parameter 

LOGIC OUTPUTS 
VOL' Output Low Voltage 
VOH' OutpUt High Voltage 
Floating State Leakage Current 
Floating State OutpUt Capacitance'· 

TRANSDUCER BURN-OUT 
Current 
Initial Tolerance 
Drift 

SYSTEM CALIBRATION 
AIN1 

Positive Full-Scale Calibration Limit" 
Negative Full-Scale Calibration Limit" 
Offset Calibration Limit'" " 
Input Span" 

AIN2 
Positive Full-Scale Calibration Limit" 
Negative Full-Scale Calibration Limit" 
Offset Calibration Limit" 
Input Span 

POWER REQUIREMENTS 
Power Supply VoltageS 

AVDD - Vss Voltage 
DVDD Voltage 

Power Supply Currents 
AV DD Current 
DV DD Current 
Vss Current 

Power Supply Rejection" 
Positive Supply (A V DD)" 

Negative Supply (V,,) 
Power Dissipation 

Norma/Mode 
Norma/Mode 
Standby (power-Down) Mode 

NOTES 

A, S Versions' Units 

0.4 V max 
4.0 V min 
±10 .,.A max 
9 pF typ 

100 RAnom 
±10 %typ 
100 ppmr<:typ 

(1.05 x VREF)/GAIN V max 
-(1.05 x VREF)/GAIN V max 
-(1.05 x VREF)/GAIN V max 
0.8 x V""",GAIN V min 
(2.1 x VREF)/GAIN V max 

(4.2 x VREF)/GAIN V max 
-(4.2 x VREP)/GAIN 
-(4.2 x VREP)/GAIN 
3.2 x V""",GAIN 
(8.4 x VREF)/GAIN 

40 
45 
100 

mWmax 
mWmax 
",Wmax 

'Temperature rauges are as follows: A Venioo, -4O"C 10 +85"C; S Venioo -55"C 10 + 125"C. 
'Applies after calibration at the temperature of interest. 
'Positive full-sca1e error applies 10 both unipolar and bipolar input rauges. 
"These 0l'l'0lS will be of the order of the output noise of the part, as shown in Table I. 

AD7712 
Conditions/Comments 

IS'NK = 1.6 mA 
IsoURcE = 100 .,.A 

GAIN Is !be Selected PGA Gain (Betweeo 1 and 128). 
GAIN Is !be Selected PGA Gain (Betweeo 1 and 128). 
GAIN Is !be Selected PGA Gain (Between 1 and 128). 
GAIN Is !be Selected PGA Gain (Betweeo 1 and 128). 
GAIN Is !be Selected PGA Gain (Betweeo 1 and 128). 

AVDD = DVDD = +5 V, V" = 0 V; Typically 25 mW 
AVDD = DVDD = +5 V, Vs, = -5 V; Typically 30 mW 
AVDD = DVDD = +5V, V" =OVor -5 V; Typica1ly50",W 

'Recalibration at any temperature or use of the background calibration mode will remove these drift errors. Tbese numbers are guaranteed by design and/or 
characterization. 

"These numbers are guaranteed by design and/or characterization. 
'This common-mode voltage l'IIIIII" is allowed provided that the absolute value of the input voltage does not exceed A V DD + 30 mV and V ss - 30 mV. 
"The AINI ana10g input presenu a very high impedance dynamic load wbicb varies with clock frequency and input Satnpl. rate. The msaimum recommended source 
resistance is 10 kfl. 

"VllBP = REF IN( +) - REF IN( -). 
u'Sample tested at + 25"C 10 ensure compliance. 
"After calibration, if the analog input exceeds positive full scale, the converter will output allis. If the ana10g inPut is less than negative full scale, then the device will out-

put all Os. 
"Tbese calibration and span Iimiu apply provided that the absolute voltage on the ana10g inpuu does not exceed V DD or does not 80 more negative than V ss - 30 mV. 
"The offset calibration limit applies 10 both the unipolar zero point and the bipolar zero point. 
"Measured at de and applies in the se1ected passband. PSRR at 50 Hz will exceed 120 dB with filter notcbes of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will exceed 120 dB 

with filter notches of 10 Hz, 30 Hz or 60 Hz. 
"This number can be improved (to 95 dB typ) by derivins the VBIAS voltage (vis Zener diode or reference) from the AVDD supply. 

Specifications subject 10 cbanse without notice. 
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AD7712 
ABSOLuTE MAXIMUM RATINGS· 
(T A = + 25"C unless otherwise noted) 

AVoo to Vss ..............••..... -0.3 V to + 12 V 
AVoo to AGND .............•.•... -0.3 V to +12 V 
AVoo to DGND .................. -0.3 V to +12 V 
DVoo to AGND ................... -0.3 V to +6 V 
DVoo to DGND ................... -0.3 V to +6 V 
Vss to AGND ......•.........•.... +0.3 V to -6 V 
Vss to DGND ..................... +0.3 V to -6 V 
AGND to DGND •....•....... -0.3 V to AVoo+O.3 V 
Analog Input Voltage to AGND .• Vss-0.3 V to AVoo+0.3 V 
Reference Input Voltage to AGND 

• • • • • • • • • • • • <; ••••••••• Vss-0.3 V to AVoo+0.3 V 
REF OUT to AGND ..........••.... -0.3 V to AVoo 

Digital Input Voltage to DGND .... -0.3 V to DVoo+0.3 V 
Digital Output Voltage to DGND ... -0.3 V to DVoo+0.3 V 
Operating Temperature Range . 

Commercial (A Version) .•......••••. -4O"C to +8SoC 
Extended (S Version) .••....•.•••.. -SS"C to + 125°C 

Storage Temperature Range ....•.•••.. -65°C to + lSO"C 
Lead Temperature (Soldering, 10secs) ........... + 300"C 
Power Dissipation (Any Package) to +7SoC ....... 450 mW 

·Stre1Ises above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a sttess rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operatinnal sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability • 

CAUTlON __________ -------------------------------------
ESD (electrostatic discharge) Sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 

WARNING! d 
~~cDcvlce should be discharged to the destination socket before devices are inserted. 

TIMING CHARACTERISTICS1, 2 (DVaa :: +5V:i: 1D~;AVaa-
DGND - 0 V; fCLKIN - 1 

Limit at T MIN' T 
Parameter (A, S Versions) 

fCLKIN3,4 400 
12 
400 
10 

~KINLO 0.2 X ~KIN 
0.8 X ~IN 

~KINHI 0.2 X ~KIN 
0.8 X !eLKIN nsmax 

t/ 50 nsmax 

t? 50 nsmax 
tl 1000 nsmin 
Self-Clocking Mode 

t2 4 x ~KIN nsmin 
t, 4x~1N nsmin 

4 2 x !eLKIN nsmin 
t5 50 nsmin 
1,; 4 x ~KIN nsmax 
t76 3 x !eLKIN nsmax 
t86 ~KINI2 nsmin 

~rnl2 + 20 nsmax 

~ ~KINI2 nsnom 
tlO 3 x ~KINI2 nsnom 
t11 10 nsmin 

~KINI2 nsmax 
t12 20 nsmax 
t1/ 20 nsmax 
t14 2 x ~KIN nsmin 
t15 50 nsmin 
t16 4 x !eLKIN nsmax 
t17 4 x ~KIN nsmin 
t18 20 nsmin 
t19 20 nsmin 

;Vss = DVor -5V ±10%;AGND = 
gic 1 = DVaa, unless othelWise stated,) 

ock Frequency: Internal Gate Oscillator 
10 MHz; 10 MHz for Specified Performance 

Frequency: Externally Supplied 

Master Clock Input High Time 

Digital Output Rise Time; Typically 20 ns 
Digital Output Fall Time; Typically 20 ns 
SYNC Pulse Width 

DRDY to RFS Setup Time. ~ IN = l/fCLK IN 
DRDY to RFS Hold Time 
AO to RFS Setup Time 
AO to RFS Hold Time 
RFS Low to SCLK Falling Edge 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 

SCLK High Pulse Width 
SCLK Low Pulse Width 
RFSITFS to SCLK Falling Edge Hold Time 

RFSITFS to SCLK Delay 
RFS to Data Valid Hold Time 
AO to TFS Setup Time 
AO to TFS Hold Time 
TFS to SCLK Falling Edge Delay Time 
TFS to SCLK Falling Edge Hold Time 
Data Valid to SCLK Setup Time 
Data Valid to SCLK Hold Time 

This information applies to·a product under development. Its characteristics and speCifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

External Clocking Mode 
fSCLK 

t 20 

t21 

t22 

t 23 

t 2/ 

t 2," 

NOTES 

Limit at T MIN, TMAX 
(A, S Versions) 

fCLK INIS 
4 x 1cLK IN 

4 x 1cLK IN 

2 x tcLK IN 

SO 
3 X tcLK IN 

tcLKIN/2 
tcLK IN/2 + 20 
2 X 1cLKIN 

2 x tcLK IN 

10 
10 
20 
10 
tcLKIN 

20 
2 x tcLK IN 

SO 
10 
20 
20 

Units 

MHz max 
ns min 
ns min 
ns min 
nsmin 
nsmax 
nsmin 
nsmax 
nsmin 
nsmin 
nsmax 
nsmin 
nsmax 
nsmin 
nsmax 

Conditions/Comments 

Serial Clock Input Frequency 
DRDY to RFS Setup Time 
DRDY to RFS Hold Time 
AO to RFS Setup Time 
AO to RFS Hold Time 

AD7712 

Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 

SCLK High Pulse Width 
SCLK Low Pulse Width 
SCLK Falling Edge to DRDY High 
DRDY to Data Valid Hold Time 

SCLK Falling Edge Hold Time 

ta Valid Hold Time 
Setup Time 
Hold Time 

dge to TFS Hold Time 
o SCLK Setup Time 

alid to SCLK Hold Time 

'Sample tested at +25·C to ensure oompli 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 9 to 12. 
'CLK IN duty cycle range is 20% to 80%. ANDBY mode. If no clock is present in this case, the 
device can dtaw higher current than speci 

'The AD7712 is production tested with fcLK IN at I 
'Specified using 10% and 90% points on waveform of 
'These numbers are measuted with the load circuit of Figure I and define 
'These numbers are derived from the measuted time taken by the data outp e 0.5 V when loaded with the circuit of Figure 1. The measuted number 
is then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and, as such, are independent of external bas loading capacitances. 

TO OUTPUT 
PIN +2.1V 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 

PIN CONFIGURATION 
DIP and SOiC 

SCLK DGND 

DV OD 

SDATA 

0FiDv 
RFS 

TFS 

AGND 

AIN2 

REF OUT 

REF IN(+) 

REFIN(-) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7712 
PIN FUNCTION DESCRIPTION 

Pin 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Mnemonic 

SCLK 

MCLKIN 

MCLKOUT 

AO 

SYNC 

MODE 

AINl(+) 

AINl(-) 

STANDBY 

TP 
Vss 

AVoo 
VBIAS 

REF IN(-) 

REF IN(+) 

REF OUT 

AGND 

AIN2 

Function 

Serial Clock. Logic Input/Output depending on the status of the MODE pin. When MODE is high, the 
device is in its self-cIocking mode and the SCLK pin provides a serial clock output. This SCLK 
becomes active when RFS or TFS goes low and it goes high impedance when either RFS or TFS 
returns high or when the device has completed transmission of an output word. When MODE is low, 
the device is in its external clocking mode and the SCLK pin acts as an input. This input serial clock 
can be a continuous clock with all data transmitted in a continuous train of pulses. Alternatively, it can 
be a noncontinuous clock with the information being transmitted to the AD7712 in smaller batches of 
data. 

Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A 
crystal can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can 
be driven with a CMOS-compatible clock and MCLK OUT left unconnected. The clock input 
frequency is nominally 10 MHz. 

When the master clock for the device is a crystal, the crystal is connected berween MCLK IN and 
MCLKOUT. 

Address Input. With this input low, reading and writing to the . is to the control register. With 
this input high, access is to either the data register or the cali 

Logic Input which allows for synchronization of the 
resets the nodes of the digital filter. 

Logic Input. When this pin is high, the 
is in its external clocking mode. 

Analog Input Channel 1. Posi 
AIN1( +) input is co 
transducer has 
control 

Analog gain differential analog input. 

g and digital circuitry, reducing power 

Analog Negative Supply, 0 to -5 V. to AGND for single supply operation. The input voltage on 
AINI should not go> 30 mV negative w.r.t. Vss for correct operation of the device. 

Analog Positive Supply Voltage, +5 V to +10 V. 
Input Bias Voltage. This input voltage should be set such that VBIAS + VREF < Voo and VBIAS -
V REF > V ss where V REF is REF IN( +) - REF IN( -). Ideally, this should be tied halfway between 
AVoo and VSS. Thus, with AVOD = +5 V and Vss = 0, it can be tied to REF OUT; with AVoo = 
+5 V and Vss = -5 V, it can be tied to AGND, while with AVOD =+10 V, it can be tied to +5 Vor 
to REF OUT. 

Reference Input. The REF IN(-) can lie anywhere between AVoo and Vss provided REF IN(+) is 
greater than REF IN( - ). 

Reference Input. The reference input is differential providing that REF IN( + ) is greater than REF 
IN(-). REF IN(+) can lie anywhere between AVoo and Vss. 

Reference Output. The internal + 2.5 V reference is provided at this pin. This is a single-ended output 
which is referred to AGND. 

Ground reference point for analog circuitry. 

Analog Input Channel 2. High-level analog input which accepts an analog input voltage range of ±4 X 

VREplGAIN. At the nominal VREF of +2.5 V and a gain of 1, the AIN2 input voltage range is ± 10 V. 

Transmit Frame Synchronization. Active low logic input used to write serial data to the device with 
serial data expected after the falling edge of this pulse. In the self-clocking mode, the serial clock 
becomes active after TFS goes low. In the external clocking mode, TFS must go low before the first bit 
of the data word is written to the part. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7712 

Pin Mnemonic Function 

20 RFS Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 

21 DRDY Logic output. A falling edge indicates that a new output word is available for transmission. The DRDY 
pin will return high upon completion of transmission of a full output word. DRDY is also used to 
indicate when the AD7712 has completed its on-chip calibration sequence. 

22 SDATA Serial Data. Input/Output with serial data being written to the control register or accessed from the data 
registers. During a read operation, serial data becomes active after RFS goes low. During a write 
operation, valid serial data is expected on the rising edges of SCLK when TFS is low. 

23 DVDD Digital Supply Voltage, +5 V. DVDD should never exceed AVDD by more than 0.3 V. If DVDD powers 
up before AVDD, or if DVDD can exceed AVDD by more than 0.3 V at any other time, a Schottky diode 
should be placed between the two pins. 

24 DGND Ground reference point for digital circuitry. 

TERMINOLOGY 
INTEGRAL NONLINEARITY 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code trans' 
tion (000 ... 000 to 000 ... 001) and full scale, a poin 
above the last code transition (Ill ... 110 to III 
The error is expressed as a percentage of 

Positive full-scale error is the 
tion (lll ... 110 to III ... Ill) 
voltage. For AINI( +), the ideal full-scale' 
(AINI(-) + VR~GAIN -3/2 LSBs); for AI the ideal ti 
scale voltage is +4 x VREF/GAIN -3/2 LSBs. Positive Full
Scale Error applies to both unipolar and bipolar analog input 
ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal input voltage. For AINI( +), the ideal input 
voltage is (AINI( -) + 0.5 LSB); for AIN2, the ideal input is 
0.5 LSB when operating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0 III . . . III to 
1000 ... 000) from the ideal input voltage. For AINI( +), the 
ideal input voltage is (AINI( -) - 0.5 LSB); for AIN2, the ideal 
input voltage is -0.5 LSB when operating in the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
input voltage. For AINI( +), the ideal input voltage is (AINI( -) 
-V~GAIN + 0.5 LSB); for AIN2, the ideal input voltage is 
(-4 x VREplGAIN+O.s LSB) when operating in the bipolar 
mode. 

OVERRANGE 
rrange is the amount of overhead avail
ltages on AINI( +) input greater than 

AIN) or on AIN2 of greater than 
( for example, noise peaks or excess voltages 

s in system calibration routines) without 
to overloading the analog modulator or to 

digital filter. 

t of overhead available to handle voltages on 
AIN(-) -VREplGAIN) or on AIN2 below 

AIN without overloading the analog modulator or 
wmg the digital filter. Note that the analog input will 

cept negative voltage peaks on AINI( + ) even in the unipolar 
mode provided that AINI( +) is greater than AINI( -) and 
greater than V S8 - 30 m V. 

OFFSET CALffiRATION RANGE 
In the system calibration modes, the AD7712 calibrates its offset 
with respect to the analog input. The offset calibration range 
specillcation defmes the range of voltages that the AD7712 can 
accept and still calibrate offset accurately. 

FULL·SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7712 can accept in the 
system calibration mode and still calibrate full-scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7712's analog input define the analog input range. 
The input span specification defmes the minimum and maxi
mum input voltages from zero to full scale that the AD7712 can 
accept and still calibrate gain accurately. 
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AD7712 
CONTROL REGISTER (24 BITS) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. 

I M02 I MDI I MOO I G2 IGl IGO I CH I PO I WL I X I BO I BIU I 
I FSll I FSIO I FS9 FS8 FS7 FS6 FSS I FS4 FS3 FS2 FSI FSO 

x ~ Don't Care. 

Operating Mode 
MD2 MDI MDO 

000 

o 0 

o 0 

o 

o o 

o 

o 

Operating Mode 

Normal Mode. This is the . normal mode of operation of the device whereby a read to the device accesses 
data from the data register. This is the default condition of these bits after the internal power-on reset. 
Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one
step calibration sequence, and when complete the part returns to Normal Mode. The DRDY output 
indicates when this self-calibration is complete. For this calibration type, the zero scale calibration is 
done internally on AGND and the full-scale calibration is done int on V REP' 

Activate System Calibration. This activates system calibratio el selected by CH. This is a 
two-step calibration sequence, with the zero scale calib n the selected input channel 
and OROY indicating when this zero scale calib e part returns to Normal Mode at 
the end of this first step in the two-step 
Activate System Calibration. This 
calibration being performed on th 
scale calibration is comp 
Activate System 'bration on the channel selected by 
CH. This is ormal Mode with DRDY indicating 
when this s n type, the zero scale calibration is 
done on the done intemally on VREF• 

Activate Background 'bration on the channel selected by CH. 
IC the background calibra mode 18 7712 provides continuous self-calibration of the 
reference and AGND. This calibration ce as part of the conversion sequence, extending the 
conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does 
not have to worry about recalibrating the device when there is a change in the ambient temperature. In 
this mode, AGND and VREF, as well as the analog input voltage, are continuously monitored and the 
calibration registers of the device are automatically updated, if necessary. 

ReadlWrite Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the zero scale calibration coefficients of the channel selected by CH. The word length 
for reading and writing these coefficients is 24 bits, regardless of the statuS of the WL bit of the control 
register. 
ReadlWrite Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the full-scale calibration coefficients of the channel selected by CH. The word length 
for reading and writing these coefficients is 24 bits regardless, of the status of the WL bit of the control 
register. 
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PGA GaiD 
G2 Gl GO Gain 

0 0 0 1 (Default Condition Mter the 
0 0 1 2 Internal Power-On Reset) 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

Channel Selection 

CH Channel 

0 AINI 
1 AIN2 

Power-Down 
PD 

Low Level Input 
High Level Input 

(Default Condition After the 
Internal Power-On Reset) 

o Normal Operation 
1 Power-Down 

(Default Condition After the 
Internal Power-On Reset) 

Word Length 
WL Output Word Length 

o 16-Bit 
1 24-Bit 

Burn-Out Current 

BO 

o Off (Default Condition After 
1 On Internal Power-On Reset) 

BipolarlUnipolar Selection 

DIU 

o 
1 

Bipolar 
Unipolar 

(Default Condition Mter 
Internal Power-On Reset) 

Filter Selection (FSll-FSO) 
The on-chip digital filter provides a Sinc3 (or (Sinx/xi filter re
sponse. The 12 bits of data programmed into these bits deter
mine the filter cutoff frequency, the position of the first notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 

The first notch of the filter occurs at a frequency determined by 
the relationship: filter first notch frequency = (fCLK IN/SI2)1 
code where code is the decimal equivalent of the code in bits FSO 
to FSll and is in the range 19 to 2,000. With the nominal fCLK 
IN of 10 MHz, this results in a first notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD7712, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified 
operation of the device. 

AD7712 
Changing the filter notch frequency, as well as the selected gain, 
impacts resolution. Tables I and II and Figure 2 show the effect 
of the filter notch frequency and gain on the effective resolution 
of the AD7712. The output data rate (or effective conversion 
time) for the device is equal to the frequency selected for the 
first notch of the fIlter. For example, if the first notch of the 
filter is selected at 50 Hz, then a new word is available at a 
50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new 
word is available every 1 ms. 

The settling time of the fIlter to a full-scale step input change is 
worst case 4x the data rate. For example, with the first filter 
notch at 50 Hz, the settling time of the filter to a full-scale step 
input change is 80 ms max. If the first notch is at 1 kHz, the 
settling time of the filter to a full-scale input step is 4 ms max. 

The - 3 dB frequency is determined by the programmed first 
notch frequency ac rding to the relationship: filter - 3 dB 
frequency = first notch frequency. 

Table ut rms noise for some typical notch and 
The numbers given are for the bipolar input 
of +2.5 V. The numbers in Table I are 

ination of testing, characterization and 
from the part comes from two sources, 

from the analog-to-digital conversion pro-
oise. Device noise is independent of gain and 

y flat across the frequency spectrum. Quantization 
ric to the input full-scale (and hence gain) and 

onse is shaped by the modulator. 

able I, as the cutoff frequency increases, the out
ise increases because more of the quantization noise of the 

rt comes through to the output and, hence, the output noise 
increases with increasing - 3 dB frequencies. For the lower 
notch settings, the output noise is dominated by the device noise 
and, hence, altering the gain has little effect on the output 
noise. At higher notch frequencies, the quantization noise domi
nates the output noise and, in this case, the output noise tends 
to decrease with increasing gain. 

Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. Table II shows the same ta
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re
spect to 2 x VREplGAIN, i.e., the input full scale). It is possi
ble to do post filtering on the device to improve the output data 
rate for a given - 3 dB frequency and also to reduce further the 
output noise (see Digital Filtering section). 

Figure 2 gives similar information to that outlined in Table I. In 
this plot, the output rms noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 
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AD7712 
Table I. Output Noise vs. Gain aud First Notch Frequency 

First Notch of Output RMS Noise (J.l.V) 
Filter aud OIP -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Ratel Frequency 1 2 4 8 16 32 64 128 

IOHr 2.62 Hz 1.7 0.84 0.60 0.42 0.42 0.42 0.42 0.42 
25 Hr 6.55 Hz 3.4 1.7 1.2 0.60 0.60 0.60 0.60 0.60 
30Hr 7.86 Hz 3.4 2.4 1.2 0.84 0.84 0.60 0.60 0.60 
50Hr 13.1 Hz 9.5 4.8 2.4 1.7 1.2 0.84 0.84 0.84 
60Hr 15.72 Hz 13.5 6.7 3.4 1.7 1.2 1.2 0.84 0.84 
100 Hz3 26.2 Hz 54 27 13.5 6.7 3.4 1.7 1.7 1.2 
250Hz3 65.5 Hz 432 216 108 54 27 13.5 6.7 4.8 
500 Hz3 131 Hz 2.4 x 103 1.2 x lQ3 610 305 153 76 38 19 
1 kHz3 262 Hz 13.8 x 103 6.9 x W 3.4 X 103 1.7 X 103 863 432 216 108 

NOTES 
'The default condition (after the intOma! powet-on reset) for the first notch of fillet is 60 Hz. 
'For these fillet notch frequencies, the output rms noise is primarily independent of the value of the reference voltage. Thetefore, increasing the reference volt
age will give an incresse in the effective resolution of the device (i.e., the ratio of the rms noise to the input full scs1e is incressed since the output rms noise 
remains constant as the input full·scs1e increases). 

'Por these fillet notch frequencies, the output rms noise is proportional to the value of the reference 

First Notch of 
Filter and OIP -3 dB Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 32 64 128 

10Hz 2.62 Hz 21 18.5 17.5 16.5 
25 Hz 6.55 Hz 20 18 17 16 
30Hz 7.86 Hz 20. 18 17 16 
50Hz 13.1 Hz 19 17.5 16.5 15.5 
60Hz i5.72 Hz 18.5 17 16.5 15.5 
100Hz 26.2 Hz 16.5 16.5 15.5 15 
250Hz 65.5 Hz 13.5 13.5 13.5 13 
500Hz 131 Hz 11 11 11 11 
1 kHz 262 Hz 8.5 8.5 8.5 8.5 

NOTE 
'Effective resolution is defined as the ~tude of the output rms noise to the input full scs1e (i.e., 2 x VRB.,IGAIN). The above table applies for a VRBF of 
+2.5 V and resolution numbers-are roUnded to the nearest O.S LSD. 
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Frequency (Gains of 16 to 128) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-488 ANALOG-TO·DIGITAL CONVERTERS REV. 0 



CIRCUIT DESCRIPTION 
The AD7712 is a sigma-delta AID converter with on-chip digital 
filtering, intended for the measurement of wide dynamic range, 
low frequency signals such as those in industrial control or pro
cess control applications. It contains a sigma-delta (or charge
balancing) ADC, a calibration microcontroller with on-chip 
static RAM, a clock oscillator, a digital filter and a bidirectional 
serial communications port. 

The part contains two analog input channels, one programmable 
gain differential input and one programmable gain high-level 
single-ended input. The gain range on both inputs is from I to 
128. For the AINI input, this means that the input can accept 
unipolar signals of between 0 to +20 mV and 0 to +2.5 Vor 
bipolar signals in the range from ±20 mV to ±2.5 V when the 
reference input voltage equals +2.5 V. The input voltage range 
for the AIN2 input is ±4 x V RmJGAIN and is ± 10 V with the 
nominal reference of + 2.5 V and a gain of 1. The input signal 
to the selected analog input channel is continuously sampled at a 
rate determined by the frequency of the master clock, CLK IN, 
and the selected gain (see Table III). A charge balancing AID 
converter (Sigma-Delta Modulator) converts the sampled signal 
into a digital pulse train whose duty cycle contains the digi 
information. The programmable gain function on the 
put is also incorporated in this sigma-delta mo 
input sampling frequency being modified to 
gains. A sinc' digital low pass filter p 
sigma-de1ta modulator and upda 
determined by the first notch fi 
put data can be read from the seri 
cally at any rate up to the output register u 
notch of this digital filter (and hence its - 3 dB uency) 
be programmed via an on-chip control register. The pro 
ble range for this first notch frequency is from 9.76 Hz to 
1.028 kHz, giving a programmable range for the - 3 dB fre
quency of 2.58 Hz to 269 Hz. 

The basic connection diagram for the part is shown in Figure 3. 
This shows the AD7712 in the external clocking mode with both 
the AV DD and DV DD pins of the AD7712 being driven from 
the analog + 5 V supply. Some applications will have separate 
supplies for both AVDD and DVDD, and in some of these cases, 
the analog supply will exceed the + 5 V digital supply (see 
Power Supplies and Grounding section). 

The ADnl2 provides a number of calibration options which 
can be programmed via the on-chip control register. A calibra
tion cycle may be initiated at any time by writing to this control 
register. The part can perform self-calibration using the on-chip 
calibration microcontroller and SRAM to store calibration pa
rameters. Other system components may also be included in the 
calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or 
asking the device to recalibrate when there is a change in the 
ambient temperature or power supply voltage. 

AD7712 
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es the user access to the on-chip calibration reg
microprocessor to read the device's calibra

cients and also to write its own calibration coefficients 
. s gives the microprocessor much greater control 

's calibration procedure. It also means that the 
that the device has performed its calibration cor

comparing the coefficients after calibration with pre
ored values in E2PROM. 

The AD7712 can be operated in single supply systems provided 
that the analog input voltage on the AINI input does not go 
more negative than 30 mY. For larger bipolar signals on the 
AINI input, a Vss of -5 V is required by the part. For battery 
operation, the AD7712 also offers a software programmable 
standby mode that reduces idle power consumption to typically 
50 .... W. 

THEORY OF OPERATION 
The general block diagram of a sigma-delta ADC is shown in 
Figure 4. It contains the following elements. 

1. A sample-hold amplifier. 

2. A differential amplifier or subtractor. 

3. An analog low-pass filter. 

4. A I-bit AID converter (comparator). 

5. A I-bit DAC. 

6. A digital low-pass filter. 

COMPARATOR 

Figure 4. General Sigma-Delta ADC 
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AD7712 
In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 

Oversampling is fundamental to the operation of sigma-delta 
ADCs.Using the quantization noise formula for an ADC: 

SNR = (6.02 x number of bits + 1.76) dB, 

a I-bit ADC or comparator yields an SNR of 7.78 dB. 

The AD7712 samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog filtering in the modulator loop, which shapes the 
quantization noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor
mance is thus improved from this I-bit level to the performance 
outlined in Tables I and II and in Figure 2. 

The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse train appearing at the output of the com 
tor. It can be retrieved as a parallel binary data word 
digital filter. 

Sigma-delta ADCs are generally describ 
analog low pass filter. A simple exampl 
delta ADC is shown in Figure 5. This s 
low pass filter or integrator. It also illustrates 
the alternative name for these devices : Charge B 

DlFFEREN11AL 
AMPLIFIER INTEGRATOR 

VIN + 

,,- - -.is- - : 
~----~'~r _~~'------~ 

"" ls_ ~A~J 
Figure 5. Basic Charge Balancing ADC 

It consists of a differential amplifier (whose output is the differ
ence between the analog input and the output of a I-bit DAC), 
an integrator and a comparator; The term, "charge-ba1ancing," 
comes from the fact that this system is a negative feedback loop 
that tries to keep the net charge on the integrator capacitor at 
zero by ba1ancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution to the integrator output comes from 
the I-bit DAC. For the net charge on the integrator capacitor to 
be zero, the DAC output must spend half its time at + FS and 
half its time at - FS. Assuming ideal components, the duty 
cycle of the comparator will be 50%. 

WJren a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at + FS, so the 

duty cycle of the comparator increases. When a negative input 
voltage is applied, the duty cycle decreal\es. 

The AD7712 uses a second-order sigma-delta modulator and a 
digital filter that provides a rolling average of the sampled out
put. After power-up, or if there is a step change in the input 
voltage, there is a settling time that must elapse. before valid 
data is obtained. 

Input Sample Rate 
The modulator sample frequency for the device remains at 
fcLK IN/512 (20 kHz @ feLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x I are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The 
effective input impedance is IIC • fs where C is the input sam
pling capacitance and fs is the input sample rate. 

piing Frequency vs. Gain 

requency (fs) 

o kHz @ fCLK IN = 10 MHz) 
12 (40 kHz @ feLK IN = 10 MHz) 
2 80 kHz @ fCLK IN = 10 MHz) 

60 kHz @ fCLK IN = 10 MHz) 
IN 12 (160 kHz @ feLK IN = 10 MHz) 
IN/512 (160 kHz @ feLK IN= 10 MHz) 
IN/512 (160 kHz @ feLK IN = 10 MHz) 
1~512 (160 kHz @ feLK IN = 10 MHz) 

12's digital filter behaves like a similar analog filter, 
a few minor differences. 

First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full-scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7712 has over
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input filtering, or to reducing the in
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil
ity greater than 100% at the expense of reducing the dynamic 
range by I bit (50%). 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FSll in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre
quency of the filter is 2.58 Hz while the maximum programma
ble cutoff frequency is 269Hz. 
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Figure 6 shows the fUter frequency response for a cutoff fre· 
quency of 2.62 Hz which corresponds to a first fUter notch fre· 
quency of 10 Hz. This is a (sinxlx? response (also called sinc') 
that provides >100 dB of 50 Hz and 60 Hz rejection. Program· 
ming a different cutoff frequency via FSo-FS 11 does not alter 
the profUe of the fUter response, it changes the frequency of the 
notches as outlined in the Control Register section. 
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Since the AD7712 contains this on·chip 
is a settling time associated with st 
on the output will be invalid aft 
tling time has elapsed. The settlin 
notch frequency chosen for the fUt e 

--:1 , 1\ 

50 60 

equates to this fUter notch frequency and the 
fUter to a full·scale step input is 4 times the output data peri 
In applications using both input channels, the settling time of 
the fUter must be allowed to elapse before data from the second 
channel is accessed. 

Post Filtering 
The on·chip modulator provides samples at a 20 kHz output 
rate. The on-chip digital fUter decimates these samples to pro· 
vide data at an output rate which corresponds to the pro· 
grammed first notch frequency of the fUter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post filtering following the digital fUter of the AD7712. 

For example, if the required bandwidth is 7.86 Hz but the re· 
quired update rate is 100 Hz, the data can be taken from the 
AD7712 at the 100 Hz rate giving a - 3 dB bandwidth of 26.2 
Hz. Post fUtering can be applied to this to reduce the bandwidth 
and output noise, to the 7.86 Hz bandwidth level, while main· 
taining an output rate of 100Hz. 

Post fUtering can also be used to reduce the output noise from 
the device for bandwidths below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 n V. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth below 2.62 Hz, 

AD7712 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a V2 reduction in the 
output rms noise. This additional fUtering will result in a longer 
settling time. 

Antialias Considerations 
The digital fUter does not provide any rejection at integer multi· 
pies of the modulator sample frequency (n x 20 kHz, where 
n = 1, 2, 3 ... ). This means that there are frequency bands, 
±f, dB wide (f, dB is cutofffrequency selected by FSO to FS11) 
where noise passes unattenuated to the output. However, due to 
the AD7712's high oversampling ratio, these bands occupy only 
a small fraction of the spectrum and most broadband noise is 
fUtered. In any case, because of the high oversampling ratio a 
simple, RC, single pole fUter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing fUtering. 

CTIONS 

on the AD7712 provide the user with consid· 
erms of analog input voltage ranges. One of 

. ,programmable gain, input channel 
r unipolar or bipolar input signals. The 

range of this input is from V ss to AV DD pro· 
absolute value of the analog input voltage lies be· 
o m V and AV DD + 30 m V. The second analog 

ended, programmable gain high level input 
og input ranges of 0 to +4 x VREplGAIN or 

AIN. 

put sample rate for the part varies as per Table III. For 
AINI input, the input sampling capacitance is 15 pF typi· 

cal. The effective input impedance of this AINI input is 
lIC • fs and this results in a maximum allowable source imped· 
ance of whatever is driving the AINI analog input of 10 k!l to 
ensure correct charging of the sampling capacitor. The AIN2 
input is connected to a restive attenuation network and has a 
nominal input resistance of 44 k!l (see Figure 7). The AIN2 
input should be driven from a low impedance source. 

AIN2 

Figure 7. AIN2 Input Attenuation Circuit 

The dc input leakage current on the AINI input is 10 pA maxi· 
mum at + 25OC. This results in a dc offset voltage developed 
across the source impedance. However, this dc offset effect can 
be compensated for by a combination of the differential input 
capability of the part and its system calibration mode. The dc 
input current on the AIN2 input depends on the input voltage, 
For the nominal input voltage range of ± 10 V, the input cur· 
rent is ±2Z5 ~ typo 
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AD7712 
Burn-Out Current 
The AINl( +) input of the AD7712 contains a 100 nA current 
source which can be turned on/off via the Control reglster. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea
surements on that channel. If the current is turned on and is 
allowed flow into the transducer and a measurement of the input 
voltage on the AIN 1 input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, 
this burn-out current is turned off by writing a 0 to the BO bit 
in the control register. 

BipolarlUDipolar Inputs 
The two analog inputs on the AD7712 can accept either unipo
lar or bipolar'input voltsge ranges.· Bipolar or unipolar options 
are chosen by programming the B/u bit of the control register. 
This programs both channels for either unipolar or bipolar oper
ation. Programming the part for either unipolar or bipolar oper
ation does not change any of the input signal conditioning; it 
simply changes the data output coding. 

The AINI input channel is differential and, as a result, the volt
age to which the unipolar and hipolar signals are referenced is 
the voltage on the AINI(-) input. For example, if AINI(-) is 
+ 1.25 V and the AD7712 is configured for unipolar operation 
with a gain of I and a VREF of +2.5 V, the input voltsge 
on the AINI( +) input is + 1.25 V to + 3.75 V. If AINI -
+ 1.25 V and the AD7712 is configured for bipo 
gain of I and a VREF of +2.5 V, the analog' 
AINl(+) input is -1.25 V to +3.75 V 
the input signals are referenced to AG 

REFERENCE INPUT/OUTPUT 
The AD7712 contains a temperature compensated 
ence which has an initial tolerance of ± 25 m V. This reference 
voltage is provided at the REF OUT pin and it can be used as 
the reference voltsge for the part by connecting the REF OUT 
pin to the REF IN( +) pin. This REF OUT pin is a single
ended output, referenced to AGND, which is capable of provid
ing up to 1 rnA to an external load. In applications where REF 
OUT is connected directly to REF IN( +), REF IN(-) should 
be tied to AGND to provide the nominal +2.5 V reference for 
the AD7712. 

The reference inputs of the AD7712, REF IN( +) and 
REF IN(-), provide a differential reference input capability. 
The common-mode range for these differential inputs is from 
Vss to AVoo. The nominal differential voltage, VREF (REF 
IN(+) -REF IN(-», is +2.5 V for specified operation, but the 
reference voltage can go to + 5 V with no degradation in perfor
mance provided that the absolute value of REF IN( + ) and REF 
IN(-) does not exceed its AVoo and Vss limits. REF IN(+) 
must always be greater than REF IN ( -) for correct operation of 
theAD7712. 

Both reference inputs provide a high impedance, dynamic load 
similar to the AINI analog input. The maximum dc input leak-, 
age current is 10 pA (± 1 jl.A over temperature) and source resis
tances will result in gain errors.on the part .. The reference 

inputs are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of 1 to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 

The digital filter of the AD7712 removes noise from the refer
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at integer mul
tiples of the sampling frequency. The output noise performance 
outlined in Tables I and II assumes a clean reference. If the ref
erence noise in the bandwidth of interest is excessive, it can de
grade the performance of the AD7712. Figure 8 shows the noise 
performance of the AD7712's on-board reference. 

BIAS Input 
The V BIAS input determines at what voltsge the internal analog 
circuitry is biased. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 

For maximum internal headroom, the V BIAS voltsge should be 
set halfway between AVoo and Vss. The difference between 
AVoo and (VBIAS + 0.85 x VREF) determines the amount of 
headroom which the circuit has at the upper end while the dif
ference between Vss and (VBIAS -0.85 x VREF) determines the 
amount of headroom the circuit has at the lower end. Care 
should be taken in choosing a V BIAS voltage to ensure that 
VBIAS ±0.85 x VREF does not exceed the AVoo and Vss lim
its. For example, with AVoo = +4.75 V, Vss = 0 V and VREF 

= +2.5 V, the allowable range for the V BIAS voltage is 
+2.125 V to +2.625 V. With AVoo = +9.5 V, Vss = 0 V and 
VREF = +5 V, the range for VBIAS is +4.25 V to +5.25 V. 
With AVoo = +4.75 V, Vss = -4.75 V and VREF = +2.5 V, 
the VBIAS range is -2.625 V to +2.625 V. 
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USING THE AD7712 

SYSTEM DESIGN CONSIDERATIONS 
The AD7712 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu
ously, like a tracking ADC, there is no need for a start convert 
command. The output register is updated at a rate determined 
by the first notch of the fliter and the output can be read at any 
time, either synchronously or asynchronously. 

Clocking 
The AD7712 requires a master clock input, which may be an 
external TTUCMOS compatible clock signal applied to the 
MCLK IN pin with the MCLK OUT pin left unconnected. Al
ternatively, a crystal of the correct frequency can be connected 
between MCLK IN and MCLK OUT, in which case the clock 
circuit will function as a crystal controlled oscillator. For lower 
clock frequencies, a ceramic resonator may be used instead of 
the crystal. For these lower frequency oscillators, external capac
itors may be required on either the ceramic resonator or on the 
crystal. 

The input sampling frequency, the modulator sampling fre
quency, the - 3 dB frequency, output update rate and calibr 
tion time are all directly related to the master clock fr 
fCLK IN' Reducing the master clock frequency b 
will halve the above frequencies and update 
the calibration time. 

The current drawn from the DV 
rectly related to fCLK IN' Reducing 
halve the DV DD current but will not 
from the AVDD power supply. 

System Synchronization 
If multiple AD7712s are operated from a common master 
they can be synchronized to update their output registers simul
taneously. A falling edge on the SYNC input resets the filter 
and places the AD7712 into a consistent, known state. A com
mon signal to the AD7712s' SYNC inputs will synchronize their 
operation. This would normally be done after each AD7712 has 
performed its own calibration or has had calibration coefficients 
loaded to it. 

ACCURACY 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7712 achieves excellent 
linearity by the use of high quality, on-chip silicon dioxide ca
pacitors, which have a very low capacitance/voltage coefficient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel
lent performance over time and temperature, the AD7712 uses 
digital calibration techniques that minimize offset and gain 
error. 

Autocalibration 
Autocalibration on the AD7712 removes offset and gain errors 
from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem
perature or supply voltage. It should also be initiated if there is 

AD7712 
a change in the selected channel, gain, fliter notch or bipolarl 
unipolar input range. However, if the AD7712 is in its back
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the fliter has been al
lowed for). 

The AD7712 offers self-calibration, system calibration and back
ground calibration facilities. For calibration to occur on the se
lected channel, the on-chip microcontroller must record the 
modulator output for two different input conditions. These are 
"zero scale" and "full-scale" points. With these readings, the 
microcontroller can calculate the gain slope for the input to out
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 

Self-Calibration 
In the self-calibratiQl) mode with a unipolar input range, the 
zero scale point· in determining the calibration coefficients 
is AGND scale point is V REP' The zero scale coeffi-

by converting an internal AGND node. The 
is determined from the span between this 
d a conversion on an internal VREP node. 

. e is invoked by writing the appropriate 
MD2, MDI and MDO bits of the control 

calibration mode, the AGND node is switched 
ulator first and a conversion is performed; the 

en switched in and another conversion is per-
e calibration sequence is complete, the calibra

updated and the fliter resettled to the analog 
ge, the DRDY output goes low. 

• or ipolar input ranges in the self-calibrating mode, the see 
·quence is very similar to that just outlined. In this case, the two 
points which the AD7712 calibrates are midscale (bipolar zero) 
and positive full scale. 

System Calibration 
System calibration allows the AD7712 to compensate for system 
gain and offset errors as well as its own internal errors. System 
calibration performs the same slope factor calculations as self
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali
bration is a two-step process. The zero scale point must be pre
sented to the converter first. It must be applied to the converter 
before the calibration step is initiated and remain stable until the 
step is complete. System calibration is initiated by writing the 
appropriate values (0, 1,0) to the MD2, MDI and MDO bits of 
the control register. The DRDY output from the device will 
signal when the step is complete by going low. Mter the zero 
scale point is calibrated, the full-scale point is applied and the 
second step of the calibration process is initiated by again writ
ing the appropriate values (0, I, I) to MD2, MDI and MDO. 
Again the full-scale voltage must be set up before the calibration 
is initiated and it must remain stable throughout the calibration 
step. DRDY goes low at the end of this second step to indicate 
that the system calibration is complete. In the unipolar mode, 
the system calibration is performed between the two endpoints 
of the transfer function; in the bipolar mode, it is performed 
between midscale and positive full scale. 
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AD7712 
This two-step system calibration mode offers another feature_ 
Mter the sequence has been completed, additional offset 
calibrations can be performed by themselves to adjust the zero 
reference point to a new system zero reference value. This is 
achieved by performing the first step of the system calibration 
sequence (by writing 0, 1,0 to M02, MOl, MOO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 

System Offset Calibration 
System offset calibration is a variation of both the system cali
bration and self-calibration. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. Sys
tem offset calibration is initiated by writing 1, 0,0 to M02, 
MOl, MOO. The system zero scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full
scale coefficient is determined from the span between this AIN 
conversion and a conversion on an internal VREF node. The zero 
scale point should be applied to the AIN input for the duration 
of the calibration sequence. This is a one-step calibration se
quence with ORDY going low when the sequence is completed. 
In the unipolar mode, the system offset calibration is performed 
between the two endpoints of the transfer function; in the 
bipolar mode, it is performed between midscale and positive 
full scale. 

Background Calibration 
The A07712 also offers a background calib 
the part interleaves its calibration p 
conversion sequence. In the backgroun 
same nodes are used as the calibration 
self-calibration mode (i.e., AGNO and VRBF). 
calibration mode is invoked by writing 1, 0, 1 to M , 
MOO of the control register. When invoked, the background 
calibration mode reduces the output data rate of the A07712 by 
a factor of six. Its advantage is that the part is continually per
forming calibration and automatically updating its calibration 
coefficients. As a result, the effects of temperature drift, supply 
sensitivity and time drift on zero and full scale errors are auto
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits M02, 
MOl and MOO of the control register are changed. 

Table IV summarizes the calibration modes and the calibration 
points associated with them. 

Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be accommodated. The 
range of input span in both the unipolar and bipolar modes for 

the AIN1 input has a minimum value of 0.8 x VllBP/GAIN and 
a maximum value of 2.1 x VRBp/GAIN. For the AIN2 input, 
these limits are 3.2 x VREP/GAIN and 8.2 x VREP/GAIN. 

The amount of offset that can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off
set of 0.25 x VRBP'GAIN and a minimum offset of -(1.05 x 
VREP/GAIN) on the AIN1 input. This offset range is limited by 
the requirement that the positive full-scale calibration limit is 
s 1.05 x VamdGAIN. Thus, the maximum offset (0.25 x 
VREP/GAIN) plus the minimum span (0.8 x VREP/GAIN) can
not exceed 1.05 x VaEP/GAIN. For AIN2, the maximum and 
minimum limits for offset are VREP/GAIN and -(4.2 x VRBP/ 
GAIN), respectively. 

In the bipolar mode, the system offset calibration range for 
AINI is restricted to ±0.6S x VRBP'GAIN. The span range of 
the converter in bipolar mode is equidistant around the voltage 
used for the zero scale • Therefore, the maximum offset 
±(0.6S x VRBP' half the minimum span ±(0.4 x 
VREP/GAIN) m ±(1.0S x VRBP'GAIN). If the 

N, the input offset cannot move 
V REP/GAIN) before the endpoints of the 

e input overrange limits ±(1.05 x 
system offset calibration range is 

AND CALmRATION 
A07712 performs an internal reset which sets 

ntrol register to a known state. However, 
ration for the device, a calibration routine 

ormed after power-up. 

dissipation and temperature drift of the A07712 are 
and no warm-up time is required before the initial calibra

tion is performed. However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 

Drift Considerations 
The A07712 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and dc 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. The dc input leakage cur
rent is essentially independent of the selected gain but charge 
injection effects will increase with increasing gain. As a result, 
the offset drift numbers will be slightly larger for higher gains. 
Gain drift within the converter depends primarily upon the tem
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 

Table IV. Calibration Truth Table 

Cal Type MD2, MDI, MDO Zero Scale Cal Full-Scale Cal Sequence 

Self-Cal ,I 0,0,1 AGNO VREF One Step 
System Cal' , 0,1,0 AIN Two Step 
System Cal 0, 1, 1 AIN Two Step 
System Offset Cal 1,0,0 AIN VREF One Step 
Background Cal 1,0, 1 AGNO VRW One Step 
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Measurement errors due to offset drift or gain drift can be elimi
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPLIES AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. V BIAS provides the return path for most of the analog 
currents flowing in the analog modulator. As a result, the VBIAS 

input should be driven from a low inIpedance to minimize errors 
due to charging/discharging inIpedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 

The analog and digital supplies to the AD7712 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital filter will 
provide rejection of broadband noise on the power supplies, ex
cept at integer multiples of the modulator sampling frequency. 
The digital supply (DV 00) must never exceed the analog 
tive supply (AVoo) by more than 0.3 V. Power suppl 
ing, therefore, is important. If separate analog 
supplies are used, care must be taken to 
supply is powered up first. If this 
DVoo can exceed AVoo at any 
should be placed between DVoo 

DIGrrALINTERFACE 
The AD7712's serial communications port p 
arrangement to allow easy interfacing to industry standard mi
croprocessors, microcontrollers and digital signal processors. A 
serial read to the AD7712 can access data from the output regis
ter, the control register or from the calibration registers. A serial 
write to the AD7712 can write data to the control register or the 
calibration registers. 

Two different modes of operation are available, optimized for 
different types of interface where the AD7712 can act either as 
IMster in the system (it provides the serial clock) or as slave (an 
external serial clock can be provided to the AD7712). These two 
modes, labelled self-clocking mode and external clocking mode, 
are discussed in detail in the following sections. 

AD7712 
Self-Clocking Mode 
The AD7712 is configured for its self-clocking mode by tying 
the MODE pin high. In this mode, the AD7712 provides the 
serial clock signal used for the transfer of data to and from the 
AD7712. This self-clocking mode can be used with processors 
that allow an external device to clock their serial port, including 
most digital signal processors and microcontrollers such as the 
68HCli and 68HCOS. It also allows easy interfacing to serial 
para1lel conversion circuits in systems with parallel data commu-
nication, allowing interfacing to 74XX299 Universal Shift regis- • 
ters without any additional decoding. In the case of shift 
registers, the serial clock line should have a pull-down resistor 
instead of the pull-up resistor shown in Figure 9 and Figure 10. 

Read Operation 
Data can be read from either the output register, the control 
register or the cali tion registers. AO determines whether the 
data read a from the control register or from the out-
putlcalibr s. This AO signal must remsin valid for 

serial read operation. The function of the 
ependent ouly on the output update rate of the 

of the output data register. DRDY only 
ta word is available in the output data 
when the last bit of data (either 16th bit 

ead from the output register. If a new data word 
Ie to the output register while data is being read 

t register, DRDY will not indicate this and the 
. be lost to the user. DRDY is not affected by 
control register or the calibration registers. 

only be accessed from the output data register when 
Y is low. If RFS goes low while DRDY is high, the SCLK 

and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7712. If RFS goes low with DRDY high, no data trans
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can, in most cases, be brought low at 
any time with the AD7712 clocking the data into the micropro
cessor, microcontroller or shift register when its clock and data 
lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 
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AD7712 
Figures 9a and 9b show timing diagrams for reading from the 
AD7712 in the self-clocking mode. Figure 9a shows a situation 
where all the data is read from the AD7712 in one read opera
tion. Figure 9b shows a situation where the data is read from 
the AD7712 over a number of read operations. Both read opera
tions show a read from the AD7712's output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its status should be ignored. 

Figure 9a shows a read operation to the AD7712 where RFS 
remains low for the duration of the data word transmission. For 
the timing diagram shown, it is assumed that there is a pull up 
~siiltor on the SCLK output. With DRDY low, the RFS input 
IS brought low. RFS going low enables the serial clock of the 
AD7712 and also places the MSB of the word on the serial data 
line. All subsequent data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. The final active falling edge of SCLK 
clocks out the LSB and this LSB is valid prior to the final active 
rising edge of SCLK. Coincident with the next falling edge of 
SCLK, DRDY is reset high. DRDY going high turns off the 

iiiiiiY (0) 

AO(I) ____ ...., 

RFS(I) 

SCLK(O) 

SCLK and the SDATA outputs. This means that the data hold 
time for the LSB is slighdy shorter than for all other bits. 

Figure 9b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re
turns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing parameters and functions are very similar to 
that oudined for Figure 9a, but Figure 9b has a number of addi
tional times to show timing relationships when RFS returns high 
in the middle of transferring a word. 

RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD7712, regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it turns on the SCLK output and acti
vates the SDATA output. The first bit placed on the SDATA 
line after RFS goes low is e same bit as appeared on the bus 
when RFS went the entire word is transmitted the 
DRDY line will . off the SDATA and SCL!( 

SDATA~)----------1~~~t=::::x=::~:~::::=x~~~B~~-2WIT~A~T~E-

Figure 9a. Self-Clocking Mode, Output Data Read Operation 

iiiiiiY(O) ss 

AO(I) _____ -+-f-_______ ~<----___,SSSS;....--------, SS 

RFs(I) -----...:--1 ~ 
~----li_ "2 '" 'L--..L.C.I 

SCLK(O) ,~ 

"3 j4-
SDATA(O) ---------t~~t:::Jcj~.s-:~~~~~i~~ 

Figure 9b. Self-Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 

Figure lOa shows a write operation to the AD7712 with TFS 
remaining low for the duration of the write operation. AO deter
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must re
main valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK out
put. The serial data to be loaded to the AD7712 must be valid 
on the rising edge of this SCLK signal. Data is clocked into the 
AD7712 on the rising edge of the SCLK signal with the MSB 
transferred first. On the last active rising edge of SCLK, the 
LSB is loaded to the AD7712. Subsequent to the next falling 
edge of SCLK, the SCLK output is turned off. (The timing 
diagram of Figure lOa assumes a pull up resistor on the 
SCLK line.) 

Figure lOb shows a timing diagram for a write operation to the 
AD7712 with TFS returning high during the write operation 
and returning low again to write the rest of the data wo 

AO(Q 

SCLK(O) 

AD7712 
again, the timing diagram of Figure lOb assumes a pull-up resis
tor on the SCLK output. Timing parameters and functions are 
very similar to that outlined for Figure lOa but Figure lOb has a 
number of additional times to show timing relationships when 
TFS returns high in the middle of transferring a word. 

The falling edge of TFS again initiates the SCLK output and 
data to be loaded to the AD7712 must be valid prior to the ris
ing edge of this SCLK signal. The rising edge of TFS turns off 
the SCLK output. TFS should return high during the low time 
of SCLK. When TFS returns low again, it turns on the SCLK 
output. When all data bits have been written to the device, the 
SCLK output is turned off as per Figure lOa. 

External Clocking Mode 
The AD7712 is configured for its external clocking mode by 
tying the MODE pin low. In this mode, SCLK of the AD7712 
is configured as an . put and an external serial clock must be 
provided to· K pin. This external clocking mode is de-

ace to systems which provide a serial 
synchronized to the serial data output, in
llers such as the SOCSl, 87CSl, 68HCll and 
·gital signal processors. 

SDATA(O) ----------1C~!:t==X=~ 

Figure 70a. Self-Clocking Mode, Control/Calibration Register Write Operation 

AO(l) ----~=:;:====~~~~======~~.~:======== 
TFS(I) 

SCLK(O) 

Figure 70b. Self-Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write Operation) 
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AD7712 
Read Operation 
Figures lla and lIb show timing diagrams for reading from the 
AD7712 in the external clocking mode. Figure lla shows a situ
ation where all the data is read from the AD7712 in one read 
operation. Figure lib shows' a situation where the data is read 
from the AD7712 over a number of read operations. 

As with the self-clocking mode, data can be read from either the 
output register, the control register or the calibration registers. 
AO determines whether the data read accesses data from the con
trol register or from the output/calibration registers. This AO 
signal must remain valid for the duration of the serial read oper
ation. The function of the DRDY line is dependent only on the 
output update rate of the device and the reading of the output 
data register. DRDY only goes low when a new data word is 
available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the out
put register. If a new data word becomes available to the output 
register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or the calibration register. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 

iiiiiiY (0) 

RFS(I) 

SCLK(I) --------t----' 

this external clocking mode, an external clock is applied to the 
SCLK input. The receiving device (microprocessor or microcon
troller) expects to see valid data on edges of this SCLK signal. 
However, with DRDY high SDATA is not active and no data is 
transmitted. DRDY does not have any effect on reading data 
from the control register or from the calibration registers. 

Figure lIa shows a read operation to the AD7712 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is brought low. The input 
SCLK·signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All, subsequent data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The penultimate falling 
edge of SCLK clocks out the LSB and the final falling edge re
sets the DRDY line high. This rising edge of DRDY turns off 
the serial data output. 

timinlt,dJa· gram for a read operation where 
transmission of the word and re
rest of the data word. Timing pa-

e ery similar to that outlined for 
I b has a number of additional times to 

when RFS returns high in the middle 

SDATA(O) -----------I>--;='--_~t=r:.==X==:JG~=~!::!!:£!~ 
Figure 11a. External Clocking Mode, Output Data Read Operation 

DRDY(O) -----'l~--:-----,s-------__sSSS__-------

AG(I) S SS 
------~~------~rS----------,S!S~----------

RFS(I) I----~S-S -----ll Ss---,!-____ __ 

_ __ -+--'-1126 *I~" ~-J SClK(I) r--

124r-t5~~_:~:.J~!~~TIO. ~ I .. ~j ~I .. 
SDATA(O) _______ --1~~~ 

Figure 11 b. External Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 
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RFS should return high during a low time of SCLK. On the 
rising edge ofRFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD7712, regardless of the number of times 
RFS changes state during the read operation. When RFS re
turns low again, it activates the SDATA output and places the 
next bit of the data word on the SDAT A output. When the en
tire word is transmitted, the DRDY line will go high, turning 
off the SDATA output as per Figure lla. 

Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 

Figure 12a shows a write operation to the AD7712 with TFS 
remaining low for the duration of the write operation. AO deter
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signaJ must re
main valid for the duration of the serial write operation. As be
fore, the serial clock line should be low between read and write 
operations. The serial data to be loaded to the AD7712 must 
valid on the high level of the externally applied SCLK . 
Data is clocked into the AD7712 on the high I 
signal with the MSB transferred ftrSt. On th 
edge of SCLK, the LSB is loaded to th 

AD7712 
Figure 12b shows a timing diagram for a write operation to the 
AD7712 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Tim
ing parameters and functions are very similar to that outlined 
for Figure 12a, but Figure 12b has a number of additional times 
to show timing relationships when TFS returns high in the mid
dle of transferring a word. 

Data to be loaded to the AD7712 must be valid prior to the ris
ing edge of the SCLK signal. TFS should return high during 
the low time of SCLK . After TFS returns low again, the next 
bit of the data word to be loaded to the AD7712 is clocked in 
on next high level of the SCLK input. On the last active rising 
edge of the SCLK input, the LSB is loaded to the AD7712. 

SIMPUFYING THE INTERFACE 
the user may not require the facility of 
calibration registers. In this case, the se-
7712 can be simplified by connecting the 
ut of the AD7712. This means that any 
load data to the control register (since 

s low) and any read to the device will ac
t data register or from the calibration 

. h while RFS is low). It should be noted 
ement the user does not have the capability of 

the control register. 

t .. ~ 
TFS(I) '---i!$i---------f 

rr rr -~--,.sf, r--1 r--1 r:l t34 . 

SCLKP) _ 1::::I •. L::::-h:lfooI LJ LJ LJ L--

tl~r~ SDATAP) MS8 ~ 

Figure 12a. External Clocking Mode, Control/Calibration Register Write Operation 

Figure 12b. External Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write 
Operation) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-499 



2-500 ANALOG-TO-DIGITAL CONVERTERS 



11IIIIIIII ANALOG 
WDEVICES 

LC2MOS 
Loop-Powered Signal Conditioning ADC 

FEATURES 
Charge Balancing ADC 

21 Bits No Missing Codes 
:1:0.0015% Nonlinearity 

Three-Channel Programmable Gain Front End 
Gains from 1 to 128 
Two Differential Inputs 
One Single Ended High Voltage Input 

Low-Pa .. Filter with Programmable Filter Cutoffs 
Ability to ReadlWrite Calibration Coefficients 
RTD Excitation Current Sources 
Bidirectional Microcontroller Serial Interface 
Single Supply Operation 
Low Power (3.5 mW typ) with Power-Down Mode 

(35 .... Wtyp) 

APPUCAnONS 
Loop Powered (Smart) Transmitters 
RTD Traneducers 
Process Control 
Portable Industrial Instruments 

GENERAL DESCRIPTION 
The AD7713 is a complete analog t 
measurement applications. The device accep 
directly from a transducer or high level signals x V 
and outputs a serial digital word. It employs a sigma-delta con 
version technique to realize up to 21 bits of no missing codes 
performance. The input signal is applied to a proprietary pro
grammable gain front end based around an analog modulator. 
The modulator output is processed by an on-chip digital filter. 
The first notch of this digital filter can be programmed via the 
on-chip control register allowing adjustment of the filter cutoff 
and settling time. 

The part features two differential analog inputs and one single
ended high level analog input as well as a differential reference 
input. It can be operated from a single supply (A V DD and 
DVDD at +S V). The part provides two current sources which 
can be used to provide excitation in three-wire and four-wire 
RTD configurations. The AD7713 thus performs all signal con
ditioning and conversion for a single, dual or three-channel 
system. 

The AD7713 is ideal for use in smart, microcontroller-based 
systems. Gain settings, signal polarity and RTD current control 
can be configured in software using the bidirectional serial port. 
The ADn 13 contains self-calibration, system calibration and 
background calibration options and also allows the user to read 
and to write the on-chip calibration registers. 

·Patent pending. 

AD7713* I 
FUNCTIONAL BLOCK DIAGRAM 

REF REF 
AYf1D DYDD IN(-) IN(.) 

AYf1D 

AlN1(.) o--"'-r 
AlN1(-) 0----1 

STANDBY 

AD7713* 

IICLK 
IN 

L.;;;;==;;;;"_~IICLK 

OUT 

'on ensures very low power dissipation and a 
programmable power-down mode reduces the standby 

er consumption to only 3S IJoW. The part is available in a 
24-pin, 0.3 inch wide, plastic and hermetic dual-in-line package 
(DIP) as well as a 24-lead small outline (SOIC) package. 

PRODUCT H1GHUGHTS 
1. The AD7713 consumes less than lmA in total supply cur

rent, making it ideal for use in loop-powered systems. 

2. The low level programmable gain channels allow the ADn13 
to accept input signals directly from a transducer, reIiloving a 
considerable amount of signal conditioning. To maximize the 
flexibility of the part, the high level analog input accepts 
±4 x VREplGAIN signals. On-chip current sources provide 
excitation for three-wire and four-wire RTD confIgurations. 

3. No Missing Codes ensures true, usable, 21-bit dynamic range 
coupled with excellent ±O.OOIS% accuracy. The effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero-scale and full-scale errors. 

4. The AD7713 is ideal for microcontroller or DSP processor 
applications with an on-chip control register which allows 
control over filter cutoff, input gain, signal polarity and cali
bration modes. The ADn13 allows the user to read and to 
write the on-chip calibration registers. 
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(AVDD = +5 V to +10 V; DVDD = +5 V; REF IN(+) = +2.5 V; REF IN(-) 

AD7, ,1, 1,3 - SPEC I FI C A'II ONS = AGND; MClK IN = 2 MHz. unless otherwise stated. ~I speCifiCati~ns TMIN to 
.. "T MAX. unless otherwise noted.) , , " 

STAn~ PERFORMANCE 
No MissiDg Codes 
Output Noise 
Integral Nonfuieariiy 
Positive Full-Scale llrror" 3 

Full-Scale Drift' 
Unipolar Offset Erfor2 
Unipolar Offset Drift' 
BipolarZei:o llrror' 

'~, , ' Bipolar Zero Drift" 
Bipolar Negative Full-Scale Error' 
Bipolar Negative Full-Scale Drift' 

Analog Inputs 
'Input sampling Rate', ,fa 
SO Hz Rejection~ 
6OHzRej~6 

,!,>INl,AIN2 
, j'nput Voltage Range7 

Common-Mode Rejection (CMR) 
Common-Mode Voltage Range" 
DC Input Leakage Current @ + 2S"C 
TMINtoTMAJ< 
Sampling Capacitsnce6 

Source Impedance 

AIN3 
Input Voltage Range 

REFERENCE INPUT 
REF IN(+) - REF IN(-) Voltage 
Input Sampling Rate, fa 
SO Hz lejeclion6 

60 Hz lejection6 

Common-Mode Rejection (CMR) 
Common-Mode Voltage Range" 
DC Input Leakage Current @ + 2S"C 

T..n.toTMAJ< 

LOGIC INPUTS 
Input Current 
All Inputs ~t MCLK, m 

VINL, Input Low Voltage 
VlNH, Input High Voltage 

MCLK IN OnlY' 
VINL, Input Low Voltage 
VINiI, Input High Voltage 

LOGIC OUTPUTS 
VOL' OutpUt LOw Voltage 
VOH' Output High Voltage 
Floating Sts,te Leakage Current 
Floating State Output CapacitsncelO 

TRANSDUCER BURN-OUT 
Current 
Initial Tolerance 
Drift 

A, 1\1 Veni08lll 

21 
See Tables I and II 
±O.OOlS 
See NoteJ 
0.5 
See Note 4 
0.5 
See Note 4 
0;5 
±O.OOlS 
0.5 

See Table III 
100 
100 

Oto +Vm8 

±VREP 
100 
AGNDtoAVoo 
10 

+2.5 
fcuwlSI 
100 
100 
100 
AGNDtoAVoo 
10 
1 

±10 

0.8 
2.0 

1.5 
3.5 

0.4 
4.0 
±10 
9 

100 
±10 
100 

", 

Units 

Bits min 
% of FSR max 

... VI'C max 

... VI'C max 

... VI'C max 
%ofFSRmax 
... VI'C max 

dB min 
dB min 

dB min 
V min to V max 
pAmax 
nAmax 

.,.A max 

V max 
V min 

V max 
V min 

V max 
V min 
.,.A max 
pF typ 

nAnom 
%typ 
ppmI'C typ 

<i, .. -, 

ConditioulComments 
',' 

Guaranteed by Design 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches :S IS Hz 
Excl~ ~erencc 
Excluding Reference 

Excluc!ini Reference; Typic8lly±O.OOO4% 
Excluding Reference 

Fot Filter NotchCs of 2,,5, 10, 25, SO Hz,'±0.02 x fN~ 
Fot Filter Notches of2" 6, 10,30,60 Hz,±0,02x"fNOTCH 

. "Depends on Gain Selected. 
(BIU Bit of Control Register = 0) 

(BIU Bit of Control Register =: 1) 

Fot Filter Notches of 2, 5, 10, 25, SO Hz, ±0.02 X fNOTCH 
Fot Filter Notches of 2, 6, 10, 30, 60 Hz, ±0.02 x fNOTCH 
At de ' 

ISlNK = L6mA 
I80UIlCB = 100.,.A 

This information applies to, a product under development., ItscharaC!eristics and specifications are subject to change without Ilotice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in vyriting. 
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Parameter 

RID EXCITATION CURRENTS 
Output Current 
Initial Tolerance 
Drift 
Line Regulation (AVOD) 

Load Regulation 

SYSTEM CALIBRATION 
AINI, AIN2 
Positive Full-Scale Calibration Limit" 
Negative Full-Scale Calibration Limit" 
Offset Calibration Limitl2• " 
Input Spanl2 

AIN3 
Positive Full-Scale Calibration Limit" 
Negative Full-Scale Calibtation Limit" 
Offset Calibration Limit!' 
Input Span 

POWER REQUIREMENTS 
Power Supply Voltages 

AVoo Voltage 
DVOD Voltage 

PoWer Supply Currents 
AVoo Current 
DVoo Current 
DVOD Current 

Power Supply Rejectionl4 

(AVoo) 
Power Dissipation 

Normal Mode 

Standby (power-Down) Mode 

NOTES 

A,SVersions 

200 
±20 
35 
200 
200 

(1.05 x VREF)/GAIN 
-(1.05 x VREF)/GAIN 
-(1.05 x V REF)/GAIN 
0.8 x V~GAIN 
(2.1 x VREF)/GAIN 

(4.2 x VREF)/GAIN 
-(4.2 x VREF)/GAIN 
-(4.2 x VREF)/GAIN 
3.2 x V~GAIN 
(8.4 x VREF)/GAIN 

50 

Units 

jJAnom 
% max 
ppml"Ctyp 
nAlVmax 
nAlVmax 

V max 
V max 
V max 
V min 
V max 

V max 
V max 

ITemperature ranges are as follows: A Version: -40OC to +85OC; S Version: -S5OC to + 125OC. 
2 Applies after calibration at the temperature of interest. 
'Positive full-scale error applies to both unipolar and bipolar input ranges. 
"These errors will be of the order of the output noise of the part as showo in Table I. 

AD7713 
ConclitionalComments 

(RTDl, RTD2) 

GAIN Is the Selected PGA Gain (Between I and 128) 
GAIN Is the Selected PGA Gain (BetWeen 1 and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain (Between I and 128) 
GAIN Is the Selected PGA Gain (Between I and 128) 

GAIN Is the Selected PGA Gain (Between I and 128) 
GAIN e Selected PGA Gain (Between 1 and 128) 
G Selected PGA Gain (Between I and 128) 

Selected PGA Gain (BetWeen I and 128) 
Selected PGA Gain (Between I and 128) 

AVOD = DVDD = +5 V, i'a.K IN = 1 MHz; 
Typically 3.5 mW 
AVOD = DVDO = +5 V; Typically 35 !'-W 

'Recalibration at any temperature or use of the background calibration mode will remove these drift errors. These numbers are guaranteed by design andlor 
characterization. 

"These numbers are guaranteed by design and/or characterization. 
7The AlNI and AlN2 analog inputs present a very high impedance dynsmic load which varies with clock frequency and input sample rate. The maximum 
recommended source resistance is 10 ill. 

"VRBP = REF IN(+) - REF IN(-). 
"This common-mode voltage range is allowed provided that the absolute value of the input voltage does not exceed AVDD + 30 mV and AGND - 30 mY. 

IOSample tested at + 2SOC to ensure compliance. 
"After calibtation, if the analog input exceeds positive full scale, the converter will output allis. If the analog input is less than negative full scale, then the 

device will outpUt all Os. 
1'These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed A V DD or go more negative than AGND - 30 m V. 
l'The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 
14Messured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 2, 5, 10, 25 or 50 Hz. PSRR at 60 Hz will 

exceed 120 dB with filter notches of 2,6, 10, 30 or 60 Hz. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7713 
Control Register (24·Bits) 

A write to the device with· AO low writes dsta to the control regiStet. A read to the device with the AO pin low sccesses the contents 
of the control regiStet. 

Operating Mode 

MD2 MDl 

o 0 

o o 

o 

o 

o 

o 

MOO Operating Mode 

o NOnna! Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high liccesses dstil from the dsts registet. This is the default condition of these bits after the internal 
powet-on reset. 

o 

o 

o 

Activate Self·Calibration. This activates self-calibration on the channel selected by CHO and CHI. This 
is a one-step calibration sequence and when complete, the part returns to Normal Mode. For this cali
bration type, the zero.scale calibration is done internally on AGND and the full·scale calibration is done 
internally on V REF. 

Activate System Calibration. This activates system calibrati channel selected by CHO and CHI. 
done first on the selected input 

mplete. The part returns to Normal 
This is a two-step calibration sequence, with the 
channel and DRDY indicsting when this zero
Mode at the end of this first step in the 

Activate System Calibration. This 
calibration being petformed on 
returns to Normal 

ActivateSyst 
CHO I\Dd 
Mode. 'Fo 
full-scsle 

calibration sequence with full-scale 
·bration is complete, the part 

ffset calibration on the channel selected by 
when complete the part returns to Normal 

one on the selected input channel and the 

und calibration on the channel selected by CHO 
then the AD7713 provides continuous self

calibration of the refetence and AGN s calibration takes place as part of the convetSion sequence, 
extending tli.e convetSion time and reducing the word rate by a factor of six. Its major advantage is that 
the uSet does not have to worry about recalibrating the device when there is a change ,in the ambient 
tempetature. In this mode, AGND and VREF, as well as the analog input voltage, are C9ntinuously mon
itored and the calibration regiStets of the device are updsted, if necessary. 

ReadIWrite Zero-Scsle Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero.scsle calibration coefficients of the channel selected by CHO and CHI. A write to the device 
with AO high writes dsts to the zero.scale calibration coefficients of the channel selected by CHO and 
CHI. The word lengthfor reading and writing these coefficients is 24 bits, regardless of the status of 
the WL bit of the control registet. Note, AIN2 and AIN3 share calibration coefficients. 

ReadlWrite Full-Scale Calibration Coefficients. A read to the deviCe with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CHO and CHI. A write to the device 
with AO mih writes dsta to the full-scale calibration coefficients of the channel selected by CHO and 
CHI. The word length for reading and writing these coefficients is 24 bits, regardless of the status of 
the WL bit of the control regiStet. Note, AIN2 and AIN3 share calibration coefficients. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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PGAGain 
G2 GI GO Gain 
0 0 0 I (Default Condition after the internal 

power-on reset) 
0 0 I 2 
0 I 0 4 
0 I I 8 
I 0 0 16 
I 0 I 32 
I I 0 64 
I I I 128 

Channel Selection 
CHI CHO Channel 
o 0 AINI 

o 
I 

I 
o 

AIN2 
AIN3 

Word Length 

(Default Condition after the internal 
power-on reset) 

WL Output Word Length 
o 16-Bit (Default Condition after internal power-on 

reset) 
24-Bit 

RTD Excitation Currents 
RO 
o Off (Default Conditi 
I On 

Burn-out Current 
80 
o Off (Default Condition after int 
I On 

Bipolar/unipolar Selection (Both Inputa) 
Btu 
o Bipolar (Default Condition after internal power-on reset) 
I Unipolar 

AD7713 
Fllter Selection (FSll-FSO) 
The on-chip digital filter provides a Sine' (or (Sinxlx)') filter 
response. The 12 bits of data programmed into these bits deter
mine the filter cutoff frequency, the position of the first notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 

The first notch of the filter occurs at a frequency determined by 
the relationship: filter fIrSt notch frequency = (tCr.KlN/512)1 
code where code is the decimal equivalent of the code in bits FSO 
to FSll and is in the range 19 to 2,000. With the nominal 
feLK IN of 2 MHz, this results in a fIrSt notch frequency range 
from 1.952 Hz to 205.59 Hz. To ensure correct operation of the 
AD7713, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified 
operation of the d 

ch frequency, as well as the selected gain, 
bles I and II show the effect of the filter 

gain on the effective resolution of the 
u ut data rate (or effective conversion time) for 

o the frequency selected for the first notch 
Ie, if the first notch of the filter is se-

a new word is available at a 10 Hz rate or 
If the fIrSt notch is at 200 Hz, a new word is 

every 5 InS. 

of the filter to a full-scale step input change is 
e data rate. For example, ,with the fIrSt filter 

Hz, the settling time of the filter to a full-scale step 
e is 400 InS max. If the first notch is at 200 Hz, the 

time of the filter to a full-scale input step is 20 ms max. 

The - 3 dB frequency is determined by the programmed first 
notch frequency according to the relationship: filter - 3 dB fre
quency = 0.262 x first notch frequency. 

This information applies to a product under development. Ita characteristics and specifications are subject to change without notice. 
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AD7713 ! 

Table I shows the output rms noise for some typi~ not~ and 
- 3 dB. frequencies. The numbers given are for the bipolar Input 
ranges with a VREF of +2.5 V.The numbers ip Table rare 
guaranteed by a. combination of testing, characterization' and 
design. The output noise from the part comes from two sources: 
the quantization noise from the analog-to-digital conversion pro~ 
cess, and device noise. Device noise is ind~dent of gain and 
is essentially flat across the frequency spectrum. Quantization 
noise is ratiometric to the input full scale (and hence gain) and 
its frequency responseig shaped by the modulator. 

Looking at Table, I, .as .the cutoff frequency increases, the out
put noiSe inCreases because more of the quantization noise of the 
part comes through to the output. Hence, the output noise in
creases with increasing - 3 dB frequencies. For the lower notch 
settings, the output noise is dominated by the device noise and, 

hence, altering the gain has little effect on the output noise . .At 
higher notch frequencies, the quantization noise dominates the 
output noise and, in this case, the output noise'tends to decrease 
with increasing gain. 

Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. Table II shows the same ta
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re
spect to 2 x VREpiGAIN, i.e., the input full scale). It is possi
ble to do post filtering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the 
output noise (see DIGITAL FILTERING section). ' 

First Notch of 
FilrerandO~ ~-~3~dB;---~G~AIN~~0~f~~G~AI~N~of"~~~~~~~ GAIN of 

64 
GAIN of 
128 Data Rate l Frequency 1 2 

2 Hz2 0.52 Hz 
5 Hz2 1.31 Hz 
6 Hz2 1.57 Hz 
10 Hz2 2.62 Hz 
12 Hz2 3.14 Hz 
20~ 5.24 Hz 
50~ 13.1 Hz 
100 Hz3 26:2 Hz 
200' H z3 5i.4 Hz 

NOTES 

1.7 
3.4 
3.4 
9.5 
13.5 
54 
432 
2;4 x 10 
13.8 x 1~ 

0.42 
.60 

0.60 
0.84 
1.2 
1.7 
13.5 
76 
432 

0.42 
0.60 
0.60 
0.84 
0.84 
1.7 
6.7 
38 
216 

0.42 
0.60 
0.60 
0.84 
0.84 
1.2 
4.8 
19 
108 

'The default condition (after the internal power-on reset) for the lint notch of . 
'Por these filter notch frequencies, the output rIDS noise is primarily independent of the value of the reference voltase. Therefore, increasing the referellCe volt
age will give an increase in the effective resolution of the device (i.e. the ratio of the rms noise to the input full-scale is increased since the ootput rIDS noise· 
remains constant as the input full-scale increases). 

'Por these filter notch frequencies, the output rIDS noise is proportional to the value of the reference voltase. 

Table D_ Effective Resolution VS. Gain and First Notch Frequency 

First Notch of EFFECTIVE RESOLUTIONI (Bits) 
Filter and O~ -3 dB GAIN of GAIN of GAIN of GAIN of GAIN of GAIN of GAIN of GAIN of 
Data Rare Frequency 1 2 4 8 16 32 64 128 

2Hz 0.52 Hz 21.5 21.5 21 20.5 19.5 18.5 17.5 16.5 
5Hz 1.31 Hz 20.5 20.5 20 20 19 18 17 16 
6Hz 1.57 Hz 20.5 20 20 19.5 18.5 18 17 16 
10Hz 2.62 Hz 19 19 19 18.5 18 17.5 16.5 15.5 
12 Hz 3.14 Hz 18.5 18.5 18.5 18.5 18 17 16.5 15.5 
20Hz 5.24 Hz 16.5 16.5 16.5 16.5 16.5 16.5 15.5 15 
50Hz 13.1 Hz 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13 
100Hz 26.2 Hz 11 11 11 11 11 11 11 11 
200Hz 52.4 Hz 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 

NOTE 
'Effective Resolution is defmed as the magnitude if the output rms noise to the input full-scale (i.e., 2 x VgplGAIN). The above table applies for a Vup of 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 

This information applies to a product under development .. Its characteristics and specifications are subject to change without notice. 
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AD7713 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic 

SCLK 

2 MCLKIN 

3 MCLKOUT 

4 AO 

5 SYNC 

6 MODE 

7 AINI(+) 

8 AINI(-) 

9 AIN2(+) 

10 AIN2(-) 

11 STANDBY 

12 AVDD 

13 RTDI 

14 REF IN(-) 

IS REF IN(+) 

16 RTD2 

17 AIN3 

18 AGND 

19 TFS 

20 RFS 

21 DRDY 

Function 

Serial Clock. Logic input/output depending on the status of the MODE pin. When MODE is high, the device 
is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes active when 
RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when the device 
has completed transmission of an output word. When MODE is low, the device is in its external clocking 
mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all data being 
transmitted in a continuous train of pulses. Alternatively, it can be a noncontinuous clock with the information 
being transmitted to the AD7713 in sma1ler batches of data. 

Master Clock signal for the device. This can be provided in the form of a crystal or externa1 clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with 
a CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally 
2 MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. 

Address Input. With this input low, reading and writing to 
input high, access is to either the data register or the c 

Logic Input which allows for synchronization of 

ce is to the control register. With this 

the nodes of the digital filter. 

Logic Input. When this pin is high, 
its external clocking mode. 

Analog Input Channel 1. 
input is connected to 
bumtout or 

Analog In 

Analog Inp 

Analog Input 

Logic Input. Taking 
consumption to less than 50 jl.W. 

Analog Positive Supply Voltage, +5 V to +10 V. 

differential analog input. The AINI( +) 
used to check that an external transducer has 

source can be turned onloff via the cOntrol register. 

. aiD differential analog input. 

. differential analog input. 

ble gain differential analog input. 

terna1 analog and digital circuitry, reducing power 

Constant Current Output. A nominal 200 II-A constant current is provided at this pin and this can be used as 
the excitation current for RTDs. This current can be turned on or off via the control register. 

Reference Input. The REF IN(-) can lie anywhere between AVDD and AGND provided REF IN(+) is 
greater than REF IN(-). 

Reference Input. The reference input is differential with the proviso that REF IN( + ) must be greater than 
REF IN(-). REF IN(+) can lie anywhere between AVDD and AGND. 

Constant Current Output. A nominal 200 II-A constant current is provided at this pin and this can be used as 
the excitation current for RTDs. This current can be turned on or off via the control register. This second 
current can be used to eliminate lead resistance errors in three-wire RTD configurations. 

Analog Input Channel 3. High level analog input which accepts an analog input voltage range of 
±4 x VREplGAIN. At the nominal VREF of +2.5 V and a gain of 1, the AIN3 input voltage range is ±10 V. 

Ground Reference Point for Analog Circuitry. 

Transmit Frame Synchronization. Active low logic input used to write serial data to the device with serial data 
expected after the fa1ling edge of this pulse. In the Self-Clocking mode, the serial clock becomes active after 
TFS goes low. In the Externa1 Clocking mode, TFS must go low before the first bit of the data word is 
written to the part. 

Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 

Logic Output. A fa1ling edge indicates a new output word is available for transmission. The DRDY pin will 
return high upon completion of transmission of a full output word. DRDY is also used to indicate when the 
AD7713 has completed its on-chip calibration sequence. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7713 

Pin Mnemonic Function 

22 SDATA 

23 DVoo 

24 DGND 

Serial Data. Input/Output with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data beComes active after RFS goes low. During a write operation, valid serial 
data is expected on the rising edges of SCLK when TFS is low. 

Digital Supply Voltage, +5 V. DVoo should never exceed AVoo by more:than 0.3 V. If DVoo powers up 
before AV DO or if DV DO can exceed AV DO by more than 0.3 V at any other time, a Schottky diode should 
be. placed between the two pins. . . 

Ground Reference Point for Digital Circuitry. 

PIN CONFIGURATION 

DIP and SOIC 

SCLK 

MCLKOUT 3 
feLK IN ;" 2 MHz) 

AlNl(.) 7 

@ feLK IN = 2 MHz) 

kHz @ feLK IN = 2 MHz) 

kHz @fCLK IN = 2 MHz) 

@ feLK IN = 2 MHz) 
Z@fCLKIN = 2 MHz) 

2 (32 kHz @ feLK IN = 2 MHz) 

STANoiY 11 
512 (32 kHz @ feLKIN = 2 MHz) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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11IIIIIIII ANALOG 
WDEVICES 

LC2MOS 
High Speed 1-,4- & 8-ChanneI10-Bit ADCs 

FEATURES 
AD7776: Single Channel 
AD7777: 4·Channel 
AD7778: 8·Channel 
Fast 10·Bit 1.75 .... s ADC 
+5V Only 
Reference Conversion Option 
Fast Interface Port 
Power·Down Mode 

APPLICATIONS 
HDD Servos 
Instrumentation 

GENERAL DESCRIPTION 
The AD7776, AD7777 and AD7778 are a family of high speed 
multichannel, IO·bit ADCs primarily intended for use in RIW 
head positioning servos found in high density hard . 
They have unique input signal conditioning fi 
them ideal for use in such single supply app 

By setting a bit in a control register 
channel version, AD7777, and e' 
the input channels can either be in 
two channels of choice can be simul u 
versions an input signal of the form V BIAS ± 
pected. The voltage V BIAS is the offset of the A 's midpoi 
code from ground and is supplied either by an onboard refer
ence available to the user (REFOUT) or by an external voltage 
reference applied to REFIN. The full-scale range (FSR) of the 
ADC is equal to 2V SWING where V SWING is nominally equal to 
REFIN12. Additionally, when placed in the Calibration Mode, 
the value of REFIN is converted. This allows the channel off
set(s) to be measured. 

Control register loading and ADC register reading, channel se
lect and conversion start are under the control of the ",P. The 
two's complemented coded ADCs are easily interfaced to a stan
dard 16-bit MPU bus via their IO-bit data port and standard 
microprocessor control lines. 

They are fabricated in linear compatible CMOS (LC2CMOS), an 
advanced, mixed technology process that combines precision 
bipolar circuits with low power CMOS logic. The AD7776 is 
available in both 24-pin DIP and 24-pin SOIC packages; the 
AD7777 is available in both 28-pin DIP and 28-pin SOIC pack
ages; the AD7778 is available in a 44-pin PQFP package. 

'Protected by U.S. Patent No. 4,990,918. 

AD7776/AD7777/AD7778* I 
FUNCTIONAL BLOCK DIAGRAMS 

CLKIN 

A,. 1 0-----1 ~::-+-i DBO-DB9 

1-------0 CREFIN 

~I---OREFIN 

REFOUT 
AGND 

AGND 

DGND AGND 

Vee 

1-------0 c".FIN 

'1---0 REFIN 

AD7777 YSWING 
REFOUT 

AGND 

AGND 

DGND AGND 

CLKlN 

Cs iiii Wii BUsY/iNi' DGND AGND 
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AD77761AD7777/AD7778 
TRUTH TABLE FOR MICROPROCESSOR INTERFACING 

CS RD WR DBO-DB9 . Function/Comments 

I X X HIGH Data. Port High Impedance 
0 I 0 CRData Load Control Register (CR) data to Control Register and start a conversion. The contents of 

the Control Register are described below. 
0 0 I ADC Data ADC data placed on data bus. Depending upon location CR6 of the Control Register, one or 

two Read instructions will be required: If CR6 is Low (i.e., single channel conversion 
selected), a Read instruction returns the conversion data for the channel previOUsly selected by 
CR0-CR2j If CR6 is High (i.e., simultaneous sampling (double conversion) selected), the first 
Read instruction returns the conversion data for the channel previously selected by CR0-CR2. 
A second Read instruction returns the conversion data for the channel previously selected by 
~. 

CONTROL REGISTER CONTENTS 
CRII-CR2: Channel Address locations. Determines which chan
nel will be selected and converted for single channel operation. 
For simultaneous sampling operation, CR0-CR2 holds the ad
dress of one of the two channels to be sampled. 

CR2 CRl CRO Function 

0 0 0 
0 0 I 
0 I 0 
0 I I 
I 0 0 
I 0 I 
1 1 0 
1 1 1 

CR3'-CR5: . Channel Address locations. Only appli 
simultaneous sampling when CR3-CRS holds the 
second channel to be sampled. 

CR5 CR4 CR3 Function 

0 0 0 Select AINI 
0 0 1 Select AIN2 
0 1 0 Select AIN3 
0 1 1 SelectA~ 
I 0 0 Select AINS 
1 0 1 Select AIN6 
1 1 0 Select AIN7 
1 .1 ... 1 Select An;8 

CR6: Determines whether operation is on a single channel or 
simultaneous sampling on two channels. 

CR6 Function 

o Single channel operation. Channel select 
address is contained in locations CR0-cR2. 

1 Two channels simultaneously sampled 
and sequentially converted. Channel . 
select addresses tontained in locations 
CRO-CR2 and CR3-CRS. 

CR7: Determines whether the device is in the Normal Operat
ing mode or in the Calibration mode: 

Operating Mode 
ration Mode 

Normal Operating Mode 
Power-Down Mode 

. es whether BUSYIINT output flag goes Low 
remains Low during conversion(s) or else goes Low and 

remains Low after the conversion(s) is (are) complete. 

CR9 
o 
1 
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.... ANALOG 
WOEVICES 

LC2MOS High Speed fLP-Compatible 
8-Bit ADC with Track/Hold Function 

FEATURES 
Fast Conversion Time: 1.36.,.5 max 
Built-In Track-and-Hold Function 
No Missed Codes 
No User Trims Required 
Single + 5V Supply 
Ratiometric Operation 
No External Clock 
Extended Temperature Range Operation 
Skinny 20-Pin DIP, SOIC and 20-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7820 is a high speed, microprocessor-compatible 8-bit 
analog-to-digital converter which uses a half-flash conversion 
technique to achieve a conversion time of 1.36 .... s. The converter 
has a OV to + 5V analog input voltage range with a single + 5V 
supply. 

The half-flash technique consists of 31 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. The 
input to the AD7820 is tracked and held by the input sampling 
circuitry, eliminating the need for an external sample-and-hold 
for signals with slew rates less than 1000V/ .... s. 

The part is designed for ease of microprocessor interface with 
the AD7820 appearing as a memory location or 1/0 port without 
the need for external interfacin~ logic. All digital outputs use 
latched, three-state output buffer circuitry to allow direct con
nection to a microprocessor data bus or system input port. A 
non-three state overflow output is also provided to allow cascading 
of devices to give higher resolution. 

The AD7820 is fabricated in an advanced, all ion-implanted, 
high speed, Linear Compatible CMOS (LC2MOS) process and 
features a low maximum power dissipation of 75mW . It is available 
in 20-pin DiPs, SOICs and in 20-terminal surface mount 
packages. 

REV. A 

AD7820 I 
FUNCTIONAL BLOCK DIAGRAM 

GND MODE WRIRDY CS ii6 iNi' 

PRODUCT HIGHLIGHTS 
1. Fast Conversion Time 

OBO-DB7 
DATA OUT 
PINS2-5, ' .... '7 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables very fast con
version times. The maximum conversion time for the WR-RD 
mode is 1.36 .... s, with 1.6f.Ls the maximum for the RD mode. 

2. Total Unadjusted Error 
The AD7820 features an excellent total unadjusted error 
figure of less than 1/2LSB over the full operating temperature 
range. The part is also guaranteed to have no missing codes 
over the entire temperature range. 

3. Built-In Track-and-Hold 
The analog input circuitry uses sampled-data comparators, 
which by nature have a built-in track-and-hold function. As 
a result, input signals with slew rates up to lOOmV/ .... s can be 
converted to 8-bits without external sample-and-hold. This 
corresponds to a SV peak-to-peak, 7kHz sine-wave signal. 

4. Single Supply 
Operation from a single + SV supply with a positive voltage 
reference allows operation of the AD7820 in microprocessor 
systems without any additional power supplies. 
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(Yoo = + 5V; VAEF ( + ) = + 5V; VAEF ( - ) = GND = DV unless othelWise stated). 

AD7820-SPECIFICATIONS· AU specifications :rmin to Tmax unless otherwise specified. Specifications apply for 
RD Mode (Pin 7= OV) 

'- l(v .... • . LV .... 8,TVenioal C,UV_ lhIito ~ 
ACCURACY 

RaoIuIioD 8 8 8 eiu 
T .... UaadjuotcdEnor' ±1 ±1/2 ±1 ± 112 LSB .... 
MlDimum ReooIutioa for.,bic:b 

NoAlilsiqCodel_""""- Bih 

REFElU!NCE INPUT 
Inpu._ 1.014.0 1.014.0 1.014.0 1.014.0 kIlmiDlkfl .... 
V •• ,( + ) Inpu. Vol .... Ran&< Va .. (-)/Voo Va .. (-)/Voo VR.,( - )/Voo Va .. ( - )/Voo Vmin/V .... 
Va .. ( - ) Inpu. Vol_Ran&< GNDIV •• F(+) GNDlVREF(+) GNDIV .. ,(+) GNDIV..,(+) Vmin/Vmu 

ANALOGINFUT 
Inpu. Vm..,. Ran&< V."'-)/V.,..(+) VREP( - )/VREP( +) v .... - )/VREP( +) VREP( - )/Va ... +) Vmin/Vmu 
Inpu.I.cobFCurren. ±3 ±3 ±3 ±3 ... A .... 
Inpu. Capoci ....... 45 45 45 45 pFlyp 

LOGICINFUTS 
CS.n.RD 

VINH 2.4 2.4 2.4 2.4 V miD 
VINL 0.8 0.8 0.8 0.8 V .... 
IINH (CS. RD) ,..Amu 
ItNH(WR) ,..Amu 
IINL -1 -1 -I -I ,..Amu 
InPUI Capociblll<e' 8 8 8 8 pF .... Typically 5pF 

MODE 
VINH 3.S 3.S 3.S 3.S V miD 
VINL I.S I.S I.S I.S v .... 
IINH 2DO 200 2DO 2DO ,..Amu SO,..A.yp 

IINL -) -I -I -I ,..A .... 
Input Capocitatt<e' 8 8 pF .... Typic:ally5pF 

LOGICOUTFUTS 
DJIO.DB7.0FL.INT 

VDH 4.0 4.0 4.0 4.0 V miD IsooOCE = 36Ot>A 
VOL 0.4 0.4 0.4 0.4 Vmu . ISlNK= 1.6mA 
Iotrr(DJIO..DB7) ±3 ±3 ±3 ±3 ,..A .... Floating S .... Lcakqc 

OU.pu.Capoci ....... 8 pF .... Typically 5pF 
RDY 

VOL 0.4 0.4 0.4 0.4 V .... ISlNK ;::: 2.6mA 
Iotrr ±3 ±3 ±3 ±3 ,..A .... Floating S .... Lcakqc 
OUtpu. Capocitaru:e' 8 pF .... Typically SpF 

SLEW RATE. TRACKING' 0.2 0.2 0.2 0.2 VI"uyp 
0.1 0.1 0.1 0.1 V/.,.smu 

POIIVER SUPPLY 
Voo Volts ± 5% for Specified 

PerfornwIa: 
ID04 15 IS 20 20 IDA .... CS=RD=OV 
_ DiJaipolioD 

40 40 40 40 mWlyp 
_Supply Sauitirity ±114 ±114 ±114 ±114 LSB .... ±1I16LSBlyp 

Voo=5V ±S% 

NOTES 
'T ............. Jtaaanue .. follows: 

1t.,I;, VenioDI: -4OOCto +8S"C 
B,CVeniou: -4O"C1O +8S"C 
T ,"U Venioas: - 5S"'C to + 12S"C 

'Total U .... justodEmwiDd __ .fu\l .... oadliaarityerron. 
'SompIe""'" It 25'C by Product Auuruccto ...... complioDa:. 
'See Typicol_ClwtI<teristics. 
Speci/iclltiOIlSlUbjeettodtupwitbou.DOtice. 
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AD7820 

TIMING CHARACTERISTICS1 IY .. = +5V;V.,(+)= +5V;V.(-)=GND=OVunlassDlhllWiseslllld.) 

Limit at Limit at 
Limit at 25"C T .... T .... T .... T_ 

Parameter (All Versions) (K. L. B. eVersions) (T. UVersions) Units ConditionslComments 

tess 0 0 0 nsmin CS TO RDIWR Setup Time 
teSH I) 0 0 nsmin CS TO RDIWRHold Time 
tllOy2 70 90 100 nsmax CS to Delay. Pull-Up 

Resistor 51dl. 
fcRo 1.6 2.0 2.5 jLsmax Conversion Time (RD Mode) 
tAcco3 feRo +20 fcRo +35 feRo +50 nsmax Data Access Time (RD Mode) 
tINTH2 125 nstyp RD to INT Delay (RD Mode) 

175 225 225 nsmax 
tOH4 60 80 100 nsmax Data Hold Time 
tp 500 600 600 nsmin Delay Time between Conversions 
twa 600 600 600 nsmin Write Pulse Width 

50 50 50 jLsmax 
tllO 600 700 700 nsmin Delay Time between WR and RD Pulses 
tACCl3 160 225 250 nsmax Data Access Time (WR-RD Mode, 

see Fig. 5b) 
till 140 200 225 nsmax RD to INT Delay 
tINTL2 700 nstyp WR to lNT Delay 

1000 1400 1700 nsmax 
tACCZ3 70 90 110 nsmax Data Access Time (WR-RD Mode, 

tIHWR2 100 130 150 nsmax 
seeFi&,2li 
WR to INT Delay (Stand-Alone Operation) 

tID 50 65 75 nsmax Data Access Time after INT 
(Stand-Alone Operation) 

NOTES 
'Sample tested at 2S"C to ensure compliance. All input control signals are specified with tr=tf=2Ons (10% to 90% of +SV) and timed from a vol. level of i.6V. 
'CL=SOpF. 
'Measured with load circuits of Figure I and derIDed as the time required for an output to cross O.8V or 2.4V. 
'DefIDed as the time required for the data 1ines to change O.SV when loaded with the circuits of Figure 2. 
Specif1C8tionS subject to change without notice. 

Test Circuits 

DBNo---e-------~--~ 

3k!l 100pF 

DGND ~ 
a. High-Zto VOH 

~ . DBN T 100pF 

\7DGND 

b. High-Zto VOL 

Figure 1. Load Circuits for Data Access Time Test 
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DBNo---e-------~---o 

3k!l T 'OPF 

DGND \7 

a. VOHtoHigh-Z 

13kll 

DBN~ 

T 'OPF 

\7DGND 

b. VOL to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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AD7820 
ABSOLUTE MAXIMUM RATINGS· 

VDDtoGND •••..... •.•.•• OV, +7V Storage Temperature Range ....•... " -65°C to + 1500C 
Digital Input Voltage to GND 

(Pins 6-8, 13) . • . . . . . 
Digital Output Voltage to GND 

(Pins 2-5, 9, 14-18) .••.. 
VRBP (+) to GND 
VRBP (-) to GND ..... . 
VIN to GND : .••..••.. 
Operating Temperature Range 

Commercial (K, L Versions) 
Industrial (B, C Versions) 
Extended (T, U Versions) 

CAUTION: 

-O.3V, VDD +0.3V 

-0.3V, VDD +0.3V . 
VRBP (-), VDD +0.3V 

• ... OV,VRBP (+) 
-0.3V, VDD +0.3V 

- 4O"C to + 85"C 
- 4O"C to + 85"C 

- 55"C to + 125°C 

Lead'Temperature (Soldering, 10secs) .•. + 3000c 
Power Dissipation {Any Package) to + 75"C 450mW 
Derates above +75"C by • • . . . • . . . . . . 6mWI"C 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this speciiJCation is nOt 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c8 
~~EDEVICE 

DIP, sOle 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Modell Range Error (Max) Option1 

AD7820KN - 4O"C to + 85"C ±lLSB N-20 
AD7820LN -40"Cto + 85°C ±1I2LSB N-20 
AD7820KP - 4O"C to + 85°C ±lLSB P-20A 
AD7820LP .,.. 4O"C to.+ 85"C ±1I2LSB P-20A 
AD7820KR - 40°C to + 85°C ±lLSB R-20 
AD7820LR -40"Cto + 85°C ±II2LSB R-20 
AD7820BQ - 40°C to + 85°C ±lLSB Q-20 
AD782OCQ, -40"Cto + 85°C ±1/2LSB Q-20 
AD7820TQ - 55°C to + 125°C ±lLSB Q-20 
AD7820UQ - 55"C to + 125"C ±1I2LSB Q-20 
AD7820TE - 55"C to + 125"C ±lLSB E-20A 
AD7820UE - 55"C to + 12S"C ±1I2LSB E-20A 

NOTES 
'Toorder MIL-STD-883, Class B proeessed parts, addI883B to part number. 
Contact your local saIes office for militaIy data sheet. For U.S. Standard 
Military Drawing (SMD), see DESCdrawing #5962-88650. 

zE = LeadlessCeramicCbipCarrier;N = PlasticDIP;P = Plastic Leaded 
Cbip Carrier; Q = Cerdip; R = SOIC. For outline information see 
Paekage Information section. 

DSZ 4 

DB3 • 

WRIRDY. 

MODE 7 

Roa 

PIN CONFIGURATIONS 

LCCC 

!1.Jl~ 
3212019 

00 
00 .. 

AD7820 
TOP VIEW 

(Not to ScaI_1 

9 10 11 12 13 

18 Of[ 

17 DB71MSBI 

16 DBS 

15 DB5 

14 DB4 

IliIII~ 
NC= NO CONNECT J J 
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AD7820 
TOP VIEW 

INat to Scale) 

14 DB4 
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Typical Performance Characteristics-AD7820 
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AD782D 
PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

VIN Analog Input .. Range: V.uw< - ) to 
VREp(+). 

2 DBO Data Output. Three State Output, bit 0 
(LSB) 

3 DBI Data Output. Three State Output, bit I 
4 DB2 Data Output. Three State Output, bit 2 
5 DB3 Data Output. Three State Output, bit 3 
6 WRlRDY WRITE control inputIREADY status 

output. See Digital Interface section. 
7 Mode Mode Selection Input. It determines 

whether the device operates in the WR-RD 
or RD mode. It is internally tied to 
GND tlirough a SO",A current source. 
See Digital Interface section. 

8 RD READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 

9 INT INTERRUPT Output. INT going low 
indicates that the conversion is complete. 
INT returns high on the rising edge 
ofRD or CS. See Digital Interface section. 

10 GND Ground 
II VREP(-) Lower llinit of reference span. 

Range: GND:sV.uw< - ):sV.uw< +) 
12 V.uw<+) Upper llinit of reference span. 

Range: V.uw< -):s V.uw< + ):sVDD 
13 CS Chip Select Input. CS, the decoded 

device address, must be low for 
RD or WR to be recognized by the 
converter. 

14 DB4 Data Output. Three State Output, bit 4 
IS DBS Data Output. Three State Output, bit 5 
16 DB6 Data Output. Three State Output, bit 6 
17 DB7 Data Output. Three State Output, bit 7 

(MSB) 
18 OFL Overflow Output. If the analog input is 

higherthan(V.uw< +) -lt2LSB),OFL 
will be low at the end of conversion. It 
is a non three state output which 
can be used to cascade 2 or more 
devices to increase resolution. 

19 NC No connection. 
20 Voo Power supply voltage, + SV 
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CIRCUIT INFORMATION 
BASIC DESCRIPTION 
The AD7820 uses a half-flash conversion technique whereby 
two 4-bit flash AID converters are used to achieve an 8-bit 
result. Each 4-bit flash ADC contains IS comparators which 
compare the unknown input to a reference ladder to get a 4-bit 
result. For a full 8-bit reading to be realized, the upper 4-bit 
flash, the most signif"lCIIllt (MS) flash, performs a conversion to 
provide the 4 most significant data bits. An internal DAC 
driven by the 4 MSBs, then recreates an analog appro~tion 
of the input voltage. This analog result is subtracted from the 
input,.and the difference is converted by the lower flash ADC, 
the least significant (LS) flash, to provide the 4 least significant 
bits of the output data. The MS.·flash ADC also has one additional 
comparator to detect input overrange. 

OPERATING SEQUENCE 
The operating sequence for the AD7820 in the WR-RD mode is 
shown in Figure 3.~set-up time of 500ns is required prior to 
the falling edge of WR. (This sOOns is required between reading 
data from the AD7820 and starting another conversion). When 
WR is low the input comparators track the analog input signal, 
VIN• On the rising edge of WR, the input signal is sampled and 
the result for ,the four most significant bits is latched. INT goes 
low approximately 700ns after the rising edge of WR. This 
indicates that conversion is complete and the data result is already 
in the output latch. RD going low then accesses the output 
data. If a faster conversion time is required, the RD line can be 
brought low 600ns after WR goes high. This latches the lower 4 
bits of data and accesses the output data on D80-DB7. 

Wiil 
Sins &DOns 

SET.UPnMEREQUIAED / VINISSAMPlED iN'i 
~~~g::~RIORTO ~~~:OEN41:~~HED 
STARTING CONVERSION YIN IS TRACKED 

BY INTERNAL 

iNT GOWG LOW INDICATES 
THAT CONYERSION IS COMPlETE 
ANDTHATTHE DATARESULTIS 
AlREADY INTHE OUTPUT 
LATCHANDCANBEREAD 

COMPARATORS AD BROUGHT LOW HERE LATCHES 
THE 4 LSBS INTO OUTPUT LATCH 
AND ACCESSES DATA ON DBO-DB7 

Figure 3. Operating Sequence (WR-RD Mode) 

REV. A 



DIGITAL INTERFACE 
The AD7820 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low the converter 
is in the RD mode, with this pin high the AD7820 is set up for 
the WR-RD mode. 

RDMode 
The timing diagram for the RD mode is shown in Figure 4. In 
the RD mode configuration, conversion is initiated by taking 
RD low. The RD line is then kept low until output data appears. 
It is very useful with microprocessors which can be forced into 
a WAIT state, with the microprocessor starting a conversion, 
waiting, and then reading data with a single READ instruction. 
In this mode, pin 6 of the AD7820 is configured as a status 
output, ROY. This ROY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling edge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low at the completion of conversion. 
INT returns high on the rising edge of es or RD. 

\ 
,'-------

Figure 4. RD Mode 

WR-RDMode 
In the WR-RD mode, pin 6 is configured as the WRITE input 
for the AD7820. With es low, conversion is initiated on the 
falling edge of WR. Two options exist for reading data from the 
converter. 

Figure 5a. WR-RD Mode (tRO>t,NTL) 
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AD7820 
In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Figure Sa). 
INT typically goes low 700ns after the rising edge of WR. It 
indicates that conversion is complete and that the data result is 
in the output latch. With es low, the data outputs (DBO-DB7) 
are activated when RD goes low. INT is reset by the rising edge 
ofRD or es. 
The alternative option can be used to shorten the conversion 
time. To achieve this, the status of the INT line is ignored and 
RD can be brought low 600ns after the rising edge of WR. In 
this case RD going low transfers the data result into the output 
latch and activates the data outputs (DBO-DB7). INT also goes 
low on the falling edge of RD and is reset on the rising edge of 
RD or es. The timing for this interface is shown in Figure 5b. 

Figure 5b. WR-RD Mode (tRO<t'NTL) 

The AD7820 can also be used in stand-alone operation in the 
WR-RD mode. es and RD are tied low and a conversion is 
initiated by bringing WR low. Output data is valid typically 
700ns after the rising edge of WR. The tinting diagram for this 
mode is shown in Figure 6. 

Figure 6. WR-RD Mode Stand-Alone Operation, 
CS=RD=O 
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AD7820 
APPLYING THE AD7820 
REFERENCE AND INPUT 
The two reference inputs on the AD7820 are fully !iifferential 
and defme the zero to full-scale input range of the AID COllverter. 
As a result, the span of the analog input, can easily be varied 
since this range is equivalent to the voltage difference between 
Vni +) and Vni -). By reducing the reference span, V~ +}
V~ -), to less than SV the sensivity of the converter can be 
increased (i.e., ifVREF =2V then ILSB =7.8mV). Theinputlrefer
ence arrangement also facilitates ratiometric operation. 

This reference flexibility also allows the input span to be offset 
from zero. The voltage at V~ -) sets the input level which 
produces a digital output of all zeroes. Therefore, although VIN 
is not itself differential, it will have nearly differential-input 
capability in most measurement applications because of the 
reference design. Figure 7 shows some of the confJgU1'lltions that 
are possible. 

AD7820 
+5v-..... --.... '"""'IH 

Figure 7a. Power Supply as Reference 

v .. (+l-----I v .. 

--~:---I GND 

AD7820 

+w--.--~---.---__IVoo 

VREF (+1 

Figure 7b. External Reference 2.5V Full Scale 

-----Iv" 
GND 

AD7820 

+5V-..... --.... --.-----t v •• 
L-JW ....... .--I VAEFI+1 

·CURRENTPATH MUST 
STILLEXISHROM 
VIN (-) TO GROUND. 

Figure 7c. Input Not Referenced to GND 

INPUT CURRENT 
Due to the novel conversion techniques employed by the AD7820, 
the analog input behaves somewhat differently than in conventional 
devices. The AOC's sampled-data comparators take varying 
amounts of input current depending on which cycle the conversion 
is in. 

The equivalent input circuit-of the AD7820 is shown in Figure 
8a. When a conversion starts (WR low, WR-RD mode), all 
input switches close, and VIN is connected 'to the most significant 
and least significant comparators. Therefore, V IN is connected 
to thirty one I pF input capacitors at the same time. 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2kn to Skn). In 
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addition, about 12pF of input stray capacitance must be charged. 
For large source resistances, the analog input can be modelled 
as an RC network as shown in Figure 8b. As Rs incresses, it 
takes longer for the input capacitance to charge. 

In the RD mode, the time for which the input comparators 
track the analog input is 600ns at the start of conversion. In the 
WR-RD mode the input comparators track VIN for the duration 
of the WR pulse. Since other factors cause this time to be at 
least 600ns, input time constants of lOOns can be accommodated 
without special consideration. Typical total· input capacitance 
values of 4SpF allow Rs to be l.Skn without lengthening WR 
to give VIN more time to settle. 

VON 
~,~~ .. rkJ 

~m~:r.~ ~,. 
15LS8COMPARA:O~S 

RoN 
...... T~O"'M,.,S--O ","<>-t;PF 

LADDER -o"'J o.-J 1 ~ ~ 1 pF 

16 MSB COMPARA:ORS 

Figure 8a.AD7820 Equivalent Input Circuit 

VIN 
.~S. _ ~~_~~ 

CST 32PFT 12pF'V 'V 
Figure 8b. RC Network Model 

INPUT FILTERING 
It should be made clear that transients on the analog input 
signal, caused by charging current flowing into V IN will not 
normally degrade the AOC's performance. In effect, the AD7820 
does not "look" at the input when these transients occur. The 
comparators' outputs are not latched while WR is low, so at 
least 600ns will be provided to charge the AOC's input capacitance. 
It is therefore not necessary to filter out these transients with an 
external capacitor at the V IN terminal. 

INHERENT SAMPLE-HOLD 
A major benefit of the AD7820's input structure is its ability to 
measure a variety of high speed signals without the help of an 
external sample-and-hold. In a conventional SAR type converter, 
regardless of its speed, the input must remain stable to at least 
'hLSB throughout the conversion process if full accuracy is to 
be maintained. Consequently, for many high speed signals, this 
signal must be externa1ly sampled and held stationary during 
the conversion. The AD7820 input comparators, by nature of 
their input switching inherently accomplish this sample-arid~hold 
function. Although the conversion time for the AD7820 is I.36j1.s, 
the time through which V IN must be 'hLSB stable is much 
smaller. The AD7820 "samples" VINonly when WR is low. 
The value of VIN approximately lOOns (internal propagation 
delay) after the rising edge of WR is the measured value. This 
value is then used in the least significant flash to generate the 
lower 4-bits of data. 
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Input signals with slew rates typically below 200mV/ILI can be 
converted without error. However, because of the input time 
constants, and charge injc:c:tion through the opened comparator 
input switches, faster signals may cause errors. Still, the AD7820's 
loss in acc:uracy for a given increase in signal slope is far less 
than what would be witnessed in a conventional successive 

Applications 
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AD7820 
approximation device. A SAR type converter with a conversion 
time as fast as 1 ILl would still not be able to measure a SV, 
1kHz sine wave without the aid of an external sampllHlDd-hold. 
The AD7820 with no such help, can typically measure SV, 
10kHz waveforms. 
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Figure 12. 8-Bit Analog Multiplier 
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r.ANALOG 
WDEVICES 

LC2MOS High Speed, fJ.P-Compatible 
8-Bit ADC with Track/Hold Function 

FEATURES 
Fast Conversion Time: 660 ns max 
100 kHz Track-and-Hold Function 
1 MHz Sample Rate 
Unipolar and Bipolar Input Ranges 
Ratiomatric Reference Inputs 
No External Clock 
Extended Temperature Range Operation 
Skinny 20-Pin DIPs. SOIC and 20-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7821 is a high-speed, 8-bit, sampling, analog-to-digital 
converter that offers improved performance over the popular 
AD7820. It offers a conversion time of 660 ns (vs. 1.36 ..,.s for 
the AD7820) and 100 kHz signal bandwidth (vs. 6.4 kHz). The 
sampling instant is better defmed and occurs on the falling edge 
of WR or RD. The provision of a V ss pin (Pin 19) allows the 
part to operate from ± 5 V supplies and to digitize bipolar input 
signals. Alternatively, for unipolar inputs, the V S8 pin can be 
grounded and the AD7821 will operate from a single +5 V sup
ply, like the AD7820. 

The AD7821 has a built-in track-and-hold function capable of 
digitizing full-scale signals up to 100 kHz max. It also uses a 
half-flash conversion technique that eliminates the need to gen
erate a CLK signal for the ADC. 

The AD7821 is designed with standard microprocessor control 
signals (CS, RD, WR, RDY, INT) and latched, three-state data 
outputs capable of interfacing to high-speed data buses. An 
overflow output (OFL) is also provided for cascading devices to 
achieve higher resolution. 

The AD7821 is fabricated in Linear-Compatible CMOS 
(LC2MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low-power CMOS logic. The part 
features a low power dissipation of 50 mW. 

REV. A 

AD7821 I 
FUNCTIONAL BLOCK DIAGRAM 

GND MODE iNA RDY CS 

PRODUCT HIGHLIGHTS 
1. Fast Conversion Time 

VDD 

080·D87 
DATA OUT 
PINS 2-5. 14-17 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables a very fast 
conversion time. The conversion time for the WR-RD mode 
is 660 ns, with 700 ns for the RD mode. 

2. Built-In Track-and-Hold 
This allows input signals with slew rates up to 1.6 V/..,.s to be 
converted to 8-bits without an external track-and-hold. This 
corresponds to a 5 V peak-to-peak, 100 kHz sine-wave signal. 

3. Total Unadjusted Error 
The AD7821 features an excellent total unadjusted error fig
ure of less than ± 1 LSB over the full operating temperature 
range. 

4. UnipolarlBipolar Input Ranges 
The AD7821 is specified for single supply (+ 5 V) operation 
with a unipolar full-scale range of 0 to + 5 V, and for dual 
supply (± 5 V) operation with a bipolar input range of 
±2.S V. Typical performance characteristics are given for 
other input ranges. 

5. Dynamic Specifications for DSP Users 
In addition to the traditional ADC specifications, the 
AD7821 is specified for ac parameters, including signal-to
noise ratio, distortion and slew rate. 
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AD'821 SPECIFIC.'JIONS V,DD= +5 V, :5%, GND = 0 V. Unipolar Input Ranp: Vss = GND, VREF(+} = 
, ,,'" '" - , '" • , " , 5 V, VRE~-:-) '=GND. Bipolar Input Range: VsS = ~5 V :t 5%, VREF( +} = 2.~ Vi 
VRuC -} .. -2.5 Y. ThiSB test conditions apply unless otherwise stated. All specifications Tmln to T .... unless otherwise stated. Specifications 
applyfoFRD Mode (Pin 7 .. ;0 V> 

Puameter 
' , 

KV.', B. T'verSioas UDiIs Comments 
UNIPOLM INPUT RANGE 

ResOIution2 8 8 Bits 
Total YlUldjustOd Error' ±I ±I LSBmax 
MiDimum Resolution for which 
No Missing Codes are Guaranteed 8 8 Bits 

BIPOLAR INPUT RANGE 
Resolution2 8 8 Bits 
Zero Code Error ±I ±I LSBmax 
Full Sc:ale Brror ±I ±I LSB max 
Signal-to-Noise Ratio (SNR), 45 4S dB min Y'N = 99,85 kHz Full-S~e Sine Wave with fSAMPLlNG, = 500 kHz 
Total Harmonic Distortion (THD), -50 -50 dB max VIN = 99.85 kHz Full-Scale Sine Wave with fSAMPLING =.500 kHz 
Peak Harmnnic or Spurious Noise' -50 -50 dB max V IN = 99.,85 kHz Full-Sc:ale Sine Wave with fSAMPLING = 500 kHz 
Intermodulation Distortion (IMD)' fa (84.72 kHZ) and fb (94,97 kHz) Full-Scale 

Sine Waves with fSAMPLING = 500 kHz 
-50 -50 dB max Second Order Tenus 
-50 -50 dB max Third Order Terms 

Slew Rate, Tracking' 1.6 1.6 VifL'max 
2.36 2.36 V/fL3typ 

RBFBRBNCB INPUT 
Input Resistance 1.014.0 1.014.0 kfl minlkfl max 
V REP ( +) Input Voltsge Range VREF (-)lVoo VREP (-)lVoo V miDIV max 
V REF (-) Input Voltsge Range V ,,IV REP( +) V,,IV REP( +) V miDIV max 

ANALOG INPUT 
Input Voltsge Range V REP( -)IV REP( +) V REP( -)IV REP( +) V miDIV max 
Input Leakage Current ±3 ±3 JLA max -5 V S V IN S +5 V 
Input Capacitance 55 55 pFtyp 

LOGIC INPUTS 
~,\VI,m 

VINH 2.4 2.4 V min 
V1NL 0.8 0.8 V max 
lINK (~, RD) 1 I JLA max 
IINH (WI) 3 3 JLA max 
IINL -I -I fLAmax 
Input Capacitance' 8 8 pFmax Typically 5 pF 

MODE 
V,NH 3.5 3.5 V min 
VINL 1.5 1.5 V max 
lINK 200 200 JLA max 50 fLA typ 
IINL 

' .. 
-I -I fLAmax 

Input Capacitance' ." 8 8 pFmax Typically 5 pF 
LOGIC OUTPUTS 
D~DB7, OPI:, tNT 

VOK 4.0 4.0 V min ISOURCE = 360 fLA 
VOL 0.4 0:4 V max ISINK = 1.6mA 
loUT (DBO-DB7) ±3 ±3 JLA max Floating Stste Leakage 

Output Capacitance' (D~DB7) 8 8 pFmax Typically 5 pF 
RDY 

VOL 0.4 ,0.4 V max ISINK = 2.6 mA 
loUT ±3 ±3 JLAmax Floating Stste Leakage 
Output Capacitance' '8 8 pFmax Typically 5 pF 

POWER SUPPLY 
IDD' 15 20 mAmax ~=m=OV 
Is. 100 ioo. JLAmax ~=RD=OV 
Power Dissipation 50 50 mWtyp 
Power Supply Sensitivity ±114 ±114 LSBmax ±1116 LSB typ, Voo = 4.75 V to 5.25 V, 

(vgp(+) = 4.75 V max fOt Unipolar Mode) 

NOTES 
'Temperature Ranges are as follows: K Version = -4O"C to +85'C; B Version = -4O"C to +85'C; T Version = -55'C to + 125'C. 
21 LSB =19.53 mV for both the unipolar (0 to +5 V) and bipolar (-2.5 V to +2.5 V) input ranges. 
'See Terminology. 
<sample tested at + 25'C to ensure comp1iance. 
'See Typical Performance Characteristics. 
Specifications subject to chaDge without notice. 
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AD7821 

TIMING CHARACTERISTICS1 (VDD = +5 V ± 5%, Vss = 0 V or -5 V ± 5%; Unipolar or Bipolar Input Range) 
Limit.t Limit.t 

Limit at 2S'C TmiD,Tmu TmmtTmax 
Parameter (All Venions) (1(, Bt Versions) (T Venion) Units ConditionslComments 

less 0 0 0 nsmin CS to RI51WR Setup Time 

tesM 0 0 0 nsmin CS to mIWR: Hold Time 
tRDY 

, 
70 85 100 nsmax CSto RDY Delay. Pull-Up 

Resistor 5 kl. 

uo 700 875 975 nsmax Conversion Time (RD Mode) 
tACC03 Data Access Time (RD Mode) 

uo +25 teRO +30 uo +35 nsmax CL = 20pF 
teRO +50 uo +65 uo +75 nsmax CL = 100 pF 

tINTH 
, 

50 - - nstyp m to !NT Delay (RD Mode) 
80 85 90 nsmax 

tOM • IS IS IS nsmin Dat. Hold Time 
60 70 80 nsmax 

tp 350 425 500 nsmin Delay Time .Between Conversions 
tWR 250 325 400 ns min Write Pulse Width 

10 10 10 I'Smax 
tRO 250 350 450 nsmin Delay Time between WI{ and RI5 Pulses 

tREADl 160 205 240 ns min lID Pulse Width (WR-RD Mode, see Figure 12b) 
Determined by lAcel 

tACe' 
, 

nata Access Time (WR-RD Mode, see Figure 12b) 
160 205 240 nsmax CL = 20pF 
185 235 275 nsmax CL = 100 pF 

tR) ISO 185 220 nsmax RD to INT Delay 

t'NTL 
, 

380 nstyp Wi{ to !FIT Delay 
500 610 700 nsmax 

tREAD2 65 75 85 nsmin m Pulse Width (WR-RD Mode, see Figure 12a) 
Determined by tACO 

Data Access Time (WR-RD Mode, see Figure 12a) 
tACC2 

, 
65 75 85 nsmax CL = 20pF 
90 llO 130 nsmax CL = 100 pF 

tlHWR 
, 

80 100 120 nsmax WI{ to !NT Delay (Stand-Alone Operstion) 
tID 

, 
Data Access Time after INT 
(Stand-Alone Operation) 

30 35 40 nsmax CL = 20pF 
45 60 70 nsmax CL = 100 pF 

NOTES 
'Sample tested at +25°C to ensure compliance. AU input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
'CL = 50 pF. 
'Messured with load circuits of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4Defmed as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

Test Circuits 

DBNG---.-------.---O 

a. HighZto VOH 

I3kn 
DBN~ 

CL 

~DGND 
b. HighZto VOL 

Figure 1. Load Circuits for Data Access Time Test 

DBNG---.-------.---O 

3tn 10pF 

DGND ~ 

I3kn 
DBN~ 

~::~D 
b. VoLtoHighZ 

Figure 2. Load Circuits for Data Hold Time Test 
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ORDERING GUIDE 

Temperature Total Unadjusted Package 
Modell Range Error (LSB) Option' 

AD782IKN -40°C to +85°C ±1 max N-20 
AD7821KP -40°C to +85°C ±1 max P-20A 
AD7821KR -40°C to +85°C ±1 max R-20 
AD7821BQ -4O"C to +85°C ±1 max Q-20 
AD7821TQ - 55°C to + 125°C ±l max Q-20 
AD782lTE - 55°C to + 125°C ±l max E-2OA 

NOTES 
'To order MIL-STD-883, Class B processed parts, add /883B to part num
ber. Contact local sales office for military data sheet. 

'E ~ Leadless Ceramic Chip Carrier; N = Plastic DIP; P ~ Plastic Leaded 
Chip Carrier; Q ~ Cerdip; R ~ SOIC. For outline information see Package 
Information section. 
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AD7821 
ABSOLUTE MAXIMUM RATINGS· 
Vooto GND .................. ; ..... -0.3V,+7V 
Vss to GND ....................•..... +0.3 V, 7 V 
Digital Input Voltage to GND 

(Pins 6-8,13) ....•............. -0.3 V, Voo +0.3 V 
Digital Output Voltage to GND 

(pins 2-S, 9, 14-18) .............. -0.3 V, Voo +0.3 V 
VREF (+) to GND ............. Vss -0.3 V, Voo +0.3 V 
VREF (-) to GND ............. Vss -0.3 V, Voo +0.3 V 
VIN to GND ................. Vss -0.3 V, Voo +0.3 V 
Operating Temperature Range 

Commercial (K Version) .............. -40"C to +8S·C 

Industrial (B Version) ................ -'40"Cto +8S·C 
Extended (T Version) ............... -'SS·C to + 12S·C 

Storage Temperature Range ....... ' ..... -6S·C to + IS0·C 
Lead Temperature (Soldering, 1000cs) ............ + 300"<: 
Power Dissipation (Any Package) to +7S·C . ' ....... 4S0 mW 
Derates above +7S·C by .................... 6 mWrC 
·Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION ____________________ ~~~--~------~----~~ 
ESD (electroStatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
·should be discharged to the destination socket before devices are inserted. 

DIP AND SOIC PIN CONFIGURATIONS 

LCCC 
1ii 

PLCC 

:I J il;$JJ J J Q Q 

• 2 1 20 , . 
3212019 

" " .. l' OFt 

0 

DB2 4 ,. lii'i: 

DB7(MSB) 

DB2 • 

DB3 5 

WRIROV 6 

MODE 7 

ilD. 

AD7821 
TOP VIEW 

(Not to Scale) 

17 DB11MSBI 

16 DB6 

,. DB5 

AD7821 
TOP VIEW DBI 

(Not to Scale' 

TERMINOLOGY 
LEAST SIGNIFICANT BIT (LSB) . 
An ADC with 8-bit resolution can resolve one part in 28 (11256 
of full scale). For the AD7821 operating in either the unipolar 
or bipolar input range with 5 V full scale, one LSB is 19.53 mY. 

TOTAL UNADJUSTED ERROR 
This is a comprehensive specification which includes relative 
accuracy, offset error and full-scale error. 

SLEWitATE 
Slew Rate is the maximum allowable rate of change of input sig
nal such that the digital sample values are not in error. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion is the ratio of the square root of the 
sum of the squares of the rms value of the harmonics to the rms 
value of the fundamental. For the AD7821, total harmonic 
distortion (THD) is dermed as 

[ V(Vl+Vl+VS2+V/) ] dB 
20 log VI 

where Viis the rms amplitude of the fundamental and V 2' V 3' 

V., Vs, V., are the rms amplitudes of the individual harmonics. 
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INTERMODULATION DISTORTION 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m +n), at sum and difference frequencies of 
mfa+nfb, where m,n = 0, 1,2,3,- - - -. IntermoduJation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + fb) and (fa - fb), and the 
third order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and 
(fa - 2fb). For the AD7821 intermodulation distortion is calcu
lated separately for both the second and third order. terms. 

SIGNAL-T()"NOISE RATIO 
Signal-to-noise ratio (SNR) is measured signal-to-noise at the 
output of the ADC. The signal is the rms magnitude of the fun
damental. Noise is the rms sum of all nonfundamental signals 
(excluding dc) up to half the sampling frequency. SNR is de
pendent on the number of quantization levels used in the digiti
zation process. The theoretical SNR for a sine-wave input is 
given by: 

SNR= (6.02N + 1.76) dB 

where N is the number of bits in the ADC. Thus, for an ideal 
8-bit ADC, SNR = 50 dB. 

PEAK HARMONIC OR SPURIOUS NOISE 
Peak harmonic or spurious noise is the rms value of the largest 
nonfundamental frequency (excluding de) up to half the sam
pling frequency to the rms value of the fundamental. 
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AD7821 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

VIN Analog Input: Range VREP(-):sVIN:s 
VREP(+)· 

2 DBO Three-State Data Output (LSB). 

3-5 DB1-DB3 Three-State Data Outputs. 

6 WRIRDY WRITE control inputIREADY status 
output. See Digital Interface section. 

7 MODE Mode Selection Input. It determines 
whether the device operates in the WR-RD 
or RD mode. This input is internally 
pulled low through a 50 ... A current source. 
See Digital Interface section. 

8 RD READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 

9 !NT INTERRUPT Output. INT going low 
indicates that the conversion is complete. 
INT returns high on the rising edge 
of CS or RD. See Digital Interface section. 

10 GND Ground. 

11 VREF(-) Lower limit of reference span. 
Range: VSS:sVREF(-)<VREP(+). 

12 VREF(+) Upper limit of reference span. 
Range: VREF( - )<VREF( + ):sVDD• 

13 CS Chip Select Input. The device is 
selected when this input is low. 

14-16 DB4-DB6 Three-State Data Outputs. 

17 DB7 Three-State Data Output (MSB). 

18 OFL Overflow Output. If the analog input is 
higher than (Y ~ +) -1/2 LSB), OFL 
will be low at the end of conversion. It 
is a non-three-state output which can 
be used to cascade 2 or more devices to 
increase resolution. 

19 Vss Negative $upp1y voltage. 
Vss = 0 V; Unipolar Operation. 
Vss = -5 V; Bipolar Operation. 

20 VDD Positive supply voltage, +5 V. 

CIRCUIT INFORMATION 
BASIC DESCRIPTION 
The AD7821 uses a half flash conversion technique (see Func
tional Block Diagram), whereby rwo 4-bit flash ADCs are used 
to achieve an 8-bit result. Each 4-bit flash ADC contains 15 
comparators, which compare an unknown input voltage to the 
reference ladder, to achieve a 4-bit result. The MS (most signifi
cant) flash ADC converts an unknown analog input voltage 
(V IN) to provide the 4 MS data bits. An internal DAC, driven 
by the 4 MS data bits, then recreates an analog approximation 
of the input voltage. TheDAC output voltage is subtracted 
from the analog input, and the difference is convened by the LS 
(least significant) ADC to provide the 4 LS data bits. The MS 
flash ADC also has one additional comparator to detect over
range on the analog input. 
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OPERATING SEQUENCE 
. The AD7821 has two operating modes. The RD mode. allows a 
conversion to be staned and data to be read with a single, ex
tended, READ operation (i.e., CS and RD are taken low). The 
conversion process is timed out by internal one-shots. The WR
RD mode uses WR to start a conversion and RD to read the 
data and allows the conversion timing to be externally con
trolled. The operating sequence for the WR-RD mode is shown 
in Figure 3. 

L ~ 
iiil'f GOING LOW INDICATES 

- THAT CONVERSION IS COMPLETE 
WR ~ ANDTHATntEDATAAESULTIS 
~ ALREADY IN THE OUTPUT 

~:'':fs.J: ~. ~=~"' -: ( \ .. <_~NR~ 
COMPARATORS. TO TRACK LATCHED 
VIN PRIOR TO STARTING 
CONVERSION iii BROUGHT LOW HERE LATCHES 

THE' DATA BITS INTO OUTPUT LATCH 
AND ACCESSES DATA ON DBO-DB7 

Figure 3. Operating Sequence (WR-RD ModeJ 

A conversion is initiated and the analog input signal (VIN) sam
pled on the falling edge of WR (falling edge of RD, RD mode). 
A setup time (tp, delay time between conversions) of 350 ns is 
required .prior to this falling edge. See Digital Interface section 
for more details. When WR is low, the internal MS (most sig
nificant) ADC compares the sampled analog input with the 
reference ladder to provide the 4 MS data bits. A minimum of 
250 ns is required for this comparison. On the rising edge of 
WR, the MS data result is latched internally and the LS (least 
significant) conversion begins, to yield the 4 LS data bits. INT 
goes low typically 380 ns after the rising edge of WR. This indi
cates the LS conversion is complete and that both the LS and 
MS data results are latched into the output buffer. RD going 
low then enables the output data. If a faster conversion time is 
required, the RD line can be brought low 250 ns after WR goes 
high. This latches both the LS and MS data bits and outputs 
the conversion result on DBO-DB7. 

REFERENCE AND INPUT 
The VREF (-) and VREF (+) reference inputs on the AD7821' 
are fully differential and defme the zero and full-scale input 
range of the ADC. The transfer characteristic of the part is de
fined by the integer value of the following expression: 

. [ VIN-VREF(-) ] 
Data (LSBs) = 256 VREF(+)-VREF(-)j +0.5 

As a result, the analog input (YIN) of the device can easily be 
set up to provide both unipolar and bipolar operation. The data 
output code for unipolar and bipolar operation is Natural Binary 
and Offset Binary, respectively. 

The span of the analog input voltage can easily be varied. By 
reducing the reference span, V REF ( + )-V REF (-), to less than 
5 V the sensitivity of the converter can be increased (i.e., if 
VREF = 2 V then 1 LSB = 7.8 mY). The reference flexibility 
also allows the input span for unipolar operation to be offset 
from zero (VREF (-»GND). Additionally, the input/reference 
arrangement facilitates ratiometric operation. 

Figures 4 and 5 show some configurations which are possible. 
For minimum noise a 47 ... F capacitor in parallel with a 0.1 JJ.F 
capacitor should be connected between the reference inputs and 
GND. 
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+5V - ...... --1p--...... --iV~ 
AD7821 * 

·ADDITIONAl CIRCUITRY OMITTED FOR CLARITY. 

Figure 4. Power Supply as Reference. Unipolar Operation 
(Oto +5V) 
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v" 
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·ADDITIONAL CIRCUITRY OMITTED FOR CLARITY. 

Figure 5. External Reference. Bipolar Operation 
(-2.5Vto +2.5V) 

INPUT CURRENT 
The analog input of the AD7821 behaves somewhat differently 
to conventional ND converters. This is due to the ADC's 
sampled-data comparators, which take varying amounts of input 
current depending on the cycle of the converter. 

The equivalent input circuit of the AD7821 is shown in Figure 
6. When a conversion ends (e.g., falling edge of INT, WR-RD 
mode, tRO>tINTL) all the input switches are closed and V IN 
is connected to the comparators of the internal LS and MS 
ADCs. Therefore, VIN is connected to 3110ne - pF input capacitors 
simultaneously. 

R. ~-'C:r.W 
LADDER • ~ 

1StSB COMPARA~ORS 

m:-'C:r.~ 
lADDER • ~ 

16Msa COMPARATORS 

Figure 6. AD7821 Equivalent Input Circuit 
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The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2 kO to 5 kO). 
In addition, about 12 pF of input stray capacitance must be 
charged. 

The analog input can be modeled as an equivalent RC network 
as shown in Figure 7. As Rs (source imPedance) increases, the 
input capacitance takes longer to charge. 

The comparators track the analog input between conversions. A 
minimum delay time (tp) of 350 ns is required between conver
sions to allow for voltage source settling and comparator track
ing time. This allows input time constants of 50 ns without 
settling time problems. Typical total input capacitance values of 
55 pF allow Rs to be 0.9 kO without lengthening tp to give VIN 
more time to settle. 

Figure 7. RC Network Model 

INPUT TRANSIENTS 
Transients on the analog input signal caused by charging current 
flowing into VIN will not normally degrade the ADC's perform
ance. In effect, the AD7821 does not "look" at the input when 
these transients occur. The comparators' inputs track VIN·and 
are not sampled until the falling edge of WR (WR-RD Mode) 
or RD (RD Mode), so at least 350 ns (tp ) is provided to charge 
the ADC's input capacitance. It is, therefore, not necessary to 
filter out these transients with an external capacitor at the V IN 
terminal. 

INHERENT TRACK-AND-HOLD 
A major benefit of the AD782 1 's input structure is its ability to 
measure a variety of high-speed signals without the help of an 
external track-and-hold. Any ADC which does not have a built
in track-and-hold, regardless of its speed, requires the analog 
input to remain stable to at least 112 LSB for the duration of the 
conversion to maintain full accuracy. This requires the use of a 
track-and-hold whenever the input is a high-speed signal. The 
AD7821's sampled-data comparators, by nature of their input 
switching, inherently accomplish this track-and-hold function. 
Although the conversion time for the AD7821 is 660 ns (WR
RD mode, tWR+tRO+tACCl)' the time for which VIN must be 
stable to 112 LSB is much smaller. The AD7821 tracks VIN be
tween conversions only, and its value on the falling edge of WR 
or RD in the WR-RD or RD modes, respectively, is the mea
sured value. 

SINUSOIDAL INPUTS 
The bandwidth of the built-in track-and-hold is 100 kHz max 
(150 kHz typ, 5 V pop). This is limited by the analog bandwidth 
of the comparators and timing skew between the comparator 
switches. This means that the analog input frequency can be up 
to 100 kHz without the aid of an external track-and-hold. The 
Nyquist criterion requires that the sampling rate be at least 
twice the input frequency (i.e., ;;,:2 x 100 kHz). This requires an 
ideal antialiasing filter with an infInite roll-off. To ease the 
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problem of antialiasing filter design, the sampling rate is usually 
set much greater than the Nyquist criterion. The maximum 
sainpling rate (fma) for the AD7821· in the WR-RD mode, 
(tRD<tINTL) can be calculated as follows: 

1 

f .... 0.25E-6+0.25E-6+0.15li'-6+0.35E-6 

tWR Write Pulse Width 

tRD Delay Time between WR and RD Pulses 

tRJ '" RD to [NT Delay 

tp '" Delay Time betWeen Conversions 

This permits a maximum sampling rate for the AD7821 of 
1 MHz, which is much greater than the Nyquist criterion for 
sampling a 100kHz analog input signal. 

DIGITAL SIGNAL PROCESSING APPUCATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dy
namic characteristics (Signal-to-Noise Ratio, Harmonic Distor
tion, Intermodulatioll Distortion) of an ADC are critical. Since 
the AD7821 is a very fast ADC with a built-in track-and-hold 
function, it is specified dynamically as well as with standard dc 
specifications (Total Unadjusted Error, etc.). 

SIGNAL·TO·NOISE RATIO AND DISTORTION 
The dynamic performance of the AD7821 is evaluated by apply
ing a very low distorti.on sine-wave signal to the analog input 
(YJN) which is then sampled at a 512 kHz sampling rate. A Fast 
Fourier Transform (FFT) plot is then generated from which 
Signal-to-Noise Ratio{SNR) and harmonic distortion data are 
obtained. 

Figure 8 shows a 2048 point FFT plot of the AD7821 with an 
input signal of 100.25 kHz. The SNR is 49.1 dB. It should be 
noted that the harmonics are taken into account when calculat
ing the SNR. The theoretical relationship between SNR and 
resolution (N) is expreSsed by the following equation: 

SNR (6.02N +.1.76) dB .................. (1) 

INPUT FREQUENCY", l00.25kHz (±2.5VI 

II:1II-201----.;.....-\' =~':!-E!~;d~UENCV "" 512kHz 
"Q TA=25"C 

FREQUENCY - kHz 

Figure 8. AD7821 FFTPlot 

EFFECTIVE NUMBER OF BITS 
By working backwards from Equation (1) it is possible to get a 
measure of ADC· performance expressed in effective number of 
bits (N). A plot of the effective nuin~r of bits versus input fre
quency is given in the Typical Perforniance CharacteristicS sec
tion. The effective number of bits typically falls between 7.7 
arid 7.9, corresponding to SNR figures of 48.1 and 49.7 dB. 
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INTERMODULATIQN DISTORTION 
For intermodulation distortion (IMD), an FFT plot consisting 
of very low distortion sine waves at two frequencies is generated 
by sampling an analog input applied to the ADC. Figure 9 
shows a 2048 point plot'for IMD. 

-lO t------1rh. 

• I-"t------++----
r 

Figure 9. FFTPlotforlMD 

HISTOGRAM PLOT 
When a sine wave of specified frequency is applied to the VIN 

input of the AD7821 and several thousand samples are taken, it 
is possible to plot a histogram showing the frequency of occur
rence of each of the 256 ADC codes. A perfect ADC produces a 
probability density function described by the equation: 

.. 1 
P(V) '" 'Ir(A2_V2)I12 

where A is the peak amplitude of the sine wave and P(V) is the 
probability of occurrence at a voltage V. 

If a particu1ar step is wider than the ideal I LSB width, then 
the code associated· with that step will accumulate more counts 
than for the code for an ideal step. Likewise, a step narrower 
than the ideal width will have fewer counts. Missing codes are 
easily seen because a missing code means zero counts for a par
ticu1ar code. The absence of large spikes in the plot indicates 
small differential nonlinearity. 

Figure 10 shows a histogram plot for the AD7821, which corre
sponds very well with the ideal shape. The plot indicates vety 
small differential nonlinearity and no missing codes for an input 
frequency of 100.25 kHz. 

§ 

INPUt I'fIEQUEMCY • 1C1D.2&IrHz 1:!:Z.\lV1 
SAMPLE FREQUENCY • "2ft 
NUMBER OF .... MI'LH = 100.000 
t._2&"C 

~'I50""'_-+ __ + __ +-_-II 

I 

". 
COD' 

Figure 10. AD7821 Histogram Plot 

REV. A 



In digital signal processing applications, where the AD7821 is 
used to sample ac signals, it is essential that the signal sampling 
occurs at exactly equal intervals. This minimizes errors due to 
sampling uncertainty or jitter. A precise timer or clock source, 
to start the ADe conversion process, is the best method of gen
erating equidistant sampling intervals. 

The rwo modes of operation given in the data sheet are suitable 
for DSP applications because the sampling instant of the 
AD7821 is well dermed. VIN is sampled on the falling edge of 
WR or RD in the WR-RD or RD modes, respectively. 

DIGITAL INTERFACE 
The AD7821 has rwo basic interface modes which are deter
mined by the status of the MODE pin. When this pin is low, 
the converter is in the RD mode; with this pin high, the 
AD7821 is set up for the WR-RD mode. 

The RD mode is designed for microprocessors that can be 
driven into a WAIT state. A READ operation (i.e., es and RD 
are taken low) starts a conversion and data is read when the con
version is complete. The WR-RD mode does not require micro
processor WAIT states. A WRITE operation (i.e., es and WR 
are taken low) iuitiates a conversion, and a READ operation 
reads the result when the conversion is complete. 

RD Mode (MODE = 0) 
The timing diagram for the RD mode is shown in Figure II. 
This mode is intended for use with microprocessors which have 
a WAIT state facility, whereby a READ instruction cycle can be 
extended to accommodate slow memory devices. A conversion is 
started by taking es and RD low (READ operation). Both es 
and RD are then kept low until output data appears. 

-\ ).! \ 
cs I tcs.1 l ~-----

AD ~ ~ i-~-l~----D: ,c_=1'RNt':UP 
fNT I ~ ,---rtaoo--t I I 
oeo-DB7--------------{ ~: I )--------

1--'-0--1 -00/ .... 1-
Figure ". RDMode. 

In this mode, Pin 6 of the AD7821 is configured as a status out
put, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling edge of es and 
goes high inIpedance at the end of conversion. An INT line is 
also provided which goes low when a conversion is complete. 
INT returns high on the rising edge of es or RD. 

WR-RD Mode (MODE = 1) 
In the WR-RD mode, Pin 6 is configured as a WRITE (WR) 
input for the AD7821. With es low, conversion is initiated on 
the falling edge of WR. Two options exist for reading data from 
the converter. 

In the first of these options the processor waits for the !NT 
status line to go low before reading the data (see Figure 12a). 
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INT typically goes low within 380 ns after the rising edge of 
WR. It indicates that conversion is complete and that the data 
result is in the output latch. With es low, the data outputs 
(DBO-DB7) are activated when RD goes low. INT is reset by 
the rising edge of RD or es. 

The alternative option can be used to shorten the conversion 
time. This is a method for bypassing the internal tinIe-out cir
cuit. The INT line is ignored and RD can be brought low 

Figure 12a. WR-RDMode(tRo>tINTL) 

250 ns after the rising edge of WR. In this case RD going low 
transfers the data result into the output latch and activates the 
data output (DBO-DB7). INT is driven low on the falling edge 
of RD and is reset on the rising edge of RD or es. The timing 
for this interface is shown in Figure 12b. 

cs~ 
11""'-110-.... " 

iiiii ,,-"J1:-lL... r .. ----l"'-../ 
_--:-I_~"".'-1,...---

• I *i 
M~ 

."'DB' --------~---
,-, .... 

Figure 12b. WR-RDMode(tRo<tINTL) 

The AD7821 can also be used in stand-alone operation in the 
WR-RD mode. es and RD are tied low, and a conversion is 
initiated by bringing WR low. Output data is valid 530 ns 
(tINTL + tID) after the rising edge of WK. The timing diagram 
for this mode is shown in Figure 13. 

DBO-DB7 >---- ~ 
__ --oJ ----=~....J,_ 

Figure 13. WR-RD Mode Stand-Alone Operation, CS = RD = 0 
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MICROPROCESSOR INTERFACING 
The AD7821 is designed for easy interfacing to microprocessors 
as a memory mapped peripheral or an 110 device. This reduces 
to a minimum the amount ofexterna1logic required for 
interfacing. 

AD7821- 68008 INTERFACE 
Figure 14 shows an AD7821 interface to the 68008 microproces
sor. The ADC is configured for theRD interface mode. This 
means that one read instruction starts a conversion and reads the 
result when the conversion is completed. The read cycle is 
stretched out over the en~ conversion period by taking the 
INT line back to the DTACKinput of the 68008. Starting a 
conversion and reading the relevant data consists of a 
<MOVE B On, addr> instruction, where addr is the decoded 
ADC address and Dn is the data register into which the result is 
placed. ' 

A'91-------------~ 
ADDRESS BUS A'I-------. .--_____ .J 

AS I-----.-d 

88008 

RiW 
MACK~ ____ ~« 

D71"-____ ---'_....I 

DDNr------------.l 
*ADDtTIONAL ClRCUITRV OMITTED FOR ClARITY. 

Figure 14. AD7821 to 68008 Interface 

AD7821- 8088 INTERFACE 
A typical interface to the 8088 is shown in Figure 15. The 
AD7821 is configured for the RD interface mode. One read in
struction starts a conversion and reads the result. The read cycle 
is stretched out over the entire conversion period by taking the 
RDY line back to the READY input of the 8088. Starting a 
conversion and reading the result Consists of a <MOV AX, 
(addr» instruction, where addr is the decoded ADC address 
and AX is the 8088 data register, into which the conversion re
sult is placed. 

.... 

-ADDITIONAL ClRCUfTRY OMITTED i!OR CLARITY. 

Figure 15. AD7B21 to BOBB Interface 
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AD7821-TMS32010 INTERFACE 
A typical interface to the TMS32010 is shown in Figure 16. The, 
AD7821 is mapped at a port address and the interface is ,de
signed for the maximum TMS32010 clock frequency of, 
20 MHz. In this case, the AD782l is configured in theWR-RD, ' 
interface mode. This means that a write instruction starts a con-' 
version and a read instruction reads the result when the conver, 
sion is completed. A precise timer or clock source is used to 
start a conversion in applications requiring equidista~1t s;Unpling 
intervals. The scheme used, whereby the AD7821 generates an 
interrupt to the TMS32010, is IiUtited in that it does not allow 
the AD7821 to be sampled at its maximum rate. This is because 
the time between samples has to be long enough to allow the 
TMS32010 to service its jnterrupt and read data from the 
AD7821. Constant interrup~on of the ,TMS32010 by the 
AD7821, every time the ADC completes a conversion, is not a 
very efficient use of the processor time. To overcome these 
problems, some buffer memory or FIFO could be placed be
tween the AD7821 and the TMS32010. The INT line of the 
AD7821 could be used to trigger a pulse which drives its CS 
and RD lines and places the AD7821 data into a FIFO or buffer 
memory. The microprocessor can ,then read a batch of data from 
the FIFO or buffer memory at sonie convenient time. Reading 
data from the AD7821, after an INT has been received, consists 
of <IN A, PA> instruction (PA is the decoded ADC address). 

' A2 r----.., 
'A'I----..., 
PAD 

6EN~~====~~~ 
ffirr~---------~ 

TMS32010 

D71"o-------.J 

~~------------J 
*ADomONAL CIRCUITRY OMmED FOR CLARITY. 

Figure 16. AD7B21 to TMS32010 Interface 

AD7821- 8051 INTERFACE 
Figure 17 shows the AD7821 interface to the 80S I microcom
puter. The AD7821 is conftgured in the WR-RD interface mode 
and is connected to the 80S 1 ports. The processor starts conver
sion and then polls INT, until it goes low, before reading the 
conversion result. Data is read from the AD7821 by using the 
<MaV A, 9OH> instruction (90H is the address for Port 1). 

P3,' Wi! 

'32 ffirr 
P3.3 iiii 

.q cs ADl821* 
8051 

'1,0 DBD 

P1,' DB' , , 
P1.7 D87 

" 
" 

*AbDfTlONAL CIRCUITRY OMrrnD FOR CLARITY. 

Figure 17. AD7B21 to B051 Interface 
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APPLYING THE AD7821 
The AD7821 is specified for a unipolar input range of 0 to 
+5 V and a bipolar input range of -2.5 V to +2.5 V. The 
V REF ( -) and V REF (+) voltages required for these input ranges 
are outlined below. See the Typical Performance Characteristics 
section for operation with unspecified input voltage ranges. 

UNIPOLAR OPERATION 
Figure 18 gives the configuration and reference voltages re
quired for 0 to + 5 V operation. The nominal transfer character
istic for this input range is shown in Figure 19. The output code 
is Natural Binary with 1 LSB = (51256) V = 19.5 mY. 

GND 

AD7821* 
+5v---.----~--------~V= 

v .. 
VREFI+) 

·ADDtTIONAl CIRCUITRV OMrTTED FOR CLARITY. 

VIN RANGE 

UNIPOLAR 0 to + SV 

BJPOLAR -2.5Vta +2.SV 

Figure 18. AD7821 Unipolar/Bipolar Operation 

OUTPUT 
COOt: FULL SCALE I TRANS1TlON" 

:::::::: /::, 
11111101 

I 

: ,'FS .. 5V 

I ,'fLS8=::' 

::::fL',' i 
_O~1 I 

0000 0000 - - - - - - -t---f-..+..-. 
01LS82LSB'S 3lSB'S L~-1lSB 

V .. INPUT VOLTAGE UN TERMS OF LSI" 

Figure 19. Nominal Transfer Characteristic for Unipolar 
(0 to +5 V) Operation 

REV. A 

AD7821 
BIPOLAR OPERATION 
Figure 18 gives the configuration and reference voltages re
quired for -2.5 V to +2.5 V operation. The nominal transfer 
characteristic for this input range is shown in Figure 20. the 
output code is Offset Binary with 1 LSB = ([ + 2.5 -
(-2.5)]1256)V = 19.5 mY. 

Figure 20. Nominal Transfer Characteristic for Bipolar 
(-2.5 V to +2.5 V) Operation 

16-CHANNEL TELECOM AID CONVERTER 
The fast sampling rate (1 MHz) and bipolar operation of the 
AD7821 makes it useful in Telecom applications for sampling a 
number of input channels using a multiplexer. Figure 21 shows 
a circuit for such an application. 

The maximum signal frequency required for acceptable qUality 
in Telecom applications is 3 kHz. The circuit given in Figure 21 
permits each of the 16-input channels to be sampled at a rate 
of 16 kHz maximum. The sampling rate takes account of such 
multiplexer parameters as toN' settling time etc. The circuit 
also eases the problem of the antialiasing filter design by 
sampling at a rate much greater than that required by the 
Nyquist criterion. 

V1N I:t2.5VI 
3kHz MAX 

V1N I:t2.6VI 
3kHz MAX 

EN 

+5V -5V 

V~ v .. 

D 

ADG506A 

GND 

-5V +5V 

v .. v •• 

VW 

+2.SV 

-2.SV 

Figure 21. 16-Channel Telecom AID Converter System 
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AD7821 
SIMULTANEOUS SAMPUNG AID CONVERTERS . 
The AD7821's inherent ttack-and-hold and well-defmed sam~ 
piing instant makes it useful, in such applications as sonar, 
where·a number of input chaimels are required to ~ sampled 
simUltaneously. FigUre 22 shows Ii circuit for such an . 
application. 

-5V +5V 

cso--t---..j 
Wiie>--t-..--..jWii 

00111---+--+--1 
0 •• 1-----". 

OoI2'---i-~I_-I 
I 
I 

v, .. ------:-,----I 
I , 

0.7 

AD7821 

I I -2.5V' I 
I I I 

I : I 

.: I [:J--j 
I +--- AD7821·· 

~-~-- --, 
! I '. I 

Figure 22. Simultaneous Sampling AID Converters 
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The actual sampling instant, which is the instant at which VIN 
is measured, occurs approximately 50 ns after the falling edge of 
WR or RD in. the WR-RD or RDmOdes, reSpectively, due to 
internal logic delays. 1l0weVer, the internal logic delay and, 
therefore, the. sampling instant can .Vary from d~ce to device, 
but is typically within±5 ns. This means that II maximum com
mon input sine wave of ±2.5 V at 32 kHz, applied to any num
ber of AD782ls in the circuit of Figure 22, will yield a 
maximum difference between the converter outputs of typically 
±114 LSD. . 

REV. A 



r-IIANALOG 
WDEVICES 

FEATURES 
4- or 8-Anelog Input Chennel. 
Built-In Track/Hold Function 
10kHz Slgnel Hendling on Each Chennel 
Fest Microprocessor Interfece 
Single +5V Supply 
Low Po_: 50mW 
Fest Conversion Rete. 2.5,wChennal 
TIght Error SpecHlcetlon: 112LSB 

GENERAL DESCRIPTION 
The AD7824 and AD7828 are high-speed, multichannel, 8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.5 .... s per channel and the parts have a built-in 
tracklhold function capable of digitizing full-scale signals of 
10kHz (157mV/ .... s slew rate) on all channels. The AD7824 and 
AD7828 operate from a single + 5V supply and have an analog 
input range of 0 to + 5V, using an external + 5V reference. 

Microprocessor interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signa1s to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signa1 for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 

The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC2MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin "skinny" DIP, while the AD7828 
is available in a 0.6" wide, 28-pin DIP and in 28-terminal surface 
mount packages. 
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LC2MOS High Speed 
4- & 8-Channel 8-Bit ADCs 

AD7824/AD7828 I 
FUNCTIONAL BLOCK DIAGRAM 

AO A1 A2 •• 

*AD18Z4 _ 4·CHANNEL MUX 
AD78ZI_ • .cHANNEL MUX 

··AI - AD78Z1 ONLY 

PRODUCT HIGHLIGHTS 

ROY 

TH'" STATE """'.IIS 

DB' =. OM 

083 
on 
DEI 
DBO 

1. 4- or 8-channel input multiplexer gives cost -effective space
saving multichannel ADC system. 

2. Fast conversion rate of 2.5 .... s!channel features a per channel 
sampling frequency of 100kHz for the AD7824 or 50kHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channe1s 
up to 10kHz bandwidth (l57mV/j.LS slew rate). 

4. Tight total unadjusted error spec and channel-to-channel 
matching eliminate the need for user trims. 

5. Single + 5V supply simplifies system power requireiilents. 

6. Fast, easy-ta-use digital interface allows connection to most 
popular microprocessors with minima1 external components. 
No clock signa1 is required for the ADC. 
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(Yoo = +5V, VREF(+) = +5V, VREF(-) = GND = DV unless 

AD7, 8"24' IA 0782'8, ' S· PECIFICA'TIONS o~erwise.s~tad. AlI.~pe~i~c~tions Tm1n to Tmai unless othlir-
'" ' 'l " " ,- "wise specified. Specifications apply for Mode Oil 

.' 

Parameter 

ACCUMCY 
Resolution 
Total Unadjusted Eiror2 
Minimum ReSolution for which 

No Missing Codes iu'e8uaranteed 
Channel to Channel Mismatch 

REFERENCE INPUT 
Input Resistance 
VREF ( + ) Input Voltage Range ' 

VREF( - ) Input Voltage Range 

ANALOG INPUT 
In"ut Voltage Range 

" 

Input Leakage Current 
Input Capacitance' 

LOGIC INPUTS 
RD,CS,AO,t\1 &A2 

VINH 
VINL 
IINH 
IINL 
I"put Capacitance' 

LOGIC OUTPUTS 
DBO-DB7 &INT 

VOH 
VOL 
lOUT (DBO-DB7) 

Output Capacitance' 
RDY 

VOL4 

lOUT 
Output Capacitance 

SLEW RATE, TRACKING' 

POWER SUPPLY 
Voo 

Ioos 
Power Dissipation 

Power Supply Sensitivity 

NOTES 
'TemperarureRaogesareasfoHows: 

K, L VersioDS; 0 to + 7O'C 
B,CVersioDS; -25"Cto +S5"C 
T, U VersioDS; - 55"C to + 125"C 

K Versionl :, I: Version 

8 8 
±I ± 112 

8 8 
±1I4 ±1I4 

1.0/4.0 ' 1.0/4.0 
VREF (-')1 VREF( -)1 
Voo Voo 
GNDI GNDI 
VREF(+) VREF( +) 

VREF(-)1 VREFC-)I 
VimP( +) VREP(+) 
±3 ±3 
45 45 

' 2.4 2.4 
0.8 0.8 
I I 
-I -I 
S 8 

4.0 4.0 
0.4 0.4 
±3 ±3 
S S 

0.4 0.4 
±3 ±3 
S 8 

0.7 0.7 
0.157 0.157 

5 5 

16 16 
50 50 
80 SO 
± 114 ±1I4 

'Total Unadjusted Error inclodes offset, full-scale aod linearity errors. 
'Sample tested at 25"C by Product Assurance to ensure compliance. 
4ROY is an open drain outpUt. 
'See Typical Performance Characteristics. 
Specifications subject to change without notice. 
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B, TVersions C, UVersions Units Co~don~~DUDen~ 

8 8 Bits 
±I ±112 LSBmax 

8 8 Bits 
±1I4 ±1I4 LSBmax 

1.0/4.0 1.0/4.0 kO minlkO max 
VREFC-)I VREF( -)1 VminlVmax, 
Voo Voo 
GNDI GNDI VminlVmax 
VREF (+) VREF(+) , , 

' : 
VREF( -)1 VREP(-)1 V minIV max 
VREP( +) VREP( +) 
±3 ±3 ... Amax Analog Input Any Channel 
45 45 pFtyp Oto +5V 

2.4 2.4 V min 
0.8 0.8 V max 
I I ... Amax 
-I -I ... Amax 
8 8 pFmax ' Typically ~pF 

.' 
4.0 4.0 V min ISOURCE = 360."A 
0.4 0.4 V max ISINK = 1.6mA 
±3 ±3 ... Amax Floating State Leakage 
S S pFmax Typically 5pF 

0.4 0.4 V max ISINK = i.6mA 
±3 ±3 ... Amax Floating State Leskage 
8 8 pFmax Typically 5pF 

0.7 0.7 V/ ... styp 
0.157 0.157 'V/."smax 

'.' 

5 5 Volts ± 5% for Specified 
Performance 

20 20 mAmax CS=RD=7.4V 
50 50 mWtyp 
100 100 mWmax 
±114 ±1I4 LSBmax ± 1I16LSB typ 

Voo=5V±5% 
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AD7824/AD7828 

TIMING CHARACTERISTICS 1 (Voo= +5V; VRfJ' (+)= +5V; VRfJ' (- )=GND=OV unless otherwise stated) 

Limit at Limit at 
Limit at 25°C Tmin,Tmo: Tmin,TmllX 

Parameter (All Grades) (K,L,B,CGrades) (T, U Grades) Units Conditions/Comments 

tess 0 0 0 nsmin CS to RD Setup Time 

teSH 0 0 0 nsmin CS to RD Hold Time 
tAS 0 0 0 nsmin Multiplexer Address Setup Time 

tAH 30 35 40 nsmin Multiplexer Address Hold Time 
tROY' 40 60 60 nsmax CS toRDYDelay.Pull-Up 

Resistor 5kO. 

teRO 2.0 2.4 2.8 fJ-smax Conversion Time, Mode 0 
'tACCI 3 85 llO 120 nsmax Data Access Time after RD 
tAcc,3 50 60 70 nsmax Data Access Time after INT , Mode 0 
tINTH' 40 65 70 nstyp RD to INT Delay 

75 100 100 nsmax 
tOH4' 60 70 70 nsmax Data Hold Time 
tp 500 500 600 nsmin Delay Time between Conversions 

tRO 60 80 80 nsmin Read Pulse Width, Mode 1 
600 500 400 nsmax 

NOTES 
'Sample tested a12S"C to ensure compliance. AU input control signals are specified with tr~tf~20ns (10% to 90% of +SV) and timed from a 
voltage level of I.6V. 
2CL~SOpF. 
3Measured with load circuits of Figure 1 and defined as the time required for an output to cross O.8V or 2.4V. 
4Defined as the time required for the data lines to change O.sV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

Test Circuits 

DBN o--",---~~-o 

3kO T 100pF 

DGND ~ 

a. High-Zto VOH 

!3kO 

DBN~ 

~::O~: 
b. High-Zto VOL 

Figure 1. Load Circuits for Data Access Time Test 

REV. A 

DBNo--~---~~-O 

3kO T 10pF 

DGND ~ 

a. VOHtoHigh-Z 

b. VOL to High-Z 

Figure 2. Load Circuits for Data Ho/d Time Test 
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AD7824/AD7828 
ABSOLUTE MAXIMUM RATINGS* 
(T A = + 25'C UDIess otbenrisc noted) 

VOO' •••••••••••• 

Digital Input Voltage to GND 
(RD, CS, AO, Al & A2) • 

DigitalOutputVoltageto.GND . 
(D8O, DB7, RDY &INT)' 

VREF (+) to GND .••.. 
VREF ( - ) to GND ....• 
Analog Input (Any ~el) 
Operating Temperature Range 

Commercial (K, L Versions) 

CAUTION 

• • ".' .OV, +7V 

-0.3V, Voo +0.3V 

-0.3V, Voo +0.3V 
VREF (-), Voo +O.3V 

. ... OV, VRBP (+) 
-0.3V, Von +0.3V 

..... 0 to +70°C 

Industrial (B, C Versions) 
Extended (T, U Versions) 

Storage Temperature Range . 
Lead Temperature (Soldering, IOsecs) 
Power Dissipation (Any Psckage) to + 7SOC 
Derates abOve + 7SOC by ••..•..... 

- 2SOC to + 8SOC 
- SSOC to + I2SOC 
~ 6SOC to + ISOOC 

+3000C 
4SOmW 
6mwrc 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress tating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! c:J 
~~EDEVICE 

PIN CONFIGURATIONS 

DIP 

PLCC .. i 
.. 

i i ~ ~ 
• 3 2 I 2S 

0 

AD7B2B 
TOPVI£W 

(Not to. Seele' 

DB! 

DB3 11 

Iii! I~ Ii! 1+ 
.. 1 1 

> > 
NC ... NO CONNECT 

• 

i 
U 

1; .. 

AD782B 
TOP VIEW 

(NottoScalel 

NC - NO CONNECT 

J 
2S 

AO 

AI 

AI 

DB7 

011& 

II DB< 

~ 
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LCCC 

AJN2 5 LJ 25 AD 

AIN1 8 Z4 A1 

NC1 23A2 

DBO • T~~~'l:. 22 DB7 

OB1 9 (Not to Sclle' 21 DB& 

~to 28011& 

Dun~~============~I)'9D~ 

12 13 14 15 16 17 l' 

Iii! Iii Ii! 1 + 1; Ifl .. >' ""It .. Ii! ~ 

NC = NO CONNECT 

ORDERING GUIDE 

Total 
Temperature Unadjusted Pacltage 

MocIei Range Error (LSBs) Option! 

AD7824KN Oto +700c :t:I N-24 
AD7824LN Oto +700C :t:II2 N-24 
AD7824KR Oto +70OC :t:I R-24 
AD7824BQ - 400C to + 85°C :t:I Q-24 
AD7824CQ -4OOCto +8SOC :t:II2 Q-24 
AD7824TQ2 - SSOC to + 12S"C :t:l Q-24 
AD7824U~ - SSOC to + I2SOC :t:II2 Q-24 

AD7828KN Oto +70OC :t:I N-28 
AD7828LN Oto + 70°C :t: 112 N-28 
AD7828KP Oto +700c :t:I P-28A 
AD7828LP Oto +700C :t:II2 P-28A 
AD7828BQ - 400C to + 85°C :t:I Q-28 
AD7828CQ -40OCto +8SOC :t: 112 Q-28 
AD7828TQ2 - SS"C to + 12SOC :t:I Q-28 
AD7828UQ2 -5SOCto + I2SOC :t:II2 Q-28 
AD7828TE2 - SSOC to + 125°C :t:I E-28A 
AD7828UE2 - SSOC to + 125°C :t:112 E-28A 

NOTES . 
iN = PlasticDIP;Q = HermeticDIP,R = Small Outline IC;P = Plastic 
LeadedChipCarrier;E = LeadIeas CeramicChip Carrier. For outline 
ioformation see Package Information aection. 

2 Available to 1883B processing only. Contact our local aales office for military 
data sheet. For U.S. Standard Military DrawiDg (SMD) see DESC DrawiDg 
#5692-88764. 

REV_ A 



REV. A 

Typical Performance Characteristics-AD7824/AD7828 

'~ __ ~~ __ ~ ____ ~ ____ L-__ ~ 

2. 

,. 

-100 -50 0 50 100 
T",-AM8IENTTEMPEftATURE_ "C 

Conversion Time vs. Temperature 

• 

\ I 
Voo=5V 
T.=26"C 

5 

\ 
• 

1\ 
io-.. 

... 

• 
'-usa-. v,..-v 

Accuracyvs. VREF 

(VREF= VRE,,( +) - VREF( - JJ 

-38 

-38 

-40 

-42 I 
~ 

-44 a: 
Ii 

-.. / 
-.. ~ 

",. 
-50 

'50 

-u , 234&710 20 30 4050 10 100 
INPUT FREQUENCY - kHI 

ENCODERATE - 400kHz 
INPUTSIGNAL = IY ... p 

MEASUREMENTBANDWIDTH .. 10kHz 

Signal-Noise Ratio, vs. Input Frequency 

"r---~~--~-----r----~----' 

13r---~~---t-----r----;---~ 

1 '2r---~~--~'---~----1---~ 

! "r---~~--~'---~'--+1---~ 
.. i 
J 

§ 

~ 
iii 
~ 

i 

'.r---~r--4~~--~~ 

-'DO 

2 .• 

-50 50 'DO 
T,,-AMBIENTTEMPERATURE_"C 

Power Supply Current vs. 
Temperature (not including 
reference ladder) 

vooL 

'50 

, .. \ VREf=5V r---

1 
T ... =25"C 

, .. 
\ 

..• l\. 
io-.. 

• .DO ... &DO &DO 7<10 
tp_n. 

BOO 

Accuracv vs. tp 

,. 
Voo=5V 

• 
'~;;':OUl'=2.4V 

----r-
• ---- .,..., 

IIIIN!. VOUT=O.~ r-
2 

• -'DO -50 s. 'DO 
T A - AMBIENT TEMPERATURE -"C 

Output Current vs. Temperature 

... 

'50 
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AD7824/AD7828 
OPERAnONAL DIAGRAM 
The AD7824- is a 4-clwmel 8-bit AID convener and the 
AD7828 is ~ 8-clumnel8-bit AID convener. Operational 
diagrams for both of these devices are sh~n in Figures 3 
and 4. The addition of just a + 5V reference allows the devices 
to perform the analog-to-digital function. 

ANALOG INPUTS {. 
OTO +5V 

STATUS OUTPUT 

} "PADDRESS 
BUS 

} C.: 
"PCONTROL 

INPUT 

STATUS OUTPUT 

+5V 

Figure 3. AD7824 Operational Diagram 

ANALOG INPUTS 1 OTO +5V 

STATUS OUTPUT 

STATUS OUTPUT 

+5V 

Figure 4. AD7828 Operational Diagram 

CIRCUIT INFORMAnON 
BASIC DESCRlPTION 
The AD78241AD7828 uses a half-flash conversion teclmique 
whereby two 4-bit flash AID conveners are used to achieve 
an 8-bit result. Each 4-bit flash ADC contains IS comparators 
whic:h compare the UDknown input to a reference ladder to 
get a 4-bit result. For a full 8-bit reading to be realized, the 
upper 4-bit flash, the most significant (MS) flash, performs a 
conversion to provide.the ":.most significant data bits. An 
internal DAC, driven by the 4MSBs, then recreates an analog 
approximation of the input voltaae. This analog result is 
subtracted from the input, and the difference is convened by 
the lower flash ADC, the least significant (LS) flash, to 
provide the 4 least significant bits of the output data. 
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APPLYING THE AD78241AD7828 
REFERENCE. AND INPUT 
The two reference inputs on the AD7824/AD7828 are fully 
differential and defme the zero to full-scale input range of the 
AID convener. As a result, the span of the analog input voltage 
for all channels can easily be varied. By reducing the reference 
span, VREF'( +) - VREF (-), to less than 5V the seositivity of 
the convener can be increased (e.g., ifVREF = 2V then lLSB 
= 7.8mV). The input/reference arrangement also facilitates 
ratiometric operation: 

This reference flexibility also allows the input channel voltage 
span to be offset from zero. The voltage at V REF ( - ) sets the 
input level for all channels whiCh produces a digital output of 
all zeroes. Therefore, although the Bnalog inputs are not themselves 
differential, they have nearly differential-input capability in 
most measurement applications because of the reference design. 
Figures 5 to 7 show sOme of the configurations that are 
possible. 

V'Ni+I ------1 AINI 

V.,i-I GND 

+5V - ..... --.... --..... -1 v .. 

'ADDInONAl PINS OMITTED FORCLARITV. 
ONLVCHANNEll SHOWN 

AD7824" 
AD7828" 

Figure 5. Power Supply as Reference 

V,N·I+I-_---------I AIN 1 

----... --------4 GND 

AD7824" 
+5V-..... - ... ---..... --------I v.. AD7828" 

":-::::~-"==-1~ .... ---1 V .. , 1+1 

L... .... __ ............. _-I V ... 1-) 

'ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 

Figure 6. External Reference Using the AD580, Full-Scale 
Input is 2.5V 

VONI+I AINI 

AD7824" 
+5V v... AD7828~ DB7 

'ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLVCHANNEL 1 SHOWN . 

DATA = ~ '266 IFORAUCHANNELS) y,-Vz 

Figure 7. Input Not Referenced to GND 
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INPUT CURRENT 
Due to the novel conversion techniques employed by the AD78241 
AD7828, the analog input behaves somewhat differently than in 
conventional devices. The ADC's sampled-data comparators 
take varying amounts of input current depending on which 
cycle the conversion is in. 

The equivalent input circuit of the AD78241 AD7828 is shown in 
Figure 8. When a conversion starts (CS and RD going low), all 
input switches close, and the selected input channel is connected 
to the most significant and least significant comparators. Therefore, 
the analog input is connected to thirty-one I pF input capacitors 
at the same time. 

..J:""I Cs 
V =2pF 

RON 

ISLSBCOMPARATORS 

'~-kJ 
TOMS ~T~ lpF 
LADDER • ~ 

16MSBCOMPARATORS 

Figure B.A07B24/A07B2B Equivalent Input Circuit 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 3k to 6k). In 
addition, about 14pF of input stray capacitance must be charged. 
The analog input for any channel can be modelled as an RC 
network as shown in Figure 9. As Rs increases, it takes longer 
for the input capacitance to charge. 

Figure 9. RC Network Model 

The time for which the input comparators track the analog 
input is approximately If.'oS at the start of conversion. Because of 
input transients on the analog inputs, it is recommended that a 
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AD7824/AD7828 
source impedence of not greater than 100 ohms be connected to 
the analog inputs. The output impedence of an op-amp is equal 
to the open loop output impedence divided by the loop gain at 
the frequency of interest. It is important that the amplifier 
driving the AD78241 AD7828 analog inputs have sufficient loop 
gain at the input signal frequency as to make the output impedance 
low. 

Suitable op-amps for driving the AD7824/AD7828 are the AD544 
or AD644. 

INHERENT SAMPLE-HOLD 
A major benefit of the AD7824's and AD7828's analog input 
structure is its ability to measure a variety of high-speed signals 
without the help of an external sample-and-hold. In a conventional 
SAR type converter, regardless of its speed, the input must 
remain stable to at least 1I2LSB throughout the conversion 
process if rated accuracy is to be maintained. Consequently, for 
many high-speed signals, this signa1 must be externally sampled 
and held stationary during the conversion. The AD7824/AD7828 
input comparators, by nature of their input switching inherently 
accomplish this sample-and-hold function. Although the conver
sion time for AD78241 AD7828 is 2f.'oS, the time for which any 
selected analog input must be 1/2LSB stable is much sma1ler. 
The AD78241AD7828 tracks the se1ected input channel for 
approximately I110S after conversion start. The value of the analog 
input at that instant (lllos from conversion start) is the measured 
value. This value is then used in the least significant flash to 
generate the lower 4-bits of data. 

SINUSOIDAL INPUTS 
The AD78241 AD7828 can measure input signa1s with slew rates 
as high as 157mV/IIos to the rated specifications. This means that 
the analog input frequency can be up to 10kHz without the aid 
of an external sample and hold. Furthermore, the AD7828 can 
measure eight 10kHz signa1s without a sample and hold. The 
Nyquist criterion requires that the sampling rate be twice the 
input frequency (i.e., 2 x 10kHz). This requires an ideal anti-alias
ing filter with an infInite roll-off. To ease the problem of anti-alias
ing filter design, the sampling rate is usually much greater than 
the Nyquist criterion. The maximum sampling rate (F.".,,) for 
the AD78241AD7828 can be calculated as follows: 

1 
F .... = lean + r. 

1 
F .... = 2E-6+0.5E-6 = 400kHz 

lean = AD7824/AD7828 Conversion Time 

tp = Minimum Delay Between Conversion 

This permits a maximum sampling rate of 50kHz for each of 
the 8 channels when using the AD7828 and 100kHz for each of 
the 4 channels when using the AD7824. 
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A01824/A07828 
UNIPOLAR OPERATION 
The IIIIlog input l'8JIIC for aily clwmel.of the AD78241 AD7828 
is 0 to 5V as shown in the unipolar operaticm:aJ diqram of Figure 
10. Fiaure 11 shows the desiped code transitions which occur 
midway between SU<:C:eSSive integer LSB values (i.e., 1I2LSB, 
3I2LSB, 5I2LSB, FS-3I2LSBs).The output code is Natural 
Binary with lLSB = FSI256 = (51256)V = 19.5mV; . 

'.. +5V-..... --..... ------"4v •• 
5V 

,!..,I+I .. ' 
. AD1824" 

'. :~IN' AD7828" 

*ADDITIONALPINS OMITTED FORCl.ARITY. 
ONLY CHANNEL 1 SHOWN 

Figure 10. AD78241AD7828 Unipolar 0 to 5V Operation 

OUTPUT 
CODE FULL SCALE 

""'.'''1 TRANSlnO\ . 

"""'0 .Y·'.-. """0' 
I 
I , 
I ' 
I " 

'LSB=~ 

00000001 

::::::{LI -,' . 

00000000 ------ I ri-
o , LSB 2LSB'S 3LSB'S \. FS 

AIN.INPUTVOLTAGEUNTERMSOFLSBsl FS -1LSB 

Figure 11. Ideal Input/Output Transfer Characteristic for 
Unipolar 0 to +5V Operation 

BIPOLAR OPERATION 
The cimait of Fiaure 12 is desiped for bipolar operation. An 
ADS44 op-amp conditions the sipal input (VIN) so that only 
positive voltqes appear at AIN 1. The closed loop transfer 
func:tion of the op-ainp for the .resistor values- shown is given 
below: 

AIN 1 = (2.5 - 0.625 VIN) Volts 

The lIII8log input l'8JIIC is ± 4V and the LSB size is 31.25mV. 
The output code is complementary offset binary. The ideal 
input/output characteristic: is shown in Fiaure 13. 
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25kU 

40kll 

27kll 
+5V -""",..,....-1 

+5V-..... --..... ---,Voo 

*ADDInONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL' SHOWN 

AD7824" 
AD7828* 

Figure 12. AD78241AD7828 Bipolar ::t4VOperation 

0"'11" 

011''''0 

00000010 

00000001 

00000000 

I FS =8V 
,LSB = FSl256 

OV 

AIN.INPUT VOLTAGE UN TERMS OF LSBsI 

Figure 13. Ideal Input/Output Transfer Characteristic for 
::t4VOperation 

TIMING AND CONTROL 
The AD78241AD7828 has two digital inputs for timing-and 
control. These are Chip Select (CS) and Read (RD). A READ 
operation brings CS and RD low which srans a conversion on 
the channel selected by the multiplexer address inputs (see 
Table I). There are two modes of operation as outlined by the 
timing diagrams of Figures 14 and 15. Mode 0 is designed for 
microprocessors which can be driven into B .wAIT state. A 
READ operation (i.e., CS andRD are takenJow) sransaconversion 
and data is read when conversion is complete. Mode 1 does not 
require microprocessor WAIT states. A READ operatioh initiates 
a coDversion and reads the previous conversion results. 

AD7824 AD7828 CHANNEL 
Al AD A2 Al AD 

0 0 0 0 0 AINI 
0 1 0 0 1 AIN2 
1 0 0 1 0 AIN3 
1 1 0 1. 1 AIN4 

1 0 0 AIN5 
1 0 1 AIN6 
1 1 0 AIN7 
1 1 1 AIN8 

Table I. Truth Table for Input Channel Selection 
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MODE 0 
Figure 14 shows the timing diagram for Mode 0 operation. This 
mode can only be used for microprocessors which have a WAIT 
state facility, whereby a READ instruction cycle can be extended 
to accommodate slow memory devices. A READ operation 
brings CS and RD low which starts a conversion. The analog 
multiplexer address inputs must remain valid while CS and RD 
are low. The data bus (DB7-DBO) remains in the three-state 
condition until conversion is complete. There are two converter 
status outputs on the AD7824/AD7828, interrupt (INT) and 
ready (RDY) which can be used to drive the microprocessor 
REAOYIWAIT input. The ROY is an open drain output (no 
internal pull-up device) which goes low on the falling edge of 
CS and goes high impedance at the end of conversion, when the 
8-bit conversion result appears on the data outputs. If the RDY 
status is not required, then the external pull-up resistor can be 
omitted and the ROY output tied to GND. The INT goes low 
when conversion is complete and returns high on the rising edge 
ofCS or RD. 

AD1824/AD1828 
MODEl 
Mode I operation is designed for applications where the micro
processor is not forced into aWAIT state. A READ operation 
takes CS and RD low which triggers a conversion (see Figure 
15). The multiplexer address inputs are latched on the rising 
edge of RD. Data from the previous conversion is read from the 
three-state data outputs (DB7-DBO). This data may be disregarded 
if not required. Note, the RDY output (open drain output) does 
not provide any status information in this mode and must be 
connected to GND. At the end of conversion INT goes low. A 
second READ operation is required to access the new conversion 
result. This READ operation latches a new address into the 
multiplexer inputs and starts another conversion. INT returns 
high at the end of the second READ operation, when CS or RD 
returns high. A delay of 2.5118 must be allowed between READ 
operations. 

-1 l h-
----------------~_f;·==~-~-~--.M~ 

ANALOG ~~~~~--------~A~DD~R--------------~·,.~~~~~~ 
CHANNEL VAUD. 
ADDR~~J~~~~------~~------------_,_J,-" .. ~J 

RDY +---!-\! 'AH 

"NTH 

INT .... ----+-"--------------
I--tc.D-~'~___i_' 

'ACCZ 
DATA _____ ,...;H~IG;:;H=IM;;.P,;;ED;;:A.;;NC=E ______ _( 

Figure 14. Mode a Timing Diagram 

Figure 15. Mode 1 Timing Diagram 
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A1l7824/AD7828 
MICROPROCESSOR INTERFACING 
The AD78241AD7828 is designed to interface to microprocesson 
as Read Only Memory (ROM). Analog channel selection, COD
vemon stan and data read operations are controlled by <:8, RD 
and the channel address inputs. These signals are common to all 
memory peripheral devices. 

Z80 MICROPROCESSOR 
Figure 16 shows a typical AD78241AD7828 - ZSO interface. 
The AD78241AD7828 is operating in Mode o. Assume the ADC 
is assigned a memory block starting at addtess COOO. The following 
LOAD instruction to any of the addtesses listed in Table II will 
start a convenion of the selected channel and read the convenion 
result. 

LD B, (Cooo) 

At the beginning of the instruction cycle when the ADC addtess 
is selected, RDY assens the WAIT input, so that the Z80 is 
forced into a WAIT state. At the end of convemon RDY returns 
high and the convenion result is placed in the B register of the 
microprocessor. 

A •• 
A> 

ADDRESS BUS 
AO ;. ~ 

A. 

...! .~ l l i 
--jEN ADDRESS I AO A. A>--

MREQ DECODE 

Z80 j, Y cs 
.k AD7824* 

WAlT ROY AD7828* 

iiD RO 

07 DB7 
DATA BUS 

DO 

I 
DBO 

RctRCUlTRYOMITTEDFORCLARITY -UNEA 
"A2 IS FO RTHEAD7828 ONLY 

Figure 16. AD78241AD7828-Z80Interface 

AD7824 AD7828 
ADDRESS Cluumel CIwuieI 

COOO 1 1 . 
COOl 2 2 
c002 3 3 
c003 4 4 
COO4 - 5 
COOS - 6 
COO6 - 7 
c007 - 8 

Tsblell. Address Channel SeI6ction 
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MC68000 MICROPROCESSOR 
Figure 17 shows a MC68000 interface. The AD78241AD7828 is 
operating in Mode o. Assume the ADC isapin assiped a memory 
block starting at addtess COOO. A MOVE instruction to any of 
the addresses in Table II starts a Conversion and reads the COD
venion result. 

MOVE·B $COOO,DO 

Once convenion has begun, the MC68000 insens WAIT states, 
until !NT goes low assening DTACK at the end of CODveniCln. 
The microprocessor then places the convenion results in the DO 
resister. 

MC68000 

DATA BUS 

001----, .-----108. 

·LlNEARCIRCUITRY OMlnED FOR CLARITY 
··A2IS FOR THEA07828 ONLY 

Figure 17. AD78241AD7828-MC68000Interface 

TMS32010 MICROCOMPUTER 
A TMS32010 interface is shown in Figure 18. The AD78241 
AD7828 is operating in Mode 1 (i.e., no ILl' WAIT states). The 
ADC is mapped at a pon address. The following 110 instruction 
starts a convenion and reads the previous convenion result into 
the accumulator. 

IN, A PA (pA = PORT ADDRESS) 

The pan addtess (000 to lll) selects the analog channel to be 
convened. When convemon is complete a second 110 instruction 
(IN, A PA) reads the up-to-date data into the accumulator and 
suns another CODvemon. A delay of 2.51108 must be allowed 
between convemons. 

PAZ -----

PA.I------.-j 
PAO..,..-----... 

TMS32010 
MEN 

illiil------i 
071-------1 

DO 

·UNEARCIRCUITRY 
OMITTED FOAClARITY 

"A2IS FORTHEAD78280NLY 

DATA BUS 

A2--
A. 
AO 

AD7824* 
cs AD782S* 

iiD 
DB7 

Dao 

Figure 18. AD78241AD7828- TMS32010lnterface 
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SPEECH 
INPUT 

+5V 

Voo 

AIN 1 

AIN2 

AIN 3 

AIN4 

VREF(+) 

VREF(-) 

GND 

REV. A 

+5V 

Voo 

AIN 1 

AIN 2 

AD7828 

AIN 7 

AIN 8 

+5V VREF( +) 

Figure 19. Speech Analysis Using Real-Time Filtering 

SAMPLE 
~-... ---t_-O PULSE 

INT 

DB7 

AD7824 

DBD 

A1 

AD 

Lf 

t----4_--tA1 

t--...... -II---tAD 

+15V 

Voo 

Figure 20. 4-Channel Fast Infinite Sample-and-Hold 

AD7824/AD7828 

CS 

RD 

DB7 

DBD 

A2 

A1 

AD 

+1DV 
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~ANALOG 
WDEVICES 

LC2MOS 
Complete, 12-Bit, 100 kHz, Sampling ADCs 

FEATURES 
Complete Monolithic 12-Bit ADC with: 

2 ".S Track/Hold Amplifier 
8 ".s A/D Converter 
On-Chip Reference 
Laser-Trimmed Clock 
Parallel, Byte and Serial Digital Interface 

72 dB SNR at 10 kHz Input Frequency (AD7870, 
AD7875) 

57 ns Data Access Time 
Low Power -60 mW typ 
Variety of Input Ranges: 

±3 V for AD7870 
o to +5 V for AD7875 
± 1 0 V for AD7876 

GENERAL DESCRIPTION 
The AD7870/AD7875/AD7876 is a fast, complete, 12-bit AID 
converter. It consists of a track/hold amplifier, 8 .... s successive
approximation ADC, 3 V buried Zener reference and versatile 
interface logic. The ADC features a self-contained internal clock 
which is laser trimmed to guarantee accurate control of conver
sion time. No external clock timing components are required; 
the on-chip clock may be overridden by an external clock if 
required. 

The parts offer a choice of three data output formats: a single, 
parallel, 12-bit word; two 8-bit bytes, or serial data. Fast bus 
access times and standard control inputs ensure easy interfacing 
to modern microprocessors and digital signal processors. 

All parts operate from ± 5 V power supplies. The AD7870 and 
AD7876 accept input signal ranges of ±3 V and ±10 V, respec
tively, while the AD7875 accepts a unipolar 0 to + 5 V input 
range. The parts can convert full power signals up to 50 kHz. 

The AD78701 AD78751 AD7876 feature dc accuracy specifications 
such as linearity, full-scale and offset error. In addition, the 
AD7870 and AD7875 are fully specified for dynamic perfor
mance parameters including distortion and signal-to-noise ratio. 

The parts are fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The parts are available in a 24-pin, 0.3 inch-wide, plastic or her
metic dual-in-line package (DIP). The AD7870 and AD7875 are 
available in a 28-pin plastic leaded chip carrier (PLCC), while 
the AD7876 is available and in a 24-pin small outline (SOIC) 
package. 

REV. A 

AD7870/AD7875/AD7876 I 
FUNCTIONAL BLOCK DIAGRAM 

.oND REF OUT 

Ci ii6 iUiYl DB" DBO DGNO Vss 
iN'i' 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit ADC on a Chip. 

The AD7870/AD7875/AD7876 provides all the functions nec
essary for analog-to-digital conversion and combines a 12-bit 
ADC with internal clock, tracklhold amplifier and reference 
on a single chip. 

2. Dynamic Specifications for DSP Users. 
The AD7870 and AD7875 are fully specified and tested for 
ac parameters, including signal-to-noise ratio, harmonic dis
tortion and intermodulation distortion. 

3. Fast Microprocessor Interface. 
Data access times of 57 ns make the parts compatible with 
modern 8- and 16-bit microprocessors and digital signal pro
cessors. Key digital timing parameters are tested and guaran
teed over the full operating temperature range. 
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AD7870/AD7875/AD7876 -SPECIFICATIONS (VDD =+5 V ±5%, Vss ,=""5 V ± 5%, 
AGND = DGND = 0 V, fCIJ( = 2.5 MHz external, unless otherwise stated. All Specifications Tmin to Tmaxunless otherwise noted.) 

AD7870 
Parameter ),A' K,B' L,C' s' T' Units " Test ConditionSlComme1).ts 

DYNAMICPERFORMANCE2 

Signaho .• Noise, Ratio' (SNR) 
@ -+:2S'C 70 70 n 69 69 dB min VIN = 10 kHz Sine Wave, fSAMPLE = 100 kHz 
Tmio to Tmax 70 70 71 69 69 dB min Typically 71.5 dB for 0 <V IN<50 kHz 

Total Harmonic Distortion (THO) -SO -SO -SO -7S -7S dB max VIN = 10kHz,SineWave,fsAMPLE = 100kHz 
Typically -S6 dB for 0 <V'N <SO kHz 

Peak Harmonic or Spurious Noise -SO -SO -SO -7S -7S dB max Y'N = 10 kHz, fSAMPLE = 100 kHz 
Typically -S6 dB for 0 <Vn:,<SOkHz 

lntermodulation Distortion (IMO) 
Second Order Terms -SO -SO -SO -7S -78 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = SO kHz 
Third Order Terms -SO -80 -80 -7S -78 dB max fa = 9 kHz, fb = 9.5kHz,fsAMPLE = SOkHz 
TrackIHold Acquisition Tinle 2 2 2 2 2 ",smax 

DC ACCURACY 
Resolution 12 12 12 12 12 Bits 
Mininlum Resolution for which 

No Missing Codes are Guaranteed 12 12 12 12 12 Bits 
Integral Nonlinearity ±1/2 ±1I2 ±1I4 ±1I2 ±1I2 LSB typ 
Integral Nonlinearity ±1 ±1I2 ±1 LSBmax 
Differential Nonlinearity ±1 ±1 ±1 LSBmax 
Bipolar Zero Error ±S ±S ±S ±S ±S LSBmax 
Positive Full·Scale Error' ±S ±S ±S ±S ±S LSB max 
Negative Full-Scale Error' ±S ±S ±S ±S ±S LSB max 

ANALOG INPUT 
"Input Voltage Range ±3 ±3 ±3 ±3 ±3 Volts 
Input Current ±Soo ±SOO ±SOO ±SOO ±SOO !LA max 

REFERENCE OUTPUT 
REF OUT @ +2S'C 2.99 2.99 2.99 2.99 2.99 V min 

3.01 3.01 3.01 3.01 3.01 V max 
REF OUT Tempco ±60 ±60 ±3S ±6O ±3S ppml'C max 
Reference Load Sensitivity (AREF OUTI AI) ±1 ±1 ±1 ±1 ±1 mVmax Reference Load Current Change (O-SOO !LA) 

Reference Load Should Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 2.4 2.4 V min VDD = S V ±S% 
Input Low Voltage, V niL O.S O.S O.S 0.8 O.S V max VDD = 5 V ±S% 
Input Current, l'N ±IO ±IO ±IO ±IO ±IO !LA max VIN = OVtoVoo 
Input Current (12I8!CLK Input Only) ±IO ±IO ±IO ±IO ±IO !LA max VIN = Vss to VDD 
Input Capacitance, CIN' 10 10 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 4.0 4.0 V min ISOURCE = 40 ",A 
Output Low Voltage, VOL 0.4 0.4 0.4 0.4 0.4 V max IS'NK = 1.6 rnA ' 
DBll-DBO 

F1oating-StateLe8kage C11IT<6nt ±10 ±IO ±10 ±IO ±10 !LA max 
Floating-State Output Capacitance' IS IS IS IS IS pFmax 

CONVERSION TIME 
External Clock (fCLK = 2.S MHz) 8 8 8 S 8 "'S max 
Internal Clock 7/9 7/9 7/9 7/9 7/9 "'s minl",s max 

POWER REQUIREMENTS 
VDD +5 +5 +5 +S +S V n,oin ±S% for Specified Performance 
Vss -S -5 -S -S -S V nom ±S% for Specified Performance 
IDD 13 13 J3 J3 J3 rnA max Typically 8 rnA 
Iss 6 6 6 6 6 rnA max Typically 4 rnA 
Power Dissipation 9S 9S 9S 9S 95 mWmax Typically 60 mW 

NOTES 
'Temperarure ranges are as follows: J, K, L Versions; 0 to +70'C: A, B, C Versions; -2S'C to +85'C: S, T Versions; -55'C to +125'C. 
>YIN (pk-pk) = ±3 V. 
'SNR calculation includes distortion and noise components. 
'Measured with respect to internal reference and includes bipolar offset error. 
'Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7870/AD7875/AD7876 
AD7875/AD7876 

Parameter K,B' L,C' T' Units Test Conditions/Comments 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 12 12 12 Bits 
Integral Nonlinearity @ + 25°C ±I ±1/2 ±I LSBmax 

T min to T ~x (AD7875 Only) ±I ±I ±I LSBmax 
T min to T ~ (AD7876 Only) ±I ±1/2 ±I LSB max 

Differential Nonlinearity ±I ±I ±I LSB max 
Unipolar Offset Error (AD7875 Only) ±5 ±5 ±5 LSB max 
Bipolar Zero Error (AD7876 Only) ±6 ±2 ±6 LSB max 
Full-Scale Error at + 25'C' ±8 ±8 ±8 LSB max Typical full-scale error is ± I LSB 
Full-Scale TC' ±60 ±35 ±60 ppmI'C max Typical TC is ±20 ppml"C 
TrackIHold Acquisition Time 2 2 2 .. smax 

DYNAMIC PERFORMANCE' (AD7875 ONLY) 
Signal-to-Noise Ratio' (SNR) 

@ +25°C 70 72 69 dB min V,N = IO kHz Sine Wave, fSAMPLE = 100 kHz 
Tmin to Tmax 70 71 69 dB min Typically 71.5 dB for 0 <V,N< SO kHz 

Total Harmonic Distortion (THD) -80 -80 -78 dB max VIN = 10 kHz Sine Wave, fSAMPLE = 100 kHz 
Typically -86 dB for 0 <V,N< 50 kHz 

Peak Harmonic or Spurious Noise -80 -80 -78 dB max V,N = 10 kHz, fSAMPLE = 100 kHz 
Typically -86 dB for 0 <V,N< 50 kHz 

Intermodulation Distonion (IMD) 
Second Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 
Third Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = SO kHz 

ANALOG INPUT 
AD7875 Input Voltage Range o to +5 o to +5 o to +5 Volts 
AD7875 Input Current 500 500 500 .. A max 
AD7876 Input Voltage Range ±IO ±IO ±IO Volts 
AD7876 Input Current ±600 ±600 ±600 f.'A max 

REFERENCE OUTPUT 
REF OUT @ +25°C 2.99 2.99 2.99 V min 

3.01 3.01 3.01 V max 
REF OUT Tempeo ±60 ±35 ±60 ppml"C max Typical Tempco is ±20 ppmI'C 
Reference Load Sensitivity (DoREF OUT/DoI) -I -I -I mVmax Reference Load Current Change (0-500 f.'A) 

Reference Load Should Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, V,NH 2.4 2.4 2.4 V min Voo = 5 V±5% 
Input Low Voltage, V,NL 0.8 0.8 0.8 V max Voo = 5 V±5% 
Input Current, lIN ±IO ±IO ±IO f.'A max V,N = 0 V [0 Voo 
Input Current (12/S/CLK Input Only) ±IO ±IO ±IO .. A max V,N = Vss to Voo 
Input Capacitance, C'N 

, 
10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 V min ISOURCE = 40 f.'A 
Output Low Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6 mA 
DBII-DBO 

Floating-State Leakage Current IO IO 10 .. A max 
Floating-State Output Capacitance' 15 15 15 pF max 

CONVERSION TIME 
External Clock (fCLK = 2.5 MHz) 8 8 8 f.LS max 
Internal Clock 7/9 7/9 7/9 .. S minl .. s max 

POWER REQUIREMENTS As per AD7870 

NOTES 
'Temperature ranges are as follows: AD7875: K, L Versions, 0 to +70'C; B, C Versions, -40'C to +85°C; T Version, -55'C to +125'C. AD7876: B, C Ver
sions, -40°C to +8SoC; T Version, -55°C to + 12S0C. 

'Includes internal reference error and is calculated after unipolar offset error (AD7875) or bipolar zero error (AD7876) has been adjusted out. 
Full-scale error refers to both positive and negative full-scale error for the AD7876. 

'Dynamic performance parameters are not tested on the AD7876 but these are typically the same as for the AD7875. 
4SNR calculation includes distonion and noise components. 
'Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7870/AD7875/AD7876 
TIMING CHARACTERISTICS1, 2 NDD = +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = 0 V. See Figures 9, 10, 1 land 12.) 

Limit at T mOl' T max Limit at T nUn' T max -

Parameter cr, K, L, A, B, eVersions) (S, T Versions) Units Conditions/Comments 

tl 50 50 nsmin CONVST Pulse Width 
t2 0 0 nsmin CS to RD Setup Time (Mode 1) 
t3 60 75 nsmin RD Pulse Width 

4 0 0 nsmin CS to RD Hold Time (Mode 1) 
ts 70 70 nsmax RD to INT Delay 
t,;3 57 70 nsmax Data Access Time after RD 
t74 5 5 nsmin Bus Relinquish Time after RD 

50 50 nsmax 
ta 0 0 nsmin HBEN to RD Setup Time 

~ 0 0 nsmin HBEN to RD Hold Time 
tlO 100 100 nsmin SSTRB to SCLK Falling Edge Setup Time 
t llS 370 370 nsmin SCLK Cycle Time 
t l26 135 ISO nsmax SCLK to Valid Data Delay. CL =35 pF 
tn 20 20 nsmin SCLK Rising Edge to SSTRB 

100 100 nsmax 
tl4 10 10 nsmin Bus Relinquish Time after SCLK 

100 100 nsmax 
tiS 60 60 nsmin CS to RD Setup Time (Mode 2) 
t l6 120 120 nsmax CS to BUSY Propagation Delay 
tl7 200 200 nsmin Data Setup Time Prior to BUSY 
tiS 0 0 nsmin CS to RD Hold Time (Mode 2) 
t l9 0 0 nsmin HBEN to CS Setup Time 
t20 0 0 nsmin HBEN to CS Hold Time 

NOTES 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at + 2S"C to ensure compliance. All input signals are 
specified with tr = tf = S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 

'Serial timing is measured with a 4.7 k{} pull-up resistor on SDATA and SSTRB and a 2 k{} pull-up on SCLK. The capacitance on all three outputs is 3S pF. 
'1,; is measured with the load circuits of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4t7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
'SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 
'SDATA will drive higher capacitive loads but this will add to tIl since it increases the external RC time constant (4.7 kfinCL ) and hence the time to 
reach 2.4 V. Specifications subject to change Without notice. 

ABSOLUTE MAXIMUM RATINGS· +5V 
Voo to AGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Voo +0.3 V 
VIN to AGND .................... -IS V to +15 V 
REF OUT to AGND ................... 0 V to Voo 
Digital Inputs to DGND ......... -0.3 V to Voo +0.3 V 
Digital Outputs to DGND ........ -0.3 V to Voo +0.3 V 
Operating Temperature Range 

.. l:i-
~ 56kO 

DBN ----t=--
50pF 

DGND .& 
Commercial (1, K, L Versions - AD7870) ..... 0 to +70°C 
Commercial (K, L Versions - AD7875) ....... 0 to +70°C 

a. High-Z to VOH b. High-Z to VOL 

Industrial (A, B, eVersions - AD7870) ... -25°C to +85°C Figure 1. Load Circuits for Access Time 
Industrial (B, C Versions - AD7875/AD7876) +5V 

............................ -40°C to +85°C 
Extended (S, T Versions) ............ - 55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 1500C 
Lead Temperature (Soldering, 10 sec) .. . . . . . . . .. + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 10 mWrC 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed. in 
the operational sections of this specification is not implied.. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

+ - tJ~ ~ _r" 
a. VOH to High-Z b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Delay 
CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored -in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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AD7870/AD7875/AD7876 
AD7870 ORDERING GUIDE 

Integral 
Temperature VIN Voltage SNR Nonlinearity 

Modell ,2 Range Range (V) (dBs) (LSB) 

AD7870JN o to +70°C ±3 70 min ±1I2 typ 
AD7870KN o to +70°C ±3 70 min ±l max 
AD7870LN o to +70°C ±3 72 min ±1I2 max 
AD7870JP o to +70°C ±3 70 min ±1I2 typ 

AD7870KP o to +70°C ±3 70 min ±l max 
AD7870LP o to +70°C ±3 72 min ±1I2 max 
AD7870AQ -25°C to +85°C ±3 70 min ±1I2 typ 
AD7870BQ -25°C to +8SoC ±3 70 min ±l max 
AD7870CQ -2SoC to +8SoC ±3 72 min ±1I2 max 
AD7870SQ4 - 55°C to + l2SoC ±3 70 min ±1I2 typ 
AD7870TQ4 - SsoC to + l2SoC ±3 70 min ±lmax 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sal .. office for military data sheet. 

'Contact local sales office for LCCC (Leadless Ceramic Chip Carrier) availability. 

Package 
Option' 

N-24 
N-24 
N-24 
P-28A 
P-28A 
P-28A 
Q-24 
Q-24 
Q-24 
Q-24 
Q-24 

'N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLeC); Q = Cerdip. For outline 
information see Package Information section. 

'Available to /883B processing only. 

AD7875 ORDERING GUIDE 

Integral 
Temperature VIN Voltage SNR Nonlinearity 

Modell,2 Range Range (V) (dBs) (LSB) 

AD787SKN o to +70°C o to +S 70 min ±1 max 
AD787SLN o to +70°C o to +S 72 min ±112 max 
AD7875KP o to +70°C o to +S 70 min ±1 max 
AD787SLP o to +70°C o to +S 72 min ±1I2 max 
AD787SBQ -40°C to +85°C o to +S 70 min ±l max 
AD787SCQ -40°C to +8SoC o to +S 72 min ±1I2 max 
AD787STQ4 - 5SoC to + l2SoC o to +S 70 min ±l max 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 

'Contact local sal .. office for LCCC (Leadl .. s Ceramic Chip Carrier) availability. 

Package 
Option' 

N-24 
N-24 
P-28A 
P-28A 
Q-24 
Q-24 
Q-24 

'N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (pLCC); Q = Cerdip. For outline 
information see Package Information section. 

'Available to /883B proc .. sing only. 

AD7876 ORDERING GUIDE 

Integral 
Temperature VIN Voltage Nonlinearity Package 

Modell Range Range (V) (LSB) Option2 

AD7876BN -40°C to +8SoC ±10 ±lmax N-24 
AD7876CN -40°C to +8SoC ±10 ±1I2 max N-24 
AD7876BR -40°C to +8SoC ±10 ±1 max R-24 
AD7876CR -40°C to +85°C ±10 ±1/2 max R-24 
AD7876BQ -40°C to +85°C ±10 ±1 max Q-24 
AD7876CQ -40°C to +85°C ±10 ±1I2 max Q-24 
AD7876TQ' - 55°C to + 125°C ±10 ±1 max Q-24 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add 1883B to part number. Contact 
local sales office for military data sheet. 

'N = Narrow Plastic DIP; Q = Cerdip; R = Small Outline IC (SOlC). For outline 
information see Package Infonnation section. 

'Available to /883B processing only. 
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A07870/A07875/A01876 
PIN FUNCTION DESCRIPTION 

DIP 
Pin No. 

I 

2 
3 

4 

6 

7 

8-11 

12 
13-16 

17 

18 

19 

20 

21 

22 

23 

24 

Pin 
Mnemonic 

lID 
BUSYilliIT 
CLK 

DB 11IHBEN 

DB 10/SSI'l.Ul 

DB9/SCLK 

DB8/SDATA 

DB7/LOW
DB4/LOW 

DGND 
DB3/DB11-
DBO/DB8 

VDD 

AGND 

REF OUT 

V"' 
Vss 
l2/l1/CLK 

~ 

CS' 

Function 
Read. Active low logic input. This input is used in conjunction with CS' low to enable the data outputs. 

BusylInterrupt, Active low logic output indica~ing converter status. See timing diagrams. 
Clock input. An external TTL-compatible clock may be applied to this input pin. Alternatively, ~ing this pin to Vss 
enables the internal laser-trimmed clock oscillator. 

Data Bit II (MSB)lHigh Byte Enable. The function of this pin is dependent on the state of the 12;G/CLK input (see 
below). When 12-bit parallel data is selected, this pin provides the DB11 output. When byte data is selected, this pin 
becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When HBEN is low, OB7ILOW to DBO/DB8 
become DB7 to DBO. With HBEN high, DB7/LOW to DBOIDB8 are used for the upper byte of data (see Table I). 

Data Bit IO/Seril!) Strobe. When 12-bit parallel data is selected, this pin provides the OBIO ouwut. SSTru!' is an 
active low open-drsWTRAPut that provides a strobe or framing pulse for serial data. An external 4.7 kO pull-up resis-
tor is required on . 

Data Bit 9/Serial Clock. When 12-bit parallel data is selected, this pin provides the OB9 output. SCLK is the gated 
serial clock output derived from the internal or external ADC clock. If the 12;G/CLK input is at -5 V, then SCLK 
runs continuously. If 12!8/CLK is at 0 V, then SCLK is gated off after serial transmission is complete. SCLK is an 
open-drsin output and requires an external 2 kO pull-up resistor. 

Data Bit 8/Serial Data. When l2-bit parallel data is selst~, ihis pin provides the DB8 output. SDAT A is an open
drain serial data output which is used with SCLK and S R for serial data transfer. Serial data is valid on the fall
ing edge of SCLK while SS'I'IDJ is low. An extema14.7 kO pull-up resistor is required on SDATA. 

Three-state data outputs which are controlled by CS" and RD. Their function depends on the 12/8"/CLK and HBEN 
inputs. With 12/l1/CLK high, they are always DB7-DB4. With 12/8"/CLK low or -5 V, their function is controlled 
by HBEN (see Table I). 

Digital Ground. Ground reference for digital circuitry. 

Three-state data outputs which are controlled by CS" and RD. Their function depends on the 12/8"/CLK and HBEN 
inputs. WithIl2;G/CLK high, they are always DB3-DBO. With 12/8"/CLK low or -5 V, their function is controlled 
by HBEN (see Table I). 

Table I. Output Data for Byte Interfacing 

Positive Supply, +5 V ±5%. 

Analog Ground. Ground reference for tracklhold, reference and DAC. 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load capability is 500 fLA. 
Analog Input. The anal(lg input range is ±3 V for the AD7870, ± 10 V for theAD7876 and 0 to +5 V for the AD7875. 

Negative Supply, -5 V ±5%. 

Three Function Input. Defines the data format and serial clock format. With this pin at + 5 V, the output data for
mat is l2-bit parallel only. With this pin at 0 V, either byte or serial data is available and SCLK is not continuous. 
With this pin at - 5 V, byte or serial data is again available but SCLK is now continuous. 

Convert Start. A low to high transition on this input puts the tracklhold into its hold mode and starts conversion. 
This input is asynchronous to the CLK input. 

Chip Select. Active low logic input. The device is selected when this input is active. With mNVST tied low, a new 
conversion is initiated when CS" goes low. 

DIP and SOIC' 

PIN CONFIGURATIONS' 

'PIN CONFIGURATIONS ARE THE SAME FOR 
THE AD7870. AD1875 AND AD781e. 

'THE AD7870 AND AD787i ARE AVAILABLE IN 
DIP AND PLCC; THE AD7876 IS AVAtLABLE tN 
DIP AND SOle. 

PLCC' 

26 Vss 

,. DBOJD88 

12 13 14 15 ,. 17 18 
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CONVERTER DETAILS 
The AD7870/AD7875/AD7876 is a complete 12-bit AID con
verter, requiring no external components apart from power sup
ply decoupling capacitors. It is comprised of a 12-bit successive 
approximation ADC based on a fast settling voltage-output 
DAC, a high speed comparator and SAR, a tracklhold amplifier, 
a 3 V buried Zener reference, a clock oscillator and control 
logic. 

INTERNAL REFERENCE 
The AD7870/AD7875/AD7876 has an on-chip temperature com
pensated buried Zener reference which is factory trimmed to 
3 V :t 10 mV. Internally it provides both the DAC reference and 
the de bias required for bipolar operation (AD7870 and AD7876). 
The reference output is available (REF OUT) and is capable of 
providing up to 500 floA to an external load. 

The maximum recommended capacitance on REF OUT for nor
ma! operation is 50 pF. If the reference is required for use ex
ternal to the ADC, it should be decoupled with a 200 G resistor 
in series with a parallel combination of a 10 floF tantalum capaci
tor and a 0.1 floF ceramic capacitor. These decoupling compo
nents are required to remove voltage spikes caused by the 
AOC's internal operation. 

VDD AD78701 AD78751 AD7876 

Figure 3. Reference Circuit 

The reference output voltage is 3 V. For applications using the 
AD7875 or AD7876, a 5 V or 10 V reference may be required. 
Figure 4 shows how to scale the 3 V REF OUT voltage to pro
vide either a 5 V or 10 V external reference. 

Figure 4. Generating a 5 V or 10 V Reference 

TRACK-AND-HOLD AMPLIFIER 
The track-and-hold amplifier on the analog input of the 
AD7870/AD7875/AD7876 allows the AOC to accurately convert 
input frequencies to 12-bit accuracy. The input bandwidth of 
the tracklhold amplifier is much greater than the Nyquist rate 
of the ADC even when the ADC is operated at its maximum 
throughput rate. The 0.1 dB cutoff frequency occurs typically at 
500 kHz. The tracklhold amplifier acquires an input signal to 
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AD7870/AD7875/AD7876 
12-bit accuracy in less than 2 floS. The overall throughput rate is 
equal to the conversion time plus the tracklhold amplifier acqui
sition time. For a 2.5 MHz input clock the throughput rate is 
10 floS max. 

The operation of the tracklhold is essentially transparent to the 
user. The tracklhold amplifier goes from its tracking mode to its 
hold mode at the start of conversion. If the CONVST input is 
used to start conversion then the track to hold transition occurs 
on the rising edge of CONVST. If CS starts conversion, this 
transition occurs on the falling edge of CS. 

ANALOG INPUT 
The three parts differ from each other in the analog input volt
age range which they can handle. The AD7870 accepts :t3 V 
input signals, the AD7876 accepts a :t 10 V input range, while 
the input range for the AD7875 is 0 to + 5 V. 

Figure 5a shows the AD7870 analog input. The analog input 
range is :t3 V into an input resistance of typically 15 kG. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 112 LSB, 3/2 LSBs, 5/2 LSBs ... 
FS-3/2 LSBs). The output code is 2s complement binary with 
1 LSB = FS/4096 =6 V/4096 =1.46 mV. The ideal input/ 
output transfer function is shown in Figure 6. 

R 

TO INTERNAL 
3V REFERENCE 

Figure 5a. AD7870 Analog Input 

The AD7876 analog input structure is shown in Figure 5b. The 
analog input range is :t 10 V into an input resistance of typically 
33 kG. As before, the designed code transitions occur midway 
between successive integer LSB values. The output code is 2s 
complement with I LSB = FS/4096 = 20V/4096 = 4.88 mV. 
The ideal input/output transfer function is shown in Figure 6. 

V'N 

REF OUT 

AGND 

7R 

2,1R 3R 

TRACK/HOLD 
AMPLIFIER 

TO INTERNAL 
COMPARATOR 

AD7876 

r-----..... - TO INTERNAL AGND 

Figure 5b. AD7876 Analog Input 

Figure 5c shows the analog input for the AD7875. The input 
range is 0 to + 5 V into an input resistance of typically 25 kG. 
Once again, the designed code transitions occur midway 
between successive integer LSB values. The output code is 
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straight binary with 1 LSB = FS/4096 = SV/4096 = 1.22 mY. 
The ideal input/output transfer function is shown in Figure 7. 
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Figure 5c. AD7875 Analog Input 
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Figure 6. AD7870lAD7876 Transfer Function 
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Figure 7. AD7875 Transfer Function 

OFFSET AND FULL-SCALE ADJUSTMENT- AD7870 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications will require that the input 
signal span the full analog input dynamic range. In such applica
tions, offset and full-scale 'error will have to be adjusted to zero. 

Where adjustment is required, offset error must be adjusted 
before full-scale error. This is achieved by trimming the offset 
of the op amp driving the analog input of the AD7870 while the 
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input voltage is 112 LSB below ground. The trim procedure is 
as follows: apply a voltage of -0.73 mV(-lI2 LSB) at V, in 
Figure 8 and adjust the op amp offset voltage until the ADC 
output code flickers between 1111 1111 1111 and 0000 0000 
0000. Gain error can be adjusted at either the first code transi
tion (ADC negative full·scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 8). 

R, 
10kfl 

V, o-~'WI'-, 

R2 
soo!! 

R3 
10k!! 

• ADDI110NAL PINS OMmED FOR CLARITY 

v'" 

AD7ff701 
AD78751 
AD7ff76* 

AOND 

Figure 8. Offset and Full-Scale Adjust Circuit 

Positive Full-Scale Adjust 
Apply a voltage of 2.9978 V (FS/2 - 3/2 LSBs) at V" Adjust R2 
until the ADC output code flickers between 0111 1111 1110 and 
0111 1111 1111. 

Negative Full-Scale Adjust 
Apply a voltage of - 2.9993 V (-FS/2 + 112 LSB) at V I and 
adjust R2 until the ADC output code flickers between 
1000 0000 0000 and 1000 0000 0001. 

OFFSET AND FULL-SCALE ADJUSTMENT - AD7876 
The offset and full-scale adjustment for the AD7876 is similar to 
that just outlined for the AD7870. The trim procedure, for 
those applications that do require adjustment, is as follows: 
apply a voltage of -2.44 mV (-1/2 LSB) at V, and adjust the 
op amp offset voltage until the ADC output code flickers 
between 1111 1111 1111 and 0000 0000 0000. Full-scale error 
can be adjusted at either the first code transition (ADC negative 
full scale) or the last code transition (ADC positive full scale). 
The trim procedure for both case is as follows (see Figure 8): 

Positive Full-Scale Adjust 
Apply a voltage of 9.9927 V (FS/2 - 3/2 LSBs) at V" Adjust 
R2 until the ADC output code flickers between 0111 1111 1110 
and 01ll 1111 llli. 

Negative Full-Scale Adjust 
Apply a voltage of -9.9976 V (FS/2 + 112 LSB) at V, and 
adjust R2 until the ADC output code flickers between 1000 
0000 0000 and 1000.0000 0001. 
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OFFSET AND FULL-SCALE ADJUSTMENT - AD7875 
Similar to the AD7870, most of the DSP applications in which 
the AD7875 will be used will not require offset and full-scale 
adjustment. For applications that do require adjustment, offset 
error must be adjusted before full-scale (gain) error. This is 
achieved by applying an input voltage of 0.61 mV (1/2 LSB) to 
V I in Figure 8 and adjusting the op amp offset voltage until the 
ADC output code flickers between 0000 0000 0000 and 0000 
0000 0001. For full-scale adjustment, apply an input voltage of 
4.9982 V (FS - 3/2 LSBs) to VI and adjust R2 until the AOC 
output code flickers between 1111 1111 1110 and 1111 1111 
1111. 

TIMING AND CONTROL 
The AD7870/AD7875/AD7876 is capable of two basic operating 
modes. In the first mode (Mode I), the CONVST line is used to 
start conversion and drive the tracklhold into its hold mode. 
At the end of conversion the tracklhold returns to its tracking 
mode. It is intended principally for digital signal processing and 
other applications where precise sampling in time is required. 
In these applications, it is important that the signal sampling 
occurs at exactly equal intervals to minimize errors due to sam
pling uncertainty or jitter. For these cases, the CONVST line is 
driven by a timer or some precise clock source. 

The second mode is achieved by hard-wiring the CONVST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS starts conversion and 
the microprocessor will normally be driven into aWAIT state 
for the duration of conversion by BUSY/INT. 

DATA OUTPUT FORMATS 
In addition to the two operating modes, the AD7870/AD78751 
AD7876 also offers a choice of three data output formats, one 
serial and two parallel. The parallel data formats are a single, 
12-bit parallel word for 16-bit data buses and a two-byte format 
for 8-bit data buses. The data format is controlled by the 12/S 
ICLK input. A logic high on this pin selects the 12-bit parallel 
output format only. A logic low or -5 V applied to this pin al
lows the user access to either serial or byte formatted data. 
Three of the pins previously assigned to the four MSBs in paral
lel form are now used for serial communications while the 
fourth pin becomes a control input for the byte-formatted data. 
The three possible data output formats can be selected in either 
of the modes of operation. 

Parallel Output Format 
The two parallel formats available on the part are a 12-bit wide 
data word and a two-byte data word. In the first, all 12 bits of 
data are available at the same time on DB11 (MSB) through 
DBO (LSB). In the second, two reads are required to access the 
data. When this data format is selected, the DBI JlHBEN pin 
assumes the HBEN function. HBEN selects which byte of data 
is to be read from the ADC. When HBEN is low, the lower 8 
bits of data are placed on the data bus during a read operation; 
with HBEN high, the upper 4 bits of the 12-bit word are placed 
on the data bus. These 4 bits are right justified and thereby oc
cupy the lower nibble of data while the upper nibble contains 
four zeros. 

Serial Output Format 
Serial data is available on the AD7870/AD7875/AD7876 when 
the 12/S/CLK input is at 0 V or - 5 V and in this case the 
DBIO/SSTRB, DB9/SCLK and DB8/SDATA pins assume their 
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serial functions. Serial data is available during conversion with a 
word length of 16 bits; four leading zeros, followed by the 12-
bit conversion result starting with the MSB. The data is syn
chronized to the serial clock output (SCLK) and is framed by 
the serial strobe (SSTRB). Data is clocked out on a low to high 
transition of the serial clock and is valid on the falling edge of 
this clock while the SSTRB output is low. SSTRB goes low 
within three clock cycles after CONVST, and the first serial 
data bit (which is the first leading zero) is valid on the first fall
ing edge of SCLK. All three serial lines are open-drain outputs 
and require external pull-up resistors. 

The serial clock out is derived from the ADC clock source 
which may be internal or external. Normally, SCLK is required 
during the serial transmission only. In these cases, it can be shut 
down at the end of conversion to allow multiple ADCs to share 
a common serial bus. However, some serial systems (e.g., 
TMS32020) require a serial clock which runs continuously. Both 
options are available on the AD7870/AD7875/AD7876 using the 
12/S/CLK input. With this input at -5 V, the serial clock 
(SCLK) runs continuously; when 12/S/CLK is at 0 V, SCLK is 
turned off at the end of transmission. 

MODE 1 INTERFACE 
Conversion is initiated by a low going pulse on the CONVST 
input. The rising edge of this CONVST pulse starts conversion 
and drives the tracklhold amplifier into its hold mode. Conver
sion will not be initiated if the CS is low. The BUSYIINT status 
output assumes its INT function in this mode. INT is normally 
high and goes low at the end of conversion. This INT line can 
be used to interrupt the microprocessor. A read operation to the 
ADC accesses the data and the INT line is reset high on the 
falling edge of CS and RD. The CONVST input must be high 
when CS and RD are brought low for the AOC to operate cor
rectly in this mode. The CS or RD input should not be hard
wired low in this mode. Data cannot be read from the part 
during conversion because the on-chip latches are disabled when 
conversion is in progress. In applications where precise sampling 
is not critical, the CONVST pulse can be generated from a mi
croprocessor WR line OR-gated with a decoded address. In 
some applications, depending on power supply turn-on time, the 
AD7870/AD7875/AD7876 may perform a conversion on power
up. In this case, the INT line will power-up low and a dummy 
read to the AD7870/AD7875/AD7876 will be required to reset 
the INT line before starting conversion. 

Figure 9 shows the Mode I timing diagram for a 12-bit parallel 
data output format (12/S/CLK = +5 V). A read to the AOC at 
the end of conversion accesses all 12 bits of data at the same 
time. Serial data is not available for this data output format. 

DB"-DBO 

Figure 9. Mode 1 Timing Diagram, 12-8it Parallel Read 
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Figure 10. Mode 1 Timing Diagram, Byte or Serial Read 

The Mode I timing diagram for byte and serial dati! is shown in 
Figuu: 10. 00 goes low at the end of conversion and is reset 
highel>y the first falling edge of CS and RD. This ftrst read at 
the end of conversion can either access the low byte or high byte 
of data depending on the status of HBEN (Figure 10 shows low 
byte only for example). The diagram shows both. a noncontinu
ously and 'a continuously running clock (dashed line). 

its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into a WAIT state for the duration of 
conversion. 

MODE 2 INTERFACE 
The second interface mode is achieved by hard wiring CONVST 
low and conversion is initiated by taking CS low while HBEN is 
low. The tracklhold amplifier goes into the hold mode on the 
falling edge ofCS. In this mode, the BUSYIINT pin assumes 

Figure 11 shows the Mode 2 timing diagram for the' 12-bit 
parallel data output format (l2lS/CLK = + 5 V). In this case, 
the ADC beluives like slow memory. The major advantage of 
this interface is that it allows the microprocessor to start conver
sion, WAIT and then read data with a single READ instruction. 
The user does not have to worry about servicing interrupts or 
ensuring that softwllfC delays are long enough to avoid reading 
during conversion. 

I 
If-' __ --j....J1- t,. 

_ ~ TRACK/HOLD 
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'-;-------il 'I F tcoNVERT 1 
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DATA _____ T;.;,H;.;,R;;;E::,E-S..;...;;TA;.;,T;.;E......; ________ -41 r----{ ~~¥~ }---
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Figure 11. Mode 2 Timing Diagram, 12-Bit Parallel Read 
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Figure 12. Mode 2 Timing Diagram, Byte or Serial Read 

The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DBO-DB7) 
has to be accessed first since HBEN must be low to start con
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation of the serial functions is identical between Mode 
1 and Mode 2. The timing diagram of Figure 12 shows both a 
noncontinuousiy and a continuously running SCLK (dashed 
line). 

DYNAMIC SPECIFICATIONS 
The AD7870 and AD7875 are specified and 100% tested for 
dynamic performance specifications as well as traditional dc 
specifications such as integral and differential nonlinearity. 
Although the AD7876 is not production tested for ac para
meters, its dynamic performance is similar to the AD7870 and 
AD7875. The ac specifications are required for signal processing 
applications such as speech recognition, spectrum analysis and 
high speed modems. These applications require information on 
the AOC's effect on the spectral content of the input signal. 
Hence, the parameters for which the AD7870 and AD7875 are 
specified include SNR, harmonic distortion, intermodulation 
distortion and peak harmonics. These terms are discussed in 
more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (FS/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theOretical signal to noise ratio for a sine wave input 
is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 12-bit con
verter, SNR = 74 dB. 

(1) 

The output spectrum from the ADC is evaluated by applying a 
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sine-wave signal of very low distortion to the V IN input which is 
sampled at a 100 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be 
obtained. Figure 13 shows a typical 2048 point FFT plot of the 
AD7870KN/AD7875KN with an input signal of 25 kHz and a 
sampling frequency of 100 kHz. The SNR obtained from this 
graph is 72.6 dB. It should be noted that the harmonics are 
taken into account when calculating the SNR. 

., 
~ 

INPUT fREQUENCY - 25kHz 
SAMPLE FAEQUENCY - 100kHz 
SNR = 72.6dB 
TA =2S"C 

~ -60~---------------+----------------~ 

I 
~ ~-.o~------------~-+----------------4H 

-1400~--------------~2=5----------------~50 

FREQUENCY - kHz 

Figure 13. FFT Plot 

Effective Number of Bits 
The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). 

SNR-1.76 
N = ---6=-.0=-=2"'--

The effective number of bits for a device can be calculated 
directly from its measured SNR. 

(2) 
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Figure 14 shows a typical plot of effective number of bits versus 
frequency for an AD7870KN/AD7875KN with a sampling fre
quency of 100 kHz. The effective number of bits typically falls 
between 11. 7 and 11.85 corresponding to SNR figures of 72.2 
and 73.1 dB. 

12. 0 
~ - ----./ 
~ 11 . • 
~ 
~ 11. 0 
z 

5 
~ 1'0. SAMPLE FREQUENCY = 10CNcHz 

TA =25OC 

10. 0 
o 

INPUT FREQUENCY - kHz 
.. 

Figure 14. Effective Number of Bits vs. Frequency 

Total Harmonic Distortion (THD) 
THD is the ratio of the rms sum of harmonics to the rms value 
of the fundamental. For the AD7870/AD7875, THD is defined 
as 

THD = 20 log Vv/+vl+vi+vS2+V62 
VI 

where Viis the rms amplitude of the fundamental and V 2' V 3' 

V., V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa± nfb where 
m, n = 0,1,2,3, etc. Intermodulation terms are those for which 
neither m or n are equal to zero. For example, the second order 
terms include (fa + fb) and (fa - fb) while the third order terms 
include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 15 shows a typical IMD plot for the 
AD7870/AD7875. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to FS/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 
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INPUT FREQUENCIES 
F1 =9.05kHz 
F2=9.55kHz 
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Figure 15. IMD Plot 

AC Linearity Plot 
When a sine wave of specified frequency is applied to the VIN 

input of the AD78701 AD7875 and several million samples are 
taken, a histogram showing the frequency of occurrence of each 
of the 4096 ADC codes can be generated. From this histogram 
data it is possible to generate an ac integral linearity plot as 
shown in Figure 16. This shows very good integral linearity per
formance from the AD7870/AD7875 at an input frequency of 
2S kHz. The absence of large spikes in the plot shows good dif
ferentiallinearity. Simplified versions of the formulae used are 
outlined below. 

INL(i) = [V(i) - VIol .4096]-i 
V(fsl - VIol 

where INL(i) is the integral linearity at code i. V(fs) and yeo) 
are the estimated full-scale and offset transitions and Veil is the 
estimated transition for the ith code. 

Veil the estimated code transition point is derived as follows: 

V(') - A C ['IT' cum (i)] 
I--'OS N 

where A is the peak signal amplitude, 
N is the number of histogram samples 

and cum(i) =};i YIn) occurrences 
"=0 

+0.' ,-----:--------------, 
INPUT FREQUENCY = 25kHz 
SAMPLE FREQUENCY = 100kHz 
T ... = +25'"C 

~ +0.251----------,-----------1 

.~ 
~ 
! 
~ -0.25 

-O .• L-_______________ .....l 

Figure 16. AC INL Plot· 
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NUCROPROCESSORINTERFACE 
The AD7870/AD787S/AD7876 has a wide variety of interfacing 
options. It offers two operating modes and three data-output 
formats. Fast data access times allow direct interfacing to most 
microprocessors including the DSP processors. 

Parallel Read Interfacing 
Figures 17 to 19 show interfaces to the ADSP-2100, TMS32010 
and the TMS32020 DSP processors. The ADC is operating in 
Mode 1, parallel read for all three interfaces. An external timer 
controls conversion start asynchronously to the microprocessor. 
At the end of each conversion the ADC BUSYIINT interrupts 
the microprocessor. The conversion result is read from the ADC 
with the following instruction: 

ADSP-2100: MRO = DM(ADC) 

TMS3201O: IN D,ADC 

TMS32020: IN D,ADC 

MRO = ADSP-2100 MRO Register 

D = Data Memory Address 

ADC = AD7870/AD787S/AD7876 Address 

Some applications may require that conversions be initiated by 
the microprocessor mther than an external timer. One option is 
to decode the CONVST signal from the address bus so that a 
write opemtion to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opem
tion must not. be attempted during conversion. 
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Figure 17. ADSP-2100 Parallel Interface 
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Figure 1B. TMS32010 Parallel Interface 
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Figure 19. TMS32020 Parallel Interface 

Two Byte Read Interfacing 
68008 Interface 
Figure 20 shows an 8-bit bus interface for the MC68008 micro
processor. For this interface, the 1218/CLK input is tied to 0 V 
and the DBlllHBEN pin is driven from the microprocessor 
least significant address bit. Conversion start control is provided 
by the microprocessor. In this interface example, a Move in
struction frum the ADC address both starts a conversion and 
reads the conversion result. 

MOVEW ADC,DO 

ADC = AD7870/AD787S/AD7876 address 

DO = 68008 DO register 

This is a two byte read instruction. During the ftrst read opera
tion, BUSY in conjunction with CS forces the microprocessor to 
WAIT for the ADC conversion. At the end of conversion the 
ADC low byte (DB7-DBO) is loaded into DIS-D8 of the DO 
register and the ADC high byte (DBIS-DB7) is loaded into 
D7-DO of the DO register. The following Rotate instruction 
to the DO register swaps the high and low bytes to the correct 
format. 

ROL = 8, DO. 

Note, while executing the two byte read instruction above, 
WAIT states are inserted during the ftrst read operation only 
and not for the second. 

Al' 
AO 1--___ --, 

MC&BOOB 

D7~---__ --J 

os AD78701 
AD78751 
AD7876* 

DOI--_____ ~'--~ _____ -.J 

L-__ --' "ADDITIONAL PINS OMITTED FOR CLARITY. 
.oR. C REQUIRED TO GUARANTEE t,s 

Figure 20. MC6BOOB Byte Interface 
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AD78701AD7875/AD7876 
, . . ", /': 

Serial Interfacing 
Figures 21 to 24 show the AD7870/AD7875/AD7876 configured 
for serial interfacing. In all four interfaces, the ADC is config- . 
ured for Mode I operation. The interfaces show a timer driving 
the CONVST input, but this could be generated from a decoded 
address if required~ The SCLK, SDAT and SSTRB are open
drain outputs. If th.ese are required to· drive capacitive loads in 
excess 35 pF, buffering is r~ommended. 

DSP56000 Serial Interface 
Figure 21 shows a serial interface between the AD7870/AD78751 
AD7876 and the DSP56000. The interface arrangement is two
wire wit~ the ADC configured for noncontinuous clock opera
tion (I2/8/CLK = 0 V). The DSP56000 is configured for normal 
mode asynchronous operation with gated clock. It is also set up 
for a 16-bit word with SCK and SCI as inputs and the FSL 
control bit set to a O. In this configuration, the DSP56000 
assumes valid data on the first falling edge of SCK. Since the 
ADC provides valid data on this first edge, there is no need for 
a strobe or framing pulse for the data. SCLK and SDA T A are 
gated off when the ADC is not performing a conversion. During 
conversion, data is valid on the SDA T A output of the ADC and 
is clocked into the receive data shift register of the DSP56000. 
When this register has received 16 bits of data, it generates an 
internal interrupt on the DSP56000 to read the data from the 
register. 

06P56oo0 12/i/CLK 

SCK t-t--4----=.---j SClK :g~~~: 
SRD SDATA AD7876· 

"ADDITIONAL PINS OMITTED fOR CLARITY, 

Figure 21. DSP56000 Serial Interface 

The DSP56000 and AD7870/AD7875/AD7876 can also be con
figured for continuous clock operation (I2/8'/CLK = -5 V). In 
this case, a strobe pulse is required by the DSP56000 to indicate 
when data is valid. The SSTRB output of the ADC is inverted 
and applied to the SCI input of the DSP56000 to provide this 
strobe pulse. All other conditions and connections are the same 
as for gated clock operation. 

NEC7720177230 Serial Interface 
A serial interface between the AD7870/AD7875/AD7876 and the 
NEC7720 is shown in Figure 22. In the interface shown, the 
ADC is configured for continuous clock operation. This can be 
changed to a noncontinuous clock by simply tying the 12/S/CLK 
input of the ADC to 0 V with all other connections remaining 
the same. The NEC7720 expects valid data on the rising edge of 
its SCK input and therefore an inverter is required on the 
SCLK output of the ADC. The NEC7720 is configured for a 
16-bit data word. Once the 16 bits of data have been received by 
the SI register of the NEC7720, an internal interrupt is gener
ated to read the contents of the SI register~ 

The NEC77230 interface is similar to that just outlined for the 
NEC7720. However, the· clock input of the NEC77230 is 
SICLK. Additionally, no inverter is required between the ADC 
SCLK output and. this SICLK input since the NEC77230 
assumes data is valid on the falling edge of SICLK. 
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"PD7720 
4.7kfl 

~VST 

. ,12/i/ClK 

iiEIii t--f--4--'+---l iiiffiijj AD78701 

SClK 1--'-+--0<:" I-'-----j SClK :g~:~! 
81 SDATA 

-ADOIT!ONAL!"INS OMfTTED FOR CLARITY. 

Figure 22. NEC7720 Serial Interface 

TMS32020 Serial Interface 
Figure 23 Shows a.serial interface between the AD7870/AD787S1 
AD7876 and the TMS32020. The AD7870/AD787S/AD7876 is 
configured for continuous clock operation. N~te, the ADC will 
not interface correctly to the T MS32020 if the ADC is config
ured for a noncontinuous clock. Data is clocked into the data 
receive register (DRR) of the TMS32020 during conversion. As 
with the previous interfaces, when a 16-bit word is received by 
the TMS32020 it generates an internal interrupt to read the data 
from the DRR. 

+5V 

TMS32020 
4.7kl1 2kU 

CONVST 

lZ/a/elK 

FSR 1---1_-+_~""':;~ iiiffiijj 

elKR SClK A078701 

DR &DATA :gm:! 
"ADDITIoNAL PINS OMITTED FOR CLARn'V. 

Figure 23. TMS32020 Serial Interface 

ADSP-210IlADSP-2102 Serial Interface 
Figure 24 shows a serial interface between the AD7870/AD787S1 
AD7876 and the ADSP-210IlADSP-2102. The ADC is config
ured for continuous clock operation. Data is clocked into the 
serial port register of the ADSP-210IlADSP-2102 during con
version. As with the previous interfaces, when a 16-bit data 
word is received by the ADSP-210IlADSP-2102 an internal 
microprocessor interrupt is generated and the data is read from 
the serial port register. 

ADSp·2101' 
ADSp·2102 

+5V 

4.71cU 2kU 

CONVST 

12/i/CLK 

RFS t--I--l--....... ---l SSTAB A078701 

seLK SCLK :g~:~:! 
DR SDATA 

-AOOmONAl PINS OMITTED FOA CUUUTY. 

Figure 24. ADSP-2101IADSP-2102 Serial Interface 
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STAND-ALONE OPERATION 
The AD7870/AD787S/AD7876 can be used in its Mode 2, paral
lel interface mode for stand-alone operation. In this case, con
version is initiated with a pulse to the ADC CS input. This 
pulse must be longer than the conversion time of the ADC. The 
BUSY output is used to drive the RD input. Data is latched 
from the ADC DBO-DBll outputs to an externa11atch on the 
rising edge of BUSY. 

LATCH 

*tcs > t'8 + tCONVERT 

iii) AD78701 
AD78751 

AD7876" 
DBll 

DBO 

**ADDmONAL PINS OMmED FOR CLARITY 

Figure 25. Stand-Alone Operation 

APPLICATION HINTS 
Good printed circuit board (PCB) layout is as important as the 
overall circuit design itself in achieving high speed AID perfor
mance. The designer has to be conscious of noise both in the 
ADC itself and in the preceding analog circuitry. Switching 
mode power supplies are not recommended as the switching 
spikes will feed through to the comparator causing noisy code 
transitions. Other causes of concern are ground loops and digital 
feedthrough from microprocessors. These are factors which 
influence any ADC, and a proper PCB layout which minimizes 
these effects is essential for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at the AGND pin or as close 
as possible to the ADC. Connect all other grounds and the 
AD7870/AD787S/AD7876 DGND to this single analog ground 
point. Do not connect any other digital grounds to this analog 
ground point. 

Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Fig
ures 30 and 31 have both analog and digital ground planes 
which are kept separated and only joined together at the 
AD7870/AD787S/AD7876 AGND pin. 

NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize ,input noise coupling. In 
applications where this is not possible, use a shielded cable 
between the source and the ADC. Reduce the ground circuit 
impedance as much as possible since any potential difference in 
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AD7870/AD7875/AD7876 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

DATA ACQUISITION BOARD 
Figure 28 shows the AD7870/AD787S/AD7876 in a data acquisi
tion circuit. The corresponding printed circuit board (PCB) lay
out and silkscreen are shown in Figures 29 to 31. The board 
layout has three interface ports: one serial and two parallel. One 
of the parallel ports is directly compatible with the ADSP-2100 
evaluation board expansion connector. 

The only additional component required for a full data acquisi
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other input conditioning circuitry. To 
facilitate this option there is a shorting plug (labelled LKI on 
the PCB) on the analog input track. If this shorting plug is 
used, the analog input connects to the buffer amplifier driving 
the ADC; if this shorting plug is omitted, a wire link can be 
used to connect the analog input to the PCB component grid. 

INTERFACE CONNECTIONS 
There are two parallel connectors labeled SKT4 and SKT6 and 
one serial connector labeled SKTS. A shorting plug option 
(LK3 in Figure 28) on the ADC 12Iii"tCLK input cOnIlgures 
the ADC for the appropriate interface (see Pin Function 
Description). 

SKT6 is a 96-contact (3-ROW) Eurocard connector which is 
directly compatible with the ADSP-2100 Evaluation Board 
Prototype Expansion Connector. The expansion connector on 
the ADSP-2100 has eight decoded chip enable outputs labeled 
ECEI to ECE8. ECE6 is used to drive the ADC CS input on 
the data acquisition board. To avoid selecting on board RAM 
sockets at the same time, LK6 on the ADSP-2100 board must 
be removed. In addition, the ADSP-2100 expansion connector 
has four interrupts labelled EIRQO to EIRQ3. The ADC 
BUSYIINT output connects to EIRQO, There is a single wait 
state generator connected to EDMACK to allow the ADC to 
interface to the faster versions of the ADSP-2100. 

SKT4 is a 26-way (2-ROW) IDC connector. This connector 
contains all the signal contacts as SKT6 with the exception of 
EDMACK which is connected to SKT6 only. It also contains 
decoded R/W and STRB inputs which are necessary for 
TMS32020 interfacing. The SKT4 pinout'is shown in 
Figure 26. 

RMi 00 'STRS 

iii) 00 NC 

cs 00 NC 

NC 

~~ 
iIDSY/INT 

NC NC 

DB101SSfRi @@ DBlllHBEN 

DSBISDATA @@ DB9/SCLK 

DB6/LOW @@ DB7/LOW 

DB4ILOW @@ DB5ILOW 

DB2JDB10 @@ DB3IDSll 

DBOIDBB @@ DS11DB9 

5V @@ SV 

GND @@ GND 

NC = NO CONNECT 

Figure 26. SKT4, IDC Connector Pinout 
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AD7870/AD7875/AD7876 
SKT5 is a 9 way D-type connector which is meant for serial 
interfacing only. An inverted DB9/SCLK output is also pro
vided on this connector for systems which accept data on a ris
ing clock edge. The SKT5 pinout is shown in Figure 27. 

00000 
0000 
~ ~ ~ ~ 

NC = NO CONNECT g 

Figure 27. SKT5, 0-Type Connector Pinout 

SHORTING PLUG OPTIONS 
There are seven shorting plug options which must be set before 
using the board. These are outlined below: 

LKI Connects the analog input to a buffer amplifier. The ana
log input may also be connected to a component grid for 
signal conditioning. 

LK2 Selects either the ADC internal clock or an external clock 
source. 

LK3 Configures the ADC 12/S/CLK input for the 
appropriate serial or parallel interface. 

LK4 Connects the ADC RD input directly to the two parallel 
connectors or to a decoded STRB and R!W input. This 
shorting plug setting depends on the microprocessor e.g., 
the TMS32010 has a separate RD output while the 
TMS32020 has STRB and R!W outputs. 

LK5- Connect the pull-up resistors R3, R4 and R5 to 
LK7 SSTRB, SCLK and SDATA. These shorting plugs 

should be removed for parallel interfacing. 
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SKTI, SKT2 and SKT3 are three BNC connectors which pro
vide input connections for the analog input, the CONVST input 
and an external clock input. The use of an external clock source 
is optional, there is a shorting plug (LK2) on the ADC CLK 
input which must be connected to either -5 V (for the ADCs 
own internal clock) or to SKT3. 

POWER SUPPLY CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi
tal supply . The analog supplies are labelled V + and V -, and 
the range for both supplies is 12 V to IS V (see silkscreen in 
Figure 29). Connection to the 5 V digital supply is made 
through any of the connectors (SKT4 to SKT6). The -5 V sup
ply required by the ADC is generated from a voltage regulator 
on the V-power supply input (IC3 in Figure 27). 

COMPONENT LIST 

ICI 
IC2 

IC3 
IC4 
IC5 

CI, C3, C5, C7, 
C9, Cll 

C2, C4, C6, C8, 
CIO, CI2 

RI,R2 

R3*, R5* 

R4* 

LKI, LK2 
LK3, LK4 
LK5, LK6, LK7 

SKTl, SKT2, SKT3 
SKT4 
SKT5 
SKT6 

AD7110pAmp 
AD7870/AD7875/AD7876 Analog-to
Digital Converter 
MC79L05 -5 V Regulator 
74UCOO Quad NAND Gate 
74HC74 Dual D-Type Flip Flop 

10 IlF Capacitors 

0.1 IlF Capacitors 

10 kO Pull-Up Resistors 

4.7 kO Pull-Up Resistors 

2 kO Pull-Up Resistor 

Shorting Plugs 

BNC Sockets 
26-Contact (2-Row) IDC Connector 
9-Contact D-Type Connector 
96-Contact (3-Row) Eurocard Connector 

*Required for Serial Communication only. 
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SKT. 

AO$p·21oo 
CONNECTOR 

,~,"~.~~~r."~ ____ -= ______________ ~'V~ 
,,~' ~O1·'1 ~ /1::. 
~ ~~~ ~ ~ 

Af~~ LK' + ::' .~, 
SKY1 1C1 

- V-

e. C4 10PF¥O.,,,,,F 

CON; r : ' -5V ~V --_--IC4-..... SV--4 -..:;:::::.jC22 
CS D CLR al-___ --tt-EOM __ ACI< ...... 

~3 C~~ f.fS-'t>- SV 7.HC7. 

121i1cLK ~ B CLK OUT c& 

le2 

AD78701 
AD78751 
AD7876· 

e 'b--SV':" sr IV 11"~~51 
IA.{ ~b~'C4 : ~ R3.;> UC& R5~ 

V-

~4- ~0-t-----t_i----+---~~_i-i_~r_~~=.~D~.7 
BUSV/m t-t-ir---t-.,....---t_i----+---~~_i-i_~r_.::EI=RQO=_I A • 

. 

~ DMD1S 

AGND D.11IHBEN ." 

DB10/SiiRi t-t-ir---t-i_i_T"-t_i---..... +---~ ... _i'-i_~f-=D::M=D.;;'."I." 
~ I ~ru 

D88/SDATA T I DM012 .,4 

DGND D87/LOW 1?-:H .. 7".,.....,'77-h,J,.+..-+-,.L.-j ........... J.,...h-~>"'7'-J.,..,..T'7.,..,>"'7'~...;.DMD;:;.:;"'1 
.,.. V" D.OID .. W '//-:/. 'l.,'l.,IDATAT '////. '/;/////-'//~ :: 

A" 
IN OUTFl-'~V ~;::t==~,tl~I'./.l~1;::1~P.~ip 1=!~ti~J..L.1.;:l-+'j=tl~---........ 

1C3 C7, * ::!:. C8 SKT'I'25 21 523,2422-1& 3 • 12" 1 2 14 1311' 2 4 9 3 5 ISKlS DGND 

7ROS 10"F -C-;0.'Pf I 
GND PARALLEl 

COMMUNICATJONS 
PORT 

SERIAL 
COMMUNICATIONS 

PORT 

Figure 28. Data Acquisition Circuit Using the AD7870lAD78751AD7876 
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1:11:11:1 • ••••••••• • ~CLK 
••• ..... ~ .KU ~ ae 

CONueT LICS LtC. LK7 • • • aecT.a 

Figure 29. PCB Silkscreen for Figure 28 
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3.94" 
(100mm) 
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Figure 30. PCB Component Side Layout for Figure 28 

• • 

Figure 31. PCB Solder Side Layout for Figure 28 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic 14-Bit ADC 
2s Complement Coding 
Parallel. Byte and Serial Digital Interface 
80 dB SNR at 10 kHz Input Frequency 
57 ns Data Access Time 
Low Power-50 mW typ 
83 kSPS Throughput Rate 
16-Lead SOIC (AD7872) 

APPLICATIONS 
Digital Signal Processing 
High Speed Modems 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP SerVo Control 

GENERAL DESCRIPTION 
The AD7871 and AD7872 are fast, complete, 14-bit analog-to
digital converters. They consist of a tracklhold amplifier, 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained, la
ser trimmed internal clock, so no external clock timing compo
nents are required. The on-chip clock may be overridden to 
synchronize ADC operation to the digital system for minimum 
noise. 

The AD7871 offers a choice of three data output formats: a sin
gle, parallel, 14-bit word; two 8-bit bytes or a 14-bit serial data 
stream. The AD7872 is a serial output device only. The two 
parts are capable of interfacing to all modern microprocessors 
and digital signal processors. 

The AD7871 and AD7872 operate from ±5 V power supplies, 
accept bipolar input signals of ± 3 V and can convert full power 
signals up to 41.5 kHz. 

In addition to the traditional dc accuracy specifications, the 
AD7871 and AD7872 are also fully specified for dynamic perfor
mance paramerers including distortion and signal-to-noise ratio. 

Both devices are fabricated in Analog Devices' LC2MOS mixed 
technology process. The AD7871 is available in 28-pin plastic 
DIP, hermetic DIP and PLCC packages. The AD7872 is avail
able in 16-pin plastic and hermetic DIP packages or 
16-lead SOIC. 
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LC2MOS 
Complete 14-Bit, Sampling ADCs 

AD7871/AD7872 I 
FUNCTIONAL BLOCK DIAGRAMS 

AGND C"EF REF OUT VIN v,, 

CI JiIj IiiJfiI D813 DBO DGND Vss 
iNT 

AGND ~F REF OUT VIN VDD VOD 

SSTRi sell( SDATA DGND Vss 

PRODUCT HIGHLIGHTS 
1. Complete 14-Bit ADC on a Chip. 

2. Dynamic Specifications for DSP Users. 

3. Low Power. 
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(VDD = +5 V ± 5%, Vss = -5 V :±: 5%, A6ND = D6ND = 
AD7871 /AD7872 SPECIFICA'JIONS 0 V, fell( = 2 MHz external, fUPLE = 83 kHz unless otherwise 

. . lit - It stated.)AlI Specifications Tmi"taTmax unless otherwise noted; 
, ,.' . 

J,A K,B T 
'c.., 

Parameter Versions' Venions1 Version' Units Test ConditionsiCoDllllents 

DYNAMIC PERFORMANCE2 

Signal to Noise Rl!tio' (SNR) @ + 25'C 80 80 79 dB min VIN = 10 kHz Sine Wave 
Tmio to Tmax 80 80 79 dB min SNR is Typically 82 dB for <VIN<41.5 kHz; 

Total I:IannoQic Distortion (rHO) -86 -90 dB max VIN = 10 kHz Sine Wave , 
-85 dBtyp 

Peak Harmonic or Spurious Noise -86 -90 dB max VIN = 10 kHz. 
-85 dBtyp 

Intermodulation Distortion (IMD) 
Second Order Terms -86 -90 dB max fa = 9 kHz, fb = 9.5 kHz,. fSAMPLB = 50 kHz 

-85 dBtyp 
Third Order Terms -86 -90 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLB = 50 kHz 

-85 dBtyp 
TracklHold Acquisition T~e 2 2 2 "",max 

DC ACCURACY 
Resolution 14 14 14 Bits 
Minimum Reaolution for Which 

No Missing Codes Are Guaranteed 14 14 14 Bits 
Integral Nonlinearity @ + 25'C ±1I2 ±112 LSB typ 
Integral Nonlinearity ±I ±I LSBmax 
Bipolar Zero Error ±12 ±12 ±12 LSBmax 
Positive Gain Error' ±12 ±12 ±12 LSBmax 
Negative Gain Error" ±12 ±12 ±12 LSBmax 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±5oo ±500 ±5oo ,.A max 

REFERENCE OUTPUT 
REF OUT @ + 25'C 2.99/3.01 2.99/3.01 2.99/3.01 VminlVmax 

Tmin to Tmax 2.98/3.02 2.98/3.02 2.98/3.02 VminlVmax 
REF OUT Tempco ±40 ±40 ppmI'C max Typically 35 ppm 
Reference Load Sensitivity 

(AREF OUT/AI) ±I ±I ±1 mVmax Reference Load Current Change (0-500 ",A); 
Reference Load Should Not Be Changed During Conversion 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 2.4 V min VDD = 5 V ± 5% 
Input Low Voltage, V1NL 0.8 0.8 0.8 V max VDD = 5 V ± 5% 
Input Current, lIN ±IO ±IO ±IO ,.A max VIN = OVtOVDD 
Input Current (14I8tCLK Input Ouly) ±IO ±IO ±IO ,.A max VIN = Vss to VDD 
Input Capacitance, CIN' 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 V min ISOUReE = 40 ,.A 
Output Low Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6 mA 
DB13 -DBO 

Floating-State Leakage Current 10 10 10 ,.A max 
Floating-State Output Capacitance' 15 15 15 pFmax 

CONVERSION TIME 
External Clock 10 10 10 ",smax 
Internal Clock 10.5 10.5 10.5 ",smax The Internal Clock Haa a Nominal Value of 2 MHz 

POWER REQUIREMENTS 
VDD +5 +5 +5 V nom ± 5% for Specified Performance 
Vss -5 -5 -5 V nom ±5% for Specified Performance 
IDD 13 13 13 mAmax Typically 6 mA 
Iss 6 6 6 mAmax Typically 4 mA 
Power Dissipation 95 95 95 mWmax Typically 50 mW 

NOTES 
ITemperature ranges are as follows: J, K versions, we to +700(;; A, B versions, -400(; to +850(;; T version; -55°C to + 125OC. 
2V1N = ±3 V. 
3SNR calculation includes distortion and noise components. 
4Measured with respect to internal reference. 
'Sample tested @ + 2S'C to ensure compliance. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS1•2 (Voo = +5V ± 5%. Vss = -5 V ± 5%.AGNO = OGNO = 0 V.See Figures 9. 10.11 and 12.) 
Limit at T mia' T max Limit at T nUn' T max 

Parameter (J, K, A, B Versions) (T Version) Units Conditions/Comments 

tl 50 50 ns min CONVST Pulse Width 
t2 0 0 ns min CS to RD Setup Time (Mode 1) 
t3 60 75 nsmin RD Pulse Width 
t., 0 0 nsmin CS to RD Hold Time (Mode 1) 
ts 70 70 nsmin RD to INT Delay 
to3 57 70 nsmax Data Access Time after RD 
t/ 5 5 ns min Bus Relinquish Time after RD 

50 50 ns max 
ts 0 0 nsmin HBEN to RD Setup Time 
to 0 0 nsmin HBEN to RD Hold Time 
tlO 100 100 ns min SSTRB to SCLK Falling Edge Setup Time 
tllS 440 440 ns min SCLK Cycle Time 

t12• 155 155 nsmax SCLK to Valid Data Delay. CL = 35 pF 
t13 140 ISO nsmax SCLK Rising Edge to SSTRB 

20 20 nsmin 
tl4 4 4 nsmin Bus Relinquish Time after SCLK 

100 100 nsmax 
tiS 60 60 ns min CS to RD Setup Time (Mode 2) 
tlo 120 120 nsmax CS to BUSY Propagation Delay 
tl73 200 200 nsmin Data Setup Time Prior to BUSY 
tiS 0 0 nsmin CS to RD Hold Time (Mode 2) 
tl• 0 0 nsmin HBEN to CS Setup Time 
t20 0 0 nsmin HBEN to CS Hold Time 
NOTES 
ITiming Specifications in bold print are 100% production tested. AU other times are sample tested at +250(: to ensure compliance. All input signals are specified. with tf == tf = 5 DS 
(10% to 90% of 5 V) and timed from a voltage level of 1.6 V. __ 

2Serial timing is measured with a 4.7 kn pull-up resistor on SDATA and SSTRB and a 2 ill pull-up resistor on SCLK. The capacitance on all three outputs is 3S pF. 
316 and t17 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4r., is derived from the measured time taken by the data outputs to change O.S V when loaded with the circuit of Figure 2. The measured number is then extrapolated back to remove 

the effects of charging or discharging the SO pF capacitor. This means that the time, 17' quoted in the Timing Characteristics is the true bus relinquish time of the pan and is 
independent of bus loading. 

'SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 
6SDATA will drive higher capacitive loads, but this will add to t12 since it increases the external RC time constant (4.7 kOIICL ) and hence the time to reach 2.4 V. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
VDD to AGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND ............. -0.3 V to VDD + 0.3 V 
VIN to AGND ..........•• Vss - 0.3 V to VDD + 0.3 V 
REF OUT, <;'EF to AGND ............... 0 V to VDD 

Digital Inputs to DGND ......... -0.3 V to VDD + 0.3 V 

TO OUTPUT C>--..... o( 
PIN c.. 

SOpFT 
-=-

+2.1V 

Digital Outputs to DGND ........ -0.3 V to VDD + 0.3 V 
Operating Temperature Range 

Commercial G, K Versions) ............. O°C to +70°C Figure 1. Load Circuit for Access Time 
IndustriaI (A, B Versions) ............ -40°C to +85°C 
Extended (T Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sees) ........... + 300°C 
Power Dissipation (Any Package) to +7SoC .•..... 450 mW 
Derates above +7SoC by ..............•.... 6 mwrc 

TO OUTP~ C>--.... 4( 

C, 

SOpF '!' 
+2.1V 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
penn.nent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Figure 2. Load Circuit for Output Float Delay 

CA~ON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices mustbe stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c::J 
~~EDEVICE 
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AD7871/AD7872 
AD7871 PIN FUNCTION DESCRIPTION 

DIP 
No. Mnemonic 

CONVST 

2 CS 

3 RD 

4 BUSYIINT 

5 CLK 

6 DB l3IHBEN 

Function 

Convert Start. A low to high transition oil this input puts the tracklhold into the hold mode. This 
input is asynchronous to the CLK. CS and RD must be held high for the duration of this pulse. 

Chip Select. Active low logic input. The device is selected when this input is active. With CONVST 
tied low, a new wnversion is initiated when CS goes low. 

Read. Active low logic input. This input is used in conjunction with CS low to enable the data 
outputs. 

BusylInterrupt. Logic low output indicating converter status. See timing diagrams. 

Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying 
this pin to V ss enables the internallaser-ttimmed oscillator. 

Data Bit 13 (MSB)/High Byte Enable. The function of this pin is dependent on the state of the 
l4/8/CLK iriput (see Pin 28). When 14-bit data is selected, this pin provides the DB13 output, When 
either byte or serial data is selected,this pin becomes the HBEN logic input. HBEN is used for 8-bit 
bus interfacing. When HBEN is low, DB7 to DBO is the lower byte of data. With HBEN high, DB7 
to DBO is the upper byte of data (see Table I). 

HBEN DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO 

HIGH LOW LOW DB 13 DB12 DB 11 DBlO DB9 DB8 
LOW DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO 

Table I. Byte Output Format 

7 DB12/SSTRB Data Bit 12/Serial Strobe. When l4-bit data is selected, this pin provides the DB12 data output. 
Otherwise it is an active low three-state output which provides a framing pulse for serial data. 

8 DBllISCLK Data Bit 11/Seriai Clock. When 14-bit data is selected, this pin provides the DB11 data output. 

9 DBI0/SDATA 

10-13 DB9-DB6 

14. DGND 

15-20 DB5/DB13-
DBOIDB8 

21 Voo 

22 AGND 

23 ~EF 
24 NC 

25 REF OUT 

26 VIN 

27 Vss 

28 141StCLK 

Otherwise SCLK is the gated serial clock output which is derived from the internal or external ADC 
clock. If the 14/8/CLK input is held at -S V, then the SCLK runs continuously. With 14/8/CLK at 
OV, it is gated off (three-state) after serial transmission is complete. 

Data Bit 10/Serial Data. When 14-bit parallel data is selected, this pin provides the DBI0 data 
output. Otherwise it is the three-state serial data output used in conjunction with SCLK and SSTRB 
in serial data transmission. Serial data is valid on the falling edge of SCLK, when SSTRB is low. 

Three-State Data Outputs which are controlled by CS and RD. Their function depends on the state 
of the l4/8/CLK and the HBEN inputs. With 14/8/CLK high, they are always DB9-DB6. With 
14/8/CLK low, their function depends on HBEN (see Table I). 

Digital Ground. Ground return for digital circuitry. 

Three-State Data Outputs which are controlled by CS and RD. Their function depends on the 
14/8/CLK and HBEN inputs. With 1418tCLK high, they are always DB5-DBO. With 141S"tCLK low 
or -5 V, their function is controlled by HBEN (see Table I). 

Positive Supply, +5 V ± 5%. 

Analog Ground. Ground reference for analog circuitry. 

Decoupling point for on-chip reference. cOnnect 10 nF between this pin and AGND. 

No Connect. 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load 
capability is 500 !LA. 

Analog Input. The input range is ±3 V. 

Negative Supply, -5 V ± 5%. 

Three-Function Input. Defmes both the parallel and serial data formats. With this pin-at +5 V, the 
output data is 14-bit parallel only. With this pin at 0 V, both byte and serial data are available, and 
the SCLK is noncontinuous. With this pin at - 5 V, both byte and serial data are available and the 
SCLIC; is continuous. 
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AD7871/AD7872 
AD7872 PIN FUNCTION DESCRIPTION 

DIP 
No. MnemoDic 

CONTROL 

2 CONVST 

3 CLK 

4 SSTRB 

5 SCLK 

6 SDATA 

7 NC 

8 DGND 

9 VDD 

10 NC 

11 CREF 

12 AGND 

13 REF OUT 

14 VIN 

15 Vss 

16 VDD 

Function 

Control Input. With this pin at 0 V, the SCLK is noncontinuous. With this pin at -5 V, the SCLK 
is continuous. 

Convert Start. A low to high transition on this input puts the tracklhold into the hold mode. This 
input is asynchronous to the CLK. 

Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying 
this pin to V ss, enables the internal laser-trimmed oscillator. 

This is an active low three-state output which provides a framing pulse for serial data. An external 
4.7 kO pull-up resistor is required on SSTRB. 

Serial Clock. SCLK is the gated serif.l clock output which is derived from the internal or external 
ADC clock. If the 14/8/CLK input is at -5 V, then the SCLK runs continuously. With CONTROL 
at 0 V, it is gated off (three-state) after serial transmission is complete. SCLK is an open-drain 
output and requires an external 2 kO pull-up resistor. 

Serial Data. This is the three-state serial data output used in conjunction with SCLK and SSTRB in 
serial data transmission. Serial data is valid on the falling edge of SCLK, when SSTRB is low. An 
external 4.7 kO pull-up resistor is required on SDATA. 

No Connect. 

Digital Ground. Ground return for digital circuitry. 

Positive Supply for analog circuitry, +5 V ± 5%. 

No Connect. 

Decoupling point for on-chip reference. Connect 10 nF capacitor between this pin and AGND. 

Analog Ground. Ground reference for analog circuitry. 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load 
capability is 500 iJ.A. 

Analog Input. The input range is ±3 V. 

Negative Supply, -5 V ± 5%. 

Positive Supply for analog circuitry, +5 V ± 5%. Pin 16 and Pin 9 should be connected together. 

PIN CONFIGURATIONS 

DIP DIP, SOIC PLCC 

I~ I~ ~ 14/i/CLOCK CONTROL v •• II ~ ,iii ,: Ii If! 8 " J v .. v .. 
1 28 U 28 

v~ vw 0 

REFOUT REFOUT 

NC AGND 

c"" AD787, 

AOND NC TOP VIEW 
(Not to SeII"1 

v .. 

DBO/DB8 DB9 
NC = NO CONNECT 

D88 DB1/DB9 

DB21OB10 

D87 D83/DB1' NC = NO CONNECT 
,. 11 17 ·1. 

Iii I §! " ~ 
B i 

DI8 DIM/DB12 Iii 
" " g i DGND D861DB13 i " i 

NC .. NO CONNECT 

•• REFOUT 

NC 

c" .. 

AGND 

v .. 
DBO/DB8 

10 Da1/DBe 
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AD7871/AD7872 
CONVERTER DETAILS 
The AD78711AD7872 is a complete 14-bit AID converter, re
quiring no external components apart from power supply decou
piing capacitors. It is comprised of a 14-bit successive 
approximation ADC based on a fast settling voltage-output 
DAC, a high speed comparator and CMOS SAR, a track/hold 
amplifier, a 3 V buried Zener reference, a clock oscillator and 
control logic. 

INTERNAL REFERENCE 
The AD78711AD7872 has an on-chip temperature compensated 
buried Zener reference which is factory trimmed to 3 V 
± 10 mY. Internally it provides both the DAC reference and 
the dc bias required for bipolar operation. Reference noise is 
minimized by connecting a capacitor between CREF and AGND. 
For specified operation this capacitor should be 10 nF. The ref
erence output is available (REF OUT) and is capable of provid
ing up to 500 fLA to an external load. 

The maximum recommended capacitance on REF OUT for nor
mal operation is 50 pF. If the reference is required for use ex
ternal to the AD78711AD7872, it should be decoupled with a 
200 il resistor in series with a parallel combination of a 10 fLF 
tantalum capacitor and a 0.1 fLF ceramic capacitor. These de
coupling components are required to remove voltage spikes 
caused by the AD7871/AD7872's internal operation. 

VDD AD7871/ AD7872 

REF OUT 

Figure 3. AD7877/AD7872 Reference Circuit 

TRACK-AND-HOLD AMPLIFIER 
The track-and-hold amplifier on the analog input of the 
AD787I1AD7872 allows the ADC to accurately convert an input 
sine wave of 6 V peak-peak amplitude to 14-bit accuracy. The 
input bandwidth of the track/hold amplifier is much greater 
than the Nyquist rate of the ADC even when the ADC is oper
ated at its maximum throughput rate. The 0.1 dB cutoff fre
quency occurs typically at 500 kHz. The trackihold amplifier 
acquires an input signal to 14-bit accuracy in less than 2 fLS. 
The overall throughput rate is determined by the conversion 
time plus the track/hold amplifier acquisition time. For a 
2 MHz input clock the throughput time is 12 fLS maximum. 

7.Skll 

TO INTERNAL 
COMPARATOR 

Figure 4. AD7877/AD7872 Analog Input 
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The operation of the trackihold amplifier is essentially transpar
ent to the user. The trackihold amplifier goes from its tracking 
mode to its hold mode at the start of conversion. If the 
CONVST input is used to start conversion, then the track to 
hold transition occurs on the rising edge of CONVST. If CS on 
the AD7871 starts conversion, this transition occurs on the fall
ing edge of CS. 

ANALOG INPUT 
Figure 4 shows the AD78711AD7872 analog input. The analog 
input range is ±3 V into an input resistance of typically 15 kil. 
The designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2 LSB, 3/2 LSBs, 5/2 LSBs ... FS 
- 3/2 LSBs). The output code is 2s complement binary with 
I LSB = FS/16384 = 6 V/16384 = 366 fLY. The ideal input! 
output transfer function is shown in Figure 5. 

011 ... 111 

011 ... 110 

000. .. 110 

000 ...001 

OUTPUT 
CODE 

7 
000. 000 tt-FS * i 

~ ~~~--~ 

I j +~ 111 ... 111 

111. .110 
i T- 1LSB 

100 . .. 001 

100. .000 

! r FS=6V 

JJ 1 LSB = ,::a4 

OV 
INPUT VOLTAGE 

Figure 5. Bipolar Input/Output Transfer Function 

BIPOLAR OFFSET AND FULL-SCALE ADJUSTMENT 
When the AD78711AD7872's offset and full-scale errors need to 
be adjusted, offset error must be adjusted first. This is achieved 
by trimming the offset of the op amp driving the analog input of 
the AD78711AD7872 while the input voltage is 112 LSB below 
AGND. The trim procedure is as follows: apply a voltage of 
-0.183 mV (-112 LSB) at VI in Figure 6 and adjust the op
amp offset voltage until the ADC output code flickers between 
11 1111 1111 1111 and 00 0000 0000 0000. 

Rl 
10kU 

INPUT RANGE = :3 V 

R2 
500n 

R3 
10 kU 

"ADDITIONAL PINS OMlneD FOR CLARITV 

v,. 

AD7871 I 
A07872* 

AGND 

Figure 6. Bipolar Adjust Circuit 
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Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC posi
tive full scale). The trim procedures for both cases are as follows 
(see Figure 6). 

Positive Full-Scale Adjust 
Apply a voltage of 2.9995 V (FS/2 -312 LSBs) at VI and adjust 
R2 until the ADC output code flickers between 01 1111 III I 
1110 and 01 1111 1111 1111. 

Negative Full-Scale Adjust 
Apply a voltage of -2.9998 V (-FS/2+112 LSB) at VI and 
adjust R2 until the ADC output code flickers between 10 0000 
0000 0000 and 10 0000 0000 0001. 

UNIPOLAR OPERATION 
A typical unipolar circuit is shown in Figure 7. The AD78711 
AD7872 REF OUT is used to offset the analog input by 3 V. 
The analog input range is determined by the ratio of R3 to R4. 
The minimum range with which the circuit will work is 0 to 
+ 3 V. The resistor values are given in Figure 7 for input ranges 
of 0 to + 5 V and 0 to + 10 V. R5 and R6 are included for offset 
and full scale adjust only and should be omitted if adjustment is 
not required. 

INPUT 

R3 
10kll 19.1klll 

v,o--.,.,., .......... 

RANGE =Oto +5V 
101. +10vl 

R5 
20011 

R4 
15kll l3.9klll 

R6 
10011 

• ADDITIONAL PINS OMITTED FOR CLARITY 

v,. 

AD78711 
AD7872* 

REF OUT 

AGND 

Figure 7. AD7871IAD7872 Unipolar Circuit 

The ideal input/output transfer function is shown in Figure 8. 
The output can be converted to straight binary by inverting the 
MSB. 

011 ... 111 

011 ... 110 

011 ... 101 

011 ... 100 

OUTPUT 
CODE 

v,. INPUT VOLTAGE 
+FS lLSB 

Figure 8. Unipolar Transfer Function 
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AD7871/AD7872 
UNIPOLAR OFFSET AND FULL-SCALE ADJUST.MENT 
When absolute accuracy is required, offset and full-scale error 
can be adjusted to zero. Offset must be adjusted before full
scale. This is achieved by applying an input voltage of (1/2 LSB) 
to VI and adjust R6 until the ADC output code flickers between 
10000000000000 and 100000 0000 0001. For full-scale adjust
ment apply an input voltage of (FS -3/2 LSBs) to VI and adjust 
R5 until the output code flickers between 01 1111 III1 1I10 
and 01 IIll 1111 Illi. 

TIMING AND CONTROL 
The conversion time for both external and internal clock can 
vary from 19 to 20 rising clock edges depending on the conver
sion start to ADC clock synchronization. If a conversion is initi
ated within 30 ns prior to a rising edge of the ADC clock, the 
conversion time will consist of 20 rising clock edges. 

There are two basic operating modes for the AD7871. In the 
first mode (Mode I) the CONVST line is used to start conver
sion and drive the tracklhold into its hold mode. At the end of 
conversion, the tracklhold returns to its tracking mode. It is in
tended principally for digital signal processing and other applica
tions where precise sampling in time is required. In these 
applications, it is important that the signal sampling occurs at 
exactly equal intervals to minimize errors due to sampling un
certainty or jitter. For these cases, the CONVST line is driven 
by a timer or some precise clock source. 

The second mode is achieved by hard-wiring the CONVST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS and RD start conver
sion, and the microprocessor will normally be driven into a 
WAIT state for the duration of conversion by BUSY/INT. 

The AD7872 has one operating mode only. This is Mode I, de
scribed above, which uses CONVST to start conversion. 

DATA OUTPUT FORMATS 
The AD7871 offers a choice of three data output formats, one 
serial and two parallel. The parallel data formats include a single 
14-bit parallel word for 16-bit data buses and a two-byte format 
for 8-bit data buses. The data format is controlled by the 
14/81CLK input. A logic high on this pin selects the 14-bit par
allel output format only. A logic low or -5 V applied to this pin 
allows the user access to either serial or byte formatted data. 
Three of the pins previously assigned to the four MSBs in paral
lel form are now used for serial communications while the 
fourth pin becomes a control input for the byte-formatted data. 
The three possible data output formats can be selected in either 
of the modes of operation. 

The AD7872 is a serial output device only. The serial data for
mat is exactly the same as the AD7871. 

Parallel Output Format 
The two parallel formats available on the AD7871 are a 14-bit 
wide data word and a two-byte data word. In the first, all 14 
bits of data are availiible at the same time on DB13 (MSB) 
through DBO (LSB). In the second, two reads are required to 
access the data. When this data format is selected, the 
DB13IHBEN pin assumes the HBEN function. HBEN selects 
which byte of data is to be read from the AD7871. When 
HBEN is low, the lower 8 bits of data are placed on the data 
bus during a read operation; with HBEN high, the upper 6 bits 

ANALOG-TO-DIGITAL CONVERTERS 2-569 

II 



AD7871/AD7872 
of the 14-bit word are placed on the data bus. These 6 bits are 
right justified and thereby occupy the lower six bits of the byte 
while the upper two bits are zeros. 

Serial Output Format 
Serial data is available on the AD7871 when the 14/8/CLK 
input is at 0 V or -5 V and in this case the DBI2/SSTRB, 
DBll1SCLK and DBIO/SDATA pins assume their serial func
tions. The AD7872 is a serial output device only. The serial 
function on both devices is identical. Serial data is available dur
ing conversion with a word length of 16 bits; 2 leading zeros, 
followed by the 14-bit conversion result starting with the MSB. 
The data is synchronized to the serial clock output (SCLK) and 
is framed by the serial strobe (SSTRB). Data is clocked out on a 
low to high transition of the serial clock and is valid on the fall
ing edge of this clock while the SSTRB output is low. SSTRB 
goes low at the start of conversion and the first serial data bit 
(which is the first leading zero) is valid on the first falling edge 
of SCLK. All the serial lines are open-drain outputs and require 
external pull-up resistors. 

The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, SCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into three-state) at the end of 
conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
serial clock which runs continuously. Both options are available 
on the AD7871 and AD7872. With the 14/8/CLK input on the 
AD7871 at -5 V, the serial clock (SCLK) runs continuously; 
when 14/8/CLK is at 0 V, SCLK goes into three-state at the end 
of transmission. The CONTROL pin on the AD7872 performs 
the same function. When this is at 0 V, SCLK is noncontinuous 
and when it is at -5 V, SCLK is continuous. 

The SCLK, SDATA and SSTRB lines are open-drain outputs. 
If these are required to drive capacitive loads in excess of 35 pF, 
buffering is recommended. 

MODE 1 INTERFACE 
Conversion is initiated by a low going pulse on the CONVST 
input. The rising edge of this CONVST pulse starts conversion 
and drives the track/hold amplifier into its hold mode. The 
BUSY/INT status output assumes its INT function in this 
mode. INT is normally high and goes low at the end of conver
sion. This INT line can be used to interrupt the microprocessor. 
A read operation to the AD7871 accesses the data and the INT 
line is reset high on the falling edge of CS and RD. The 
CONVST input must be high when CS and RD are brought 
low for the AD7871 to operate correctly in this mode. It is im
portant, especially in systems where the conversion start (CON
VST) pulse is asynchronous to the microprocessor, to ensure 
that a parallel or byte data read is not attempted during 
a conversion. Trying to read data during a conversion can 
cause errors to the conversion in progress. Avoid pulsing the 
CONVST line a second time before conversion end since it can 
cause errors in the conversion result. In applications where pre
cise sampling is not critical, the CONVST pulse can be gener
ated from microprocessor WR line OR-gated with the AD7871 
CS input. In some applications, depending on power supply 
turn-on time, the AD78711AD7872 may perform a conversion 
on power-up. In this case, the INT line on the AD7871 will 
power up low, and a dummy read to the device will be required 
to reset the INT line before starting conversion. 

2-570 ANALOG-TO-DIGITAL CONVERTERS 

Figure 9 shows the Mode 1 timing diagram for a 14-bit parallel 
data output format (14/8/CLK = +5 V). A read to the AD7871 
at the end of conversion accesses all 14 bits of data at the same 
time. Serial data is not available for this data output format. 

TRACK/HOLD 
GOES INTO HOLD 

f~ _1_----4r t'~t'1t-t. 
AD I ~ r---TRACK/HOLD RETURNS TO...... L..j 

TRACK.SIGNALA~COUISITION l I 
______ BE_G_'N_S___ t ts t:= 

iNf I ~ ~. -- t'ONV<", to --i t: t, r 
_____ T_H_RE_E_-S_TA_T_E ___ ~~------~ 

DATA .~ 

0813-080 

Figure 9. Mode 1 Timing Diagram, 14-Bit Parallel Read 

The Mode 1 function timing diagram for byte and serial data is 
shown in Figure 10. INT goes low at the end of conversion and 
is reset high by the first falling edge of CS and RD. This first 
read at the end of conversion can either access the low-byte or 
high byte of data depending on the status of HBEN (FigUre 10 
shows low byte for example only). The diagram shows both the 
SCLK output going into three-state at the end of transmission 
and a continuously running clock (dashed line). 

MODE 2 INTERFACE 
The second interface mode is achieved by hard-wiring CONVST 
low and conversion is initiated by taking CS low while HBEN is 
low. The track/hold amplifier goes into the hold mode on the 
falling edge of CS. In this mode the BUSY/INT pin assumes 
its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into aWAIT state for the duration of 
conversion. 

Figure 11 shows the Mode 2 timing diagram for the 14-bit par
allel data output format (l4/8/CLK = +5 V). In this case the 
ADC behaves like slow memory. The major advantage of this 
interface is that it allows the microprocessor to start conversion, 
WAIT and then read data with a single READ instruction. The 
user does not have to worry about servicing interrupts or ensur
ing that software delays are long enough to avoid the reading 
during conversion. 

The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DBO-DB7) 
has to be accessed first since HBEN must be low to start con
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation to the serial functions is identical between Mode 
1 and Mode 2. Once again, the timing diagram of Figure 12 
shows SCLK going into three-state or running continuously 
(dashed line). 
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IS 

HBEN' ~DON'TCARE~aY/22 fV//j 

I 1~11 
I ~-.J r- -1 

II ,..-----, r---

I TRACK/HOlD RETURNS TO TR:~ to --f1~ ~ L-J SIGNALACQUlsmONBEGIN:~-__ I,-_____________ _ 
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AD78711AD7872 
DYNAMIC SPECIFICATIONS 
The AD78711 AD7872 is specified and tested for dynamic perfor
mance specifications as well as traditional dc specifications such 
as Integral and Differential Nonlinearity. These ac specifications 
are required for the signal processing applications such as 
Speech Recognition, Spectrum Analysis, and High Speed 
Modems. These applications require information on the effects 
on the spectral content of the input signal. Hence, the parame
ters for which the AD78711 AD7872 is specified include SNR, 
Harmonic Distortion, Intermodulation Distortion and Peak Har
monics. These terms are discussed in more detail in the follow
ing sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal to noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fs/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by: 

SNR(dBI = (6.02N + 1.761 

where N is the number of bits in the ADC. Thus for an ideal 
14-bit converter, SNR = 86 dB. 

(I) 

The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the V IN input which is 
sampled at an 83 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob
tained. Figure 13 shows a typical 2048 point FFT plot of the 
AD7871/AD7872 with an input signal of 10 kHz and a sampling 
frequency of 83 kHz. The SNR obtained from this graph is 
80 dB. It should be noted that the harmonics are included when 
calculating the SNR. 

~ , 
:!l 

~ 
::i .. 
~ z 
!2 .. 

INPUT FREQUENCY = 10 kHz 
SAMPLE FREQUENCY = 6G kHz 
SNR = 80 dB 
TA = +2S"C 

-3.~---------+----------------------1 

-00 

FREQUENCY - kHz 

Figure 13. AD7871IAD7872 FFT Plot 
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Effective Number of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 

SNR -1.76 
N = 6.02 (2) 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. Figure 14 shows a typical plot of 
effective number of bits versus frequency for the 
AD7871/AD7872 with a sampling frequency of 60 kHz. 

14 

SAMPLE FREQUENCY = 60 kHz 
T. = +25"C 

13.5 

~ 
I 

~ 13 

:; r-------- -::> 
z 12.5 

12 
10 20 30 

INPUT FREQUENCY - kHz 

Figure 14. Effective Number of Bits vs. Frequency 

Harmonic Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD78711AD7872, Total Harmonic 
Distortion (THD) is defined as 

VV2+V2+V2+V2+V2 
THDldBI = 20 log 2 l 4 5 6 

VI 

where V I is the rms amplitude of the fundamental and V 2' V 3' 

V 4' V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. Figure 15 shows how the THD var
ies with input frequency. 

110 
SAMPLE FREQUENCY = 60 kHz 
TA == +2S"C 

.100 
!I! 

r--...... - -....... ----
I 

~ 90 

~ 

0 
10 20 30 

INPUT FREQUENCY - kHz 

Figure 15. Total Harmonic Distortion vs. Frequency 

Interrnodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa±nfb where 
m, n = 0, I, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa+fb) and (fa-fb), while the third order 
terms include (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). 
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Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 16 shows a typical IMD plot for the 
AD7871/AD7872. 

~ , 
!: 
:> 

INPUT FREQUENCIES 
F1 "" 9.21 kHz: 
F2 = 9.51 kHz: 
SAMPLE FREQUENCY = 80 kHz 
TA = +25°C 

IMD 
-30 I-----ir--- ALL TERMS = -90.85 dB 

2ND ORDER TERM = -92.38 dB 
3RD ORDER TERM = -96.12 dB 

~ -60I-----ir------------i 

~ 

I 

FREQUENCY - kHz 

Figure 16. AD7871IAD7872 IMD Plot 

Peak Harmonic or Spurious Noise 
Peak Harmonic or Spurious Noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fS/2 and excluding de) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor peak will 
be a noise peak. 

MICROPROCESSOR INTERFACE 
The AD7871 and AD7872 have a wide variety of interfacing 
options. The AD7871 offers two operating modes and three 
data-output formats, while the AD7872 is a dedicated serial out
put device. The fast data access times on the parallel modes of 
the AD7871 allow interfacing to the very fast DSPs. The serial 
mode on both the AD7871 and AD7872 is compatible with the 
serial port structures on all the popular DSPs. 

Parallel Read Interfacing 
Figures 17 and 18 show interfaces to the ADSP-2100 and the 
TMS32020/C25 DSP processors. The AD7871 is operating in 
Mode 1, parallel read for both interfaces. An external timer con
trols conversion start asynchronously to the microprocessor. At 
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the end of each conversion the ADC BUSYIINT interrupts the 
microprocessor and the conversion result is read from the ADC 
with the following instruction: 

ADSP-2100 MRO = DM(ADC) 

TMS32020/C25: IN D,ADC 

MRO = ADSP-2100 MRO Register 

D = Data Memory Address 

ADC = AD7871 Address 

DMA14~-------~~ __ __, 

DMAO 

ADSP-Z100 

l4/ii/CLK 

IRQ" 14-----------1 BUSVIINT 

DMRD AD 

DMD151------...J 

DMDOI-----------------______ --J 

'"ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 17. AD7871 to ADSP-2100 Parallel Interface 

A151---------------~~----__, 

AO 

TMS32020/C25 

iNTn 1----------------1 
STRB 

RIW I--='------L~ 
DB13 

D151------...J 

DOI-----------------______ --J 

'-----.... '"ADDfTlONAl PINS OMlnED FOR CLARITY. 

Figure 18. AD7871 to TMS32020lC25 Interface 

Some applications may require that conversions be initiated by 
the microprocessor rather than an external timer. One option is 
to decode the AD7871 CONVST from the address bus so that a 
write operation to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opera
tion must not be attempted during conversion. 
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AD7871/AD7872· 
Serial Interfacing 
Both the AD7871 and the AD7872 have an identical serial inter
face. The diagrams that follow show the AD7872 interfaces only 
but the AD7871 could just as easily be used in these circuits. 
Figures 19, 20 and 21 show the AD7872 connected to three 
popular DSPs. In all three interfaces, CONVST is used to start 
conversion since this does not activate the parallel bus. Thus, 
the microprocessor can continue to use its parallel bus regardless 
of the state of the AD7872. The interfaces show a timer driving 
the CONVST input but this could be generated from a decoded 
address if required. 

AD787Z - DSP56000 Serial Interface 
Figure 19 shows a serial interface between the AD7872 and the 
DSP56000. The interface arrangement is two-wire with the 
AD7872 cDnfigured for noncontinuous clock operation CON
TROL = 0 V). The DSP56000 is configured for NDrmal Mode 
Asynchronous Operation with Gated CJock. It is set up for a 
16-bit word with SCK as an input and the FSL cDntrol bit set 
to a O. In this cDnfiguration, the DSP56000 assumes valid data 
on the first falling edge of SCK. Since the AD7872 provides 
valid data on this first edge, there is no need for a strobe or 
framing pulse fDr the data. SCLK and SDATA are three-stated 
when the AD7872 is nDt performing a conversion. During con
version data is valid on the SDA T A output of the AD7872 and 
is clocked into the Receive Data Shift Register of the 
DSP56000. When this register has received 16 bits of data, it 
generates an internal interrupt on the DSP56000 to read the 
data from the register. 

DSP56000 

AD787Z* 

CONVST 

CONTROL 

SCK I-+-+-------i SCLK 

SRD SDATA 

*ADOmONAL PINS OMITT'ED FOR CLARITY. 

Figure 19. AD7872 to DSP56000 Interface 

The DSP56000 and AD7872 can also be configured for continu
ous clock operation: In this case a strobe pulse is required by 
the DSP56000 to indicate when data is valid. The SSTRB out
put of the AD7872 is inverted and applied to the SCI input of 
the DSP56000 to provide this strobe pulse. All other conditions 
and connections are the same as for the gated clock operation. 

AD787Z - TMS3Z0Z0IC25 Serial Interface 
Figure 20 shows a serial interface between the AD7872 and the 
TMS32020/C25. The AD7872 is configured for continuous clock 
operation. Note, the ADC will not interface correctly to the 
TMS32020/C25 if it is configured for a noncontinuous clock. 
Data is clocked into the Data Receive Register (DRR) of the 
TMS32020/C25 during conversion. As with the previous inter
faces, when a 16-bit word is received by the DSP it generates lin 
internal interrupt to read the data from the DRR. 
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TMS32020/CZ5 

+5V. 

4.7kll Zkll 4.7 
kll 

AD7872* 

CONVST 

CONTROL 

FSR te--+--+-..... --~ iiiiiiii 
CLKR SCLK 

DR SDATA 

*ADDlTtoNAL PINS OMrrrED FOR ClARITY. 

Figure 20. AD7872 to TMS32020ic25 Interface 

AD787Z - ADSP-ZIOllADSP-210Z Serial Interface 
Figure 21 shows a serial interface between the AD7872 and the 
ADSP-2101lADSP-2102 DSP Microcomputer. The AD7872 is 
configured for continuous clock operation. Data is clocked into 
the serial port register of the microcomputer during conversion. 
As with the previous interfaces, when a 16-bit data word is re
ceived by the ADSP-2101IADSP-2102 an internal microproces
sor interrupt is generated and the data is read from the serial 
port register. 

ADSP·21011 
ADSP-2102 

4.7kll 2kll 

AD787Z* 

CONVST 

CONTROL 

RFS .... -+-+--+--~ SSTRB 

SCLK SCLK 

DR SDATA 

-ADDITIONAL PINS OMlnED fOR CLARITY. 

Figure 21. AD7872 to ADSP-2101IADSP-2101 Serial Interface 

STAND-ALONE OPERATION 
The AD7871 can be used in its Mode 2, parallel mode for 
stand-alone operation. In this case, conversion is initiated with a 
pulse to the CS input. This pulse must be longer than the con
version time of the ADC. The BUSY output is used to drive the 
RD input. Data is latched from the AD7871 DB()-DBll out
puts to an external latch on the rising edge of BUSY. 

APPLICATION HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AJD performance. 
The AD7871/AD7872 is required to make bit decisions on an 
LSB size of 366 11 V. Thus, the designer has to be conscious of 
noise both in the ADC itself and in the preceding analog cir
cuitry. Switching mode power supplies are not recommended as 
the switching spi,kes will feed through to the comparator causing. 
noisy code transitions" Other causes of concern are ground loops 
and digital feedthrough from microprocessors. These are factors 
which influence any ADC, and a proper PCB layout which min
imizes these effects is essential for best performance. 
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LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run a digital track alongside an analog signal track. 
Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD78711AD7872 AGND 
pin or as close as possible to the AD78711AD7872. Connect all 
other grounds and the AD78711AD7872 DGND to this single 
analog ground point. Do not connect any other digital grounds 
to this analog ground point. 

Low impedance analog and digital power supply common re
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
26 and 27 have both analog and digital ground planes which are 
kept separated and only joined together at the AD78711AD7872 
AGNDpin. 

NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be
tween the source and the ADC. Reduce the ground circuit im
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

DATA ACQUISITION BOARD 
Figure 24 shows the AD78711AD7872 in a data acquisition cir
cuit. The corresponding printed circuit board (PCB) layout has 
three interface ports: one serial and two parallel. Note that the 
AD7871/AD7872 serial lines are buffered by a 74HC244. This 
allows long lines with large capacitive loads to be driven. One of 
the parallel ports is directly compatible with the ADSP-2100 
evaluation board expansion connector. 

The only additional component required for a full data acquisi; 
tion system is an anti-aliasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other input conditioning circuitry. To 
facilitate this option, there is a shorting plug (labelled LKI on 
the PCB) on the analog input track. If this shorting plug is 
used, the analog input connects to the buffer amplifier driving 
the AD78711AD7872; if this shorting plug is omitted, a wire 
link can be used to connect the analog input to the PCB compo
nent grid. 

INTERFACE CONNECTIONS 
There are two parallel connectors labeled SKT4 and SKT6 and 
one serial connector labeled SKT5. A shorting plug option 
(LK3 in Figure 24) configures the ADC for the appropriate 
interface. 

SKT6 is a 96-contact (3-row) Eurocard connector which is di
rectly compatible with the ADSP-2100 Evaluation Board Proto
type Expansion Connector. The expansion connector on the 
ADSP-2100 has eight decoded chip enable outputs labeled ECEI 
to ECE8. ECE6 is used to drive the AD7871 CS input on the 
board. To avoid selecting the on-board RAM sockets at the 
same time, LK6 on the ADSP-2100 board must be removed. In 
addition, the ADSP-2100 expansion connector has four inter-
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rupts labelled EIRQO to EIRQ3. The AD7871 BUSY/INT out
put connects to EIRQO. There is a single wait state generator 
connected to EDMACK to allow the AD7871 to interface to the 
faster versions of the ADSP-2100. 

SKT4 is a 26-way (2-row) IDC connector. This contains the 
same signal contacts as SKT6 except for EDMACK which is 
connected to SKT6 only. It also contains decoded RIW and 
STRB inputs which are necessary for TMS32020 interfacing. 

SKT5 is as-way D-type connector which is meant for serial in- 2 
terfacing only. An inverted DBlllSCLK output is also provided 
on this connector for systems which accept data on a 
rising clock edge. 

SKTl, SKT2 and SKT3 are three BNC connectors which pro
vide connections for the analog input, the CONVST input and 
an external clock. 

RIW 00 STRB 

iii'i 00 NC 

Ci 00 NC 

NC 

~~ 
BUSY/INT 

DB12/iSTiii DB13/HBEN 

DB10/SDATA @@ DB11/SCLl< 

DBB/LOW @@) OB9/LOW 

DB6ILOW @@ DB7/LOW 

084/0812 @@ DB5/DB13 

08210810 ®@ DB31D811 

OBOIDB8 @@ DB11DB9 

5V @)@ 5V 

GND @@ GND 

NC = NO CONNECT NC = NO CONNECT 

Figure 22. SKT4 Pinout Figure 23. SKT5 Pinout 

POWER SUPPLY CONNECTIONS 
The PCB requires two analog power supplies and one 5 V logic 
supply. The analog supplies are labelled V+ and V-, and the 
range for both supplies is 12 V to IS V. Connection to the 5 V 
digital supply is made through any of the connectors SKT4 to 
SKT6. The ±5 V supply required by the AD7871 and AD7872 
is generated from voltage regulators on the V + and V - power 
supplies input (IC6 and IC7 in Figure 24). 

SHORTING PLUG OPTIONS 
There are seven shorting plug options which must be set before 
using the board. These are outlined below: 

LKI Connects the analog input to a buffer amplifier. The ana
log input may also be connected to a component grid for 
signal conditioning. 

LK2 Selects either the AD7871/ AD7872 internal clock or an 
external Clock source. 

LK3 Configures the AD7871 14/8/CLK input for the appropri
ate serial or parallel interface. 

LK4 Connects the AD7871 RD input directly to the two paral-
lel connectors or to a decoded STRB and RIW input. 

LK5 Connects the pull-up resistor R3 to SSTRB. 
LK6 Connects the pull-up resistor R4 to SCLK. 
LK7 Connects the pull-up resistor RS to SDATA. 

Note that LK5 to LK7 should be removed for parallel 
interfacing. 
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Figure 24. Data Acquisition Circuit Using the AD7871IAD7872 
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Figure 25. PCB Silkscreen for Figure 24 
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Figure 26. PCB Component Side Layout for Figure 24 

Figure 27. PCB Solder Side Layout for Figure 24 
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AD7871/AD7872 

. AD'Z871 ORDERING GUIDE 

Temperature " Relative Package 
Modell ,2 Range SNR Accuracy Option' 

AD787lJN O·C to +70·C 80 dBs min N-28 
AD787lKN OOC to +70·C 80 dBs min ±lmax N-28 
AD7871JP O·C to +70·C 80 dBs min P-28A 
AD7871KP O·C to +70·C 80 dBs min ±l max PC21!A 
AD7871AQ -40·C to +85·C 80 dBs min Q-28 
AD7871BQ -40·e to +85·C 80 dBsmin ±1 max Q-28 
AD787lTQ4 - 55·e to + 125·C 79 dBs min ±lm~ Q-28 

NOTES 
'To order MIL-STD-883, Class B, processed psrts, add 1883B to part 
number. Contact .local sales office for military data sheet. 

'Contact local sales office for LCCC availability. 
'N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline infonnation see Package Information section. 

'Available to 1883B processins only. 

AD7872 ORDERING GUIDE 

Tempera~ Relative Package 
Modell Range SNR Accuracy Option2 

AD7872JN (joe to +70·C 80 dBs min N-16 
AD7872KN O·C to +70·C 80 dBs min ±l max N-16 
AD78721R O·C to +70·C 80 dBs min R-16 
AD7872KR O·C to +70·C 80.dBs min ±l max R-16 
AD7872AQ -40·e to +85OC 80 dBs min Q-16 
AD7872BQ -40·C to +85·C 80 dBs min ±lmax Q-16 
AD7872TQ3 - 55·e to + 125·C 79 dBs min ±l max Q-16 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add 1883B to part 
number. Contact local sales office for military data sheet. 

'N. = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOlC). For outline· 
information see Package Information section. 

'Available to 1883B processing only. 
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FEATURES 
Four On-Chip Track/Hold Amplifiers 
Simultaneous Sampling of 4 Channels 
Fast 12-Bit ADC with 8 ".s Conversion Time/Channel 
29 kHz Sample Rate for All Four Channels 
On-Chip Reference 
::1:10 V Input Range 
::1:5 V Supplies 

APPLICAnONS 
Sonar 
Motor Controllers 
Adaptive Filters 
Digital Signal Processing 

GENERAL DESCRIPTION 
The AD7874 is a four-channel simultaneous sampling, 12-bit 
data acquisition system. The part contains a high speed 12-bit 
ADC, on-chip reference, on-chip clock and four tracklhold am
plifiers. This latter feature allows the four input channels to be 
sampled simultaneously, thus preserving the relative phase infor
mation of the four input channels, which is not possible if all 
four channels share a single tracklhold amplifier. This makes the 
AD7874 ideal for applications such as phased-array sonar and ac 
motor controllers where the relative phase information is impor
tant. 

The aperture delay of the four tracklhold amplifiers is small and 
specified with minimum and maximum limits. This allows sev
eral AD7874s to sample multiple input channels simultaneously 
without incurring phase errors between signals connected to sev
eral devices. A reference output/reference input facility also al
lows several AD7874s to be driven from the same reference 
source. 

In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7874 is also fully 
specified for dynamic performance parameters including distor
tion and signal-to-noise ratio. 

The AD7874 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The part is available in a 28-pin, 0.6" wide, plastic or hermetic 
dual-in-line package (DIP), in a 28-terminalleadless ceramic 
chip carrier (LCCC) and in a 28-pin SOle. 
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LC2MOS 4-Channel, 12-Bit 
Simultaneous Sampling 

Data Acquisition System 
AD7874 I 

FUNCTIONAL BLOCK DIAGRAM 

AGND DGNO Vss 

PRODUCT HIGHLIGHTS 
1. Simultaneous Sampling of Four Input Channels. 

eLK 

DBO 

DB11 

REF IN 

REF OUT 

Four input channels, each with its own tracklhold amplifier, 
allow simultaneous sampling of input signals. TrackJhold ac
quisition time is 2 ",s, and the conversion time per channel is 
8 ".s, allowing 29 kHz sample rate for all four channels. 

2. Tight Aperture Delay Matching. 
The aperture delay for each channel is small and the aperture 
delay matching between the four channels is less than 4 ns. 
Additionally, the aperture delay specification has upper and 
lower limits allowing multiple AD7874s to sample more than 
four channels. 

3. Fast Microprocessor Interface. 
The high speed digital interface of the AD7874 allows direct 
connection to all modem 16-bit microprocessors and digital 
signal processors. 
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AD7874 SPECIFICATIONS (Voo = +5V, Vss = -5V,AGND = DGND = OV, REF IN = +3V, feLK = 2.5 MHz 
- external. All specifications Tm;n to Tmax unless othelWise noted.) 

Parameter A Version B Version S Version Units 

SAMPLE-AND-HOLD 
Acquisition Time". to 0.01% 2 2 2 .,.S max 
Droop Rate2• , 1 I 2 mV/msmax 
- 3 dB Small Signal Bandwidth' SOO SOO SOO kHz typ 
Aperrure Delay' 0 0 0 ns min 

40 40 40 nsmax 
Apenure Jitter" 3 200 200 200 pslyp 
Aperrure Delay Matching' 4 4 4 ns max 

SAMPLE-AND-HOLD AND ADC 
DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 70 71 70 dB tnin 
Total Harmonic Distonion -80 -80 -80 dB max 
Peak HarmOItic or Spurious Noise -80 -80 -80 dB max 
Intermodulation Distonion 

2nd Order Terms -80 -80 -80 dB max 
3rd Order Terms -80 -80 -80 dB max 

Channel-to-Channel Isolation2 -80 -80 -80 dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Relative Accuracy ±I ±1I2 ±I LSBmax 
Differential Nonlinearity ±I ±I ±I LSBmax 
Positive Full-Scale Error' ±S ±S ±S LSBmax 
Negative Full-Scale Error' ±S ±S ±S LSB max 
Full-Scale Error Match S S S LSB max 
Bipolar Zero Error ±S ±S ±S LSB max 
Bipolar Zero Error Match 4 4 4 LSB max 

ANALOG INPUTS 
Input Voltage Range ±IO ±IO ±IO Volts 
Input Current ±600 ±600 ±600 .,.Amax 

REFERENCE OUTPUT 
REF OUT 3 3 3 V nom 
REF OUT Error@ +2S'C ±0.33 ±0.33 ±0.33 % max 

Tmin to Tmax ±I ±l ±I % max 
REF OUT Temperature Coefficient ±3S ±3S ±3S ppml"C typ 
Reference Load Change ±I ±I ±2 mVmax 

REFERENCE INPUT 
Input Voltage Range 2.8S/3.IS 2.8S/3.IS 2.8S/3.IS V minIV max 
Input Current ±I ±I ±I .,.Amax 
Input Capacitance?; 10 10 10 pFmax 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 0.8 V max 
Input Current, lIN ±IO ±IO ±IO .,.Amax 
Input Capacitance, eIN 

, 
10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 V min 
Output Low Voltage, VOL 0.4 0.4 0.4 V max 
DBO-DBll 

Floating-State Leakage Current ±IO ±IO ±IO .,.Amax 
Floating-State Output Capacitance 10 10 10 pFmax 
Output Coding 2s COMPLEMENT 

POWER REQUIREMENTS 
Voo +S +S +S V nom 
Vss -S -S -S V nom 

100 18 18 18 mAmax 
Iss 12 12 12 mAmax 
Power Dissipation ISO ISO ISO mWmax 

NOTES 
ITemperature ranges afe as follows: A, B Versions: -40°C to +85°Cj S Version: -55°C to + 125°C. 
2See Terminology. 
3Sample tested (c!, + 25°C to ensure compliance. 
4Measured with respect to the REF IN voltage and includes bipolar offset error. 
sFor capacitive loads greater than SO pF a series resistor is required. 

Specifications subject to change without notice. 
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Test Conditions/Comments 

VIN = Soo mV p-p 

fIN = 10 kHz Sine Wave, fSAMPLE = 29 kHz 
fIN = 10 kHz Sine Wave, fSAMPLE = 29 kHz 
fIN = 10 kHz Sine Wave, fSAMPLE = 29 kHz 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 29 kHz 

No Missing Codes Guaranteed 
Any Channel 
Any Channel 
Between Channels 
Any Channel 
Between Chaonels 

Reference Load Current Chaoge (O-SOO .,.A) 
Reference Load Should Not Be Changed During Conversion 

3V ± S% 

Voo = S V ±S% 
Voo = S V ±S% 
VIN = OVtoVoo 

Voo = S V ±S%; ISOURCE = 40.,.A 
Voo = S V ±S%; ISINK = 1.6 mA 

VIN = OVtoVoo 

±S% for Specified Performance 
± S% for Specified Performance 
~ = RD = CONVST = +S V; Typically 12 mA 
~ = RD = CONVST = +S V; Typically 8 mA 
CS = RD = CONVST = +S V; Typically 100 mW 
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AD7874 

TIMING CHARACTERISTICS1 (Yoo = +5 Y ± 5%, Yss = -5 Y ± 5%, AGHO = OGHO = 0 Y, feLK = 2.5 MHz external un
less otherwise stated.) 

Parameter A, B Versions S Version Units Conditions/Comments 

t1 50 50 nsmin CONVST Pulse Width 
t2 0 0 nsmin CS to RD Setup Time 
t, 60 70 nsmin RD Pulse Width 
t. 0 0 nsmin CS to RD Hold Time 
t5 60 60 nsmax RD to INT Delay 
tl 57 70 nsmax Data Access Time after RD 
t/ 5 5 nsmin Bus Relinquish Time after RD 

45 50 nsmax 
t. 130 ISO nsmin Delay Time between Reads 
tcONV 31 31 ,...s min CONVST to INT, External Clock 

32.5 32.5 ,...smax CONVST to INT, External Clock 
31 31 ,...smin CONVST to INT, Internal Clock 
35 35 ,...smax CONVST to INT, Internal Clock 

tcLK 10 10 ,...smax Minimum Input Clock Period 

NOTES 
'Timing Specifications in bold print are 100% production tested. All other times are sample tested at + 2S·C to ensure compliance. All input signals 
are specified with tr = If = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

' .. is measured with the load circuit of Figure I and dermed as the time required for an output to cross 0.8 V or 2.4 V. 
't, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrap· 
olated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, t" quoted in the timing characteristics is the true 
bus relinquish time of the pan and as such is independent of external bus loading capacitances. 

Specifications subject to change without notice. 

TO OUTPUT 
PIN 

+2.1V 

Figure 1. Load Circuit for Access Time 

TO OUTPUT 
PIN 

+2.1V 

Figure 2. Load Circuit for Bus Relinquish Time 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25·C unless otherwise noted) 

Voo to AGND .................... -0.3 V to +7 V 
Voo to DGND .............•...•.. -0.3 V to +7 V 
Vss to AGND ................• .- •.• +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Voo+0.3 V 
VIN to AGND ..................... -IS V to +15 V 
REF OUT to AGND ................... 0 V to Voo 
Digital Inputs to DGND ......... -0.3 V to Voo +0.3 V 
Digital Outputs to DGND ........ -0.3 V to Voo +0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ........... -4O"C to +85"C 
Extended (S Version) .............. -55°C to + 125"C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sees) ........... + 300"C 
Power Dissipation (Any Package) to +75"C ...... 1,000 mW 
Derates above +75°C by .................. 10 mWrC 

·Stresses above those listed under U Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specifications is not implied. Esposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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ORDERING GUIDE 

Relative 
Temperature SNR Accuracy Package 

Modell Range (dBs) (LSB) Option2 

AD7874AN -40°C to +8SoC 70 min ±l max N-28 
AD7874BN -40°C to +8SOC 72 min ±112 max N-28 
AD7874AR -4O"C to +8SoC 70 min ±l max R-28 
AD7874BR -40OC to +8SOC 72 min ±112 max R-28 
AD7874AQ -40°C to +8SoC 70 min ±l max Q-28 
AD7874BQ -40OC to +8SOC 72 min ±112 max Q-28 
AD7874SQ3 -55°C to + 125°C 70 min ±1 max Q-28 
AD7874SE3 -55°C to + 125°C 70 min ±1 max E-28A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 1883B to part number. 
Contact our local sales office for military data sheet and availability. 
'E = Leaded Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip; R = SOIC. 
For outline infonnation see Package Information section. 

'Available to 1883B processing only. 

PIN CONFIGURATIONS 

DIP and SOIC 

Iii 

CONVST 5 

CS 7 

AD7874 

TOP VIEW OBll (USB) 10 
(Not to Scale) 

OB10 11 

12 13 ... .. 
II II 
C " 
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Pin Mnemonic 

VINl 

2 VIN2 

3 VDD 

4 INT 

5 CONVST 

6 RD 

7 CS 

8 CLK 

9 VDD 

10 DB 11 

11-13 DBIO-DB8 

14 DGND 

15-21 DB7-DBI 

22 DBO 

23 AGND 

24 REF IN 

25 REF OUT 

26 V55 

27 VIN3 

28 VIN• 

TERMINOLOGY 

ACQUISITION TIME 

AD7874 
PIN FUNCTION DESCRIPTION 

Description 

Analog Input Channel 1. This is the first of the four input channels to be converted in a 
conversion cycle. Analog input voltage range is ± 10 V. 

Analog Input Channel 2. Analog input voltage range is ±10 V. 
Positive supply voltage, +5 V ± 5%. This pin should be decoupled to AGND. 

Interrupt. Active low logic output indicating converter status. See Figure 7. 
Convert Start. Logic Input. A low to high transition on this input puts the tracklhold into its hold 
mode and starts conversion. The four channels are converted sequentially, Channel 1 to Channel 
4. The CONVST input is asynchronous to CLK and independent of CS and RD. 

Read. Active low logic input. This input is used in conjunction with CS low to enable the data 
outputs. Four successive reads after a conversion will read the data from the four channels in the 
sequence, Channell, 2, 3, 4. 

Chip Select. Active low logic input. The device is selected when this input is active. 

Clock Input. An external TTL-compatible clock may be applied to this input pin. Alternatively, 
tying this pin to V 55 enables the internal laser trimmed clock oscillator. 

Positive Supply Voltage, +5 V ± 5%. Same as Pin 3; both pins must be tied together at the 
package. This pin should be decoupled to DGND. 

Data Bit 11 (MSB). Three-state TTL output. Output coding is 2s complement. 

Data Bit 10 to Data Bit 8. Three-state TTL outputs. 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 7 to Data Bit 1. Three-state TTL outputs. 

Data Bit 0 (LSB). Three-state TTL output. 

Analog Ground. Ground reference for tracklhold, reference and DAC. 

Voltage Reference Input. The reference voltage for the part is applied to this pin. It is internally 
buffered, requiring an input current of only ± 1 !LA. The nominal reference voltage for correct 
operation of the AD7874 is 3 V. 

Voltage Reference Output. The internal 3 V analog reference is provided at this pin. To operate 
the AD7874 with interna1 reference, REF OUT is connected to REF IN. The external load 
capability of the reference is 500 !LA. 

Negative Supply Voltage, -5 V ± 5%. 

Analog Input Channel 3. Analog input voltage range is ±1O V. 

Analog Input Channel 4. Analog input voltage range is ±1O V. 

APERTURE JITTER 
Acquisition Time is the time required for the output of the 
tracklhold amplifiers to reach their fmal values, within ± 112 
LSB, after the falling edge of INT (the point at which the track! 
holds return to track mode). This includes switch delay time, 
slewing time and settling time for a full-scale voltage change. 

Aperture Jitter is the uncertainty in aperture delay caused by 
internal noise and variation of switching thresholds with signal 
level. 

DROOP RATE 

APERTURE DELAY 
Aperture Delay is defined as the time required by the interna1 
switches to disconnect the hold capacitors from the inputs. This 
produces an effective delay in sample timing. It is measured by 
applying a step input and adjusting the CONVST input position 
until the output code follows the step input change. 

APERTURE DELAY MATCHING 
Aperture Delay Matching is the maximum deviation in aperture 
delays across the four on-chip tracklhold amplifiers. 

REV. B 

Droop Rate is the change in the held analog voltage resulting 
from leakage currents. 

CHANNEL·TO·CHANNEL ISOLATION 
Channel-to-Channel Isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full
scale 1 kHz signal to the other three inputs. The figure given is 
the worst case across all four channels. 

SNR, THD, IMD 
See DYNAMIC SPECIFICATIONS section. 
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AD7874 
CONVERTER DETAILS 
The AD7874 is a complete l2-bit, 4-channel data acquisition 
system. It is comprised of a l2-bit successive approximation 
ADC, four high speed track/hold circuits, a four-channel analog 
multiplexer and a 3 V Zener reference. The ADC uses a 
successive-approximation technique and is based on a fast
settling, voltage-switching DAC, a high speed comparator, a fast 
CMOS SAR and high speed logic. 

Conversion is initiated on the rising edge of CONVST. All four 
input tracklholds go from track to hold on this edge. Conversion 
is first performed on the Channel 1 input voltage, then Channel 
2 is converted and so on. The four results are stored in on-chip 
registers. When all four conversions have been completed, INT 
goes low indicating that data can be read from these locations. 
The conversion sequence takes either 78 or 79 rising clock edges 
depending on the synchronization of CONVST with CLK. In
ternal delays and reset times bring the total conversion time 
from CONVST going high to INT going low to 32.5 fLS maxi
mum for a 2.5 MHz external clock. The AD7874 uses an im
plicit addressing scheme whereby four successive reads to the 
same memory location access the four data words sequentially. 
The first read accesses Channell data, the second read accesses 
Channel 2 data and so on. Individual data registers cannot be 
accessed independently. 

INTERNAL REFERENCE 
The AD7874 has an on-chip temperature compensated buried 
Zener reference which is factory trimmed to 3 V ± 10 mV (see 
Figure 3). The reference voltage is provided at the REF OUT 
pin. This reference can be used to provide both the reference 
voltage for the ADC and the bipolar bias circuitry. This is 
achieved by connecting REF OUT to REF IN. 

TEMPERATURE 
COMPENSATION 

REF OUT 

Figure 3. AD7874 Internal Reference 

The reference can also be used as a reference for other compo
nents and is capable of providing up to 500 fLA to an external 
load. In systems using several AD7874s, using the REF OUT of 
one device to provide the REF IN for the other devices ensures 
good full-scale tracking between all the AD7874s. Because the 
AD7874 REF IN is buffered, each AD7874 presents a high im
pedance to the reference so one AD7874 REF OUT can drive 
several AD7874 REF INs. 

The maximum recommended capacitance on REF OUT for nor
mal operation is 50 pF. If the reference is required for other 
system uses, it should be decoupled to AGND with a 200 il re
sistor in series with a parallel combination of a 10 fLF tantalum 
capacitor and a 0.1 fLF ceramic capacitor. 
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EXTERNAL REFERENCE 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7874 reference 
input. Figure 4 shows how the AD586 5 V reference can be 
used to provide the 3 V reference required by the AD7874 
REF IN. 

+15V 

1kn 

15kn 

3R' 

TO INTERNAL 
COMPARATOR 

TOADC '----_-+-__ REFERENCE 
CIRCUITRY 

AD7874" 

'R = 3.6k<l TYP 
"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 4. AD586 Driving AD7874 REF IN 

TRACK-AND-HOLD AMPLIFIER 
The track-and-hold amplifier on each analog input of the 
AD7874 allows the ADC to accurately convert an input sine 
wave of 20 V p-p amplitude to 12-bit accuracy. The input band
width of the tracklhold amplifier is greater than the Nyquist rate 
of the ADC even when the ADC is operated at its maximum 
throughput rate. The small signal 3 dB cutoff frequency occurs 
typically at 500 kHz. 

The four tracklhold amplifiers sample their respective input 
channels simultaneously. The aperture delay of the tracklhold 
circuits is small and, more importantly, is well matched across 
the four tracklholds on one device and also well matched from 
device to device. This allows the relative phase information be
tween different input channels to be accurately preserved. It also 
allows multiple AD7874s to sample more than four channels 
simultaneously. 

The operation of the tracklhold amplifiers is essentially transpar
ent to the user. Once conversion is initiated, the four channels 
are automatically converted and there is no need to select which 
channel is to be digitized. 

ANALOG INPUT 
The analog input of Channell of the AD7874 is as shown in 
Figure 4. The analog input range is ± 10 V into an input resis
tance of typically 30 kil. The designed code transitions occur 
midway between successive integer LSB values (i.e., 112 LSB, 
3/2 LSBs, 5/2 LSBs, ... FS - 3/2 LSBs). The output code is 
2s complement binary with 1 LSB = FS/4096 = 20 V/4096 = 
4.88 mY. The ideal input/output transfer function is shown in 
Figure 5. 
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INPUT 
RANGE = ±10V 

R1 
10lUl 

R2 
500n 

R3 
10kn 

V, 

AD7874* 

AGND 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 5. Input/Output Transfer Function 

OFFSET AND FULL-SCALE ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Invariably, some applications will require 
that the input signal span the full analog input dynamic range. 
In such applications, offset and full-scale error will have to be 
adjusted to zero. 

Figure 6 shows a circuit which can be used to adjust the offset 
and full-scale errors on the AD7874 (Channell is shown for 
example purposes only). Where adjustment is required, offset 
error must be adjusted before full-scale error. This is achieved 
by trimming the offset of the op amp driving the analog input of 
the AD7874 while the input voltage is a 112 LSB below analog 
ground. The trim procedure is as follows: apply a voltage of 
-2.44 mV (-1/2 LSB) at V. in Figure 6 and adjust the op amp 
offset voltage until the ADC output code flickers between 1111 
1111 1111 and 0000 0000 0000. 

011 •.. 111 

011 •.. 110 

100 ••• 001 

100 ••• 000 

OUTPUT 
CODE 

OV 

+~ -1LSB 

FS=20V 

1LSB=~ 

INPUT VOLTAGE 

Figure 6. AD7874 Full-Scale Adjust Circuit 
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AD7874 
Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC posi
tive full scale). The trim procedures for both cases are as 
follows: 

Positive Full-Scale Adjust 
Apply a voltage of +9.9927 V (FS/2 - 3/2 LSBs) at V •. Adjust 
R2 until the ADC output code flickers between 0 III 1111 III 0 
and 0111 1111 1111. 

Negative Full-Scale Adjust 
Apply a voltage of -9.9976 V (-FS + 112 LSB) at V. and ad
just R2 until the ADC output code flickers between 10000000 
0000 and 1000 0000 0001. 

An alternative scheme for adjusting full-scale error in systems 
which use an external reference is to adjust the voltage at the 
REF IN pin until the full-scale error for any of the channels is 
adjusted out. The good full-scale matching of the channels will 
ensure small full-scale errors on the other channels. 

TIMING AND CONTROL 
Conversion is initiated on the AD7874 by asserting the 
CONVST input. This CONVST input is an asynchronous input 
which is independent of the ADC clock. This is essential for 
applications where precise sampling in time is important. In 
these applications, the signal sampling must occur at exactly 
equal intervals to minimize errors due to sampling uncertainty 
or jitter. In these cases, the CONVST input is driven from a 
timer or precise clock source. Once conversion is started, 
CONVST should not be asserted again until conversion is com
plete on all four channels. 

In applications where precise time interval sampling is not criti
cal, the CONVST pulse can be generated from a microprocessor 
WRITE or READ line gated with a decoded address (different 
to the AD7874 CS address). CONVST should not be derived 
from a decoded address alone because very short CONVST 
pulses (which may occur in some microprocessor systems as the 
address bus is changing at the start of an instruction cycle) 
could initiate a conversion. 

All four tracklhold amplifiers go from track to hold on the rising 
edge of the CONVST pulse. The four tracklhold amplifiers re
main in their hold mode while all four channels are converted. 
The rising edge of CONVST also initiates a conversion on the 
Channell input voltage (VIN.). When conversion is complete on 
Channell, its result is stored in Data Register I, one of four 
on-chip registers used to store the conversion results. When the 
result from the first conversion is stored, conversion is initiated 
on the voltage held by tracklhold 2. When conversion has been 
completed on the voltage held by tracklhold 4 and its result is 
stored in Data Register 4, INT goes low to indicate that the 
conversion process is complete. 

The sequence in which the channel conversions takes place is 
automatically taken care of by the AD7874. This means that the 
user does not have to provide address lines to the AD7874 or 
worry about selecting which channel is to be digitized. 

Reading data from the device consists of four read operations to 
the same microprocessor address. Addressing of the four on-chip 
data registers is again automatically taken care of by the AD7874. 
The first read operation to the AD7874 after conversion always 
accesses data from Data Register I (i.e., the conversion result 
from the VIN. input). INT is reset high on the falling edge of 
RD during this fIrst read operation. The second read always 
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accesses data from Data Register 2 and so on. The address 
pointer is reset to, point to Data Register 1 on the rising edge of 
CONVST. A read operation to the AD7874 should not be at
tempted during conversion. The timing diagrllQJ for the AD7874 
conversion sequence is shown in Figure 7. 

TRACK/HOLDS GO 
INTO HOLD 

~ ~ CONVST 
~CQUISITION .' 1:-tG INT 

I, 

~ cs 
I, 

AD ~ 

~ 
DATA HIGHoiMPEDANCE , HIGH·Z 

~ 

TIMES I,. 13. 4. I •• I, AND ',ARE THE SAME FOR ALL FOUR READ OPERATIONS. 

Figure 7. AD7874 Timing Diagram 

AD7874 DYNAMIC SPECIFICATIONS 
The AD7874 is specified and 100% tested for dynamic perfor
mance specifications as well as traditional dc specifications such 
as Integral and Differential Nonlinearity. These ac specifications 
are required for the signal processing applications such as 
phased array sonar, adaptive filters and spectrum analysis. 
These applications require information on the ADC's effect on 
the spectral content of the input signal. Hence, the parameters 
for which the AD7874 is specified include SNR, harmonic dis
tortion, intermodulation distortion and peak harmonics. These 
terms are discussed in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal to noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fS/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 

SNR = (6.02N + 1.76) dB . ................. (I) 

where N is the number of bits. 

Thus for an ideall2-bit converter, SNR = 74 dB. 

The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the V IN input which, is 
sampled at a 29 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob
tained. Figure 8 shows a typical 2048 point FFT plot of the 
AD7874BN with an input signal of 10 kHz and a sampling 
frequency of 29 kHz. The SNR obtained from this graph is 
73.2 dB. It should be noted that the harmonics are taken into 
accOunt when calculating the SNR. 

2-586 ANALOG-TO-DIGITAL .CONVERTERS 

.. .., 
" 
W 
Q 

E ... 
D. 
::& 
C ... c z 

" iii 

Or--------------.-----.------~ 

INPUT FREQUENCY -10kHZ 
SAMPLE FREQUENCY - 29kHz 
SNR=73.2dB 
TA =25°C 

-~~--------------~-----+---------+ 

-~~--------------~~---+---------+ 

-90 ~-------+--_+---~ 

-140 I-_______ --I ________ ...J 

7.25 
FREQUENCY - kHz 

Figure 8. AD7874 FFT Plot 
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Effective Number of Bits 
The formula given in Equation 1 relates the SNR to the number 
of bits. Rewriting the formula, as in Equation '2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 

SNR -1.76 '. 
N = 6,02 .....................•.. (2) 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 

Figure 9 shows a typical plot of effective number of bits versus 
frequency for an AD7874BN with a sampling frequency of 
29 kHz. The effective· number of bits typically falls between 
11.75 and 11.87 corresponding to SNR figures of 72.5 dB and 
73.2 dB. 

~ 12F=:::=======~~::::::::==::::::==J -
~ 11.51-------------------1 
~ 
~ 111-------------------1 z 

SAMPLE FREQUENCY 29kHz 
T.=25"C 

~ 
13 10.5 f-----------------------I 

~ 101----_________________ ...J 

o 14.5 
INPUT FREQUENCY - kHZ 

Figure 9. Effective Numbers of Bits vs, Frequency 
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Total Harmonic Distortion (THD) 
Total Harmonic Distortion (THD) is the ratio of the rms sum 
of harmonics to the rms value of the fundamental. For the 
AD7874, THD is defined as 

THD=20 log VVl + vl + vi + Vs2 + vi 
VI 

where V I is the rms amplitude of the fundamental and V 2' V 3' 

V., V s and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, I, 2, 3 ... , etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb) while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close ·to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 10 shows a typical IMD plot for the 
AD7874. 

INPUT FREQUENCIES 
F1 = 9.814kHz 
F2 = 9.926kHz 
SAMPLING FREQUENCY = 
TA = 25"C 

-~r---------------+-----~--------~ 

OJ ... 

IMD 
ALL TERMS = 98.48dB 
2nd ORDER TERMS = 104.78dB 
3rd ORDER TERMS = 99.64dB 

I -~~----------------~-----t----------1 

I 
I 

-140 '---------.<---------..... 
o 
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Peak Harmonic or Spurious Noise 
Peak Harmonic or Spurious Noise is defmed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fS/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 

AC Linearity Plot 
When a sine wave of specified frequency is applied to the VIN B 
input of the AD7874 and several million samples are taken, a 
histogram showing the frequency of occurrence of each of the 
4096 ADC codes can be generated. From this histogram data it 
is possible to generate an ac integral linearity plot as shown in 
Figure 11. This shows very good integral linearity performance 
from the AD7874 at an input frequency of 10 kHz. The absence 
of large spikes in the plot shows good differential linearity. Sim-
plified versions of the formulae used are outlined below. 

INL(i) = [(V(i) - Viol) . 4096] _ i 
V(fs) - Viol J 

where INL(i) is the integral linearity at code i. V(js) and Yeo) 
are the estimated full-scale and offset transitions, and V(I) is the 
estimated transition for the ith code. 

V(I), the estimated code transition point is derived as follows: 

. ['IT' cum Ii}] 
V(I) = -A· Cos --N-----

where A is the peak signal amplitude, N is the number of 
histogram samples 

i 

and cum (i) = ~ yen) occurrences 
n=O 

+0.5...-------------------, 
INPUT FREQUENCY = 10kHz 
SAMPLING FREQUENCY = 29kHz 
TA = 25"C ; 

I + 0.25 ~-------------___,;__----------_:_-j .. 
~ 
:::I 

~ 

~ 
~ -025 ~--------------------------------~ 

~ 

-0.5 L-___________ --, ___ ~ 

Figure 1,. AD7874 AC INL Plot 
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MICROPROCESSOR INTERFACING 
The AD7874 high speed bus timing allows direct interfacing 
to DSP processors as well as modem 16-bit microprocessors. 
Suitable microprocessor interfaces are shown in Figures 12 
through 16. 

AD7874-ADSP-2100 Interface 
Figure 12 shows an interface between the AD7874 and the 
ADSP-2100. Conversion is initiated using a timer which allows 
very accurate control of the sampling instant on all four chan
nels. The AD7874 INT line provides an interrupt to the ADSP-
2100 when conversion is completed on all four channels. The 
four conversion results can then be read from the AD7874 using 
four successive reads to the same memory address. The follow
ing instruction reads one of the four results (this instruction is 
repeated four times to read all four results in sequence): 

MRO = DM(ADC) 

where MRO is the ADSP-2100 MRO register 
and ADC is the AD7874 address. 

AD7874-ADSP-2101IADSP-2102 Interface 
The interface outlined in Figure 12 also forms the basis for an 
interface between the AD7874 and the ADSP-210IlADSP-2102. 
The READ line of the ADSP-21OIIADSP-2102 is labeled RD. 
In this interface, the RD pulse width of the processor can be 
programmed using the Data Memory Wait State Control Regis
ter. The instruction used to read one of the four results is as 
outlined for the ADSP-2100. 

DMA13 1-----------.. 
DMAO 

ADSP-2100 
(ADSP-21011 
ADSP-21 02) 

�RQnr-------~INT 

DMRD (RD) 1-------_ AD 

AD7874* 

r------jDB11 

DMD15 

DMDOI----------~ 
L-____ ---' ' ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 12. AD7874-ADSP-2100 Interface 

AD7874-TMS32010 Interface 
An interface between the AD7874 and the TMS32010 is shown 
in Figure 13. Once again the conversion is initiated using an 
external timer and the TMS32010 is interrupted when all four 
conversions have been completed. The following instruction is 
used to read the conversion results from the AD7874: 

IN D,ADC 

where D is Data Memory address 
and ADC is the AD7874 address. 
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PA21-----~-----r 

PAO 

TMS32010 AD7874* 

INT ~------; INT 

DEN I--------t AD 

015 

DOI-----------J 
'-_____ -' 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 13. AD7874-TMS32010 Interface 

AD7874-TMS320C25 Interface 
Figure 14 shows an interface between the AD7874 and the 
TMS320C25. As with the two previous interfaces, conversion is 
initiated with a timer and the processor is interrupted when the 
conversion sequence is completed. The TMS32OC25 does not 
have a separate RD output to drive the AD7874 RD input di
rectly. This has to be generated from the processor STRB and 
R!W outputs with the addition of some logic gates. The RD sig
nal is OR-gated with the MSC signal to provide the one WAIT 
state required in the read cycle for correct interface timing. Con
version results are read from the AD7874 using the following 
instruction: 

IN D,ADC 

where D is Data Memory address 
and ADC is the AD7874 address. 

AOI---..., 

is 

TMS320C25 

INTn ~~--------~ 

STRB 
RfW 1-'-----1-____ 

READY 

MSC 1-----' 

0151--------' 

DOr-----------J 
'-______ .... 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 14. AD7874-TMS320C25 Interface 
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Some applications may require that the conversion is initiated by 
the microprocessor rather than an external timer. One option is 
to decode the AD7874 CONVST from the address bus so that a 
write operation starts a conversion. Data is read at the end of 
the conversion sequence as before. Figure 16 shows an example 
of initiating conversion using this method. Note that for all in
terfaces, a read operation should not be attempted during 
conversion. 

AD7874-MC68000 Interface 
An interface between the AD7874 and the MC68000 is shown in 
Figure 15. As before, conversion is initiated using an external 
timer. The AD7874 INT line can be used to interrupt the 
processor or, alternatively, software delays can ensure that con
version has been completed before a read to the AD7874 is at
tempted. Because of the nature of its interrupts, the 68000 
requires additional logic (not shown in Figure 15) to allow it to 
be interrupted correctly. For further information on 68000 inter
rupts, consult the 68000 users manual. 

The MC68000 AS and R!W outputs are used to generate a sepa
rate RD input signal for the AD7874. CS is used to drive the 
68000 DT ACK input to allow the processor to execute a normal 
read operation to the AD7874. The conversion results are read 
using the following 68000 instruction: 

MOVE. W ADC,DO 

where DO is the 68000 DO register 
and ADC is the AD7874 address. 

AI5r-------------------7 

AOt---..., 

MC68000 

DTACK ~I----------' 

AS 
RIW 1---"-----1 

DI51-----..J 

DOr-----------J 

'--_______ ---"ADDITlONAL PINS OMITIED FOR CLARITY 

Figure 15. AD7874--MC68000 Interface 
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AD7874-8086 Interface 
Figure 16 shows an interface between the AD7874 and the 8086 
microprocessor. Unlike the previous interface examples, the mi
croprocessor initiates conversion. This is achieved by gating the 
8086 WR signal with a decoded address output (different to the 
AD7874 CS address). The AD7874 INT line is used to interrupt 
the microprocessor when the conversion sequence is completed. 
Data is read from the AD7874 using the following instruction: 

MOVAX,ADC 

where AX is the 8086 accumulator 
and ADC is the AD7874 address. 

8086 

I-----------~ iii) 

.----------i DBll 

.-------1 DBO 

AD15 
ADDRESS/DATA BUS 

ADOr-----~-----------------J 
'--___ ---' 'ADDITIONAL PINS OMITIED FOR CLARITY 

Figure 16. AD7874--8086 Interface 
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APPLICATIONS 
Vector Motor Control 
The current drawn by a motor can be split into two compo
nents; one produces torque and the other produces magnetic 
flux. For optimal perforniance of the motor, these two compo
nents should be controlled independently. In conventional meth
ods of controlling a three-phase motor, the current (or voltage) 
supplied to the motor and the frequency of the drive are the 
basic control variables. However, both the torque and flux are 
functions of current (or voltage) and frequency. This coupling 
effect can reduce the performance of the motor because, for ex
ample, if the torque is increased by increasing the frequency, 
the flux tends to decrease. . 

Vector control of an ac motor involves controlling phase in addi
tion to drive and current frequency. Controlling the phase of the 
motor requires feedback information on the position of the rotor 
relative to the rotating magnetic field in the motor. Using this 
information, a vector controller mathematically transforms the 
three phase drive currents into separate torque and flux compo
nents. The AD7874, with its four-channel simultaneous sam
pling capability, is ideally suited for use in vector motor control 
applications. 

DSP 
MICROPROCESSOR 

TORQUE & FLUX 
CONTROL LOOP 

CALCULATIONS & 
TWO TO THREE 

PHASE 
INFORMATION 

TORQUE 
SETPOINT o-....... ~I-~ 

FLUX 
SETPOINT 

TRANSFORMATION 
TO TORQUE & 

FLUX CURRENT 
COMPONENTS 

A block diagram of a vector .motor control application using the 
AD7874 is shown in Figure 17. The position of the field is de
rived by determining the current in each phase of the motor. 
Only two phase currents need to be measured because the third 
can be calculated if two phases are known. Channel 1 and Chan
nel 2 of the AD7874 are used to digitize this information. Si- . 
multaneous sampling is critical to maintain thefe1ative phase 
information between the two channels. A current sensing isola
tion amplifier, transformer or Hall effect sensor is used between 
the motor and the AD7874. Rotor information is obtained by 
measuring the voltage from two of the inputs to. the motor. 
Chanpel 3 and Channel 4 of the AD7874 are used to obtain this 
information. Once again the relative phase of the two channels is 
important. A DSP microprocessor is used to perform the mathe
matical transformations and control loop calculations on the in
formation fed back by the AD7874. 

Ic 

DRIVE IB 

CIRCUITRY 

IA 

ISOLATION 
AMPLIFIERS 

V1N2 I----al 

AD7874* 

VIN3 1---o-! 

VOLTAGE 
ATTENUATORS 

VB 

VA 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 17. Vector Motor Control Using the AD7874 
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MULTIPLE AD7874s 
Figure 18 shows a system where a number of AD7874s can be 
conftgured to handle multiple input channels. This type of con
ftguration is common in applications such as sonar, radar, etc. 
The AD7874 is specifted with maximum and minimum limits on 
aperture delay. This means that the user knows the maximum 
difference in the sampling instant between all channels. This 
allows the user to maintain relative phase information between 
the different channels. 

A common read signal from the microprocessor drives the RD 
input of all AD7874s. Each AD7874 is designated a unique ad
dress selected by the address decoder. The reference output of 
AD7874 number I is used to drive the reference input of all 
other AD7874s in the circuit shown in Figure 18. One REF 
OUT pin can drive several AD7874 REF IN pins. Alternatively, 
an external or system reference can be used to drive all REF IN 
inputs. A common reference ensures good full-scale tracking 
between all channels. 

VCH' 

Rii RD 

AD7874(1) 

Cs -f-
r- REF OUT 

~ 

Rii f-
VL L-c 

AD7874(2) ADDRESS 
DECODE 

Cs ADDR ESS 

REF IN \r ~ I I 
I I I 

VCHmo----l 

VCHm+1 0----1 
VCHm+2 0----l 

Figure 18. Multiple AD7874s in Multichannel System 

DATA ACQUISITION BOARD 
Figure 20 shows the AD7874 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silkscreen 
are shown in Figures 21 to 23. A 26-cDntact IDC CDnnector pro
vides for a microprocessor connection to the board. 

A component grid is provided near the analog inputs on the 
PCB which may be used to provide antialiasing fIlters for the 
analog input channels or to provide signal conditioning circuitry. 
To facilitate this option, four shorting plugs (labeled LKI to 
LK4 on the PCB) are provided on the analog inputs, one plug 
per input. If the shorting plug for a particular channel is used, 

REV_ B 

AD7874 
the input signal connects tD the buffer amplifter driving the ana
log input of the ADC. If the shorting plug is omitted, a wire 
link can be used to connect the input signal to the PCB compo
nent grid. 

Microprocessor connections to the board are made via a 26-
contact IDC connector, SKT8, the pinout for which is shDwn in 
Figure 19. This connectDr contains all data, control and status 
signals of the AD7874 (with the exception of the CLK input 
and the CONVST input which are provided via SKT5 and 
SKT7, respectively). It also contains decoded RIW and STRB 
inputs which are necessary for TMS32020 interfacing (and also 
for 68000 interfacing although pin labels on the 68000 are differ
ent). Note that the AD7874 CS input must be decoded prior to 
the AD7874 evaluation board. 

RIW 00 STRB 

Ro 00 NlC 

Cs 00 N/C 

N/C 00 INT 

N/C G)@ N/C 

DB10 B@ DBll 

DB8 @@ DB9 

DB6 @@ DB7 

DB4 @@ DB5 

DB2 @@ DB3 

DBO~ @@ DBl 

+5V @@ +5V 

GND @@ GND 

Figure 19. SKT8, IDC Connector Pinout 

SKTl, SKT2, SKT3 and SKT4 provide the inputs for VINl , 
V1N2, VIN3, VIN. respectively. Assuming LKI to LK4 are in 
place, these input signals are fed to four buffer amplifters, ICI, 
before being applied to the AD7874. The use of an external 
clock source is optional; there is a shorting plug (LK5) on the 
AD7874 CLK input which must be connected to either -5 V 
(for the ADCs own internal clock) or to SKT5. SKT6 and 
SKT7 provide the reference and CONVST inputs respectively. 
Shorting plug LK6 provides the option of using the external 
reference or the ADCs own internal reference. 

POWER SUPPLY CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi
tal supply. The analog supplies are labeled V + and V - and the 
range for both supplies is 12 V to 15 V (see silkscreen in Figure 
23). Connection to the 5 V digital supply is made via SKT8. 
The +5 V supply and the -5 V supply required by the AD7874 
are generated from voltage regulators (IC3 and IC4) on the V + 
and V-supplies. 
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SKT1 

SKT2 

SKT3 

SKT4 

CONVST 
SKT6 

SKT8 

r-----~~~~------~11 
DBO~ ____ ~D~A~TA~B~U~S ________ ~22 

INT 8 
CS 5 

...... _ ... +5=..:V'"I23.24 

R1 

~1--+--""--I2 
~J-----"""----~1 

~--------------I3 
DGND 

25.26 

V- --------..... -f 

·1· ··1 ~ lK4 • • 

• 

5KH 

~ .. ~ lK3 

• • 5KT 3 

• 

• • • • • • ••• • • • • • • • • • • • • • ••• •• ••• ••• ••• ••• •• r· ·1 • 
• • 5KT2··· 

r,:ol u 
~ lK2 
SKY I 
~lKI 

REFERENCE 
SKT6 

Figure 20. Data Acquisition Circuit Using the AD7874 
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EVALUATION BRD 
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Figure 21. PCB Silkscreen for Figure 20 
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Figure 22. PCB Component Side Layout for the Circuit of 
Figure 20 

Figure 23. PCB Solder Side Layout for the Circuit of 
Figure 20 

AD7874 
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SHORTING PLUG OPTIONS ... COMPONENT LIST 

There are seven shorting plu&opti.onswhich must .be se.t before y. . " I<;l 
using the board; These .areolltlined below:" , . IC2 ; 

LKI - LK4 Connects dte arialOg inputs to the buffer amplifi- Ie) . 
ers. The analog. inputs may also be conneCted. to IC4 
acompOJii!nt:pid~or signal conditioning:', ICS 

LKS SeleCts either·ihe.AD7874.interna1ciockor an Cl, C3, CS, C7; C9 
exteinaI ciocksource: ". .' C2, .C4, C6, C8;:C10 . 

.. . . Rl,RZ . 
LK6 Selects either the AD7874 inteinal reference or LKl, LK2, LK3 

an external reference source. LK4, LKS, LK6 

LK7 Connects the AD7874 RD input directly to the LK7 . 
RD input of SKT8 or to a deCoded STRB and SKTl, SKTi, SKT3, 
RiW input. This-shorting plug setting depends SKT4, SKT5,SKT6, 
on the microprocessor, e.g., the TMS32020 and SKT7 
68000 require a dec04ed RD signal. SKT8 
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~' AD7874 Ana1og:~~~Digitalt::onvener 

MC78L05 .. ~5·V¥tor 
MC79LOS::-,5 V:RiigoIator 
74HI:';OQ Quad NAND Gate 
10 p.F. Capacitors 
0: 1 ILF Capacitors 
10 kO Pull-Up Resistors 
Shorting Plugs 

B'NC Sockets 

26-Contact (2-Row) IDC Connector 
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WDEVICES 

LC2MOS Complete 12-Bit 
100 kHz Sampling ADC with DSP Intertace 

FEATURES 
Complete ADC with DSP Interface. Comprising: 

Track/Hold Amplifier with 2 ILS Acquisition Time 
7 ILs A/D Converter 
3 V Zener Reference 
8-Word FIFO and Interface Logic 

72 dB SNR at 10 kHz Input Frequency 
Interfaces to High Speed DSP Processors. e.g .• 

ADSP-2100. TMS32010. TMS32020 
41 ns max Data Access Time 
Low Power. 60 mW typ 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7878 is a fast, complete 12-bit AID converter with a 
versatile DSP interface consisting of an 8-word, first-in, first-out 
(FIFO) memory and associated control logic. 

The FIFO memory allows up to eight samples to be digitized 
before the microprocessor is required to service the AID con
verter. The eight words can then be read out of the FIFO at 
maximum microprocessor speed. A fast data access time of 41 ns 
allows direct interfacing to DSP processors and high speed 16-
bit microprocessors. 

An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains the FIFO out of 
range, FIFO empty and FIFO word count information. 

The analog input of the AD7878 has a bipolar range of ±3 V. 
The AD7878 can convert full power signals up to 50 kHz and is 
fully specified for dynamic parameters such as signal-to-noise 
ratio and harmonic distortion. 

The AD7878 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in four package styles, 28-pin plastic and 
hermetic dual-in-line package (DIP), leadless ceramic chip car
rier (LCCC) or plastic leaded chip carrier (PLCC). 

REV. A 

AD7878 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Complete AID Function with DSP Interface 

The AD7878 provides the complete function for digitizingac 
signals to 12-bit accuracy. The part features an on-chip track! 
hold, on-chip reference and 12-bit AID converter. The addi
tional feature of an 8-word FIFO reduces the high software 
overheads associated with servicing interrupts in DSP 
processors. 

2. Dynamic Specifications for DSP Users 
The AD7878 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion and inter
modulation distortion. Key digital timing parameters are also 
tested and specified over the full operating temperature 
range. 

3. Fast Microprocessor Interface 
Data access time of 41 ns is the fastest ever achieved in a 
monolithic AID converter and makes the AD7878 compatible 
with all modem 16-bit microprlJC!:SSors and digital signal 
processors. 
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AD7878 SPECIFICA'JIONS (YDD = +5 V:t 5%, Vee = +5 V:t 5%, Vss = -5 V:t 5%, AGND = DONO = 
..- ..•. ".. 0 V, fOLK = 8 MHz. All Specifications T min to T mi.' unless otherwise noted;) 

I,A K,L,B S 
Parameter Venloo.' Venlo.nl Venion Unit •. Test CCmditioDSlCommenta 

DYNAMIC PERFORMANCE2 

SigDaI.to-Noise Ratio (SNR)' @ 2SOC 70 72 70 dB min V IN = 10 kHz Sine Wave, fSAMPLE = 100 kHz 
T .... toT.;,.. 70 71 70 dB min Typically 71.5 dB for O<V'N<SO kHz 

Total Harmonic Distortion (THD) -so -so -7S dB max V IN = 10 kHz Sine Wave, fSAMPLE = 100 kHz 
Typically -S6 dB for O<V'N<SO kHz 

Peak Harmonic or Spurious Noise -so -so -7S dB max V'N = 10 kHz, fSAMPLE = 100 kHz 
Typically -S6 dB for 0<V'N<50 kHz 

Intermodulation Distortion (IMD) 
Second Order Terms -so -SO -78 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 
Third Order Terms -SO -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 

TracklHoId Acquisition Time 2 2 2 .,.smax See Througbput Rate Section. 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for which 

No Missing Codes are Guaranteed 12 12 12 Bits 
Relative Accuracy ±112 ±114 ±112 LSB typ 
Differential Nonlinearity ±112 ±1/2 ±112 LSB typ 
Bipolar Zero Error ±6 ±6 ±6 LSB max 
Positive Full Scale Error' ±6 ±6 ±6 LSB max 
Negative Full Scale Error' ±6 ±6 ±6 LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±5S0 ±SSO ±SSO .,.Amax 

REFERENCE OUTPUT' 
RBFOUT 3 3 3 V nom 
REF OUT Error @ 2SOC ±IO ±IO ±IO mVmax 

T_toT .... ±IS ±IS ±IS mVmax 
Reference Load Sensitivity 

(4RBF OUT/AI) ±I ±I ±I mVmax Reference Load Current Change (O-Soo .,.A). 
Reference Load Sbould Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, V INH +2.4 +2.4 +2.4 V min Vex; = +S V ± S% 
Input Low Voltage, VINL +0.8 +O.S +0.8 V max Vex; = +S V ± S% 
Input Current, l'N ±IO ±IO ±IO .,.A max VIN = 0 to Vex; 
Input Capacitance, C'N 6 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH +2.7 +2.7 +2.7 V min Iso1JRCE = 40 .,.A 
Output Low Voltage, VOL +0.4 +0.4 +0.4 V max ISINK = 1.6 mA 
DBll-DBO 

Floating State Leakage Current ±IO ±IO ±IO ±IO .,.Amax 
Floating State Output Capacitance' IS IS IS IS pFmax 

CONVERSION TIME 
717.125 717.125 717.125 .,.sminl.,.smax Assuming No Extetnal ReadlWrite Operations 
7/9.250 7/9.250 7/9.250 .,.sminl.,.smax Assuming 17 Extetnal ReadlWrite Operations 

See Intetnal Comparator Timing Section 

POWER REQUIREMENTS 
Voo +5 +5 +5 V nom ± 5% for Specified Performance 
Vex; +5 +5 +5 V nom ±5% for Specified Performance 
Vss -S -5 -5 V nom ±S% f~ed Performance 
100 13 13 13 mAmax CS=DMWR=DMRD=SV 
lex; 100 100 100 .,.A max CS = DMWR = DMRD = S V 
Iss 6 6 6 mAmax CS = DMWR = DMRD = 5 V 
Power Dissipation 95.5 95.5 95.5 mWmax Typically 60 m W 

NOTES 
'Temperature range as follows: I, K, L versions: 0 to +7O'C; A, B versions: -25'C to +8S'C; S version: -SS'C to +12S'C. 
2VIN = ±3 V. See Dynamic Specifications section. 
'SNR calculation includes distortion and noise components. 
'Measured with respect to the Internal Reference. 
'For Capacitive Loads greater than 50 pF a series resistor is required (see Internal Reference section). 
"Sample tested @ + 2S'C to ensure compliance. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS1 (Voo = 5 V ± 5%, Vee = 5 V ± 5%, Vss = -5 V ± 5%) 

Limit at T min' T max Limit at T_, T .... Limit at T mia' T mIIX 

Parameter (L Grade) a, K, A, B Grades) (S Grade) Units Conditions/Comments 

t, 65 65 75 nsmax CLK IN to BUSY Low Propagation Delay 

t2 65 65 75 nsmax CLK IN to BUSY High Propagation Delay 
t, 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles min CONVST Pulse Width 

t.. 0 0 0 ns min g to DMRDIREGISTER ENABLE Setup Time 
t, 0 0 0 ns min CS to DMRDIREGISTER ENABLE Hold Time 

to 45 60 60 nsmin DMRD Pulse Width 
50 50 50 J.Lsmax --

t7 16 16 16 ns min ADDO to DMRDIREGISTER ENABLE Setup Time 

ts 0 0 0 ns min ADDO to DMRD/REGISTER ENABLE Hold Time 
t./ 41 57 57 ns min Data Access Time after DMRD 
t103 S 5 S ns min Bus Relinquish Time 

45 4S 4S nsmax 

t" 42 42 55 ns min REGISTER ENABLE Pulse Width 
50 50 50 J.Lsmax 

t12 20 20 30 ns min Data Valid to REGISTER ENABLE Setup Time 

t" 10 10 10 ns min Data Hold Time after REGISTER ENABLE 

t1/ 41 57 57 ns min Data Access Time after BUSY 
tRESET 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles min RESET Pulse Width 

NOTES 
'Timing Specifications in bold print are 100% production tested. AU other times are sample tested at +25'C to ensure compliance. AU input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

't., and t'4 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0 .. 8 V or 2.4 V. 
'1,. is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

56k 50pF 
DBNtF 

DGN~ 
a. High-Z to VOH 

5V 

"~+ 
T 50PF 

DGND \J 
b. High-Z to VOL 

Figure 1. Load Circuits for Access Time 

DBNtF 
3k T 10pF 

DGND'\7 
a. VOH to High-Z 

5V 

~3k 
DBN--t-

r 10PF 

DGND9 
b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

ABSOLUTE MAXIMUM RATINGS* 
(T A = + 2S'C unless otherwise stated) 

Voo to DGND ..................... -0.3 Vto +7 V 
Vee to DGND ...................... -0.3 V to +7 V 
Vss to DGND ...................... +0.3 V to -7 V 
Voo to Vee ...................... -0.3 V to +0.3 V 
AGND to DGND ............... -0.3 V to Voo +0.3 V 
VIN to AGND ...................... -15 V to + 15 V 
REF OUT to AGND ...................... 0 to V 00 

Digital Inputs to DGND 
CLK IN, DMWR, DMRD, RESET, 
CS, CONVST, ADDO .......... -0.3 V to Voo +0.3 V 

Digital Outputs to DGND 
ALFL, BUSY ................ -0.3 V to V 00 +0.3 V 

Data Pins 
DBll-DBO .................. -0.3 V to Voo +0.3 V 

Operating Temperature Range 
], K, L Versions ...................... 0 to +70OC 
A, B Versions ..................... -25°C to +85°C 
S Version ....................... -55°C to +125°C 

Storage Temperature Range ..........•. -65OCto +150°C 
Lead Temperature (Soldering, 10 sees) ........• ; .. +300°C 
Power Dissipation (Any Package) to +75°C ........ 1000 mW 

Derates above +75OC by ......•.....•.•.. 10DiWrc 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended perioda may affect device 
reliability. 

CAUTlON ____________________ ~---------------------------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! d 
~~[C[\'C[ 
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AD7878 
PIN FUNCTION DESCRIPTION 

Pin Pin 
Number Mnemonic Function 

ADDO 

2 CS 

3 DMWR 

4 DMRD 

BUSY 

6 ALFL 

7 DGND 

8 Vee 

9 DB11 

10-15 DB10-DBs 

16-19 DB4-DB1 

20 DBO 

21 VDD 

22 AGND 

23 REF OUT 

24 VIN 
25 VB. 

26 CONVST 

27 RESET 

28 CLKIN 

Address Input. This control input determines whether the word placed on the output data bus during a read operation is a 
data"word from the FIFO RAM or the contents of the status/control register. A logic low accesses the data word from 
Location 0 of the FIFO while a logic high selects the contents of the register (see Status/Control Register section). 

Chip Select. Active low logic input. The device is selected when this input is active. 

Data Memory Write. Active low logic input. DMWR is used in conjunction with CS low and ADDO high to write data to 
the status/control register. Corresponds to DMWR (ADSP-2100), R!W (MC68000, TMS32020), WE (TMS3201O). 

Data Memory READ. Active low logic input. DMRD is used in conjunction with CS low to enable the three-state output 
buffers. Corresponds directly to DMRD (ADSP-2100), DEN (TMS32010). 

Active low logiC output. This output goes low when the ADC receives a CONVST pulse and remains low until the 
tracklhold has gone into its hold mode. The three-state drivers of the AD7878 can be disabled while the BUSY signal is low 
(see Extended READIWRITE section). This is achieved by writing a logic 0 to DBs (DISO) of the status/control register. 
Writing a logic 1 to DBs of the status/control register allows data to be accessed from the AD7878 while BUSY is low. 

FIFO Almost Full. A logic low indicates that the word count (i.e., number of conversion results) in the FIFO memory has 
reached" the programmed word count in the status/control register. ALFL is updated at the end of each conversion. The 
ALFL output is reset to a logic high when a word is read from the FIFO memory and the word count is less than the 
preprogrammed word count. It can also be set high by writing a logic 1 to DB7 (ENAF) of the status/control register. 

Digital Ground. Ground reference for digital circuitry. 

Digital supply voltage, +5 V ±S%. Positive supply voltage for digital circuitry. 

Data Bit 11 (MSB). Three-state TIL output. Coding for the data words in FIFO RAM is 2s complement. 

Data Bit 10 to Data Bit 5. Three-state TIL input/outputs. 

Data Bit 4 to Data Bit 1. Three-state TIL outputs. 

Data Bit 0 (LSB). Three-state TIL output. 

Analog positive supply voltage, +5 V ±5%. 

Analog Ground. Ground reference for tracklhold, reference and DAC. 

Voltage Reference Output. The internal 3 V analog reference is provided at this pin. The extemalload capability of the 
reference is 500 fl-A. 

Analog Input. Analog input range is ± 3 V. 

Analog negative supply voltage, -5 V ±S%. 

Convert Start. Logic input. A low to high transition on tltis input puts the tracklhold into its hold mode and starts 
conversion. The CONVST input is asynchronous to CLK IN and is independent of CS, DMWR and DMRD. " 

Reset. Active low logic input. A logic low sets the words in FIFO memory to 1000 0000 0000 and" resets the ALFL output 
and status/control register. 

Clock Input. TIL-compatible logic input. Used as the clock source for the NO converter. The mark-space ratio of tltis 
clock can vary from 35/65 to 65/35. 

PIN CONFIGURATIONS 

A ... 

-. -. 
iiliIV • 

DO... 7 

DB •• 

au 

DOl 

DIP 

cut'N ---
REF OUT 

AGNa 

... 

... 

.BO 

.u 
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ORDERING GUIDE 

Signal- Data 
Temperature to-Noise Access Package 

Modell,> Range Ratio Time Options3 

AD7878JN O°C to +70°C 70 dB 57 ns N-28 
AD7878AQ -25°C to +85°C 70 dB 57 ns Q-28 
AD7878SQ - 55°C to + 125°C 70 dB 57 ns Q-28 
AD7878KN O°C to +70°C 72 dB 57 ns N-28 
AD7878BQ -25°C to +85°C 72 dB 57 ns Q-28 
AD7878LN O°C to +70°C 72 dB 41 ns N-28 
AD7878SE4 - 55°C to + 125°C 70 dB 57 ns E-28A 
AD7878JP O°C to +70OC 70 dB 57 ns P-28A 
AD7878KP O°C to +70°C 72 dB 57 ns P-28A 
AD7878LP O°C to +70°C 72 dB 41 ns P-28A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 1883B to part num
ber. Contact our local sales office for military data sheet. 

'Analog Devices reserves !be right to ship eitber ceramic (D-28) packages or 
cerdip (Q-28) hermetic packages. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier, Q = Cerdip. For outline information see Package Information 
section. 

'Available to 1883B processing only. 

STATUS/CONTROL REGISTER 
The status/control register serves the dual function of providing 
control and monitoring the status of the FIFO memory. This 
register is directly accessible through the data bus (DBll-DBO) 
with a read or write operation while ADDO is high. A write op
eration to the status/control register provides control for the 
ALFL output, bus interface and FIFO counter reset. This is 
normally done on power-up initialization. The FIFO memory 
address pointer is incremented after each conversion and com
pared with a preprogrammed count in the status/control register. 
When this preprogrammed count is reached, the ALFL output 
is asserted if the ENAF control bit is set to zero. This ALFL 
can be used to interrupt the microprocessor after any predeter
mined number of conversions (between I and 8). The status of 
the address pointer along with sample overrange and ALFL sta
tus can be accessed at any time by reading the status/control 
register. Note, reading the status/control register does not cause 
any internal data movement in the FIFO memory. Status infor
mation for a particular word should be read from the status reg
ister before the data word is read from the FIFO memory. 

STATUS/CONTROL REGISTER FUNCTION 
DESCRIPTION 
DBll (ALFL) 
Almost Full Flag, Read only. This is the same as Pin 6 (ALFL 
output) status. A logic low indicates that the word count in 
the FIFO memory has reached the preprogrammed count in 
bit locations DBIO-DB8. ALFL is updated at the end of 
conversion. 

AD7878 

DBIO-DBS (AFC2-AFCO) 
Almost Full Word Count, ReadlWrite. The count value deter
mines the number of words in the FIFO memory which will 
cause ALFL to be set. When the FIFO word count equals the 
programmed count in these three bits, then both the ALFL out
put and DBll of the status register are set to a logic low. For 
example, when a code of 011 is written to these bits, ALFL is 
set when Location 0 through Location 3 of the FIFO memory 
contains valid data. AFC2 is the most significant bit of the word 
count. The count value can be read back if required. 

DB7(ENAF) 
Enable Almost Full, ReadlWrite. Writing a I to this bit disables 
the ALFL output and status register bit DB II. 

DB6 (FOVRIRESET) 2 
FIFO Overrun/RESET, ReadlWrite. Reading a I from this bit 
indicates that at least one sample has been discarded because the 
FIFO memory is full. When the FIFO is full (i.e., contains 
eight words) any further conversion results will be lost. Writing 
a 1 to this bit causes a system RESET as per the RESET input 
(Pin 27). 

DBS (FOORIDISO) 
FIFO Out of RANGE/Disable Outputs, ReadlWrite. Reading a 
I from this bit indicates that at least one sample in the FIFO 
memory is out of range. Writing a 0 to this bit prevents the data 
bus from becoming active while BUSY is low, regardless of the 
state of CS and DMRD. 

DB4(FEMP) 
FIFO Empty, Read Only. Reading a I indicates that there are 
no samples in the FIFO memory. When the FIFO is empty the 
internal ripple-down effects of the FIFO are disabled and fur
ther reads will continue to access the last valid data word in Lo
cation O. 

DB3(SOOR) 
Sample out of Range, Read Only. Reading a 1 indicates that the 
next sample to be read is out of range, i.e., the sample in Loca
tion 0 of the FIFO. 

DB2-DBO (FCN2-FCNO) 
FIFO Word Count, Read Only. The value read from these bits 
indicates the number of samples in the FIFO memory. For ex
ample, reading 011 from these bits indicates that Location 0 
through Location 3 contains valid data. Note, reading all Os in
dicates that there is either one word or no word in the FIFO 
memory; in this case the FIFO Empty determines if there is no 
word in memory. FCN2 is the most significant bit. 

Table I. Status/Control Bit Function Description 

BIT LOCATION DBll DBlO DB9 DRS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

STATUS INFORMATION (READ) ALFL AFC2 AFC} AFCO ENAF FOVR FOOR FEMP SOOR FCN2 FCN} FCNO 
CONTROL FUNCTION (WRITE) X AFC2 AFC} AFCO ENAF RESET DISO X X X X X 
RESET STATUS } 0 0 0 0 0 0 } 0 0 0 0 

X =DON'T CARE 
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AD7878 
INTERNAL FIFO MEMORY 
The internal FIFO memory of the AD7878 consists of eight 
memory locations. Each word in memory contains 13 bits of 
information - 12 bits of data from the conversion result and one 
additional bit which contains information as to whether the 12-
bit result is out of range or not. A block liiagram of the AD7878 
FIFO architecture is shown in Figure 3. 

AD7878 LOCATION 1 

Figure 3. Internal FIFO Architecture 

The conversion result is gathered in the successive approxima
tion register (SAR) during conversion. At the end of conversion 
this result is transferred to the FIFO memory. The FIFO ad
dress pointer always points to the top of memory, which is the 
uppermost location containing valid data. The pointer is incre
mented after each conversion. A read operation from the FIFO 
memory accesses data from the bottom of the FIFO, Location 
o. On completion of the read operation, each data word moves 
down one location and the address pointer is decremented by 
one. Therefore, each conversion result from the SAR enters at 
the top of memory, propagates down with successive reads until 
it reaches Location 0 from where it can be accessed by a micro
processor read operation. 

The transfer of information from the SAR to the FIFO occurs 
in synchronization with the AD7878 input clock (CLK IN). The 
propagation of data words down the FIFO is also synchronous 
with this clock. As a result, a read operation to obtain data from 
the FIFO must also be synchronous with CLK IN to avoid 
ReadlWrite conflicts in the FIFO (i.e., reading from FIFO L0-
cation 0 while it is being updated). This requires that the micro
processor clock and the AD7878 CLK IN are derived from the 
same source. 

INTERNAL COMPARATOR TIMING 
The ADC clock, which is applied to CLK IN, controls the suc
cessive approximation AID conversion process. This clock is 
internally divided. by four to yield a bit tria1 cycle time of 500 ns 

min (CLK IN = 8 MHz clock). Each bit decision occurs 25 ns· 
after the rising edge of this divided clock. The bit decision is 
latched by the rising edge of an internal comparator strobe sig
nal. There are 12 bit decisions, as in a normal successive ap
proximation routine, and one extra decision that checks if the 
input sample is out of range. In a normal successive approxima
tion AiD converter, reading data from the device during conver
sion can upset the conversion in progress. This is due to on-chip 
transients, generated by charging or discharging the data bus, 
concurrent with a bit decision. The scheme outlined below and 
shown in Figure 4 describes how the AD7878 overcomes this 
problem. 

The internal comparator strobe on the AD7878 is gated with 
both DMRD and DMWR so that if a read or write operation 
occurs when a bit decision is about to be made, the bir decision 
point is deferred by one CLK IN cycle. In other words, if 
DMRD or DMWR goes low (with CS low) at any time during 
the eLK IN low-time immediately prior to the comparator 
strobing edge (tLOW of Figure 4), the bit trial is suspended for a 
clock cycle. This makes sure that the bit decision is latched at a 
time when the AD7878 is not attempting to charge or discharge 
the data bus, thereby ensuring that .no spurious transients occur 
internally near a bit decision point. 

The decision point slippage mechanism is shown in Figure 4 for 
the MSB decision. Normally, the MSB decision occurs 25 ns 
after the fourth rising CLK IN edge after CONVST goes high. 
However, in the timing diagram of Figure 4, CS and DMRD or 
DMWR are low in the time period tLOW prior to the MSB deci
sion point on the fourth rising edge. This causes the internal 
comparator strobe to be slipped to the fifth rising clock edge. 
The AD7878 will again check during a period tLOW prior to this 
fifth rising clock edge; and if the CS and DMRD or DMWR are 
still low , the bit decision point will be slipped a further clock 
cycle. 

The conversion time for the ADC normally consists of the 
13-bit trials described above and one extra internal clock cycle 
during which data is written from the SAR to the FIFO. For 
an 8 MHz input clock this results in a conversion time of 7 ,""s. 
However, the software routine servicing the AD7878 has the 
potential to read 16 times from the device during conversion 
- 8 reads from the FIFO and 8 reads from the status/control 
register. It also has the potential to write once to the status/con
trol register. If these 17 (16 read plus 1 write) operations all oc
cur during tLOw time periods, the conversion time will slip by 
17 CLK IN cycles. Therefore, if read or write operations can 
occur during tLOW periods, it means that the conversion time 
for the ADC can vary from 7 ,""S to 9.12 ,""S (assuming 8 MHz 
CLK IN). This calculation assumes that there is a slippage of 
one CLK IN cycle for each read or write operation. 

Figure 4. Operational Timing Diagram 
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INITIATING A CONVERSION 
Conversion is initiated on the AD7878 by asserting the eONVST 
input. This eONVST input is an asynchronous input indepen
dent of either the ADG or DSP clocks. This is essential for ap
plications where precise sampling in time is important. In these 
applications the signal sampling must occur at exactly equal in
tervals to minimize errors due to sampling uncertainty or jitter. 
In these cases the eONVST input is driven from a timer or 
some precise clock source. On receipt of a eONVST pulse, the 
AD7878 acknowledges by taking the BUSY output low. This 
BUSY output can be used to ensure no bus activity while the 
tracklhold goes from track to hold mode (see Extended Read
/Write section). The eONVST input must stay low for at least 
two eLK IN periods. The tracklhold amplifier switches from 
the track to hold mode on the rising edge of eONVST and con
version is also initiated at this point. The BUSY output returns 
high after the eONVST input goes high and the ADe begins its 
successive approximation routine. Once conversion has been ini
tiated another conversion start should not be attempted until the 
full conversion cycle has been completed. Figure 5 shows the 
timing diagram for the conversion start. 

In applications where precise sampling is not critical, the 
eONVST pulse can be generated from a microprocessor WR or 
RD line gated with a decoded address (different to the AD7878 
es address). Note that the eONVST pulse width must be a 
minimum of two AD7878 eLK IN cycles. 

ClKIN 

cow~--~~~·I~~ __ ~Ar~--~-
_____ --I...:...,t ... ' I+- TRACK.TO-HOLO 

I TRANSITION 
BUSY 

Figure 5. Conversion Start Timing Diagram 

READIWRlTE OPERATIONS 
The AD7878 read/write operations consist of reading from the 
FIFO memory and reading and writing from the status/control 
register. These operations are controlled by the es, DMRD, 
DMWR and ADDO logic inputs. A description of these opera
tions is given in the following sections. In addition to .the basic 
read/write operations there is an extended read/write operation. 
This can occur if a read/write operation occurs during a 
eONVST pulse. This extended read/write is intended for use 
with microprocessors that can be driven into a WAIT state, and 
the scheme is recommended for applications where an external 
timer controls the eON'VST input asynchronously to the micro
processor read/write operations. 

Basic Read Operation 
Figure 6 shows the timing diagram for a basic read operation on 
the AD7878. es and DMRD going low accesses data from ei
ther the status/control register or the FIFO memory. A read 
operation with ADDO low accesses data from the FIFO while 
a read with ADDO high accesses data from the status/control 
register. 

REV. A 

AD7878 

~ r-t. 1 r,to cs,1 f---

\ r-to=J 
t'j ~tr-t. __ 

ADDO ~ I ~~~g I x .... ____ _ 
t.., t: -.j /-t,. 

DATA -----<~ ~:~~ ~)------

Figure 6. Basic Read Operation 

Basic Write Operation 
A basic write operation to the AD7878 status/control register 
consists of bringing es and DMWR low with ADDO high. In
ternally these signals are gated with eLK IN to provide an in
ternal REGISTER ENABLE signal (see Figure 7). The pulse 
width of this REGISTER ENABLE signal is effectively the 
overlap between the eLK IN low time and the DMWR pulse. 
This may result in shorter write pulse widths, data setup times 
and data hold times than those given by the microprocessor. 
The timing on the AD7878 timing diagram of Figure 8 is there
fore given with respect to the internal REGISTER ENABLE 
signal rather than the DMWR signal. 

REGISTER 
ENABLE 

EQUIVALENT CCT. ONLY 
ASSUME Ons PROP. DELAY 

AD7878 

Figure 7. DMWR Internal Logic 

--~t--t"-1 
REGISTER" t ~I"'----

ENABLE 1: 

t':I ~ tt. 
ADDO ~ ~~~g I C 
DATA _____ f;~ ~ 

"REGISTER ENABLE = CS + DMWR + CLK IN 

Figure 8. Basic Write Operation 
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AD7878 
Extended ReadIWrite Operation 
As described earlier, a read/write operation to the AD7878 can 
cause spurious on-chip transients. Should these transients occur 
while the tracklhold is going from track to hold mode, it may 
result in an incorrect value of V IN being held by the tracklhold 
amplifier. Because the CONVST input has asynchronous capa
bility, a read/write operation could occur while CONVST is low. 
The AD7878 allows the read/write operation to occur but has 
the facility to disable its three-state drivers so that there is no 
data bus activity and, hence, no transients while the tracklhold 
goes from track to hold. 

Writing a logic 0 to DB5 (mSO) of the status/control register 
prevents the output latches from being enabled while the 
AD7878 BUSY signal is low. If a microprocessor read/write op
eration can occur during the BUSY low time, the BUSY should 
be gated with CS' of the AD7878 and this gated signal used to 
stretch the instruction cycle using DMACK (ADSP-2100), 
READY (TMS32020) or DTACK (68000). 

When CONVST goes low, the AD7878 acknowledges it by 
bringing BUSY low on the next rising edge of CLK IN. With a 
logic 0 in DB5, the AD7878 data bus cannot now be enabled. If 
a read/write operation now occurs, the BUSY and CS gated sig
nal drives the microprocessor into a WAIT state, thereby ex
tending the read/write operation. BUSY goes high on the second 
rising edge of CLK IN after CONVST goes high. The AD7878 
data outputs are now enabled and the microprocessor is released 
from its WAIT state, allowing it to complete its read/write oper
ation to the AD7878. 

The microprocessor cycle time for the read/write operation is 
extended by the CONVST pulse width plus two CLK IN peri
ods worst case. This is the maximum length of time for which 
BUSY can be low. Assuming a CONVST pulse width of two 
CLK IN periods and an 8 MHz CLK IN, the instruction cycle 
is extended by 500 ns maximum. Figure 9 shows the timing dia
gram for an extended read operation. In a similar manner, a 
write operation will be extended if it occurs during a CONVST 
pulse. 

For processors which cannot be forced into a WAIT state, writ
ing a logic I into DB5 of the status/control register allows the 
output latches to be enabled while BUSY is low. In this case 
BUSY still goes low as before, but it would not be used to 
stretch the read/write cycle and the instruction cycle continues 
as normal (see Figures 6 and 8). 

elKIN 

_H-.. ----, - L f'---, -j--'-----
. I 1+ t, TRACK-TO-HOLO 1+ to 

___ """1-,[ TRANSITION 1,----
BUSY \ f 

cs_---,J'--, .. ------'---. -~ 
: 1 k.~ t 

~.-ooj t:_~,Jt" 
DATA------------c;u-

Figure 9. Extended Read Operation 
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AD7878 DYNAMIC SPECIFICATIONS 
The AD7878 is specified and 100% tested for dynamic perfor~ 
mance specifications rather than for traditionaldc specifications 
such as Integral and Differential Nonlinearity. 'These acspecifi
cations provide information on the AD7878's effect on the spec
tral content of the input signal. Hence, the parameters for which 
the AD7878 is specified include SNR, Harmonic Distortion, 
Intermodulation Distortion and Peak Harmonics. These terms 
are discussed in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals (exclud: 
ing dc) up to half the sampling frequency (fS/2). SNR is depen
dent upon the number of quantization levels used in the 
digitization process; the more levels, the smaller the quantiza: 
tion noise. The theoretical signal-to-noise ratio for a sine wave 
input is given by 

SNR = (6.02 N + 1.76) dB . ................. 11) 

where N is the number of bits. Thus for an ideal 12-bit con
verter, SNR = 74 dB. 

The output spectrum from the ADC is evaluated by applying a 
sine-wave signal of very low distortion to ,the V IN input, which 
is sampled at a 100 kHz sampling rate. A Fast Fourier Trans
form (FFT) plot is generated from which the SNR data can be 
obtained. Figure 10 shows a typical 2048 point FFT plot of the 
AD7878KN with an input signal of 25 kHz and a sampling fre
quency of 100 kHz. The SNR obtained from this graph is 
72.6 dB. It should be noted that the harmonics are included in 
the SNR calculation. 

-301__-----

I 

INPUT FREQUENCY _ 25kHz 
SAMPlE FREQUENCY -100kHz 
SNR '" 7J.6dB 
T ... =25"C 

1-~I__----~1--------rl 

FREQUENCY _ kHz 

Figure 10. AD7878 FFT Plot 

Effective Number of Bits 
The formula given in (I) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is pOssible to get a measure 
of performance expressed in effective number of bits (N). The 
effective number of bits for a device can be calculated directly 
from its measured SNR. 

SNR - 1.76 
N = 6.02 .......•................. (2) 

Figure 11 shows a typical plot of effective number of bits versus 
frequency for an AD7878KN with a sampling frequency of 
100 kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding to SNR fIgUreS of 72.2 and 
73.1 dB. 
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Figure 11. Effective Number of Bits vs. Frequency 

Harmonic Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7878, Total Harmonic Distortion 
(THD) is defined as: 

VIV 2 + V2 +V 2 +V2 +V2) 
THD = 20 Log 2 3 VI 4 5 6 

where Viis the rms amplitude of the fundamental and V 2' V" 
V 4' V 5 and V 6 are the rms amplitudes of the second to the sixth 
harmonic. The THD is also derived from the FFT plot of the 
ADC output spectrum. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa:':nfb where 
m, n = 0,1,2,3 .... , etc. Intermodulation terms are those for 
which neither m nor n is equal to zero. For example, the second 
order terms include (fa+fb) and (fa-fb) while the third order 
terms include (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). 

Using the CCIF standard, where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. 

Intermodulation distortion is calculated using an FFT algorithm 
but, in this case, the input consists of two equal amplitude, low 
distortion sine waves. Figure 12 shows a typical IMD plot for 
the AD7878. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defmed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the 
largest peak will be a noise peak. 
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Figure 12. AD78781MD Plot 

AD7878 

When a sine wave of a specified frequency is applied to the V IN 

input of the AD7878 and several million samples are taken, it is 
possible to plot a histogram showing the frequency of occur
rence of each of the 4096 ADC codes. If a particular step is 
wider than the ideal 1 LSB width, then the code associated with 
that step will accumulate more counts than for the code for an 
ideal step. Likewise, a step narrower than ideal will have fewer 
counts. Missing codes are easily seen in the histogram plot be
cause a missing code means zero counts for a particular code. 
Large spikes in the plot indicate large differential nonlinearity. 

Figure 13 shows a histogram plot for the AD7878KN with a 
sampling frequency of 100 kHz and an input frequency of 
25 kHz. For a sine-wave input, a perfect ADC would produce a 
cusp probability density function described by the equation: 

1 
P (V) = "VIA2 _ V2) 

where A is the peak amplitude of the sine wave and p (V) is the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 13 corresponds very well with this cusp shape. The ab
sence of large spikes in this plot indicates small dynamic differ
ential nonlinearity (the largest spike in the plot represents less 
than 114 LSB of DNL error). The AD7878 has no missing 
codes under these conditions since no code records zero counts. 

INPUT FREQUENCY = 10kH;z 
SAMPLE FREQUENCY = 100kHz 
SAMPLE SIZE = 7E6 CODES 
TA=25°C 

1"- ~ 
1024 2048 3072 4095 

CODE 

Figure 13. AD7878 Histogram Plot 
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AD7878 
CONVERSION TIMING 
The track-and-hold on the AD7878 goes from track to hold 
mode on the rising edge of CONVST, and the value of VIN at 
this point is the value which will be converted. However, the 
conversion actually starts on the next rising edge of CLK IN 
after CONVST goes high. If CONVST goes high within approx
imately 30 ns prior to a rising edge of CLK IN, that CLK IN 
edge will not be seen as the first CLK IN edge of the conver
sion process, and conversion will not actually start until one 
CLK IN cycle later. As a result, the conversion time (from 
CONVST to FIFO update) will vary by one clock cycle depend
ing on the relationship between CONVST and CLK IN. A con
version cycle normally consists of 56 CLK IN cycles (assuming 
no read/write operations) which corresponds to a 7 J.LS conver
sion time. If CONVST goes high within 30 ns prior to a rising 
edge of eLK IN, the conversion time will consist of 57 CLK 
IN cycles, i.e., 7.125 J.LS. This effect does not cause tracklhold 
jitter. 

INTERNAL REFERENCE 
The AD7878 has an on-chip temperature compensated buried 
Zener reference (see Figure 14) that is factory trimmed to 3 V 
± 1 %. Internally, it provides both the DAC reference and the de 
bias required for bipolar operation. The reference output is 
available (REF OUT) and is capable of providing up to 500 J.LA 
to an external load. 

VDD AD7878* 

* ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 14. AD7878 Reference Circuit 

The maximum recommended capacitance on REF OUT for nor
mal operation is SO pF. If the reference is required for use ex
ternal to the AD7878, then it should be decoupled with a 200 il 
resistor in series with a parallel combination of a 10 J.LF tanta
lum capacitor and a 0.1 J.LF ceramic capacitor. These decoupling 
components are required to remove voltage spikes caused by the 
AD7878's internal operation. 

TRACK-AND-HOLD AMPLIFIER 
The track-and-hold amplifier on the analog input of the AD7878 
allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak amplitude to 12-bit accuracy. The input bandwidth of 
the tracklhold amplifier is much greater than the Nyquist rate of 
the ADC even when operated at its minimum conversion time. 
The 0.1 dB cutoff frequency occurs typically at 500 kHz. The 
tracklhold amplifier acquires an input signal to 12-bit accuracy 
in less than 2 J.LS. 

The operation of the tracklhold amplifier is transparent to the 
user. The track/hold amplifier goes from its tracking mode to 
its hold mode at the start of conversion on the rising edge of 
CONVST and returns to track mode at the end of conversion. 
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ANALOG INPUT 
Figure IS shows the AD7878 analog input. The analog input 
range is ±3 V into an input resistance of typically IS kil. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 112 LSB, 3/2 LSBs, 5/2 LSBs .... 
FS-3/2 LSBs). The output code is 2s complement binary with 
1 LSB = FS/4096 = 6 V/4096 = 1.46 mY. The ideal input! 
output transfer function is shown in Figure 16. 

AD7878* 

TRACK/HOLD 
AMPLIFIER 

TO 

INTERNAL 
COMPARATOR 

* ADDITIONAL PINS OMITTED fOR CLARITY 

Figure 15. AD7878 Analog Input 
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011 ... 111 

~ 011 .. . 110 

000'010~~ : 000 . 001 -=£f : 
000. . 000 I --L"'FS-f_-'-l-SS-l 

111. 111: 2 

:::f I~ T u 
100 ... 000 ~ ~ 1lSS=~ 

ov 
V,N-INPUTVOLTAGE 

Figure 16. Input/Output Transfer Function 

OFFSET AND FULL-SCALE ADJUSTMENT 
In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications may require that the input 
signal span the full analog input dynamic range and, accord
ingly, offset and full-scale error will have to be adjusted to zero. 

Where adjustment is. required, offset must be adjusted before 
full-scale error. This is achieved by trimming the offset of the 
op amp driving the analog input of the AD7878 while the input 
voltage is 112 LSB below ground. The trim procedure is as fol
lows: apply a voltage of -0.73 mV (-112 LSB) at VI and adjust 
the op amp offset voltage until the ADC output code flickers 
between 1111 1111 1111 and 0000 0000 0000. 

Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows: 

Positive Full-Scale Adjust 
Apply a voltage of 2.9978 V (FS/2 - 3/2 LSBs) at VI' Adjust 
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R2 until the ADC output code flickers between 0111 1111 1110 
and Olll 1111 1111. 

Negative Full-Scale Adjust 
Apply a voltage of -2.9993 V (-FS/2 + 112 LSB) at V, and 
adjust R2 until the ADC output code flickers between 1000 
0000 0000 and 1000 0000 0001. 

INPUT RANGE = ::!: 3V 

VI 

V,. 
AD7S7S* 

-ADDITIONAL PINS OMmED FOR CLARITY. 

Figure 17. AD7878 Full-Scale Adjust Circuit 

MICROPROCESSOR INTERFACING 
The AD7878 high speed bus timing allows direct interfacing to 
DSP processors. Due to the complexity of the AD7878 internal 
logic, only synchronous interfacing is allowed. This means that 
the ADC clock must be the same as, or a derivative of, the pro
cessor clock. Suitable processor interfaces are shown in Figures 
18 to 21. 

AJ)7878-ADSP-2100rr~S32010rr~S32020 

All three interfaces use an external timer for conversion control, 
allowing the ADC to sample the analog input asynchronously to 
the microprocessor. The AD7878 ALFL output interrupts the 
processor when the FIFO preprogrammed word count is 
reached. The processor then reads the conversion results from 
the AD7878 internal FIFO memory. 

'" RESET 

ADSP'2100 

DMWR~------------~~" 

DMRD DMiiD 

-AbOITIONAL rtNS OMlTT£D FDA CLARITV 

Figure 18. AD7878-ADSP-2100Interface 
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AD7878 
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Figure 19. AD7878 - TMS32020 Interface 

The interfaces to the ADSP-lIOO and the T~S32020 gate the 
AD7878 CS and the BUSY to provide a signal which drives the 
processor into a wait state if a read/write operation to the ADC 
is attempted while the ADC tracklhold amplifier is going from 
the track to the hold mode. This avoids digital feedthrough to 
the analog circuitry. The TMS32020 does not have separate RD 
and WR outputs to drive the AD7878 DMWR and DMRD in
puts. These are generated from the processor STRB and RfW 
outputs with the addition of some logic gates. 

'" RESET 

WE'I-----------~ DMWR 
iiEN;I-----------~ 

CLKOUT 

M io------------j 

os 

-ADDITIONAL PINS OMnTED FOR CLARITY 

Figure 20. AD7878 - TMS32010 Interface 

AJ)7878-~~OO 

This interface also uses an external timer for conversion control 
as described for the previous three interfaces. It is discussed 
separately because it needs extra logic due to the nature of its 
interrupts. The MC68000 has eight levels of external interrupt. 
When interrupting this processor one of these levels (0 to 7) has 
to be encoded onto the IPL2-IPLO inputs. This is achieved with 
a 74148 encoder in Figure 21, (interrupt Levell is taken for 
example purposes only). The ~C68000 places this interrupt 
level on address bits A3 to Al at the start of the interrupt serv
ice routine. Additional logic is used to decode this interrupt 
level on the address bus and the FC2-FCO outputs to generate a 
VPA signal for the MC68000. This results in an autovectored 
interrupt, the start address for the service routine must be 
loaded into the appropriate auto vector location during initializa
tion. For further information on the 68000 interrupts consult 
the 68000 user's manual. 
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AD7878 
The MC68000 AS and R!W outputs are used to generate sepa
rate DMWR and DMRD inputs for the AD7878. As with the 
three interfaces previously described, WAIT states are inserted 
if a read/write operation is attempted while the tracklhold ampli
fier is going from the track to the hold mode. 

CLOCK 
INPUT 

elK A15 

MC68000 

iPi:2 A2 

A1 

AO 74148 

AD 

ADDO 

\4-----1 ALFL 

DB11 

DBO iiEiEi 

D151-----------:::!. 
~r--------~~~---_r-J 

EXT 
R~~ET~~----______________ ~ 

-ADDITIONAL PINS OMmED FOR CLARITY 

Figure 21. AD7878-MC68000 Interface 

Typical AD7878 Microprocessor Operating Sequence 
After power up or reset the status/control register is initialized 
by writing to the AD7878. This enables the ALFL output if 
required for a microprocessor interrupt and sets the effective 
word length of the FIFO memory. The processor now executes 
the main body of the program while waiting for an ADC inter
rupt. This interrupt will occur when the preprogrammed num
ber of samples are collected in the FIFO memory. The interrupt 
service routine first interrogates DB5(FOOR) of the status/con
trol register to determine if any sample in the FIFO memory is 
out of range. If all data samples are valid, then the program pro
ceeds to read the FIFO memory. If, on the other hand, at least 
one sample is out of range, then an overrange routine is called. 

There are many actions that can be taken by the out of range 
routine, the selection of which is. application dependent. One 
option is to ignore all the current samples residing in the FIFO 
memory, reinitia1ize the status/control register and return to the 
main body of the program. Another option is to check the indi
vidual out of range status of each word in the FIFO memory 
and to discard the invalid ones . .The underrange or overrange 
status of each word can also be determined and the analog input 
adjusted accordingly before returning to the main program. 

Note there is no need to check the out of range status if the ana
log input is always assured to be within range. 
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THROUGHPUT RATE 
The AD7878 has a maximum specified throughput rate (sample 
mte) of 100 kHz. This is a worst-case test condition and specifi
cations apply for reduced sampling rates, provided that the 
Nyquist criterion is obeyed. The throughput rate must take into 
account ADC CONVST pulse width, ADC conversion time and 
the tracklhold amplifier acquisition time. The time required for 
each of these tasks is shown in Table II for a selection of DS» 
processors. Since the ADC clock has to be synchronized to the 
microprocessor clock, the conversion time depends on the mi
croprocessor used. In addition, time must be allowed for reading 
data from the AD7878. If this task is performed during the 
tracklhold amplifier acquisition period, then it does not impact 
the overall throughput rate. However, if the read operations oc
cur during a conversion, then they may stretch the conversion 
time and reduce the tmcklhold amplifier acquisition time. The 
tmcklhold amplifier requires a minimum of 2 J.l.s to operate to 
specification. The time required to read from the AD7878 de
pends on the number of FIFO memory locations to be read and 
the software organization. 

As an example, consider an application using the ADSP-2100 
and the AD7878 with a throughput rate of 100 kHz. The time 
required for the CONVST pulse and the ADC conversion is 
7.375 J.l.s. This leaves 2.625 J.l.S for the tracklhold acquisition 
time and for reading the ADC (both operations occurring in par
allel). The ADSP-2100, when opemting from a 32 MHz clock, 
has an instruction cycle of 125 ns and an interrupt response time 
of 500 ns. This allows adequate time to perform 16 read opem
tions within the time budget allowed. 

Table II. AD7878 Throughput Rate 

CONVST Conversion 
Pulse Width Time 

Number of 
Clock Cycles 2 min 57 max 

ADSP-2100' 250 ns min 7.125 J.l.S max 
TMS320102 400 ns min 11.14 J.l.S max 
TMS32020Z 400 ns min 11.14 J.l.S max 

NOTES 
'ADSP-2100 Clock Freq. = 32 MHz. 
'TMS320XX Clock Freq. = 20 MHz. 

APPLICATION HINTS 

TIH Acquisition 
Time 

Non-
Applicable 

2 J.l.S min 
2 J.l.S min 
2 J.l.s min 

Good printed circuit board (PCB) layout is as important as the 
overall circuit design itself in achieving high speed AID perfor
mance. The AD7878 is required to make bit decisions on an 
LSB size of 1.465 mY. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom
mended as the switching spikes will feed through to the compar
ator, causing noisy code transitions. Other concerns are ground 
loops and digital feedthrough from microprocessors. These fac
tors influence any ADC, and a proper PCB layout that mini
mizes these effects is essential for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog siguallines sepamted as much as possible. Take 
care not to run any digital tmck alongside an analog signal 
tmck. Guard (screen) the analog input with AGND. 
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Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 22 (AGND) or as close as 
possible to the AD7878, as shown in Figure 22. Connect all 
other grounds and Pin 7 (AD7878 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as pos
sible. The use of ground planes minimizes impedance paths and 
also guards the analog circuitry from digital noise. The circuit 
layouts of Figures 25 and 26 have both analog and digital 
ground planes, which are kept separated and only joined to
gether at the AD7878 AGND pin. 

NOISE 
Keep the input signal leads to V IN and signal return leads from 
AGND (Pin 22) as short as possible to minimize input noise 
coupling. In applications where this is not possible, use a 
shielded cable between the source and the ADC. Reduce the 
ground circuit impedance as much as possible since any poten
tial difference in grounds between the signal source and the 
ADC appears as an error voltage in series with the input signal. 

Figure 22. Power Supply Grounding Practice 

DATA ACQUISITION BOARD 
Figure 23 shows the AD7878 in a data acquisition circuit that 
will interface directly to either the ADSP-2100, TMS32010 or 
the TMS32020. The corresponding printed circuit board (PCB) 
layout and silkscreen are shown in Figures 24 to 26. 

The only additional component required for a full data acquisi
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other conditioning circuitry. To facilitate 
this option, a wire link (labelled LKI on the PCB) is required 
on the analog input track. This link connects the input signal to 
either the component grid or directly to the buffer amplifier 
driving the AD7878 analog input. 

Microprocessor connections to the PCB can be made by either 
of two ways: 

1. 96-contact (3 ROW) Eurocard connector. 
2. 26-contact (2 ROW) IDC connector. 

The 96-contact Eurocard connector is directly compatible with 
the ADSP-2IOO Evaluation Board Prototype Expansion COnnec
tor. The expansion connector on the ADSP-2IOO h8s eight de
coded chip enable outputs labelled ECE8 to ECEI. ECE6 is 
used to drive the AD7878 CS input on the data acquisition 
board. To avoid selecting onboard RAM sockets at the same 
time, LK6 on the ADSP-2IOO board must be removed. In addi
tion, the expansion connector on the ADSP-2IOO has four inter-
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AD7878 
rupts labelled EIRQ3 to EIRQO. The AD7878 ALFL output 
connects to EIRQO. The AD7878 and ADSP-2100 data lines are 
aligned for left justified data transfer. 

The 26-way IDC connector contains all the necessary contacts 
for both the TMS320IO and TMS32020. There are two switches 
on the data acquisition board that must be set to enable the ap
propriate interface configuration (see Table III). The interface 
connections for the TMS32010/32020 and IDC signal contact 
numbers are shown in Table IV and Figure 23. Note the 
AD7878 CS input must be decoded from the address bus prior 
to the AD7878 evaluation board for the TMS320XX interfaces. 

Connections to the analog input (VIN) and the CONVST input 
are made via two BNC sockets labelled SKTl and SKT2 on the 
silk-screen. If the CONVST input is derived from either the 
microprocessor or ADC clock, the effects of clock noise cou
pling will be reduced. 

Table m. AD7878 PCB Switch Settings 

SWITCH SETTING 

Microprocessor 

ADSP-2IOO 
TMS32010 
TMS32020 

SWI 

A 
B 
B 

SW2 

A 
A 
B 

POWER SUPPLY CONNECTIONS 
The PCB requires two analog supplies and one 5 V digital sup
ply. Connections to the analog supplies are made directly to the 
PCB as shown on the silk screen in Figure 24. The connections 
are labelled V + and V-and the range for both of these sup
plies is 12 V to 15 V. Connection to the 5 V digital supply is 
made through either of the two microprocessor connectors. The 
+ 5 V and - 5 V analog power supplies required by the AD7878 
are generated from two voltage regulators on the V + and V
power supply inputs (IC3 and IC4 in Figure 23). 

COMPONENT LIST 

ICI 
IC2 

IC3 
IC4 
IC5* 
IC6* 
IC7 
SWI 
SW2 
LKI 
CI, C3, C5, C7, C9 
Cll, C13, CIS 
C2, C4, C6, C8, CIO 
CI2, CI4, CI6 
RI*, R2* 
SKTl, SKT2 
SKT3 

SKT4 

AD711 Op Amp 
AD7878 Analog-to-Digital 

Converter 
MC78L05 5 V Regulator 
MC79L05 -5 V Regulator 
74HCOO Quad NAND Gate 
74HC04 Hex Inverter 
74HC02 Quad NOR Gate 
Single Pole Double Throw 
Double Pole Double Throw 
Wire Link for Analog Input 
10 IJ.F Capacitors 

0.1 IJ.F Capacitors 

10 kO Resistors 
BNC Sockets 
26-Contact (2 Row) IDC 

Connector 
96-Contact (3 Row) Eurocard 

COnnector 

"Not required for ADSp·2100 Interface 
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AD7878 
ADSP·2'00 

CONNECTOR 

5Vr--V+ +5V 
A3. 

IN IC3 OUTJ C7.* =, C8 I 1 '~F¥O~F 78L05 'O,.,V O.,,,F 
GND VDD Vee 

'\7 .C5IiViT 0 CONVST 
INPUT 

'=- RESET 
iWiE'f C8 

Ai:Fi: 
E1iiliii 

AI 
DMAO 

ADDO .A27 

ANA 
I NPUT _ V+ ~.~ iiUiY ~ EDMACK 

'B8 :t:3V Lin Ie' VON ECE6 
C22 o V- a 

~ 
IC2 

C3 C4 AD7878 
iiMWii ,0"'VO"I'F r-----' B8 

DMWR -+ SW2 : DMRD 
I I 

187 
DMRD ClK OUT 

ti I sw' co AGND I CLKIN L_ -- .J DM015 
DB1' 'B11 DGND DMD4 .,f DBO I--- '823 

V .. 

V- IN 1 -sv ~ D9 
,~~ 

DIGITAL 

+ 

OUT 
IC4 I C8.*= c.o 

~u D [fR2 
791.C1S 

.0l'F¥0"I'F 
GND R' 

'Ok ~ -~~ 'Ok 

'\7 
SPEEDBLOC I ft, z6 22-- " 230N 2 • ·'0 6 7 8 9,5 4 3 

CONNECTND. 

Figure 23. Data Acquisition Circuit Using the AD7878 
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Figure 24. PCB Silkscreen for Figure 23 
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AD7878 

Figure 25. PCB Component Side Layout for Figure 23 
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• 
Figure 26. PCB Solder Side Layout for Figure 23 
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AD7878 
Table IV. TMS~2010rrMS32020 Interfac:e ConDllc:tions 

me Signal Connec:t TMS32010 TMS32020 
Contact No. Mnemonic: sigJi8t' ., S~ 
I RJW - RIW 
2 STRB, - STRB 
3 DMRD DEN -
4 DMWR 

,,' 

WE -
5 CS CS CS 
6 ~DY - 'READY 
7 RESET RESET 

" RESET 
8 ALFL INT INT 
9 ADDO PAO AO 
10 CLK CLKOUT CLKOUT2 
11 DBIO DlO DlO 
12 DBlI DlI DlI 
13 DB8 D8 D8 
14 DB9 D9 D9 
15 DB6 D6 D6 
16 DB7 D7 D7 
17 DB4 D4 D4 
18 DB5 D5 D5 
19 DB2 D2 D2 

'20 DB3 D3 D3 
21 DBO DO DO 
22 DBI DI Dl 
23 5V 5V 5V 
24 5V 5V 5V 
25 GND GND GND 
26 GND GND GND 
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r.ANALOG 
WDEVICES 

FEATURES 
12-Bit Monolithic AID Converter 
68 kHz Throughput Rate 

12 .... Conversion Time 
3 .... s On-Chip TracklHold Amplifier 

Low Power 
Power Save Mode: 2 mW typ 
Normal Operation: 25 mW typ 

70dBSNR 
Fast Data Access Time: 57 ns 
Small 24-Laad SOIC and 0.3" DIP Packages 

APPLICATIONS 
Battery Powered Portable Systems 
Digital Signal Processing 
Speech Recognition and Synthesis 
High Speed Modems 
Control and Instrumentation 

GENERAL DESCRIPTION 
The AD7880 is a high speed, low power, 12-bit AID convener 
which operates from a single + 5 V supply. It consists of a 3 IJ.S 
tracklhold amplifier, a 12 IJ.S successive-approximation ADC, 
versatile interface logic and a multiple-input-range circuit. The 
part also includes a power save feature. 

An internal resistor network allows the part to accept both uni
polar and bipolar input signals while opetating from a single 
+5 V supply. Fast bus access times and standard control inputs 
ensure easy interfacing to modern tnicroprocessors and digital 
signal processors. 

The AD7880 features a total throughput time of 15 IJ.S and can 
convett full power signals up to 33 kHz with a sampling fre
quency of 66 kHz. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7880 is also fully 
specified for dynatnic performance parameters including har
monic distortion and signal-to-noise ratio. 

The AD7880 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic or her
metic dual-in-line package (DIP) as well as a sma1l24-lead SOIC 
package. 

REV. 0 

LC2MOS, Single +5 V Supply, 
Low Power, 12-Bit Sampling AOC 

AD7880 I 
FUNCTIONAL BLOCK DIAGRAM 

v, .. 0--"",,"---' 

VREF 0----"""7":_ .. :.:~~...J 
AGNDQ----....."C::.:..::=J 

cs 
elKIN 

CONVST 

iiD 
iiiJS'i 

PRODUCT HIGHUGHTS 
1. Fast Conversion Time. 

0811 DBO 

v •• 

MODE 

DGND 

12 IJ.S conversion time and 3 IJ.S acquisition time allow for 
large input signal bandwidth. This performance is ideally 
suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 

2. Low Power Consumption. 
2 mW power consumption in the power-down mode makes 
the part ideally suited for portable, hand held, battery pow
ered applications. 

3. Multiple Input Ranges. 
The part features three user-detertnined input ranges, 0 to 
+5 V, 0 to 10 V and ±5 V. These unipolar and bipolar 
ranges are achieved with a 5 V only power supply. 
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AD7880 -SPECIFICATIONS 
(Vpp = +5 V ± 5%, VREF = Vpp, AGND = DGND = 0 V, feLKIN = 2.5 MHz, 
MODE = VPD unless otherwise noted. All Specifications 1mi• to 1m •• unless 
otherwise noted.) 

Parameter B Version' C Version' Units Test Conditions/Comments 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio' (SNR) 70 70 dB min Typically SNR Is 72 dB 
VIN = I kHz Sine Wave, fSAMPLE = 66 kHz 

Total Harmonic Distortion (THD) -80 -80 dll typ VIN = I kHz Sine Wave, fSAMPLE = 66 kHz 
Peak Harmonic or Spurious Noise -80 -80 dB typ VIN = I kHz, fSAMPLE = 66 kHz 
Intermodulation Distortion (IMD) 

Second Order Terms -80 -80 dB typ fa = 0.983 kHz, fb = 1.05 kHz, fSAMPLE = 66 kHz 
Third Order Terms -80 -80 dB typ fa = 0.983 kHz, fb = 1.05 kHz, fSAMPLE = 66 kHz 

DC ACCURACY 
Resolution 12 12 Bits All DC ACCURACY Specifications Apply for 

the Three Analog Input Ranges 
Integral Nonlioearity ±I ±I LSB max 
Differential Nonlioearity ±I ±I LSB max Guaranteed Monotonic 
Full-Scale Error ±IS ±S LSB max 
Bipolar Zero Error ±IO ±S LSBmax 
Unipolar Offset Error ±S ±S LSBmax 

ANALOG INPUT 
Input Voltage Ranges o to VREF o to VREF Volt. See Figure 5 

Ot02VREF o to 2 VREF Volts See Figure 6 
±VREF ±VREF Volts See Figure 7 

Input Resistance 10 10 MOmin o to V REF Range 
5/12 5/12 kO minimax 8 kO typical: 0 to 2V REF Range 
5112 5/12 kO minimax 8 kO typical: ± V REF Range 

REFERENCE INPUT 
VREF (For Specified Performance) 5 5 V ±S%: Normally VREF = Voo (See Reference Input Section) 
IREF 1.5 1.5 
Nominal Reference Range 2.5Noo 2.5Noo 

LOGIC INPUTS 
CONVST,RD,CS,CLKIN 

Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, V INL 0.8 0.8 
Input Current, lIN ±1O ±1O 
Input Capacitance, CIN 

, 
10 10 

MODE INPUT 
Input High Voltage, VINH 4 4 
Input Low Voltage, VINL I I 
Input Current, lIN ±12S ±12S 
Input Capacitance, CIN 

, 
10 10 

LOGIC OUTPUTS 
DBIl-DBO, BUSY 

Output High Voltage, VOH 4.0 4.0 
Output Low Voltage, VOL 0.4 0.4 

DBIl-DBO 
Floating-State Leakage Current ±1O ±1O 
Floating-State Output Capacitance' 10 10 

CONVERSION 
Conversion Time 12 12 
TrackIHold Acquisition Time 3 3 

POWER REQUIREMENTS 
Voo +5 +5 
100 

Normal Power Mode @ +2S'C 7.5 7.5 
Tmin to Tmax 10 10 

Power Save Mode @ + 2S'C 750 750 
Tmin to Tmax I I 

Power Dissipation 
Normal Power Mode @ + 2S'C 37.5 37.5 

Tmin to Tmax SO SO 
Power Save Mode @ + 2S'C 3.75 3.75 

Trnin to Tmax 5 5 

NOTES 
'Temperature Ranges are as follows: B/C Versions, -40'C to +8S°C. 
2V1N = 0 to VREF• 

3SNR calculation includes distortion and noise components. 
'Sample tested @2S'C to ensure compliance. 
Specifications subject to change without notice. 
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mAmax 
V minimax See Figure 3 for Degradation in Performance Down to 2.5 V 

V min 
V max 
IJ.A.max V1N=OVorVDD 

pFmax 

V min 
V max 
IJ.A.max VIN = 0 VorVoo 
pFmax 

V min I.OURCE = 400 fLA 
V max ISINK = 1.6 rnA 

fLAmax 
pFmax 

fLs max fCLKIN = 2.5 MHz 
fJ..S max 

V nom ±S% for Specified Performance 

rnA max Typically 4 rnA; MODE = V 00 

rnA max Typically 5 rnA; MODE = Voo 
fLAmax Logic Inputs @ 0 V or V 00; MODE = 0 V 
mAmax Logic Inputs @ 0 V or Voo; MODE = 0 V 

mWmax Voo = 5 V: Typically 20 mW; MODE = Voo 
mWmax Voo = 5 V: Typically 25 mW; MODE = Voo 
mWmax Voo = 5 V: Typically 2 mW; MODE = 0 V 
mWmax Voo = 5 V: Typically 2.5 mW; MODE = 0 V 
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AD7880 

TIMING CHARACTERISTICS1 
IVDD = +5 Y ± 5%, YHfF = YDD, AGND = DGND = 0 Y) 

Limit at 25"<: Limit at T mla, T""", 
Parameter (All Versions) (All Versions) Units Conditions/Comments 

tl 50 50 nsmin CONVST Pulse Width 

t2 130 130 nsmin CONVST to BUSY Falling Edge 

t3 0 0 nsmin BUSY to CS Setup Time 

t., 0 0 nsmin CS to RD Setup Time 

ts 0 0 nsmin CS to RD Hold Time 

~ 60 75 nsmin RD Pulse Width 

t72 57 70 nsmax Data Access Time after RD 

t/ 5 5 nsmin Bus Relinquish Time after RD 
50 50 nsmax 

NOTES 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at 25"C to ensure compliance. All inpot siguals are specified 
with tr : tf: 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

't, is measured with the load circuit of Figure 2 and defIoed as the time requited for an outpot to cross 0.8 V or 2.4 V. 
'r" is derived from the measured time taken by the data outpots to change by 0.5 V when Ioaded with the circuit of Figure 2. The measured number is then 
extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the time, r", quoted in the timing characteristics is the true bus relin
quish time of the part and as such is independent of external bos loading capacitances. 

~' 
CONVST .-TRACKIHOLD 

~
GOESINTOHOLD 

_ " 'CONVERT-1----
BUSY ~'31-

:--}~ 
THREE-sTATE ~ I DBO-DBI1----.....:.;==:.:..:;,~-----~ 

Figure 1. Timing Diagram 

+2.1V 

Figure 2. Load Circuit for Access and Relinquish Time 

Table I. AD7880 Truth Table 

CS CONVST RD Function 

1 1 X Not Selected 
1 1..+ 1 Start Conversion S-
O 1 0 Enable ADC Data 
0 I 1 Data Bus Three Stated 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND .................... -0.3 V to +7 V 
Voo to DGND .................... -0.3 V to +7 V 
AGND to DGND .............. -0.3 V to Voo +0.3 V 
VINA, VINB to AGND (Fig 5) ..•... -0.3 V to Voo +0.3 V 
VINA to AGND (Fig 6) .......•. -0.6 V to 2 Voo +0.6 V 
V1NA to AGND(Fig 7) ....... -Voo-O.3 V to Voo+0.3 V 
VRBF to AGND ....•...•..••......... 0.3 V to Voo 
Digital Inputs to DGND ......... -0.3 V to Voo +0.3 V 
Digital Outputs to DGND .•...... -0.3 V to Voo +0.3 V 
Operating Temperature Range 

Industrial (B, eVersions) ............ -40"<: to +85·C 
Storage Temperature Range .......... -65OC to + 1500C 

Lead Temperature (Soldering, 10 sees) ..•..•...•. + 300·C 
Power Dissipation (Any Package) to +75OC .....•. 450 mW 
Derates above +75OC by ..........•....... 10 mWrc 

*Sttesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage tnay occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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AD7880 
ORDERING GUIDE 

Bipolar 
Full-Scale Zero 

Temperature Error Error Packa~ 
Model Range (LSBs) (LSBs) Option 

AD7880BN -40°C to +85°C ±15 ±10 N-24 
AD7880BQ -40°C to +85°C ±15 ±10 Q-24 
AD7880CN -40°C to +85°C ±5 ±5 N-24 
AD7880CQ -40°C to +85°C ±5 ±5 Q-24 
AD7880BR -40°C to +85°C ±15 ±10 R-24 
AD7880CR -40°C to +85°C ±5 ±5 R-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC (SmaU Outline Integrated 
Circuit). For outline information see Package Information section. 

PIN FUNCTION DESCRIPTION 

PIN CONFIGURATION 

Pin Pin 
No. Mnemonic 

V1NA 

2 V1NB 

3 AGND 

4 VREF 

5 CS 

6 CONVST 

Function 

Analog Input. 

Analog Input. 

Analog Ground. 

Voltage Reference Input. This is normally tied to V 00. 

Chip Select. Active Low Logic input. The dev~ce is selected when this input is active. 

Convert Start. A low to high transition on this input puts the track/hold into hold mode and starts 
conversion. This input is asynchronous to the CLKIN and is independent of CS and RD. 

7 

8 

9 

RD 

BUSY 

CLKIN 

Read. Active Low Logic Input. This input is used in conjunction with CS low to enable data outputs. 

Active Low Logic Output. This status line indicates converter status. BUSY is low during conversion. 

Oock Input. TTL-compatibldogic input. Used as the clock source for the AID converter. The marlel 
space ratio of the clock can vary from 40/60 to 60/40. 

10 DGND 

11 ... 22 DBO-DB11 

23 MODE 

24 Voo 

Digital Ground. 

Three-State Data Outputs. These become active when CS and RD are brought low. 

MODE Input. This input is used to put the device into the power save mode (MODE = 0 V). During 
normal operation, the MODE input will be a logic high (MODE = Voo). 

Power Supply. This is nominally +5 V. 
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CIRCUIT INFORMATION 
The AD7880 is a +5 V single supply 12-bit AID converter. The 
part requires no external components apart from a 2.5 MHz ex
ternal clock and power supply decoupling capacitors. It contains 
a 12-bit successive approximation ADC based on a fast-settling 
voltage-output DAC, a high speed comparator and SAR, as well 
as the necessary control logic. The charge balancing comparator 
used in the AD7880 provides the user with an inherent track
and-hold function. The ADC is specified to work with sampling 
rates up to 66 kHz. 

CONVERTER DETAILS 
The AD7880 conversion cycle is initiated on the rising edge of 
the CONVST pulse, as shown in the timing diagram of Figure 
I. The rising edge of the CONVST pulse places the tracklhold 
amplifier into "HOLD" mode. The conversion cycle then takes 
between 26 and 28 clock periods. The maximum specified con
version time is 12 f.l.S. This conesponds to a conversion cycle 
time of 28 clock periods with a CLKIN frequency of 2.5 MHz 
and also includes internal propagation delays. During conversion 
the BUSY output will remain low, and the output databus driv
ers will be three-stated. When a conversion is completed, the 
BUSY output will go to a high level, and the result of the con
version can be read by bringing CS and RD low. 

The trackJhold amplifier acquires a 12-bit input signal in 3 f.l.S. 
The overall throughput time for the AD7880 is equal to the con
version time plus the tracklhold acquisition time. For a 
2.5 MHz input clock the throughput time is 15 f.l.s. 

REFERENCE INPUT 
For specified performance, it is recommended that the reference 
input be tied to V DD. The part, however, will operate with a 
reference down to 2.5 V though with reduced performance spec
ifications. Figure 3 shows a graph of signal-to-noise ratio (SNR) 
versus VREF• 

V REF must not be allowed to go above V DD by more than 
100mV. 

7 4 

7 2 
Fs= 51.2kHz -

7 0 

&168 ... 
I 

a: 
~ 66 

64 

62 

FIN = 2.525kHz ------
I-

T.=25°C 

/ , 

3 4 
VREO - Volts 

Figure 3: SNR Versus VREF 

ANALOG INPUT 
The AD7880 has two analog input pins, VINA and VINB. 
Figure 4 shows the input circuitry to the ADC sampling com
parator. The on-board attenuator network, made up of equal 
resistors, allows for various input ranges. 

REV. 0 

5 

R 
V, .. o----'INI..--.., 

R 
vlN.o----'INI..--~ 

Figure 4. AD7880 Input Circuit 

A0788D 

The AD7880 accommodates three separate input ranges, 0 to 
VREF, 0 to 2 VREF and ±VREF• The input configurations corre
sponding to these ranges are shown in Figures 5, 6 and 7. 

With VREF = VDD and using a nominal VDD of +5 V, the 
input ranges are 0 to 5 V, 0 to 10 V and ±5 V, as shown in 
Table II. 

Table II. Analog Input Ranges 

Analog Input VREF Input Connections Connection 
Range V1NA VINB Diagram 

o V to +5 V VDD VIN VIN Figure 5 
o V to +10 V VDD VIN AGND Figure 6 
±5 V VDD VIN VREF Figure 7 

Figure 5. 0 to VREF Unipolar Input Configuration 

Figure 6. 0 to 2 VREF Unipolar Input Configuration 

Figure 7. ±VREF Bipolar Input Configuration 
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AD7880 
The AD7880 has two unipolar input ranges, 0 to 5 V and 0 to 
10 V. Figure 5 shows the analog input for the 0 to 5 V range. 
The designed code tranSitions occur midway between successive 
integer LSB values (i.e., 1/2 LSB, 3/2 LSBs, 5/2 LSBs ... FS 
- 3/2 LSBs). The output code is straight binary with 1 LSB = 
FSI4096 = 5 VI 4096 = 1.22 mY. The same applies for the 0 to 
10 V range, as shown in Figure 6, except that the LSB size is 
bigger. In this case 1 LSB = FS14096 = 10 V14096 = 2.44 mY. 
The ideal input/output transfer characteristic for both these uni
polar ranges is shown in Figure 8. 

OUTPUT 
CODE 

111 •.• 111 

111 ..• 110 

111 ..• 101 

111 ..• 100 

000 ... 011 

000 .•. 010 

000 ..• 001 

lLSB=.:!i 

000 .•. 000 +-4------{f-------+----
ov fLSB 

V .. INPUT VOLTAGE 

Figure 8. AD7880 Unipolar Transfer Characteristic 

Figure 7 shows the AD7880's ± 5 V bipolar analog input con
figuration. Once again the designed code transitions occur mid
way between successive integer LSB values. The output code is 
straight binary with 1 LSB = FS14096 = 10 V/4096 = 2.44 
m V. The ideal bipolar input/output transfer characteristic is 
shown in Figure 9. 

OUTPUT 

111 •. 111 rCODE ~ 
111 ... 110 . 1 r 

100 ••. 101 

100 ••• 000 

011 ••• 111 +~ -lLSB 

Figure 9. AD7880 Bipolar Transfer Characteristic 
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CLOCK INPUT 
The AD7880 is specified to operate with a 2.5 MHz clock con
nected to the CLKIN input pin. This pin may be driven di
rectly by CMOS or TIL buffers. The mark/space ratio on the 
clock can vary from 40/60 to 60/40. As the clock frequency is 
slowed down, it can result in slightly degraded accuracy perfor
mance. This is due to leakage effects on the hold capacitor in 
the internal track-and-hold amplifier. Figure 10 is a typical plot 
of accuracy versus clock frequency for the ADC. 
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Figure 10. Normalized Linearity Error VB. Clock Frequency 

TRACKlHOLD AMPLIFIER 
The charge balanced comparator used in the AD7880 for the 
AID conversion provides the user with an inherent tracklhold 
function. The tracklhold amplifier acquires an input signal to 
12-bit accuracy in less than 3 j.Ls. The overall throughput time is 
equal to the conversion time plus the tracklhold amplifier acqui
sition time. For a 2.5 MHz input clock, the throughput time is 
15 j.LS. 

The operation of the tracklhold amplifier is essentially transpar
ent to the user. The tracklhold amplifier goes from its tracking 
mode to its hold mode at the start of conversion, i.e., on the 
rising edge of CONVST as shown in Figure 1. 

OFFSET AND FULL-SCALE ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications will require that the input 
signal range match the maximum possible dynamic range of the 
ADC. In such applications, offset and full-scale error will have 
to be adjusted to zero. 

The following sections describe suggested offset and full-scale 
adjustment rechniques which rely on adjustirig the inherent off
set of the op amp driving the input to the ADC as well as 
tweaking an additional external potentiometer as shown in 
Figure ll. 
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Figure 11. Offset and Full-Scale Adjust Circuit 

Unipolar Adjustments 
In the case of the 0 to 5 V unipolar input configuration, unipo
lar offset error must be adjusted before full-scale error. Adjust
ment is achieved by trimming the offset of the op amp driving 
the analog input of the AD7880. This is done by applying an 
input voltage of 0.61 mV (112 LSB) to VI in Figure 11 and ad
justing the op amp offset voltage until the ADC output code 
flickers between 0000 0000 0000 and 0000 0000 0001. For full
scale adjustment, an input voltage of 4.9982 V (FS-3/2 LSBs) 

DYNAMIC SPECIFICATIONS 
The AD7880 is specified and tested for dynamic performance 
specifications as well as traditional dc specifications such as inte
gral and differential nonlinearity. The ac specifications are 
required for signal processing applications such as speech recog
nition, spectrum analysis and high speed modems. These appli
cations require information on the ADC's effect on the spectral 
content of the input signal. Hence, the parameters for which the 
AD7880 is specified include SNR, harmonic distortion,.inter
modulation distortion and peak harmonics. These terms are dis
cussed in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (FS/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by: 

SNR = (6.02 N + 1.76) dB (I) 

where N is the number of bits. 

Thus for an ideal 12-bit converter, SNR = 74 dB. 

The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the V IN input which is 
sampled at a 66 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob
tained. Figure 12 shows a typical 2048 point FFT plot of the 
AD7880 with an input signal of 2.5 kHz and a sampling fre
quency of 61 kHz. The SNR obtained from this graph is 73 dB. 
It should be noted that the harmonics are taken into account 
when calculating the SNR. 
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AD7880 
is applied to V I and R2 is adjusted until the output code flickers 
between 1111 1111 1110 and 111 1111 1111. 

The same procedure is required for the 0 to 10 V input configu
ration of Figure 6. An input voltage of 1.22 m V (112 LSB) is 
applied to V I in Figure II and the op amp's offset voltage is 
adjusted until the ADC output code flickers between 0000 0000 
0000 and 0000 0000 000 I. For full-scale adjustment, an input 
voltage of 9.9963 V (FS- 3/2 LSBs) is applied to V I and R2 is 
adjusted until the output code flickers between 1111 1111 1110 
and 1111111 1111. 

Bipolar Adjustments 
Bipolar zero and full-scale errors for the bipolar input configura
tion of Figure 7 are adjusted in a similar fashion to the unipolar 
case. Again, bipolar zero error must be adjusted before full-scale 
error. Bipolar zero error adjustment is achieved by trimming the 
offset of the op amp driving the analog input of the AD7880 
while the input voltage is 112 LSB below ground. This is done 
by applying an input voltage of -1.22 mV (112 LSB) to VI in 
Figure II and adjusting the op amp offset voltage until the 
ADC output code flickers between 0 III 1111 1111 and 1000 
00000000. For full-scale adjustment, an input voltage of 4.9982 
V(FS/2-3/2 LSBs) is applied to VI and R2 is adjusted until the 
output code flickers between 1111 1111 1110 and 1111 1111 
1111. 
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Figure 12. FFT Plot 

Effective Number of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 

N = 
SNR - 1.76 

6.02 
(2) 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 

Figure 13 shows a plot of effective number of bits versus input 
frequency for an AD7880 with a sampling frequency of 61 kHz. 
The effective number of bits typically remains better than 11.5 
for frequencies up to 12 kHz. 
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Figure 13. Effective Number of Bits vs. Frequency 

Total Harmonic Distortion (THD) 
THO is the ratio of the rms sum of harmonics to the rms value 
of the fundamental. For the A07880, THO is defined as: 

THD = 20 10 Wi + vi + vi + Vs2 + V62 
If VI 

(3) 

where V I is the rms amplitude of the fundamental and V 2' V 3' 

V 4' V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THO is also derived from the FFT plot of 
the ADC output spectrum. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, 1,2,3, etc.lntermodulation terms are those for which 
neither m nor n are equal to zero. For example, the second or
der terms include (fa + fb) and (fa - fb), while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 
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Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 

the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
!ation distortion is as per the THO specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion, 
sine waves. Figure 14 shows a typical IMD plot for the 
A07880. 
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Figure 14. IMD Plot 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to FSI2 and excludiug de) to the rms value of the 
fundamental. NormaIly, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 
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MICROPROCESSOR INTERFACING 
The AD7880 high speed bus timing allows direct interfacing to 
real time digital signal processors, DSPs, as well as modern high 
speed, 16-bit microprocessors. Suitable microprocessor interfaces 
are shown in Figures 15 through 20. 

AD788o-ADSP-2100 Interface 
Figure 15 shows an interface between the AD7880 and the 
ADSP-2100. Conversion is initiated using a timer to drive the 
CONVST input asynchronously to the microprocessor. This 
allows very accurate control of the sampling instant. When 
conversion is complete, the AD7880 BUSY line goes high. An 
inverter on this BUSY output drives the IRQ line low thus pro
viding an interrupt to the ADSP-2100 when conversion is com
pleted. The conversion result is then read from the AD7880 into 
the ADSP-2100 with the following instruction: 

MRO = DM(ADC) 

where MRO is the ADSP-2100 MRO Register and 
ADC is the AD7880 address. 

DMA13 1---------., 

DMAO 

ADSP-2100 
(ADSP-2101' 
ADSP-21 02) 

DMRD (RD) t------...... ~iiD 

AD7880* 

IROn BUSY 

DMD.5 

DMOOt---------J 
'------', ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 15. AD7880-ADSP-2100 (ADSP-2101IADSP-2102) 
Interface 

AD788o-ADSP-2101lADSP-2102 Interface 
The interface outlined in Figure 15 also forms the basis for an 
interface between the AD7880 and the ADSP-2101lADSP-2102. 
The READ line of the ADSP-2101IADSP-2102 is labeled RD. 
In this interface, the RD pulse width of the processor can be 
programmed using the Data Memory Wait State Control Regis
ter. The instruction used to read a conversion result is as out
lined for the ADSP-2100. 

AD7880-TMS32010 Interface 
An interface between the AD7880 and the TMS32010 is shown 
in Figure 16. Once again the conversion is initiated using an 
external timer and the TMS32010 is interrupted when conver
sion is completed. The following instruction is used to read the 
conversion result from the AD7880: 

IND,ADC 

where D is Data Memory Address and 
ADC is the AD7880 address. 
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Figure 16. AD7880-TMS32010 Interface 

AD788o-TMS320C25 Interface 
Figure 17 shows an interface between the AD7880 and the 
TMS320C25. As with the two previous interfaces, conversion is 
initiated with a timer, and the processor is interrupted when the 
conversion sequence is completed. The TMS320C25 does not 
have a separate RD output to drive the AD7880 RD input di
rectly. This has to be generated from the processor STRB and 
RiW outputs with the addition of some logic gates. The RD sig
nal is OR-gated with the MSC signal to provide the one WAIT 
state required in the read cycle for correct interface timing. Con
version results are read from the AD7880 using-the following 
instruction: 

IN D,ADC 

where D is Data Memory Address and 
ADC is the AD7880 address. 

'--____ -l'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 17. AD7880-TMS320C25 Interface 

Some applications may require that the conversion be initiated 
by the microprocessor rather than an external timer. One option 
is to decode the AD7880 CONVST from the address bus so that 
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AD7880 
a write operation starts a conversion. Data is read at the end of 
the conversion sequence as before. Figure 19 shows an example 
of initiating conversion using this method. A similar implemen
tation can be used for DSPs. Note that for all interfaces, a read 
operation should not be attempted during conversion. 

AD788O-MC68000 Interface 
An interface between the AD7880 and the MC68000 is shown in 
Figure 18. As before, conversion is initiated using an external 
timer. The AD7880 BUSY line can be used to interrupt the pro
cessor or, alternatively, software delays can ensure that conver
sion has been completed before a read to the AD7880 is at
tempted. Because of the nature of its interrupts, the 68000 
requires additional logic (not shown in Figure 18) to allow it to 
be interrupted correctly. For further infortnation on 68000 inter
rupts, consult the 68000 users manual. 

The MC68000 AS and RJW outputs are used to generate a sepa
rate RD input signal for the AD7880. CS is used to drive the 
68000 DT ACK input to allow the processor to execute a normal 
read operation to the AD7880. The conversion results are read 
using the following 68000 instruction: 

MOVE. W ADC, DO 

where DO is the 68000 DO register and 
ADC is the AD7880 address 

A151----------r 
AO 

MC68000 

DTACK 1-1------' 

Rm f--=----I'--./ 

D15 

001-----------' 
L-___ --'*ADDITIONAl PINS OMITTeD FOR CLARITY 

Figure 18. AD7880--MC68000 Interface 

AD7880-8086 Interface 
Figure 19 shows an interface between the AD7880 and the 8086 
microprocessor. Unlike the previous interface examples, the mi
croprocessor initiates conversion. This is achieved by gating the 
8086 WR signal with a decoded address output (different to the 
AD7880 CS address). Conversion is initiated and the result is 
read from the AD7880 using the following instruction: 

MOVAX,ADC 

where AX is the 8086 accumulator and 
ADC is the AD7880 address 
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Figure 19. AD7880--8086 Interface 

AD7880-6809 Interface 
The AD7880 can also interface quite easily with 8-bit micropro
cessors. The 12-bit parallel data output from the AD7880 can be 
read into the microprocessor as an 8+4 byte structure. Figure 
20 shows an interface to the MC6809 8-bit microprocessor. As 
in previous cases, conversion is initiated using an external timer. 
At the end of conversion, BUSY triggers a one-shot which 
drives the IRQ interrupt input of the microprocessor. A double 
read is then perfortned to two unique addresses. The first read 
fetches the lower 8 bits (DBO - DB7) and loads ihe 74HC374 
latch with the upper 4 bits (DB8 - DBll). The second read 
fetches these upper 4 bits. 

A151--------~ 

MC6809 

'--___ -,---'·ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 20. AD7880--6809 Interface 
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APPLICATION HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed ND performance. 
The AD7880's comparator is required to make bit decisions on 
an LSB size of 1.22 mY. To achieve this, the designer must be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom
mended, as the switching spikes will feed through to the com
parator causing noisy code transitions. Other causes of concern 
are ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best perfor
mance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run digital tracks alongside analog signal tracks. 
Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD7880 AGND pin or as 

ANALOG INPUT BUFFERING 
To achieve specified performance, it is recommended that the 
analog input (VINA> VINB) be driven from a low impedance 
source. This necessitates the use of an input buffer amplifier. 
The choice of op amp will be a function of the particular appli
cation and the desired analog input range. The data acquisition 
circuit, described in this data sheet allows for various op amp 
configurations. Figure 21 shows the analog input buffer circuit. 

lK2 
A B 

V+~VDD 

V+I~ 

Figure 21. Analog Input Buffering 

The options available to drive the supply of the op amp are: 

Single +5 V (derived from PCB 5 V supply) 

Dual Supply (externally supplied to V + and V -) 
±5 V, ±12 Vor ±15 V 

The simplest configuration is the 0 to 5 V range of Figure 5. A 
single supply 5 V op amp is recommended for such an imple
mentation. This will allow for operation of the AD7880 in the 0 
to 5 V unipolar range without supplying an external supply to 
V+ and V-. The 5 V supply is derived from the systems +5 V 
Voo supply; 

When it is required to drive the AD7880 with the 0 to 10 V in
put range, an external supply must be connected to V + (see 
Figure 21). 
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AD7880 
close as possible to the AD7880. Connect all other grounds and 
the AD7880 DGND to this single analog ground point. Do not 
connect any other digital grounds to this analog ground point. 

Low impedance analog and digital power supply common re
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
26 and 27 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7880 AGND 
pin. 

NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be
tween the source and the ADC. Reduce the ground circuit im
pedance as much as possible since any potential difference in 
grounds berween the signal source and the ADC appears as an 
error voltage in series with the input signal. 

In bipolar operation, positive and negative supplies must be con-
nected to V+ and V-. . 

The AD7H is a general purpose op amp which could be used to 
drive the analog input of the AD7880_ 

POWER-DOWN CONTROL (MODE INPUT) 
The AD7880 is designed for systems which need to.have mini
mum power consumption. This includes such applications as 
hand held, portable battery powered systems and remote moni
toring systems. As well as consuming minimum pOwer under 
normal operating conditions, typically 20 mW, the AD7880 can 
be put into a power-down or sleep mode when not required to 
convert signals. When in this power-down mode, the AD7880 
consumes approximately 2 mW of power. 

The AD7880 is powered down by bringing the MODE input 
pin to a Logic Low in conjunction with keeping the RD input 
control High. The AD7880 will remain in the power-down 
mode until MODE is brought to a Logic High again. The 
MODE input should be driven with CD4000 or HCMOS logic 
levels. 

It is recommended that one "dummy" conversion be imple
mented before reading conversion data from the AD7880 after it 
has been in the power-down mode. This is required to reset all 
internal logic and control circuitry. In a remote monitoring sys
tem where, say, 10 conversions are required to be taken with a 
sampling interval of I second, an additional 11 th conversion 
must be carried out. Figure 22 gives a plot of power consump-

t 2. 

POWER 
CONSUMPTION - mW 

CONVERTING CONVERTING 

POWER-DOWN 

TIME-sees ~ 

Figure 22. Power Consumption for Normal Operation and 
Power-Down Operation vs. Time 
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AD7880 
tion as a function of time for such operation. The total conver
sion time for each cycle is 11 x 15 ,...S (where 15 ,...s is the time 
taken for a single conversion) corresponding to 1.65 x 10-4 sees. 
Hence: 

Average Power = PowerCONVERTING + PowerPOWER_OOWN 

= {20 mW x (1.65 x 1O-4)1(10)} 

+ {2 mW x (9.9998)1(10)} 

= 2.029mW 

AD7880 DATA ACQUISITION LAYOUT 
Figure 24 shows the AD7880 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silk
screen are shown in Figures 25 to 27. 

The only additional cOmponent required for a full data acquisi
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other input conditioning circuitry. To 
facilitate this option there is a shorting link (labeled LKI on the 
PCB) on the analog input track. With LKI in place, the analog 
input connects to the buffer amplifier driving the AD7880. With 
LKI removed, a wire link is needed to connect the analog input 
to the PCB component grid. 

INTERFACE CONNECTIONS 
The data acquisition board contains a parallel connection port 
labeled SKT4. This is a 260-contact IDC Connector and provides 
for direct microprocessor connection to the board. This connec
tor, the pinout of which is shown in Figure 23, contains all 
data, control and status signals of the AD7880 (with the excep
tiOll of t1ie CONVST and the eLKIN inputs both of which are 
provided via SKT2 and SKT3 ~pectively). It also contains de
cqded RJW and STRB inputs which are necessary for interfacing 
to many microprocessors including the TMS32OC25 and the 
Motorola 68000 series. Link LK7 selects RD directly or alterna
~vely, the decoded version. Note that the AD7880 CS input 
must be decoded prior to the AD7880 evaluation board. 

SKTl, SKT2 and SKT3 are three sub-miniature connectors 
(SMC) which provide input connections for the analog input, 
the CONVST input and the CLKIN input. Three different in
put ranges can be accepted by the AD7880 each of which is con
figured by selecting shorting plug options A, B or C of LK4. 
Position A corresponds to the 0 to 5 V unipolar configuration of 
Figure 5, position B corresponds to the bipolar ± 5 V confIgUra
tion of Figure 7 and position C allows for a 0 to + 10 V unipolar 
range as shown in Figure 6. 

POWER SUPPLY CONNECTIONS 
The PCB requires a single +5 V power supply (labeled VOO). 
Good decoupling allows this supply to drive the AD7880 V 00 

which also drives the V REF input as well as the op amp power 
supply. In circunIstances where bipolar ± 5 V or a unipolar 0 to 
10 V input ranges are required, provision has been allowed for 
the connection of separate op amp power supplies (± IS V, 
±12 V, ±5 V, etc.) to V+ and V-. LK2and LK3 shorting 
links allow for the selection of user defmed op amp power sup
plies or the on-board single +5 V supply. 

LINK OPTIONS 
There are seven link options which must be set before using the 
board. These are outlined below: 
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LKI Connects the analog input to a buffer amplifier. 
The analog input may also be connected to a 
component grid for signal conditioning. 

LK2, LK3 Allows for various op amp power supplies to be 
used to drive the input buffer of the AD7880. 
External supplies may be connected to V + and 
V-. Alternatively, the AD7880's +5 V system 
supply and AGND can be selected to drive a 
single supply op amp. 

LK4 Configures the various analog input ranges, 0 to 
5 V, 0 to }() V or ±5 V. 

LK5 Selects reference input to VREF of AD7880. Nor
mally connected to VOO. An external reference 
could also be wired in. 

LK6 Selects power-down or sleep mode. The shorting 
plug is connected to Voo for normal operation. 

LK7 Connects the AD7880 RD input directly to the 
RD input of SKT4 or to a decoded STRB and 
RJW input. This shorting plug setting depends 
on the microprocessor, e.g., the TMS32OC25 
requires a decoded RD signal. 

RiW 00 STRB 

iiii 00 NIC 

cs 00 Nle 

iffiSY 00 BUSV 

Nle 0@ NIC 

DB.O @@ DBn 

DBa @@ DB9 

DBa @@ DB7 

DB. @@ DBS 

DB2 @@ DB3 

DBO @@ DB. 

+5V @@ +SV 

GND @@ GND 

Figure 23. SKT4, IDC Connector Pinout 

COMPONENT LIST 

ICI 

IC2 

IC3 

CI, C3, C5 

C2, C4, C6, C7 

RI, R2 

LKl, LK2, LK3 
LK4, LK5, LK6 
LK7 

OpAmp* 

AD7880 Analog-to-Digital Converter 

74HCOO Quad NAND Gate 

10 ,...F Capacitors 

0.1 ,...F Capacitors 

10 kO Pull-up Resistors 

Shorting Links 

SKTl, SKT2, SKT3 Sub-Miniature Connectors 
Vendor No: Sealectro 50-051-0000 (Socket) 

SeaJ.eCtro 50-007~ (Plug) 

SKT4 26o-Contact (2 Row) IDC Connector 

NOTE 
"See ANALOG INPUT BUFFERING section. 
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3 C4 
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~j~ 
lK3 

lK4 
ABC 

0-+-..... --12 
~r--==-~----~1 

RD 0"----------------13 

CS 1-4--------------------15 

BUSY 7 
):>--------.J 8 

DB11~~~~~---~~~~11 

D~ ~ 

IC2 AD7880 
.r------, 25, 26 

0-. ..... ---1 VREF MODE 
PARAllEL 

COMMUNICATIONS 
PORT ClKIN 

Figure 24. Data Acquisition Circuit Using the AD7880 
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Figure 25. PCB Silkscreen for Figure 24 
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Figure 26. PCB Component Side Layout for Figure 24 

Figure 27. PCB Solder Side Layout for Figure 24 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic Construction 
Fast Conversion: 5.3 fI.S 
High Throughput: 166 kSPS 
Low Power: 250 mW 

APPLICATIONS 
Automatic Test Equipment 
Medicellnstrumentation 
Industrial Control 
Data Acquisition Systems 
Robotics 

GENERAL DESCRIPTION 
The AD7884/AD7885 is a 16-bit monolithic analog-to-digital 
converter with internal sample-and-hold and a conversion tim 
of 5.3 f1.sec. The maximum throughput rate is 166 kSPS 
a two pass flash architecture to achieve this speed. T 
ranges are available: ±5 V and ±3 V. Conv 
the CONVST signal. The result can be 
sor using the CS and RD inputs on 
a 16-bit paralle1 reading stru 
reading structure. The conversion 
code. 

t 

trois conversion. It runs from ±S V supplies and needs a V 
of +3 V. 

The AD7884 is available in 4O-pin plastic and cerdip packages 
and in a 44-pin PLCe package. 

The AD7885 is available in 28-pin plastic and cerdip pwges 
and in a 28-pin PLee package. 

LC2MOS 
16-Bit, High Speed Sampling ADCs 

AD7884/AD7885 I 
FUNCTIONAL BLOCK DIAGRAMS 

AS 
2fcll 

AGNDS AGNDf AVDD AVss Voo Vas 

AD7884 

GND 00NVsT iDiY DGND 

AGNDS "QHDF 

DB15 

DBO 

cs 
iiii 

DB7 

DBO 

cs 
iiii 

HBEN 
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(Yoo = +5 V ± 5%, Vss = -5 V ± 5%, YRU+S = 
AD7884 /AD7885 SPECIFICA'JIONS1,2 +3 V; AGND = DGND = GND = OY; fSAMPLE =1&& kllZ. 

'/ II - II All spacifications TMIM toTMAX, unlass ottIalWise noted). 

'C, A B,T 
Parameter Versioli" ~ Versions" 2 Units 
DC ACCURACY 

Resolution 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 

Integral Nonlinearity 
Differential Nonlinearity 
Positive Gain Error 

Gain TC3 

Bipolar Zero Error 
Bipolar Zero TC3 

Negative Gain Error 
Offset TC3 

Noise 
DYNAMIC PERFORMANCE 

Signal to (Noise + Distortion) Ratio 

Total Harmonic Distortion 

Peak Harmonic or Spurious Noise 
Intermodulation Distortion (IMD) 

2nd Order Terms 
3rd Order Terms 

CONVERSION TIME 
Conversion TinIe 
Acquisition TinIe 
Throughput Rate 

ANALOG INPUT 
Voltsge Range 

Input Current 
REFERENCE INPUT 

Reference Input Current 
LOGIC INPUTS 

Input High Voltsge, VINH 
Input Low Voltsge, VINL 
Input Current, lIN 
Input Capacitance, CIN3 

LOGIC OUTPUTS 
Output High Voltsge, VOH 
Output Low Voltsge, VOL 
DBI5-DBO 

16 

16 

±0.025 

120 

88 
28 
82 
-94 
-83 
-92 

-92 
-92 

3 

2.4 
0.8 
±10 
10 

4.0 
0.4 

Floating-State Leakage Current 10 
Floating-State Output Capacitance3 15 

POWER REQUIREMENTS 
Vnn 
Vss 
Inn 
Iss ' , 
Power Supply Rejection Ratio 

AGain/AVnn 
AGain/AVss 

Power Dissipation 
NOTES 

+5 
-5 
30 
30 

86 
86 
300 

16 

16 
±0.003 
±0.0015 
±0.0l 
±2 
±0.01 
±2 
±0.01 
±2 
120 

88 
28 
82 
-94 
-83 
-92 

2.4 
0.8 
±10 
10 

4.0 
0.4 

10 
15 

+5 
-5 
30 
30 

86 
86 
300 

Bits 

Bits 
% FSRmax 
% FSRmax 
% FSRmax 
ppm FSRf'C typ 
% FSRmax 
ppm FSRf'C typ 
% FSRmax 
ppm FSRf'C typ 
",V rms typ 

dB min 
dB min 
dB min 
dB max 
dB max 
dB max 

V min 
V max 
ji.A max 
pFmax 

V min 
V max 

ji.A max 
pFmax 

V nom 
V nom 
mAmax 
mAmax 

dBtyp 
dBtyp 
mWmax 

Test ConditionslComments 

78 ",V rms typical in ± 3 V Input Range 

Input Signal: ±5 V, 1 kHz Sine Wave 
Input Signal: ± mY, 1 kHz Sine Wave 
Input S' V, 25 kHz Sine Wave 
Inpu V, 1 kHz Sine Wave 

, 25 kHz Sine Wave' 
. ±5 V, 25 kHz Sine Wave 

fB = 25 kHz, fsAMPLE = 166 kHz 
25 kHz, {SAMPLE = 166 kHz 

overlap between conversion and acquisition. 

VRBF +S=+3V 

Vnn = 5 V± 5% 
Vnn = 5V± 5% 
Input Level = 0 V to V nn 

l soURCE = .w ji.A 
ISlNK = 1.6 mA 

± 5% for Specified Performance 
±5% for Specified Performance 
Typically 25 mA 
Typically 25 mA 

Typically 250 mW 

'Temperature Ranges are as follows: A, B Versions: -4O"C to +8S'C; T Version: -SS'C to + 12S'C. 
""IN = ±S V. 
'Sample tested to ensure compliance. 
Specifications subject to chanae without notice. 

This information applies'to a product under development. Its characteristics and specifications are' subject to change without notice. 
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AD7884/AD7885 
TIMING CHARACTERISTICS1, 2 ~~d ~ +5 V ± 5%, Vss = -5 V ± 5%, AGHO = OGHO = GHO = 0 V. See Figures 2, 3, 4 

Limit at +2S·C Limit at TMIN, TMAX 
Parameter (An Versions) (A, B Versions) 

t, 50 50 
t2 100 100 
t3 0 0 

4 60 60 

ts 0 0 
tr,2 57 57 
t/ 5 5 

50 50 
t8 40 40 
tg 0 0 
tlO 0 0 
tIl 60 60 
t12 60 60 
t13 40 40 

40 40 

NOTES 
lTinIins specifications in bolcI print are 100% 
with tr = tf = 5 ns (10% to 90% of 5 
\, is measured with the load circuit of 
't, is derived from the measured time 
olated back to remove the effects of char r 
bus relinquisb time of the part and as such is ind 

Specifications subiect to cbanse without notice. 

ORDERING GUIDE 

Temperature Linearity 
Model Range Error (% FSR) 

AD7884AN -4O"C to + 85"C 
AD7884BN -4O·C to +85"C ±0.003 
AD7884AP -4O"C to +85"C 
AD7884BP -4O·C to + 85"C ±0.003 
AD7884TQ -55"C to + 125"C ±0.OO3 

AD7885AN -4O"C to + 85"C 
AD7885BN -4O·C to +85"C ±0.OO3 
AD7885AP -4O"C to +85"C 
AD7885BP -4O"C to + 85"C ±0.003 
AD7885TQ -55"C to + 125"C ±0.OO3 

SNR 
(dB) 

88 
88 
88 
88 
88 

88 
88 
88 
88 
88 

Limit at TMIN, TMAX 
(T Version) 

50 
100 
0 
75 
0 
70 
5 
50 
40 
0 
0 
75 
75 
40 

Package 
Option· 

N-4O 
N-4O 
P-44 
P-44 
Q-40 

N-28 
N-28 
P-28 
P-28 
Q-28 

Units Conditions/Comments 

nsmin CONVST Pulse Width 
nsmin CONVST to BUSY Low Delay 
nsmin CS to RD Setup Time 
nsmin RD Pulse Width 
nsmin CS to RD Hold Time 
nsmax Data Access Time after RD 
nsmin Bus Relinquish Time after RD 
nsmax 
nsmin New Data Valid before Rising Edge of BUSY 

EN to RD Setup Time 
EN to RD Hold Time 

0.8 V or 2.4 V. 
circuit of Figure I. The measured number is then extrap

t the time, t" quoted in the TinIins Characteristics is the true 

+2.1V 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline information see Package Information section. Figure 1. Load Circuit for Access Time and Bus Relinquish 

Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7884/AD7885 

CDNYST 
I, 

CONVST 

RD BUSY '------.-~ 

DATA ____ -:H.::;I-Z=-___ -i:S-____ _ 
DATA ____ D_L_D_D_A_TA_V_A_U_D __ ~ ~EW DATA VAUD 

Figure 2. AD7884 Timing Diagram, UsingCS and RD Figure 3. AD7884 Timing Diagram, with CS and RD 
Permanently Low 

CONVST 

HBEN 

RD 

BUSY 

DATA 

CDNVST 

HBEN -----1----------------,1 

BUSY 

DATA 

__ ~+~r_---tCONvERT----"J,.---l------~------------

18 

OlD DATA VAUD S NEW DATA 
______ ...::ID::; .. ;...::;D·:.;';;:.) ___ -4li-...J''-=:...:=:....J'-==~J ... ....:::::....:=:....J VAUDID ... DB7) 

Figure 5. AD7885 Timing Diagram, withCS and RD 
Permanently Low 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-628 ANALOG-TO-DIGITAL CONVERTERS REV. 0 



ABSOLUTE MAXIMUM RATINGS· 
VDD to AGND .............•...... -0.3 V to +7 V 
Vss to AGND •.................... +0.3 V to -7 V 
AGND Pins to DGND ........... -0.3 V to VDD +0.3 V 
GND to DGND ..•............ -0.3 V to VDD +0.3 V 
VINS, V1NF to AGND ........ Vss -0.3 V to VDD +0.3 V 
VREF+ to AGND .•......... Vss -0.3 V to VDD +0.3 V 
VREF- to AGND ........... Vss -0.3 V to VDD +0.3 V 
VINV to AGND ....•...•.•. Vss -0.3 V to VDD +0.3 V 
Digital Inputs to DGND ......... -0.3 V to VDD +0.3 V 
Digital Outputs to DGND ........ -0.3 V to VDD +0.3 V 

AD7884/AD7885 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ...... -40°C to +85OC 
Industria1 Cerdip (A, B Versions) ....... -40OC to +85°C 
Extended Cerdip (T Versions) ......... -55°C to + 125°C 

Storage Temperature Range ........... -6SoC to + ISO°C 
Lead Temperature (Soldering, 10 sees) ........... + 300°C 
Power Dissipation (Any Package) to +7S0C ....... 1000 mW 
Derates above +7SoC by .................. 10 mWrC 
·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a sttoss rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions fnr extended periods may affect device reliability. 

CA~ON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy 
static fields. Unused devices must be stored in conductive foam or shunts. The prot 
should be discharged to the destination socket before devices are removed. 

DIP 

V1NV 
6 5 4 

VAEF+S 

VAEF+F 

DB15 

DB14 

DB13 

DB12 

DB11 

DBI. 

DBe 

AV .. Das 

GND DOND 

GlND vo• 18 l' 20 

V .. DB7 

I~ I~ I~ v .. DB6 

V .. DBI 

CONvii' DM ... 
Ci DB3 

~ 

~ 
iiii DB2 4 
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iiiY DBO 

AV .. 
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WARNING! d 
~~EDEVICE 
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i .. 
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3 2 1 444342 41 40 

• 
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~Ii !l ~ 10 til !! III 
" " " 
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AD7884/AD7885 
PIN FUNCTION DESCRIPTION 

AD7884 Pin 

AGNDS 
AGNDF 

AVoo 
AVss 
GND 

Vss 
Voo 
CONVST 
CS 
RD 

DBO-DB15 

AD7885 Pin 

VREF-

AGNDS 

AGNDF 

AVoo 
AVss 
GND 

Vss 

Voo" , 
CONVST 
CS 
RD 

HBEN 

DBO-DB7 
DGND DGND 

VREF+F VREF+F 
VREF+S VREF+S 

Description 

This pin is connected to the inverting terminal of an op amp, as in Figure 6 and allows the inversion 
of the supplied + 3 V reference. ' 

This is the negative reference input and it can be obtained by using an external amplifier "to invert the 
positive referenceinput. In this case, the amplifier output is connected to V REF-' See Figure 6. 
This is the analog input sense pin for the ±3 volt analog input range on the AD7884. 

This is the analog input force pin for the ±3 volt analog input range on the AD7884. When using this 
input range, the ±S VINF and ±S V1NS pins should be tied to AGND. 
This is the analog input pin for the ±3 volt analog input range on the AD788S. When using this input 
range, the ±S V1NF and ±S VINS pins should be tied to AGND. 
This is the analog input sense pin for the ±S volt analog input range on both the AD7884 and the 
AD788S. 
This is the analog input force pin for the ± 5 volt aI1I!log input range on both the AD7884 and 
AD788S. When using this input range, the ±3 VINF and ±3 V1NS pins should be, tied to AGND . 

This is the ground return force pin for the 9-bit ADC an 

Positive analog power rail for the sample-and-hold 

This is the ground return for sample 

Negative supply for the 9-bit 

Positive supply for the 

Read co 
output la 
High Byte Enabl 
of the conversion £ 

. p residue amplifier. 

ip reSidue amplifier. 

d the conversion result from the 'device 

en conversion begins and stays low until it is completed, at 

16-bit parallel data word output on the AD7884. 
8-bit parallel data byte output on the AD788S. 
Ground return for all device logic. 
Reference force input. 

Reference sense input. The device operates from a + 3 V reference. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice., 
Analog Devices assumes no obligation regarding future manufacture unljlss otherwise agreed to in writing. 

2..,.630 ANALOG-TO-OIGITAL CONVERTERS REV. 0 



TERMINOLOGY 
Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 

Bipolar Zero Error 
This is the deviation of the midscale transition (all Os to all Is) 
from the ideal (AGND). 

Positive Gain Error 
This is the deviation of the last code transition (01 ... 110 to 
01 ... 111) from the ideal (+ VREP+ S - 1 LSB). 

Negative Gain Error 
This is the deviation of the first code transition (10 ... 000 to 
10 ... 001) from the ideal (-VRBP+S + 1 LSB) 

Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fsl2), exclu 
The ratio is dependent upon the number of quan 
in the digitization process; the more levels, ' 
quantization noise. The theoretical si 
ratio for an ideal N -bit converter . 
by: 

Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7884/AD7885, it is 
defined as: 

Vyl+yl+ Vl+V2+V2 
THD (dB) = 20 log 2 3 VI 4 5 6 

where VI is the rms amplitude of the fundamental and V2, V3, 

V., V s and V 6 are the rms amplitudes of the second through the 
sixth harmonics. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intennodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
tb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± ntb where 
m, n = 0, I, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + tb) and (fa - tb), while the third 
order terms include (2fa + tb), (2fa - tb), (fa + 2tb) and 
(fa - 2tb). 

AD7884/AD7885 
The AD7884/AD7885 is tested using the CCIFF standard where 
two input frequencies near the top end of the input bandwidth 
are used. In this case, the second and third order terms are of 
different significance. The second order terms are usually dis
tanced in frequency from the original sine waves while the third 
order terms are usually at a frequency close to the input fre
quencies. As a result, the second and third order terms are 
specified separately. The calculation of the intermodulation dis
tortion is as per the THD specification where it is the ratio of 
the rms sum of the individual distortion products to the rms 
amplitude of the fundamental expressed in dBs. 

Power Supply Rejection Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in V DD or V ss' It is a dc measurement. 

. for the AD7884/AD7885 is shown in 
u . or an analog input range of ± 5 V. If a 

required, Al should drive ±3 VINS and 
INS, ±5 VINF being tied to system AGND. 

AVDD VDD AVas Vas 

....-------!±5V'NS 

>----i±5VINF 

±3V'NS 
±3VIN F AD7884 

AD7885 
r---:-::=~--tAGNDS 

NOTE: POWER SUPPLY DECOUPLlNG NOT SHOWN 

DATA 

OUTPUTS 

CONTROL 

INPUTS 

Figure 6. AD78841AD7885 Operational Diagram 

The chosen input buffer amplifier (AI) should have low noise 
and distortion and fast settling time for high bandwidth applica
tions. Both the AD711 and the AD845 are suitable amplifiers. 

A2 is the force, sense amplifier for AGND. The AGNDS pin 
should be at zero potential. Therefore, the amplifier must have a 
very low input offset voltage and good noise performance. For 
these reasons, either the AD OP-07 or OP-l77 is recommended. 
The output of A2 is decoupled with a 47 IJ.F solid tantalum ca
pacitor to AGND to deal with the fast current transients on the 
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AD7884/AD7885 
AGNDS pin. The stability of this arrangement is marginal and 
if the user wishes to improve the phase margin, the circuit given 
in Figure 7 may be used. A feedback capacitor (RF ) of 47 f.LF 
should be used. This circuit compensates for the load capacitor 
by adding a low frequency zero and ensures an adequate phase 
margin. 

101dl 
~1V~-----------oAGN~ 

>4 ....... v..,....---o AGNDF 

Figure 7. Compensation Circuit for A2 

The required +3 V reference is derived from the AD586. The 
+S V output is divided down to +3 V by R2 and R3 before be
ing buffered by A3. A4 is a unity gain inverter which provides 
the - 3 V negative reference. The gain setting resistors are on
chip and are factory trimmed to ensure precise tracking of 
VRBF+. Figure 6 shows A3 and A4 as either AD OP-07s or 
OP-I77s. If these amplifiers are used, then the outputs should 
be decoupled to AGND with 22 f.LF solid tantalum ca . 
shown. This is to deal with the rapidly changing 
impedance of the AD7884/AD7885. These 
sated with the circuit of Figure 7 to gi 
gin. A feedback capacitor (CF ) of 22 f.L 
alternative to this arrangement which yi 
formance is to use very wideband amplifiers (A 
pie) for A3 and A4. These have the ability to respo 
rapidly changing reference input impedance without any decou
piing to AGND. Thus, there is a saving in decoupling capacitors 
and compensation circuitry. The disadvantage is that these high 
speed amplifiers do not have as good dc offset performance as 
the AD OP-07 or the OP-177. This will result in increased 
system gain error. 

CIRCUIT DESCRIPTION 
Analog Input Section 
The analog input section of the AD78841 AD788S is shown in 
Figure 8. It contains both the input signal conditioning and 

R331dl 

TOII-8tT 
~""'---'''''I\r-+--I~ADC 

TO RESIDUE 
AIFUFIERA2 

AS4kll 

Figure 8. AD78841AD7885 Analog Input Section 

sample-and-hold amplifier. When the ±3 VINS and ±3 ViNF 
inputs are tied to 0 V, the input section has a gain of -0.6 and 
transforms an input signal of ± 5 volts to the required ± 3 volts. 
When the ±5 VINS and ±5 VINF inputs are grounded, the in
put section has a gain of -I and so the analog input range is 
now ±3 volts. Resistors R4 and R5, at the amplifier output, 
further condition the ±3 volts signal to be 0 to -3 volts. This is 
the required inpudor the 9-bit NO converter Section. 

With SWI closed, the output of Al follows the input (the 
sample-and-hold is in the track mode). On the rising edge of the 
CONVST pulse, SWI goes open circuit, and capacitor Cl holds 
the voltage on the output of AI. The sample-and-hold is now in 
the hold mode. The aperture delay time for the sample-and-hold 
is nominally 50 ns. 

AID Converter Section 
The AD78841AD7885 uses a two-pass flash technique in order 
to achieve the required speed and resolution. When the 
CONVST control input g from low to high, the sample-and-
hold amplifier goes in old mode and a 0 V to - 3 V signal 
is presented to e 9-bit ADC. The first phase of 

SBs of the 16-bit result and trans-
and ALU combination. They are also fed 

of e 16-bit DAC. The 7 LSBs of the 
with Os. The DAC output is sub
with the result being amplified 

ue Amplifier Section. The signal at the 
portional to the error between the first phase 

analog input signal and is digitized in the 
. This second phase begins when the 

esidue Error Amplifier have both settled. 
off and SW3 is turned on. The 9-bit result 

to the output latch and ALU. An error correction 
now compensates for the offset inserted in the Resi

ue Amplifier Section and errors introduced in the first pass 
conversion and combines both results to give the 16-bit answer. 

;fJVSIGNAL 
FROM INPUT ___ -WIr1---..,..o.--..I 

SHA 
AS 

21dl 

Figure 9. AID Converter Section 

This information applies to a 'product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-632 ANALOG-rO-DIGITAL CONVERTERS REV. 0 



Timing and Control Section 
Figure 10 shows the timing and control sequence for the 
AD78841AD7885. When the part receives a CONVST pulse, the 
conversion begins. The input sample-and-hold goes into the 
hold mode 50 ns after the rising edge of CONVST and BUSY 
goes low. This is the fIrSt phase of conversion and takes 3.35 .... s 
to complete. The second phase of conversion begins when SW2 
is turned off and SW3 turned on. The Residue Amplifier and 
SHA section (A2 in Figure 9) goes into hold mode at this point 
and allows the input sample-and-hold to go back into sample 
mode. Thus, while the second phase of conversion is ongoing, 
the input sample-and-hold is also acquiring the input signal for 
the next conversion. This overlap between conversion and acqui
sition allows throughput rates of 166 kSPS to be achieved. 

FIRST PHASE 
_ill ... ---3.35f1S ---.f.oooI--L_ 

BUSY 

FIRST PHASE OF CONVERSION 
1ST MIT CONVERSION 
DAe SETTLING TIllE 
RESIDUE AMPLIFIER 
SETTLING TIME 

Figure 10. Timing a 

USING THE AD78841AD7885 

Analog Input Ranges 
The AD7884/AD7885 can be set up to have either a ±3 volts 
analog input range or a ±5 volts analog input range. Figures II 
and 12 show the necessary corrections for each of these. The 
output code is 2s complement and the ideal code table for both 
input ranges is shown in Table I. 

AD7884/AD7885 

Figure 11. ±5 V Input Range Connections 

ormance specification for a reference in a 16-bit 
is noise. The reference pk-pk noise should be insig

t in comparison to the ADC noise. The AD78841AD7885 
s a typical rms noise of 120 .... V. For example a reasonable 

target would be to keep the total rms noise less than 125 .... V. 
To do this the reference noise needs to be less than 35 .... V rms. 
Using a crest factor of 3.3 this corresponds to a pk-pk noise of 
230 .... V. Both the AD586 and the AD REF-02 noise is lower 
than this, making both suitable. 

Table I. Ideal Output Code Table for the AD78841AD7885 

Analog Input Digital Output 

In Terms of FSRz :t3 V Range3 :tS V Range4 Code Transitionl 

+ FSRl2 - I LSB 2.999908 4.999847 011 ... III to 011 ... 110 
+ FSRl2 - 2 LSBs 2.999817 4.999695 011 •.. 110 to 011 .•• 101 
+ FSRl2 - 3 LSBs 2.999726 4.999543 011 •.. 101 to 011 ... 100 

AGND + 1 LSB 0.000092 0.000153 000 ... 001 to 000 .•• 000 
AGND 0.000000 0.000000 000 .•. 000 to III ... III 
AGND - 1 LSB -0.000092 -0.000153 III ... III to III .•• 110 

-(FSRl2 - 3 LSBs) -2.999726 -4.999543 100 ... 011 to 100 ... 010 
-(FSR12 - 2 LSBs) -2.999817 -4.999695 100 ... 010 to 100 ... 001 
-(FSRl2 - 1 LSB) -2.999908 -4.999847 100 ... 001 to 100 .•. 000 

NOTES 
'This table applies for VRBF+S = +3 V. 
'PSR (Pull-Scale Rsnge) is 6 volts for the ±3 V input range and 10 volts for the ±5 V input range. 
31 LSB on the ±3 V range is PSR/2'6 and is equal to 91.5 ,,"V. 
41 LSB on the ±5 V range i. PSR/2'6 and is equal to 152.6 ,,"V. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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A07884/A07885 
The buffer amplifier used to drive the device V REF + should 
have low enough noise performance so as not to affect the over
all system noise requirement. The ADOP-07, AD845 and OP-
177 are all suitable. 

Decoupling and Grounding 
The AD7884 has one AVDD pin and two VDD pins. It also has 
one AVss pin and three Vss pins. The AD7885 has one AVDD 

pin, one VDD pin, one AVss pin and one Vss pin. Figure 6 
shows how a common +5 V supply should be used for the posi
tive supply pins and a common -5 V supply for the negative 
supply pins. 

For decoupling purposes, the ctitical pins on both devices are 
the A V DD and AV ss pins. Each of these should be decoupled to 
system AGND with 10 ,..F tantalum and 0.1 ,..F ceramic capaci
tors right at the pins. With the V DD and V S8 pins, it is suffi
cient to decouple each of these with ceramic I ,..F capacitors. 

AGNDS, AGNDF are the ground return points for the on-chip 
9-bit ADC. They should be driven by a buffer amplifier as 
shown in Figure 6. 

The GND pin is the analog ground return for the on-chip linear 
circuitry. It should be connected to system analog ground. 

The DGND pin is the ground return for the on-chip digital cir
cuitry. It should be connected to the ground terminal of the 
V DD and V ss supplies. If a common analog supply is 
AVDD and VDD then DGND should be connect 
mon ground point. 

Power Supply Sequencing 
If the AD78841AD7885 is being powe 
and digital supplies, then care should be 
ply sequencing. AVDD should always come up befi 
AV ss should always come up before V ss. If this be guar
anteed, Schottky diodes (HP5082-2810 or equivalent) should be 
used to ensure that V DD never exceeds AV DD by more than 
0.3 V and that Vss never goes below AVss by more than 0.3 V. 

AD78841AD7885 PERFORMANCE 
Linearity 
The linearity of the AD7884/AD7885 is determined by the on
chip l6-bit D/A converter. This is a segmented DAC which is 
laser trimmed for 16-bit DNL performance to ensure that there 
are no missing codes in the ADC transfer function. Figure 13 
shows a typical INL plot for the AD7884/AD7885. 

~~ ~~ 
~ ~ ________ ~ ______ -+ ________ t-VH=~V 
rI: 1.5 TA=+25°C 

lil 
ffi 1~~--~----~~2-~-+--------+--------; 

~ O.5+-'JL-~---f~~-"-'-+-iFt.FIf+t-..t--:JI""--:--; 
~ 

16384 32788 

OUTPUT CODE 
48152 

Figure 13. AD78841AD7885 Typical Linearity Performance 

Noise 
In an AID converter, noise exhibits itself as .code uncertainty in 
dc applications and as the noise floor (in an FFT, for example) 
in ac applications. 

In a sampling AID converter like the AD7884/AD7885, all in
formation about the analog input appears in the baseband from 
dc to 112 the sampling frequency. An antialiasing filter will re
move unwanted signals above fS/2 in the input signal but the 
converter widebandnoise will alias into the baseband. In the 
AD78841AD7885, this noise is made up of sample-and"hold 
noise and aid converter noise. The sample-and-hold seCtion con
tributes 5 I ,.. V rms and the ADC section contributes 59 ,.. V 
rms. These add up to a total rms noise of 78 ,.. V. This is the 
input referred noise ii:t ·the ±3 V analog input range. When op
erating in the ±5 V input range, the input gain is reduced to 
-0.6. This means that the input referred noise is now increased 
by a factor of 1.66 to 120 ,.. V rms. 

Figure 14 shows a histo 
input using the A 
analog input 
other 

0'-----

plot for 5000 conversions of a de 
7885 in the ±5 V input range. The 
enter of a code transition. All codes 
e due to the ADC noise. In this 

Figure 14. Histogram of 5000 Conversions of a DC Input 

If the noise in the converter is too high for an application, it can 
be reduced by oversampJing and digital filtering. This involves 
sampling the input at higher than the required word rate and 
then averaging to arrive at the final result. The very fast conver
sion time of the AD78841AD7885 makes it very suitable for 
oversampling. For example, if the required input bandwidth is 
50 kHz, the AD78841AD7885 could be oversampled by a factor 
of 2. This yields a 3 dB improvement in the effective SNR per
formance. The noise performance in the ± 5 volt input range is 
now effectively 85 ,.. V rms and the resultant spread of codes for 
2500 conversions will be four. This is shown in Figure 15. 

This information applies to a prod~ct ~nder development. Its characteristics and specifications are s~bject to change witho~t notice. 
Analog Devices ass~mes no obligation regarding f~t~re manufacture unless otherwise agreed to inwriting. 
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Figure 15. Histogram of 2500 Conversions of a DC Input 
Using a x2 Oversampling Ratio 

Dynamic Performance 
With a combined conversion and acquisition time of 6 ,.,.s, the 
AD78841AD7885 is ideal for wide bandwidth signal processing 
applications. Signal to (Noise + Distortion), Total Harmonic 
Distortion, Peak Harmonic or Spurious Noise and Inte 
tion Distortion are all specified. Figure 16 shows a 
plot of a 1.8 kHz, ± 5 V input after being di 
AD7884/AD7885. 

-.10 1+--------

~H---------------------------_i 

~H---------------------------_i 

-150 L..... ___ ....:.. __________ ..... 

2048 POINT FFT 

Figure 16. AD78841AD7885 FFT Plot 

MICROPROCESSOR INTERFACING 
The AD78841AD7885 is designed on a high speed process which 
results in very fast interfacing timing. The AD7884 has a full 
I6-bit parallel bus and the AD7885 has an 8-bit wide bus. 

AD7884-MC68000 Interface 
Figure 17 shows a general interface diagram for the MC68000, 
I6-bit microprocessor to the AD7884. In Figure 17, conversion 
is initiated by bringing CSA low (i.e., writing to the appropriate 
address). This allows the processor to maintain control over the 
complete conversion process. In some cases it may be more de
sirable to control conversion independent from the processor. 
This can be done by using an external sampling timer. 

A23-A1 

MC68QOO 

DTACK 

Ai 
RJW 

D15-DO 

AD7884/AD7885 

ADDRESS BUS U 
J I, 

II ADDRESS : I 
DECODE LOGIC AD7884 

~ 
ICsB li:sA 

CONVST 
cs 

1---- jjjj 

DATA BUS DB15-DBO 

been started, the processor must wait until 
reading the result. There are two ways of 

rst way is to simply use a software delay to 
bringing CS and RD low to read the data. 

use the BUSY output of the AD7884 to 
the MC68000. Because of the nature of 

C68000 requires additional logic (not shown 
o allow it to be interrupted correctly. For full 

tion on this, consult the MC68000 User's Manual. 

Interface 
. th its byte (8 + 8) data format, is ideal for use 

microprocessor. Figure 18 is the interface dia-
nversion is started by enabling CSA. At the end of 

nversion, data is read into the processor. The read instruc-

MOVAX,COOI 
MOV AX,COOO 

Read 8 MSBs of data 
Read 8 LSBs of data 

Figure 18. AD7885 to 8088 Interface 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7884/AD788~ 

AD7S84 io ADSP-2101 Interface 
Figure 19 shows an interface between the AD7884 and the 
ADSP-2101. Conversion is initiated using a timer which allows 
very accurate control of the sampling instant. The AD7884 
BUSY line provicles an interrupt to the ADSP-2101 when con
version is completed. The RDpUlse width of the processor can 
be programmed using the Data Memory Wait State Control 
Register. The result can then be read from the ADC using the 
following instruction: 

MRO = DM (ADC) 

where MRO is the ADSP-2101 MRO register, and 
ADC is the AD7884 address. 

DMA13· OMAn 1-__ """ 

ADSP-2101 

~r-----~<r------~ 
~I---------------~ 

DM~5-DMOO~ ____ ~ 

Stand-Alone Operation 
If CS and RD are tied permanently low on the AD7884, then, 
when a conversion is completed, output data will be valid on the 
rising edge of BUSY. This makes the device very suitable for 
stand-alone operation. All that is required to run the device is 
an external CONVST pUlse which can be supplied by a sample 
timer. Figure 20 shows the AD7884 set up in this mode with 
the BUSY signal providing the clock for the 74HC574 3-state 
latches. 

An 

HBEN 
CONviiT ~ __ ..r 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
750 kHz Throughput Rata 
1 I&S Conversion TIme 
12·Bit No Missed Codes Over Temperature 
67 dB SNR at 100 kHz Input Frequency 
Low Power-250 mW typ 
Fast Bus Access TIme-57 ns max 

APPLICATIONS 
Digital Signal Procelling 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP Se~o Control 

GENERAL DESCRIPTION 
The AD7886 is 12-bit ADC with a sample-and-hold amplifier 
offering high speed performance combined with low power dissi
pation. The AD7886 is a triple pass flash ADC, which uses 15 
comparators in a 4-bit flash technique to achieve 12-bit accuracy 
in I ILS conversion time. An on-chip clock oscillator provides the 
appropriate timing for each of the three conversion stages elimi
nating the need for any external clocks. Acquisition time of the 
sample-and-hold amplifier is less than 333 ns giving a resulting 
throughput rate of 750 kHz. 

The AD7886 operates from ±5 V power supplies. Pin
strappable inputs offer a choice of three analog input ranges; 
o to 5 V, 0 to 10 V or ±5 V. 

In addition to the traditional dc accuracy specifications such as 
linearity, offset. and full-scale errors, the AD7886 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio at a sampling frequency of 
750 kHz. 

The AD7886 has a high speed digital interface with three-state 
data outputs. Conversion control is provided by a CONVST in
put. Data access is controlled by CS and RD inputs, standard 
microprocessor signals. The data access time of less than 57 ns 
means that the AD7886 can interface directly to most modern 
microprocessors including DSP processors. 

REV. A 

LC2MOS 
12-Bit, 750 kHz, Sampling ADC 

AD7886 I 
FUNCTIONAL BLOCK DIAGRAM 

YlN1 ~J\A_.AJ\I\,-. ..... -----.I-_--'r-L--L..........1, 

.5REF 

SUM DB11 

DBO 

The AD7886 is fabricated in Analog Devices' Linear Compatible 
CMOS process, a mixed technology process that combines preci
sion bipolar circuits with low power CMOS logic. 

The AD7886 is available in both a 28-pin DIP and in a 28-pin 
leaded chip carrier. 

PRODUCT HIGHLIGHTS 
1. Fast 1.333 ILS Throughput Time. 

Fast 1.333 ILS throughput time makes the AD7886 suitable 
for a wide range of data acquisition applications. 

2. Dynamic Specifications for DSP Users. 
The AD7886 is specified for ac parameters, including signal
to-noise ratio, harmonic distortion and intermodulation dis
tortion. Key digital timing parameters are also tested and 
guaranteed over the full operating temperature range. 

3. Fast Microprocessor Interface. 
Standard control signals, CS and RD, and fast bus access 
times make the AD7886 easy to interface to microprocessors. 

4. Low Power. 
LC2MOS fabrication process gives low power dissipation of 
250mW. 
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(VDD = +5 V ± 5%, Vss = -5 V ± 5%, ASHD = DSHD = 0 V, VR£F = -3.5 V, 

AD7886 -SPECIFICATIONS :::.~tad as shown in Figure 2. All Specifications TmiD to T .... unlessotlJerwise 

Parameter J Version' K, B Versions' T Version' Units Test ConditiouIComments 
DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio' (SNR) 65 67 65 dB min VIN = 100 kHz SiDe Wave, fSAMPLE = 750 kHz 
Total HarmOnic Distortion (THD) -75 -75 -75 dBtyp VIN = 100 kHz SiDe Wave, fSAMPLE = 750 kHz 
Peak Harmonic or Spurious Noise -77 -77 -77 dBtyp VIN = 100 kHz SiDe Wave, fSAMPLE = 750 kHz 
Intermodulation Distortion (IMD) 

Second Order Terms -SO -SO -SO dBtyp f,. = 96 kHz, f. = 103 kHz, fSAMPLE = 750 kHz 
Third Order Terms -SO -SO -SO dBtyp 

ACCURACY 
Reso1ution 12 12 12 Bits 
Integral Linearity T _ to T .... ±2 ±2 LSBmax 
Minimum Resolution for Which 

No Missina Codes Are Guaranteed 12 12 12 Bits 
Unipolar Offset Error @ + 25'C ±5 ±5 ±5 LSBmax Input Range: 0 to 5 V or 0 to 10 V 

T_toT .... ±5 ±5 ±5 LSBmax 
Bipolar Offset Error @ + 25'C ±5 ±5 ±5 LSBmax Input Range: ±5 V 

T_ toT .... ±5 ±5 ±5 LSBmax 
Unipolar Gain Error @ +25'C ±5 ±5 ±5 LSBmax Input Range: 0 to 5 V or 0 to 10 V 

T_ toT .... ±5 ±5 ±5 LSBmax 
Bipolar Gain Error @ + 25'C ±5 ±5 ±5 LSBmax Input Range: ±5 V 

T_ toT .... ±5 ±5 ±5 LSBmax 

ANALOG INPUT 
Unipolar Input Current 1.5 1.5 1.5 mAmax Input Ranges: 0 to 5 V or 0 to 10 V 
Bipolar Input Current ±0.75 ±0.75 ±0.75 mAmax Input Range: ±5 V 

REFERENCE INPUT 
VREP -3.5 -3.5 -3.5 Volts ±2% For Specified Performance 
Input Reference Current -10 -10 -10 mAmax 
RI, Resistance 9 9 9 kOnom ±25% 
R2, Resistance 6.3 6.3 6.3 kOnom ±25% 
R2IRI Ratio 0.7 0.7 0.7 nom ±O.I% 

POWER SUPPLY REJECTION 
VDO Only, (FS Change) 0.5 0.5 0.5 LSB typ Vss = -5 V, VDD = +4.75 V to +5.25 V 
Vss Only, CFS Change) 0.5 0.5 <1.5 LSB typ VOD = +5 V, Vss = -4.75 V to -5.25 V 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 2.4 V min VDD = 5 V ± 5% 
Input Low Voltage, VINL O.S O.S O.S V max VDD=5V±5% 
Input Current, lIN ±IO ±IO ±IO I.IA max VIN = OVtOVDD 
Input Capacitance, CIN' 10 10 10 pFmax 

LOGIC OUTPUTS 
DBll-DBO, BUSY 

Output High Voltage, VOH 4 4 4 V min IsouRCE = 200 I.IA 
Output Low Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6 mA 

DBll-DBO 
Floating-State Leakage Current ±IO ±IO ±1O I.IA max 
Floating-State Output Capacitance' IS IS IS pFmai< 

POWER REQUIREMENTS 
VDO +5 +5 +5 V nom ±5% for Specified Performance 

Vss. -5 -5 -5 V nom ±5% for Specified Performance 

IDD 35 35 35 mAmax Typically 25 mA, CONVST = CS = RD = V DO 
Iss -35 -35 -35 mAmax Typically 25 mA, CONVST = CS = RD = VOD 
Power Dissipation 250 250 250 mWtyp CONVST = CS = RD = VDD 

350 350 350 mWmax 

NOTES 
'Temperature ranaes are as foUows: J, K Versions: o'C to +70"C; B Version: -4O'C to +S5'C; T Version: -SS"C to + 12S'C. 
'Applies to all three input ranaes, VIN = 0 to FS, pk-to-pk V. 
'SNR calcolation includes distortion and noise components. 
'Sample tested @+2S'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7886 

TIMING CHARACTERISTICS 1 (y •• = +5 Y ± 5%, Yss = -5 Y ± 5%, AGND = DGND = D Y) 

Limit at Limit at Limit at 
Tmla,T ...... Tmla,T""", Tmla,T....,. 

Parameter 0, K Versions) (B Version) (TVersion) Units Conditions/Comments 

t1 50 50 50 nsmin CONVST Pulse Width 
1 I 1 ... smax 

t2 0 0 0 nsmin CS to RD Setup Time 
t3 0 0 0 nsmin CS to RD Hold Time 
t4 60 60 75 nsmin RD Pulse Width 
t5 100 100 100 nsmax CONVST to BUSY Propagation Delay, eCL = 10 pF) 
r.,,2 57 57 70 nsmax Data Access Time Mter RD 
t? 10 10 10 nsmin Bus Relinquish Time Mter RD 

50 50 60 nsmax 
t8 20 20 14 nsmin Data Setup Time PriO( to BUSY, e~ = 20 pF) 

10 10 0 nsmin Data Setup Time Prior to BUSY, (CL = 100 pF) 
t,.' 10 10 10 nsmin Bus Relinquish Time After CONVST 

100 100 100 nsmax 
tlO 0 0 0 nsmin CS High to CONVST Low 
tu 0 0 0 nsmin BUSY High to RD Low 

t12 250 250 250 ns typ BUSY High to CONVST Low, SHA Acquisition Time 
t13 1.333 1.333 1.333 ... S min Sampling Interval 

tcoNv 950 950 950 nstyp Conversion Time 
1000 1000 1000 nsmax 

NOTES 
ITiming specifications in bolcl print are 100% production tested. All other times are ssmple tested at + 25'C to ensure compliance. All input signals are 
specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

'10 is messured with the load circuit of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
'" and to are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circui' of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the load capsci'or, CL • This means that the times, 1, and to, quoted in the 
timing characteristics are the true bus relinquish times of the part and as such are independent of externs! bus loading capacitances. 

Specifications subject to change without notice. 

TO OUTPUT 0--+-" 
PIN 

+2.1V 

Figure 1. Load Circuit for Bus Access and Relinquish Time 

ABSOLUTE MAXIMUM RATINGS" 2 

(T A = + 25'C unless otherwise noted) 

VDD to AGND .................... -0.3 V to +7 V 
Vss to AGND ......•.............. +0.3 V to -7 V 
AGND to DGND •...... , ...... -0.3 V to VDD +0.3 V 

VIN1, VIN2, SUM, +5REF to AGND .... -15 V to + 15 V 
VREF to AGND ............ Vss -0.3 V to VDD +0.3 V 
Digital Inputs to DGND 

CS, RD, CONVST ........... -0.3 V to VDD +0.3 V 
Digital Outputs to DGND 

DBO to DBll, BUSY .......... -0.3 V to VDD +0.3V 
Operating Temperature Range 

Commercial (}, K Versions) ............. O°C to +700c 
Industrial (B Version) ............... -40°C to +85°C 
Extended (T Version) .............. -55"<: to + 125·C 

Storage Temperature Range ........... -65"<: to + 150·C 
Lead Temperature (Soldering, 10 sees) ........... +3000c 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by .................. JO mWrC 

IStresses above thnse listed under "Absolute Maximum Ratings" may cauae 
permanent damage to the device. This is a stress rating only and functions! 
operation of the device at these or any other conditions above those listed in the 
operations! sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended perioda may affect device reliability. 

'If V ss is open circuited with V DD and AGND applied, the V ss pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this poasibility 
exists, a Schottky diode from V ss to DGND (cathode end to GND) ensures 
that the Absolute Maximum Ratings will be observed. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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AD7886 

DIP Pin 

ORDERING GUIDE 

Integral 
Temperature SNR Nonlinearity Package 

Modell, 2 Range (dBs) (LSBs) Option' 

AD7886JD 0"(; to + 700e 65 D-28 
AD7886KD we to +70oe 67 ±2.0 D-28 
AD7886JP ooe to +70oe 65 P-28A2 

AD7886KP 0"(; to + 70"(; 67 ±2.0 P-28A2 

AD7886BD -40oe to +85°e 67 ±2.0 D-28 
AD7886TD -55°e to + 125°e 65 ±2.0 D-28 

NOTES 
'Contact your sales office for avaiJability of AD7886BD and AD7886TD. 
'Analog Devices reserves the right to ship J·Leaded Ceramic Chip Carrier OLCCC) 
in lieu of PLCC packages. 

'D = Ceramic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

PIN FUNCTION DESCRIPTION 

Nnmber Mnemonic Description 

Power Supply 
10 & 19 VDD 

15 & 24 Vss 
16 & 23 AGND 
5 DGND 

Positive Power Supply, +5 V± 5%. Both VDD pins must be tied together. 
Negative Power Supply, -5 V ± 5%. Both Vss pins must be tied together. 
Analog Ground. Both AGND pins must be tied together. 
Digital Ground. 

Analog and Reference Inputs 
17 & 18 VIN Analog Inputs, VINI and VIN2. The part can be pin strapped for anyone of three analog input ranges; 

20 +5REF 

21 SUM 

Interface and Control 
1-4, DB7-DB4 
6-9, DB3-DBO 
25-28 DB 11-DB8 
11 BUSY 
12 es 
13 RD 

14 CONVST 

Range Pin Strap Signal Input 

o to 5 V Connect VIN2 to VINI VINI & VIN2 

Oto lOY Connect VIN2 to GND VINI 

±5V Connect VIN2 to + 5 V VINI 

+5 V Reference input. This input is used in conjunction with SUM and VRBF inputs to scale an external 
+5 V reference to -3.5 V, the required reference for the part, see Figure 2. 
Summing Point. This input is used in conjunction with +5REF and VRBF inputs to scale an external 
+5 V reference to -3.5 V, the required reference for the part, see Figure 2. 
Voltage Reference Input. The AD7886 is specified with VRBF = -3.5 V. 

Three-stste dats outputs. 
These outputs are controlled by es and RD. DB11 is the Most Significant Bit (MSB). 

BUSY Output indicates converter ststus. BUSY is low during conversion. 
Chip Select Input. The device is selected when this input is low. 
Read Input. This active low signal, in conjunction with es, is used to enable the output dats three-stste 
drivers. 
Conversion Stsrt Input. This input is used to stsrt conversion. 
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AD7886 
PIN CONFIGURATIONS 

DB6 

DBS 

DB4 

DGND 

DB3 

DB2 

OBI 

DBO 

VDD 

BUSY 

CS 

RD 

CONVST 

TERMINOLOGY 
Unipolar Offset Error 

DIP 

DBB 

DB9 

DB10 

DBll 

Vss 

AD7886 
AGND 

TOP VIEW 
VREF 

(NOI to Scale) SUM 

+SREF 

VDD 

VIN2 

VINI 

AGND 

Vss 

The ideal first code transition should occur when the analog in
put is I LSB above AGND. The deviation of the actual transi
tion from that point is termed the offset error. 

Bipolar Zero Error 
The ideal midscale transition (i.e., 0111 1111 1111 to 10000000 
0000 for the ±S V range should occur when the analog input is 
at zero volts. Bipolar zero error is the deviation of the actual 
transition from that point. 

Gain Error 
In the unipolar mode, gain error is measured with respect to the 
first and last code transition points. The ideal difference be
tween these points if FS-2 LSBs. For bipolar applications, the 
gain error is measured from the midscale transition to both the 
first and last code transitions. The ideal difference in this case is 
FS/2 -I LSB. The gain error is defined as the deviation between 
the ideal difference, given above, and the measured difference. 
For the bipolar case, there are two gain errors, the figure in the 
specification page represents the worst case. Ideal FS depends 
on the +SREF input; for the 0 to 5 V input, ideal FS = 
+SREF and for the 0 to 10 V and ±S V ranges, ideal FS = 2 x 
+SREF. 

CONVERTER DETAILS 
The AD7886 is a triple-pass flash ADC which uses IS compara
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. Each of the 4096 quantization levels is realized inter
nally with a precision resistor DAC. 

The fifteen comparators first compare the analog input voltage 
to the V REplI6 voltages of the resistor array. This determines 
the four most significant bits and selects lout of 16 voltage seg
ments. The comparators are then switched to IS subvoltages on 
that segment to determine the next four bits and select lout of 
256 voltage segments. A funher switching of the comparators to 

REV. A 
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C> 

I m c c 

DGND 

DB3 

DB2 
AD7886 

DBI 

DBO 
TOP VIEW 

(Not to Scale) SUM 

VDD +SREF 

BUSY 

another IS subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three
state output latch. 

REFERENCE INPUT 
The AD7886 operates from a -3.5 V reference which must be 
provided at the V REF input. Two on-chip resistors for use with 
an external amplifier can be used for deriving - 3.5 V from 
standard 5 V references. Figure 2 shows an example with the 
ADS86 which a is a high performance voltage reference which 
exhibits excellent stability performance,S ppm?C max. The ex
ternal amplifier serves a second fuDction of force/sensing the 
V REF input. Force/sensing minimizes error contributions from 

+VIN 
VOUT~+~S~V ______ ~~+~SR~E=F ____ ~ 

AD586 

AGND 

Rl 
9k 

R2 
6.3k 

TODAC 

AD7886* 

Cl C2 

1011F~ 

-& 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 2. Typical Reference Circuitry 
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A07886 
voltage or IR drops along the internal conductors. IR drops in 
the reference path cause a gain error, and typically the external 
amplifier reduces this error by 2 LSBs. In systems where a 
- 3.5 V reference is available then it can be applied to the V REF 

input directly causing a slight increase in gain error. A low op 
amp offset voltage is important as any offset voltage will add 
directly to the voltage that is being force/sensed. Suitable op 
amps for this application are precision op amps such as the 
AD705 or the AD707 which feature offset voltages of less than 
100 .... V. 

Proper decoupling on the op amp output is important to sup
press high speed transients during the conversion procedure. 
Note, connecting capacitors directly to op amp outputs can 
cause stability problems. However, the use of large capacitors, 
10 .... F in Figure 2, limits the open-loop bandwidth preventing 
any closed-loop oscillations. 

TRACK·AND·HOLD AMPLIFIER 
The analog input is sampled by an on-chip track-and-hold am
plifier before being applied to the ADC. The 3dB bandwidth of 
this amplifier is typically 20 MHz which is much greater than 
the Nyquist limit of the ADC, so it can be used for undersam
piing applications. The track-and-hold amplifier acquires the 
input signal to 12-bit accuracy in less than 333 ns. The overall 
throughput time is equal to the conversion time plus the track! 
hold amplifier acquisition time which is 1.333 .... s for the 
AD7886. 

The operation of the tracklhold amplifier is essentially transpar
ent to the user. The track-to-hold transition occurs at the start 
of conversion on the falling edge of CONVST. The conversion 
procedure does not start until the rising edge of CONVST. The 
width of the CONVST pulse low time determines the track-to
hold settling time. The tracklhold reverts back to the track 
mode at the end of conversion when BUSY has returned high. 

o TO 5V ANALOG INPUT RANGE 

o TO 10V ANALOG INPUT RANGE 

±5V ANALOG INPUT RANGE 

±5V VINl 10k 

YlN2 10k 

Figure 3. Analog Input Range Configurations 
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ANALOG INPUT RANGES 
The AD7886 has three user selectable analog input ranges: 0 to 
5 V, 0 to 10 V and ±5 V. FIgUre 3 shows how to configure the 
two analog inputs (VIN1 and VlN2) for these ranges. 

UNIPOLAR OPERATION 
Figure 4 shows a typical unipolar circuit for the AD7886. The 
ideal input/output characteristic is shown in Figure 5. The de
signed code transitions occur on integer multiples of 1 LSB. 

The output code is natural binary with 1 LSB = FS/4096. FS is 
either + 5 V or + 10 V depending on how the analog inputs are 
configured. 

+V 

+VIN 

AIN 

OT05V 
OR 

OT010V 

Vour ~+:::.5V:'-__ -I +5REF 

AD586 

.-------1 SUM 

+5V 

-5V 

'ADDIllONAL PINS OMITTED FOR CLARITY 
"0 TO 5Y RANGE: CONNECT YIN2 TO YIN' 
o TD 'OV RANGE: CONNECT VIN2 TO ACIND 

Figure 4. Unipolar Operation 

OUTPUT 
CODE 

11 ... 111 

11 ... 110 

11 ... 101 

11 ... 100 / 
00 ... 011 

00 ... 010 

00 ... 001 

; 
FS 

1LSB = 4096 

00 ... 000 '--+--..,I--+-i'r--+---II-+-.... 
123 

YIN, INPUT VOLTAGE (LSBS) t 
FS 

FS -lLSB 

Figure 5. Ideal Input/Output Transfer Characteristic for 
Unipolar Operation 
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OFFSET AND GAIN ADJUSTMENT 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can usually be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 
the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full
scale errors have to be adjusted to zero. 

UNIPOLAR OFFSET AND GAIN ERROR ADJUSTMENT 
If absolute accuracy is an application requirement, then offset 
and gain can be adjusted to zero. Offset error must be adjusted 
before gain error. Zero offset is achieved by adjusting the 
offset of the op amp driving the analog input (i.e., Al in Fig
ure 6). For zero offset error apply a voltage of 1 LSB to AIN 
and adjust the op amp offset until the ADC output code flickers 
between 0000 0000 0000 and 0000 0000 0001. 

o to 5 V Range: 1 LSB = 1.22 mV 
o to 10 V Range: 1 LSB = 2.44 mV 

For zero gain error apply an analog input voltage equal to FS-l 
LSB (last code transition) at AIN and adjust R3 until the ADC 
output code flickers between 11 i 1 1111 1110 and 1111 1111 
1111. 

o to 5 V Range: FS-l LSB = 4.99878 V 
o to 10 V Range: FS-l LSB = 9.99756 V 

AIN 

OT05V 
OR 

OT010V 

+V 

+VIN 

AD845 

VOUT 1-..... ---------1 +5REF 

AD586 

GND r------I SUM 

:>--H -3.5V 
>-t--!VREF 

+5V 

AD7886* 
R2 

56k 

-5V 

'ADDITIONAL PINS OMITTED FOR CLARITY 
"0 TO 5V RANGE: CONNECT VIN2 TO VINl 

o TO 10V RANGE: CONNECT VlN2 TO AGND 

Figure 6. Unipolar Operation with Gain Error Adjust 
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AD7886 
BIPOLAR OPERATION 
Bipolar operation is achieved by providing a + 10 V span on the 
VINI input while offsetting the VIN2 input by +5 V. A typical 
circuit is shown in Figure 7. The output code is offset binary. 
The ideal input/output transfer characteristic is shown in Figure 
8. The LSB size is (10/4096) V = 2.44 mY. 

+5V 

AIN 
0-----1 VINl 

±5V 

+V 
VIN2 

AGND 
+VIN 

VOUT ~+;.::5:,:"V_-4I __ -I +5REF 

AD586 

L--=:r=--....I .-------1 SUM 

OUTPUT 
CODE 

11 ... 111 

11 ... 110 

11 ... 101 

10 ... 010 

10 ... 001 

10 ... 000 

01 ... 111 

01...110 

01 ... 101 

00 ... 001 

00 ... 000 

AD7886* 

Cl C2 

10~F9 -sv 

'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 7. Bipolar Operation 

-FS +lLSB 
2 -lLSB 

Y 
+FS -lLSB 

2 

FS = 10V 

FS 
lLSB = 4096 

VIN, INPUT VOLTAGE - LSBs 

Figure 8. Ideal Input/Output Characteristics for Bipolar 
Operation 
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AD7886 
BIPOLAR OFFSET AND GAIN ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and gain error can be adjusted to zero. Offset is adjusted by 
trimming the voltage at the VINI or VIN2 input when the ana
log input is at zero volts. This can be achieved by adjusting the 
offset of an external amplifier used to drive either of these in
puts, see Al in Figure 9. The trim procedure is as follows: 

Apply zero volts at AIN and adjust the offset of Al until the 
ADC output code flickers between 0 III 1111 1111 and 1000 
00000000. 

Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC posi
tive full scale). Adjusting the reference, as in Figure 9, will trim 
the positive gain error only. The trim procedure is as follows: 

Apply a voltage of 4.99756 V, (FS/2-1 LSB) at AIN and adjust 
R3 until the output code flickers between 1111 1111 1110 and 
1111 Illl 1111. 

If the first code transition needs adjusting, then a gain trim has 
to be included in the analog signal path. The trim procedure 
will then consist of applying an analog signal of -4.99756 V, 
( - FS/2 + 1 LSB) and adjusting the trim until the output code 
flickers between 0000 0000 0000 and 0000 0000 0001. 

+5V 
AD845 

VDD 
>.----tVINl 

VIN2 

AGND 

r-.--------+---;+5REF 

....----------1 SUM 

AD7886* 

vss 

-5V 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 9. Bipolar Operation with Gain Error Adjust 

TIMING AND CONTROL 
Conversion start is controlled by the CONVST input, see Fig
ures 10 and 11. A high to low going edge on the CONVST in
put puts the trackfhold amplifier into the hold mode. The ADC 
conversion procedure does not begin until a rising CONVST 
pulse edge occurs. The width of the CONVST pulse low time 
determines the track-to-hold settling time. The BUSY output, 
which indicates the status of the ADC, goes low while conver
sion is in progress. At the end of conversion BUSY returns high 
indicating that new data is available on the AD7886's output 
latches. The trackfhold amplifier returns to the track mode at 
the I!nd of conversion and remains there until the next 
CONVST pulse. Conversion starts must not be attempted while 
conversion is in progress as this will cause erroneous results. 
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Data read operations are controlled by the CS and RD inputs. 
These digital inputs, when low, enable the AD7886's three-state 
output latches. Note, these latches cannot be enabled during 
conversion. In applications where CS and RD are tied perma
nently low, as in Figure 11, the data bus will go into the three
state condition at the start of conversion and return to its active 
state when conversion is complete. Tying CS and RD perma
nently low is usefnl when external latches are used to store the 
conversion results. The data bus becomes active before BUSY 
returns high at the end of conversion, so that BUSY can be used 
as a clocking signal for the external latches. 

A typical DSP application would have a timer connected to the 
CONVST input for precise sampling intervals. BUSY would be 
connected to the interrupt of a microprocessor which would be 
asserted at the end of every conversion. The microprocessor 
would then assert the CS and RD inputs and read the data from 
the ADC. For applications where both data reading and conver
sion control need to be managed by a microprocessor, then a 
CONVST pulse can be decoded from the address bus. One de
coding possibility is that a write instruction to the ADC address 
starts a conversion and a read instruction reads the conversion 
result. 

RD 

TRACK-TO-HOLD 
/ TRANSITION 

f-------- I13 --------1 

11 -~~~----------------------~ 
CONVERSION 
START 

HOLD TO 
TRACK 

TRANSITION 

ICONV--~ir~----+-----. 
BUSY 

DATA --------------( 
HIGH IMPEDANCE 

Figure 10. Conversion Start and Data Read Timing 
Diagram 

TRACK-TO-HOLD I TRANSITION 

1------- 113 ------1 
CONVST -------- lI..-11 

BUSY 

DATA 

Figure 11. Conversion Start and Data Read Timing 
Diagram, (CS = RD = 0 V) 
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AD7886 DYNAMIC SPECIFICATIONS 
The AD7886 is specified for dynamic performance specifications 
as well as traditional de specifications such as integral and differ
ential nonlinearity. These ac specifications are required for the 
signal processing applications such as speech recognition, spec
trum analysis, and high speed modems. These applications re
quire information on the AOC's effect on the spectral content of 
the input signal. Hence, the parameters for which the AD7886 
is specified include SNR, harmonic distortion, intermodulation 
distortion and peak harmonics. These terms are discussed in 
more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 

half the sampling frequency (PS/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zarion process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 

SNR = (6.02N + 1.76) dB (1) 

where N is the number of bits. Thus for an ideal 12-bit con
verter, SNR = 74dB. 

The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input which 
is sampled at a 750 kHz sampling rate. A Fast Fourier Trans
form (FFT) plot is generated from which the SNR data can be 
obtained. Figure 12 shows a typical 2048 point FFT plot with 
an input signal of 100 kHz and a sampling frequency of 750 
kHz. The SNR obtained from this graph is 68 dB. It should be 
noted that the harmonics are taken into account when calculat
ing the SNR. 

III ... 
I 

w 
Q 

E 
-' A-
li! 
C 
-' 
~ 
S! 
UI 

Or-------,-----------------~ 

-30 

-60 

INPUT FREQUENCY -100kHz 
SAMPLE FREQUENCY - 750kHz 
SNR = 68.12d8 
TA = 25°C 

FREQUENCY - kHz 

Figure 12. AD7886 FFT Plot 

Effective Number of Bits 
The formula given in Equation 1 relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure o( performance expressed in effective number of 
bits (N). 

N == SNR-1.76 
6.02 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 
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AD7886 
Figure 13 shows a typical plot of effective number of bits versus 
frequency for a sampling frequency of 750 kHz. Input fre
quency range for this particular graph was limited by the test 
equipment to FS/4. The effective number of bits typically falls 
between 10.9 and 11.2 corresponding to SNR figures of 67.38 
dB and 69.18 dB. 

12 

UI 

Iii 
IL 

11.5 
0 
II: 
W 
DI 

11 
~ .-~ z ~ '--w 

i: 
!d 10.5 II:: w 

SAMPLING FREQUENCY = 750kHz 

10 

TA =25"C I 
I 

o Fs/4 
INPUT FREQUENCY 

Figure 13. Effective Number of Bits vs. Frequency 

Total Harmonic Distortion (THD) 
THD is the ratio of the rms sum of harmonics to the fundamen
tal. For the AD7886, THD is dermed as 

V V 2+ V2+V 2+ V2+ V 2 
THD = 20 log 2 3 VI 4 5 6 (3) 

where V I is the rms amplitude of the fundamental and V2, V 3' 

V 4' V 5 and V 6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC output spectrum. 

Intermodulation Distortion (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa± nfb where 
m,n = 0, 1,2,·3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
ordeHerms include (fa + fb) and (fa - fb) while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individwiI distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 14 shows a typical IMD plot for the 
AD7886. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defIned as the ratio of the 
rms value of the next largest component in the AOC output 
spectrum (up to FS/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
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AD7886 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 

INPUT FREQUENCIES 
F1=87_ 
F2=97.95IcHz 

SAMPLE FREQUENCY - 307.2kHz 
25'C --1--------/ 

FREQUENCY - kHz 

Figure 14. AD7886IMD Plot 

MICROPROCESSOR INTERFACING 
The AD7886 is designed to interface to microprocessors as a 
memory mapped device. Its CS and RD control inputs are com· 
mon to all memory peripheral interfacing. Figures 15 to 21 dem
onstrate tYPical interfaces for the AD7886. 

AJ>7886-TAlS32OCIOrrAlS32020 
Figures 15 and 16 show typical interfaces for the TMS320ClO 
and the TMS32020 DSP processors. An external timer controls 
conversion start to the processor. At the end of each conversion 
the ADC's BUSY output interrupts the microprocessor. The 
conversion result can then be read from the ADC with the fol
lowing instruction: 

IN D,ADC (ADC = ADC address) 

AJ>7886- ADSP-2100rrAlS320C2SIDSP56000 
Some of the faster DSP processors have data access times which 
are outside the capabilities of the AD7886. Interfacing to such 
processors requires the use of either a single WAIT state or ex
ternallatches. Examples are shown in Figures 17, 18 and 19. 

The use of a single WAIT state for the TMS320C25 and the 
ADSP-2100 interfaces extends the read instruction to the ADC 
by one processor CLK OUT cycle. In the DSP56000 example 
the ADC's data is first clocked into 74HC374 latches before 
being read by the processor. The AD7886's CS and RD inputs 
are tied permaD.ently low, and the rising edge of BUSY updates 
the latches at the end of conversion. Both methods of overcom
ing the very fast data access time required by these processors 
are interchangeable, i.e., a WAIT state can be used for the 
DSP56000 eliminating the need for latches or vice versa for the 
other two interfaces. 

For all three interfaces, an external timer controls conversion 
start, the processor is interrupted at the end of each conversion 
by the ADC's BUSY output. The following instruction then 
reads da~ from the ADC: . 

ADSP-2100 - MR = DM(ADC) 
TMS320C25 - IN D,ADC 
DSP56000 - MOVEP Y:ADC,XO Assuming the ADC is 

memory mapped into the 
top 64 locations in Y 
memory space. 
(ADC = ADC address) 
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I TIMER 

PA2 
\ ADDRESS BUS 
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~ ~ L W ADDR l CoNVST 
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TMS320C10 AD7886* 
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DB11 
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'ADDITIONAL PINS OMmED FOR CLARITY 

Figure 15. AD7886-TMS320C10 Interface 
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Figure 16. AD7886-TMS32020 Interface 
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DMDO I-_....;;.;DA.;.;T.;.;A.;.;B.;;,;US'--_______ -l 

L-___ --'·ADDITIONAL PINS 0I0ITTED FOR CLARITY 

Figure 17. AD7886-ADSP-2100 Interface 
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A15 

TMS320C25 CONVST 

P-_-----tCS 

AD7886* 

r-~ ______ L--'----~RD 

\4---< 1------------1 BUSY 

..-----------~ DB11 

..----------1 DBD 

015 r--------' 

OO~--~~~~----~ 

I.... ________ .J 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 1B. AD7886-TMS320C25 Interface 
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ADr-----, 
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RD 

IRQ 1-----+---------------.....-1 BUSY 

AD7886* 

RD ~-----L'/ 

DSP56000 
DB11 

DBD 

D23~-----' 
DATA BUS 

oot---------~ 
~ ______ .. 'ADDmONAL PINS OMITTED FOR CLARITY 

Figure 19. AD7886-DSP56000 Interface 

AD7886-MC68000 
Applications that require conversions to be initiated by the 
microprocessor rather than an external timer may decode a 
CONVST signal from the address bus. An example is given in 
Figure 20 with the MC68000 processor. A write instruction 
starts conversion while a read instruction reads the data when 
conversion is complete. A delay at least as long as the ADC con
version time must ..uowed between initiating a conversion and 
reading the ADC data into the processor. In Figure 20, BUSY is 
used to drive the processor into a WAIT state if the processor 
attempts to read datil before conversion is complete. 

Conversion is initiated with a write instruction to the ADC: 

Move.W DO,ADC (ADC = ADC address) 

Data is tranSferred to the processor with a read instruction, 
BUSY will force the processor to WAIT for the end of conver
sion if a conversion is in progress. 

Move.W ADC,DO (ADC = ADC address) 
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A15~--------------------~ 
ADDRESS BUS 

AD~----~ r------------J 

RIW 

MC68000 

>--_>+-------JR'O 
~1r--~~_I_I------_iBUSY 

AD7886* 

.----------1 DB11 

011 1----------' 

DOr---------------------J 
1.... ________ ...1 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 20. AD7BB6-MC68000 Interface 

AD7886-Z·80/808SA 
For 8-bit processors an external latch is required to store 4-bits 
of the conversion result (4 LSBs in Figure 21). The data is then 
read in two bytes: one read from the ADC and a aecond from 
the latch. 

Figure 21 shows a typical interface that is suitable for the Z-80 
or the 808SA. Not shown in the Figure is the 8-bit latch need~ 
to demultiplex the 808SA common address/data bus. The follow
ing LOAD instruction reads the conversion result into the HL 
register pair. 

For the 808SA - LHLD (ADC) 
For the Z-80-LDHL (ADC) 

(ADC = ADC address) 
(ADC = ADC address) 

This is a two byte read instruction. The first byte to be read has 
to be the high byte (DB11 to DB4). At the end of the first read 
operation, the rising edge of CS and RD clocks the 4 LSBs into 
74HC374 latches. The second byte (4 LSBs) is then read from 
these latches. 

A15~--------------------y 
ADDRESS BUS AOt---, ,...--------' 

MREQ 

iii) 

INT 

Z-80 
8085A QO 00 

74HC374 

D7 
DATA BUS 

DOr--------------------' 

RD 

BUSY 

AD7886* 

DB3 

oao 
DB11 

DB4 

~ ______ ..... 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 21. AD7886-Z-80/8085A Interface 
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AD7886 
APPUCATION IDNTS 
Good printed circuit (PC) board layout is as imponant as the 
circuit design itself in achieving high speed AID performance. 
The AD7886's comparators are required to make bit decisions 
on an LSB size of 1.22 mV. To.achieve this, the designer has to 
be conscious of noise both in the ADC itself and in the preced
ing analog circuitry. Switching mode power supplies are not rec
ommended as the switching spikes will feed through to the 
comparator causing noisy code transitions. Other causes of con
cern are ground loops and digital feedthrough from microproces
sors. These are factors which influence any ADC, and a proper 
PC board layout which minimizes these effects is essential for 
best performance. 

LAYOUT IUNTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD7886 AGND or as close 
as possible to the AD7886. Connect all other grounds and the 
AD7886 DGND to this single analog ground point. Do not con
nect any other digital grounds to this analog ground point. 

Low impedance analog and digital power supply common re
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
25 and 26 have both analog and digital ground planes which are 
lrept separated and only joined together at the AD7886 AGND. 

NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be
tween the source and the ADC. Reduce the ground circuit im
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

DATA ACQUISmON BOARD 
Figure 23 shows a typical data acquisition circuit designed for a 
microprocessor environment. The corresponding PC board lay
out and siIkscreen are shown in Figures 24 to 26. 

The analog input to the AD7886 is buffered with an AD845 op 
amp. There is a component grid provided near the analog input 
on the PC board which may be used for an antialiasing filter or 
any other conditioning circuitry. To facilitate this option, a link 
(labeled LK4) is required on the analog input. 

An AD586 voltage reference and an AD7070p amp provide the 
appropriate reference biasing required by the AD7886. The 
ADC's data outputs are buffered with 74HC374 latches. These 
provide data bus isolation and improve data access time. Data 
access time is reduced to under 30 ns allowing interfacing to 
practically any microprocessor including the high speed DSP 
processors. Data format can either be a complete parallel load 
for 16-bit processors or a two-byte load for 8-bit processors. 

INTERFACE CONNECTIONS 
There are two connectors labeled SKT3and SKT4. SKT3 is a 
96-contact (3-row) connector which is directly compatible with 
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the ADSP-2100 evaluation board prototype expansion connector. 
The expansion connector on the ADSP-21QO board has eight 
decoded chip enable outputs labeled ECEI to ECE8. ECE6 is 
used to select the AD7886 data acquisition board. To avoid se
lecting on-board RAM sockets at the same time, LK6 on the 
ADSP-2100 board must be removed. In addition, the ADSP-
2100 expansion connector has four interrupts labeled EIRQO to 
EIRQ3. The AD7886's BUSY output connects to EIRQO. 
SKT3 pin out is shown in Figure 23. 

Data format to the ADSP-2100 connector is left justified, i.e., 
DBll of the conversion result is connected to DMDl5 of the 
connector. DMD3 to DMDO are always zero. 

SKT4 is a 22-way (2 row) pin-header connector. This connector 
contains all the signal contacts as SKT3 with the exception of 
EDMACK and the 4 trailing zeros of the 16-bit data word. Only 
the 12-bit conversion results go to SKT4. The pinout is shown 
in Figure 22. 
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NC = NO CONNECT 

Figure 22. SKT4 Pinout 

POWER SUPPLY CONNECTIONS 
The PC board requires two analog power supplies and one 5 V 
digital supply. Connections to the analog supply are made di
rectly to the PC board as shown on the siIkscreen in Figure 24. 
The connections are labeled V + and V -, and the range for 
both of these supplies is 12 V to 15 V. Connection to the 5 V 
digital supply is made through either of the two connectors 
(SKT3 or SKT4). The ±5 V analog supplies required by the 
AD7886 are generated from voltage regulators on the V-and 
V + power supplies. 

LINK OPTIONS 
There are five link options, labeled LKI to LKS which must be 
set before using the board. 

LKI Input Range Select 
The AD7886 can accommodate three possible analog input 
ranges: 0 to 5 V, 0 to 10 V and ±5 V. The link options are as 
follows: 

Oto 5 V 
OtolOV 
±5V 

Use LinkC 
Use LinkB 
Use Link A 

REV. A 



LK2 BDd LK3 Control Input Options 
The evaluation board includes two latches to increase the data 
access time when interfacing to the faster DSP machines. If 
these latches are not required, they may be removed and the 
data digital paths shorted out, i.e., latch inputs Ox shorted to 
outputs Qx using wire Iinks in the latch sockets. When using 
the latches, the AD7886 control inputs, CS and RD, must be 
tied low via links 2 and 3. The latches are updated by the rising 
edge of the BUSY signal at the end of every conversion. Data is 
then read by asserting the latch output enable signals. The alter
native is to remove the latches and assert the ADC's control in
puts from either of the connectors, SKT3 or SKT4, as outlined 
in the data sheet. 

SKT3 +5V +V 
IN OUT 

\l6-WAY 
C20 C19 78L05 CONNECTOR 

0.111f Q10llF res 
+5V 

GND 
A31 +5V -

DMD15 Vce 
B11 Q7 D7 

B18 DMD8 

ECE6 (Oii'fi) 
C22 t--'---'-..-I 

74HC374 
QO IC8 DO 

VDO VOD 

DB11 +5REF 

SUM 
DB4 

VI'IEF 

IC1 
AD7886 

Latches Included 
Insert Link 2 
Insert Link 3 

Latches Removed 
Remove Link 2 
Remove Link 3 

AD1886 

LK4 Analog Input Option 
LK4 connects the analog input to a component grid or to a 
buffer amplifier which drives. the ADC input. 

LK5 
Data format can be 16-bits parallel or two bytes for 8-bit proces
sors. There are two data enable controls for the 74HC374 
latches, labeled OUTI and OUT2. OUTl enables the 8 MSBs 
(IC8), and OUT2 enables the 4 LSBs (IC9). Link options are: 
for 16-bit format, include LKS and for a two byte read format, 
remove LKS. 

+V 

1--------+----tiVOUT +VIN C6 C5 
AD586 0.111f l:....:f 1011f 

1C3 V 
GND 

1--+-1 DB3 
t--+-iDBO 

VIN1i---__... 

C11\o==--""" 

B20 I-=~----l 

B27 t==-----i 
L..::;:::;-=::..r-~n BUSY 

A9 t==-oC I----------J 

C14 ~=-------_-------i CS 
RD C13 ___ . RD 

012 CONVST CONVST 

A321B32J 
C32 .... 

1-_---' DIGITAL 
GND 

LK2( )LK3 

P 
SKT1 

-v IN OUT 

79L05 
le6 

GND 

VIN2i-----.... 

LK4 SKTZ 

A~ 
ANALOG 

INPUT 

Figure 23. Data Acquisition Circuit Using the AD7886 
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AD7886 
COMPONENT LIST 

ICI 
IC2 
IC3 
IC4 
IC5 
IC6 

AD7886, 12-Bit Sampling ADC 
AD84S, Op Amp 
ADS86, Precision Voltage Reference 
AD707, Op Amp 
MC78L05, +5 V Regulator 
MC79L05, -5 V Regulator 
74HC04, Hex Inverter 

CI, C3, CS, C7, 
C9, Cll, Cl3, CIS 
C17, C19, C21 

C2, C4, C6, C8, 
CIO, C12, C14, 
C16, C18, C20, 
C22, C23 

10 ILF Capacitors 

0.1 ILF Capacitors 

BNC Sockets IC7 
IC8.IC9 74HC374, Octal Latches with Three-State 

Outputs 

SKTl, SKT2 
SKT3 
SKT4 

96-Contact (3 Row) Eurocard Connector 
22-Way (2 Row) Pin Header and Socket 

• • AS2BS2CS2 + CI9 

::: SKU ~.I ::: · .U ··r: :::. .::-... , . . .. ...... . .. 
::: •• 5514 • -: : • ••• • • ••• 22 •• :n: • 
::: ••• :: Ica • 
••• C23 
••• •• ••• .p. ... .... 
••• •• ::: : .: 
•• • •• • • •• • ••• •• ••• ••• ••• ••• ••• +ilti •••••• 
::: c2Iyg > I 

GND • v-. • 
AD 7886 EVALUATION BOARD :::::::::::::::: 
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Figure 24. PC Board Silkscreen for Figure 23 
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AD7886 

• 

Figure 25. PC Board Component Side Layout for Figure 23 

Figure 26. PC Board Solder Side Layout for Figure 23 
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FEATURES 
Fast 12-Bit ADC with 10 ... S Conversion Time 
Eight Single-Ended Analog Input Channels 
±10 V Input Range 
Allows Separate Access to Multiplexer and ADC 
On-Chip Track/Hold Amplifier 
High Speed, Flexible, Serial Interface 
Single Supply Operation 
Low Power, 50 mW max in Normal Operation 
Power-Down Mode 

GENERAL DESCRIPTION 
The AD7890 is an eight-channel 12-bit data ac 
The part contains an input multiplexer, 
amplifier, a high speed l2-bit ADC 
interface. The part operates from 
accepts an analog input range of ± 1 

The multiplexer on the part is independent! 
allows the user to insert an antialiasing fIlter, if U1re, 
berween the multiplexer and the ADC. This means that one 
antialiasing filter can be used for all eight channels. Connection 
of an external capacitor allows the user to adjust the time given 
to the multiplexer settling to include any external delays in this 
antialiasing filter. 

Output data from the AD7890 is provided via a high speed bidi
rectional serial interface port. The part contains an on-chip con
trol register, allowing control of channel selection, conversion 
start, power-down, etc., via the serial port. Versatile, high speed 
logic ensures easy interfacing to serial ports on microcontrollers 
and digital signal processors. 

In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7890 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 

Power dissipation in normal mode is low at 30 mW typ, and the 
part can be placed in a standby (power-down) mode if it is not 
required to performed conversions. The AD7890 is fabricated in 
Analog Devices' Linear Compatible CMOS (LC2MOS) process, 
a mixed technology process that combines precision bipolar 
circuits with low power CMOS logic. The part is available in a 
24-pin, 0.3" wide, plastic or hermetic dual-in-line package or in 
a 24-pin small outline package (SOlC). 

LC2MOS 8-Channel, 12-Bit 
Serial, Data Acquisition System 

V,N4 

V,NS 

AD7890 I 
FUNCTIONAL BLOCK DIAGRAM 

V DO MUX OUT SHA IN REF IN Ne 

AD7890 

it Data Acquisition System on a Chip 
890 is a complete monolithic ADC combining an 

t-channel multiplexer, l2-bit ADC and a track!hold 
amplifier on a single chip. 

2. Separate Access to Multiplexer and ADC 
The AD7890 provides access to the output of the multiplexer 
allowing the user to insert an antialiasing fIlter berween the 
multiplexer and the ADC. This allows one antialiasing fIlter 
for eight channels-a considerable saving over the eight 
antialiasing fIlters required if the multiplexer was internally 
connected to the ADC. 

3. High Speed Serial Interface 
The part provides a high speed serial interface for easy con
nection to serial ports of microcontrollers and DSP proces
sors. An on-chip control register is programmed via this 
bidirectional serial port. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(Yoo = +5 Y, AGND = DGND = 0 Y, REF IN = +2.5 Y, feLKIN = 2.5 MHz 

AD 1890 - SPECIFICATIONS external, MUX OUT connected to SHA IN. All specifications TMIN to TMAX 
unless otherwise noted) 

Parameter AV~ionl B Version S Version Units Test Conditions/Comments 

DYNAMIC PERFORMANCE Any Channel 
Signal-to-Noise Ratio @ +25"<: 70 72 70 dB min fIN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 

TMINtoTMAX' 70 70 70 dB min 
Total Harmonic Distortion -SO -SO -SO dB max fiN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 
Peak Harmonic or Spurious Noise -Sl -SI -SI dB max fIN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 
Intermodulation Distortion fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = S3 kHz 

2nd Order Terms -SO -SO -SO dB typ 
3rd Order Terms -SO -SO -SO dBtyp 

Channel-to-Channel Isolation -SO -SO -SO dB max fIN = 1 kHz Sine Wave 

DC ACCURACY Any Channel 
Resolution 12 12 12 Birs 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 12 12 12 Bits 
Relative Accuracy ±I ±1/2 ±I LSB max 
Differential Nonlinearity ±I ±I ±I LSBmax 
Positive Full-Scale Error' ±I ±I ±I LSBmax 
Negative Full-Scale Error' ±I ±I ±I LSB max 
Full-Scale Error Match' 1 1 1 
Bipolar Zero Error ±I ±I ±I 
Bipolar Zero Error Match I 1 1 

ANALOG INPUTS 
Input Voltage Range ±1O ±1O 
Input Current ±600 ±600 

MUX OUT OUTPUT 
Output Voltage Range 
Output Resistance 

SHAIN INPUT 
Input Voltage Range 
Input Current 

REFERENCE INPUT 
Input Voltage Range 
Input Current Varies with ADC Code 
Input Capacitance' 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 V min VDD = 5 V ± 5% 
Input Low Voltage, VINL 0.8 O.S 0.8 V max VDD = 5 V ± 5% 
Input Current, lIN ±1O ±1O ±1O p.A max VIN = 0 V to VDD 
Input Capacitance, CrN 

, 
10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 V min IsouRcE = 40 p.A 
Output Low Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6 rnA 
Serial Data Output Coding 2s COMPLEMENT 

CONVERSION RATE 
Conversion Time 10 10 10 ."S max fCLK IN = 2.5 MHz, MUX OUT 

Connected to SHA IN 
TrackIHold Acquisition Time 2 2 2 ."smax 

POWER REQUIREMENTS 
VDD +5 +5 +5 V nom ±5% for Specified Performance 
IDD (Normal Mode) 10 10 10 rnA max 
IDD (Standby Mode) 500 500 500 ."Amax Logic Inputs = 0 V or V DD 
Power Dissipation (Normal Mode) 50 50 50 mWmax Typically 30 m W 
Power Dissipation (Standby Mode) 2.5 2.5 2.5 mWmax Typically 1 mW 

NOTES 
ITemperature ranges are as follows: A, B Versions: -40'C to +S5'C; S Version: -55'C to +125'C. 
'Measured with respect to 4 x REF IN voltage and is calculated after the bipolar zero error has been adjusted out. 
'Sample tested @ + 25"<: to ensure compliance. 
Specificatio~s subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin 
Mnemonic 

MUXOUT 

SHAIN 

REF IN 

VDD 

AGND 
DGND 
SCLK 

DATA IN 

AD7890 
PIN FUNCTION DESCRIPTION 

Description 

Analog Input Channels. These input channels provide eight single-ended inputs. The analog input range on 
each channel is ± 10 V. The channel to be converted is selected using the AO, Al and AZ bits in the control 
register. The multiplexer has guaranteed break-before-make operation. 
Multiplexer Output. The output of the multiplexer appears at this pin. The output voltage range from this 
output is 0 to + Z.S V for a ± 10 V analog input to the selected channel. The output impedance of this 
output is nominally 3.5 kil. If no external antialiasing filter is required, MUX OUT should be connected 
to SHA IN. 
Track/Hold Input. The input to the on-chip tracklhold is applied to this pin. It is a high impedance input, 
and the input voltage range is 0 V to +Z.5 V. 
Voltage Reference Input. The reference voltage for the part is applied to this pin. The input impedance of 
this reference input varies with the analog input voltage and REF IN should, therefore, be driven from a 
low impedance source. The nominal reference voltage for correct operatio of the AD7890 is +Z.5 V. 
Positive supply voltage, +5 V ± 5%. 

Digital Ground. Ground reference for digital circuitry. 
Serial Clock Input. In the external clocking (slav 
externally applied serial clock which is us 
from the output register. In the self-cl 
the clock input (CLK IN), ap 
register and to access data fr 
Transmit Frame Sync 
edge of this signal. 
Serial Data Input. 
of serial data are loa 

NTERFACE section) this is an 
gister and to access data 

al clock, which is derived from 
to load serial data to the control 

rial data expected after the falling 

rovided at this input. The first six bits 
ling edges of SCLK after TFS goes low. 

remains low. 
RFS Receive Frame Synchronization clocking mode, this pin is an active low logic input 

with RFS provided externally as a strobe or framing pulse to access serial data from the output register. In 
the self-clocking mode, it is an active low output which is internally generated and provides a strobe or 
framing pulse for serial data from the output register. For applications which require that data be 
transmitted and received at the same time, RFS and TFS should be connected together. 

DATA OUT Serial Data Output. Sixteen bits of serial data are provided with one leading zero, preceeding the three 
address bits of the Control register and the IZ-bits of conversion data. Serial data is valid on the falling 
edge of SCLK for sixteen edges after RFS goes low. Output coding from the ADC is Zs complement. 

CONVST Convert Start. Edge-triggered logic input. A low to high transition on this input puts the track/hold into 
hold and initiates conversion provided that the internal one-shot has timed out (see Control Register 
section). If the internal pulse is active when the CONVST goes high, the tracklhold will not go into hold 
until the pulse times out. If the internal pulse has timed out when CONVST goes high, the rising edge of 
CONVST drives the track/hold into hold and initiates conversion. 

CLK IN Clock Input. An external TTL-compatible clock is applied to this input pin to provide the clock source for 
the conversion sequence. In the self-clocking serial mode, the SCLK output is derived from this CLK IN 
pin. 

NC 

External Capacitor. An external capacitor is connected to this pin to determine the length of the internal 
one-shot pulse (see CONVST input and Control Register section). Larger capacitances on this pin extend 
the pulse to allow for settling-time delays through an external antialiasing filter or signal conditioning 
circuitry. 
No Connect. Do not connect anything to this pin. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7890 
CONTROL REGISTER 

I A2 I Al I AO CONY I SC/EC I STBY I 
A2 Address Input. This input is the most significant address input for multiplexer channel selection. 
Al Address Input. This is the 2nd most significant address input for multiplexer channel selection. 
AO Address Input. Least significant address input for multiplexer channel selection. When the address is written to the control 

register, an internal one-shot is initiated, the pulse width of which is determined by the value of capacitance on the CEXT 

pin. When this pulse is active, it ensures the conversion process cannot be activated. This allows an external antialiasing 
filter (the output of wltich appears at SHA IN) to settle before the tracklhold goes into hold and conversion is initiated. 
When this pulse times out, the tracklhold goes into hold and conversion is initiated. 

CONY Conversion Start. Writing a I to this bit initiates a conversion in a similar manner to the CONVST input. Continuous 
conversion starts do not take place when there is a I in this location. The internal one-shot and the conversion process are 
initiated on the next clock edge after a I is written to this bit. With a I in this bit, the hardware conversion start, i.e., the 
CONVST input, is disabled. Writing a 0 to this bit enables the hardware CONVST input. 

SC/EC Master/Slave Selection. Writing a 0 to this bit puts the AD7890 into its self-clocking (master) mode where the SCLK and 
RFS pins are outputs and the AD7890 effectively acts as a master in a serial system. This self-clocking mode is useful for 
connection to shift registers and the serial ports of DSP processors. Writing a 1 to this bit puts the AD7890 serial interface 
into its external clocking (slave) mode where the SCLK and RFS pins are both i d the AD7890 effectively acts as a 
slave to a microprocessor in a serial system. This external clocking mode is nection to the serial port of 
microcontrollers such as the 8XC51 and the 68HCXX and for connecti rts of DSP processors. The 
AD7890 powers up in its external clocking mode. 

STBY Standby Mode Input. Writing a I to this bit places the d 
places the device in its normal operating mode. 

CIRCUIT DESCRIPTION 
The AD7890 is an eight-channel, 12-bi 
system. It provides the user with signal g, 
track!hold, AID converter and versatile serial I 
a single chip. The signal scaling allows the part to 
input signals while operating from a single + 5 V supply. The 
part requires an external +2.5 V external reference. 

Unlike other single chip solutions, the AD7890 provides the 
user with separate access to the multiplexer and the A/D con
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not sacrificed with the one-chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
tracklhold. It means that one antialiasing filter can be used to on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD7890 by connecting a single capacitor to the CEXT pin. If no 
external signal conditioning is required, the multiplexer output 
(MUX OUT) can simply be connected directly to the track! 
hold input (SHA IN). 

A serial write to the control register selects the input channel to 
be converted. When the three address bits are written to the 
control register, an internal pulse is initiated. This disables the 
tracklhold from going into hold and also disables conversion 
from being initiated. The duration of the internal pulse allows 
for the settling time of the on-chip multiplexer. By connecting 
different values of capacitor for the CEXT pin, this internal pulse 
can be stretched to cater for the settling time of external compo
nents between the MUX OUT and SHA IN pins. 

een timed out, conversion can be initiated 
. The conversion can be initiated by puls

t or by writing to the CONY bit of the 
. If the conversion start command is coincident 

ultiplexer write or occurs while the internal pulse is 
lve, the track!hold will not go into hold and conversion will 

not be initiated until the internal pulse has timed out. 

The AD7890 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the track!hold has gone into hold mode 
the input channel can be updated and the input voltage can set
tle to the new value while the present conversion is in progress. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DIGITAL INTERFACE 
The AD7890's serial communications port provides a flexible 
arrangement to allow easy interfacing to industry standard mi
croprocessors, microcontrollers and digital signal processors. A 
serial read to the AD7890 accesses data from the output register 
via the DATA OUT line. A serial write to the AD7890 writes 
data to the Control Register via the DATA IN line. 

Two different modes of operation are available, optimized for 
different types of interface where the AD7890 can either act as 
master in the system (it provides the serial clock and data fram
ing signal) or act as slave (an external serial clock and framing 
signal can be provided to the AD7890). These two modes, la
belled self-clocking mode and external clocking mode, are dis
cussed in detail in the following sections. Note, the AD7890 
powers up in its external clocking mode. A Logic 0 must be 
written to the SC/EC bit of the control register to place the part 
in its self-clocking mode. 

Self-Clocking Mode 
The AD7890 is configured for its self -clocking mode by writing 
a 0 to the SCIEC bit of the control register. In this mode, the 
AD7890 provides the serial clock signal and the serial data fram
ing signal used for the transfer of data from the AD7890. T 
self-clocking mode can be used with processors which 
external device to clock their serial port includi 
signal processors. 

RFS(O) 

3·STATE 

DATA OUT (0) 

NOTE 
(I) Signifies an Input; (0) SJgnlfles an Output. 

AD7S90 
Read Operation 
Figure 1 shows a timing diagram for reading from the AD7890 
in the self-clocking mode. At the end of conversion, RFS goes 
low and the serial clock (SCLK) and serial data (DATA OUT) 
outputs become active. Sixteen bits of data are transmitted with 
one leading zero, followed by the three address bits of the Con
trol Register, followed by the 12 bit conversion result starting 
with the MSB. Serial data is clocked out of the device on the 
rising edge of SCLK and is valid on the falling edge of SCLK. 
The RFS output remains low for the duration of the sixteen 
clock cycles. When RFS returns high, the serial clock and serial 
data outputs are disabled. 

Write Operation 
Figure 2 shows a write operation to the Control Register of the 
AD7890. The TFS input goes low to indicate to the part that a 
serial write is about to occur. TFS going low initiates the SCLK 
output, and this is u d to clock data out of the processors serial 
port and int rol Register of the AD7890. The AD7890 
Contr s only six bits of data. These are loaded 

cycles of the serial clock with data on all 
les being ignored. Serial data to be written 
be valid on the falling edge of SCLK. 

Figure 1. Self-Clock (Master) Mode Output Register Read 

TFS(Q 1L.--------------f5--.r-
SCLK(O) 

DATA IN (I) 

NOTE 
(I) Slgnlfles an Input; (0) Slgnlfles an Output. 

Figure 2. Self-Clocking (Master) Mode Control Register 
Write 
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AD789D 
External Clocking Mode 
The AD7890 is configured for its external clocking mode by 
writip,g a I to the SCIEC bit of the Control Register. In this 
mode, SCLK and RFS of the' AD7890 are configured as inputs. 
This extemal-clockip.g mode is ~esigned for direct interface to 
systems which provide a serial clock output which is synchro
nized to the serial data output including microcontrollers such as 
the 80CSl, 87CSl, 68HCll and 68HCOS and most digital signal 
processors. 

Read Operation 
Figure 3 shows the timing diagram for reading from the 
AD7890 in the external clocking mode. RFS goes low to access 
data from the AD7890. The serial clock input does not have to 
be continuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, sixteen bits of data are 
transmitted with one leading zero, followed by the t,hree address 

RFS(I) 

SCLK(I) 

DATA OUT (0) 

bits in the Control Register, followed by the l2-bit conversion 
result starting with the MSB. Serial data is clocked out of the 
device on the rising edge of SCLK and is valid on the falling 
edge of SCLK. If a serial read from the output register is in 
progress when conversion is complete, the updatip.g of the out
put register is deferred until the serial data read is complete. 

Write Operation 
Figure 4 shows a write operation to the Control Register of the 
AD7890. As with the self-clocking mode, the TFS input goes 
low to indicate to the part that a serial write is about to occur. 
The AD7890 control register requires only six bits of data. 
These are loaded on the first six clock cycles of the serial clock 
with data on all subsequent clock cycles being ignored. Serial 
data to be written to the AD7890 must be valid on the falling 
edge of SCLK. 

TFS(I) I.L.. -------------H~ 

SCLK(I) 

DATA IN (I) 

NOTE 
(I) Signifies an Input; (O) SlgnHies an Output. 

Figure 4. External Clocking (Slave) Mode Control Register 
Writer 
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r.ANALOG 
WDEVICES 

FEATURES 
Fast 12-Bit ADC with 10 jUI Conversion Time 
Eight Single-Ended Analog Input Channels 
±10 V Input Range 
Allows Separate Access to Multiplexer and ADC 
On-Chip Track/Hold Amplifier 
High Speed Parallel Interface 
Single Supply Operation 
Low Power. 50 mW max in Normal Operation 
Power-Down Mode 

GENERAL DESCRIPTION 
The AD7891 is an 8-channel 12-bit data acquisition system with 
a parallel interface structure. The part contains an input multi
plexer, an on-chip tracklhold amplifier, a high speed 12-bit 
ADC and a high speed parallel interface. The part operates fro 
a single + 5 V supply and accepts an analog input range 
±IOV. 

The multiplexer on the part is independendy 
allows the user to insert an antialiasing 
tween the multiplexer and the AD 
aliasing filter can be used for all e· 
an external capacitor allows the u 
the multiplexer settling to include an 
antialiasing filter. 

The AD7891 has standard control inputs and fast data access 
times which ensure easy interfacing to modem microprocessors 
and digital signal processors. 

In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-ta-noise ratio. 

Power dissipation in normal mode is low at 30 mW typ, while 
in the standby mode this is reduced to 1 mW typo The AD7891 
is fabricated in Analog Devices' Linear Compatible CMOS 
(LC2MOS) process, a mixed technology process that combines 
precision bipolar circuits with low power CMOS logic. The part 
is available in a 44-pin plastic quad flat-pack (PQFP) and a 44-
lead ceramic quad flat pack (CERQUAD). 

LC2MOS 8-Channel, 12-Bit 
Parallel Data Acquisition System 

AD7891 I 
FUNCTIONAL BLOCK DIAGRAM 

V DD MUX OUT SHA IN REF IN NC 

BLIGHTS 

DBO 

DBll 

ClKIN 

DONO 

It Data Acquisition System on a Chip 
91 is a complete monolithic ADC combining an 

el multiplexer, 12-bit ADC lind a tracklhold amplifier 
on a single chip. 

2. Separate Access to Multiplexer and ADC 
The AD7891 provides access to the output of the multiplexer 
allowing the user to insert lin antialiasing filter between the 
multiplexer and the ADC. This allows one antialiasing filter 
for eight channels-a considerable saving over the eight 
antialiasing filters required if the multiplexer were intemally 
connected to the ADC. 

3. Fast Microprocessor Interface 
The part offers a high speed, parallel interface for easy con
nection to microprocessors, 16-bit microcontrollers. and digi
tal signal processors. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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(Yaa = +5 Y, AGND = DGND = 0 Y, REF IN = +2.5 Y, fCUlI• = 2.5 MHz 

AD7891 ...... SPECIFICATIONS :~~~e~:'~~TCOnnectad to SHA IN. AlispecificationsT ... to T~, unless 

Parameter A Version' B Version SVersion UDits Test .COncIiticlDslCoiluDents 

DYNAMIC PERFORMANCE Any Channel 
Signal·to-Noise Ratio @ + 2S"C 70 72 70 dB min fIN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 

TMlNtoTMAX 70 70 70 dB min 
Total Harmonic Distortion -SO -SO -SO dB max fIN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 
Peak Harmonic or Spurious Noise -SI -SI -SI dB max fIN = 10 kHz Sine Wave, fSAMPLE = S3 kHz 
Intermodulation Distortion fa = 9 kHz, tb = 9.S kHz, fSAMPLE = S3 kHz 

2nd Order Terms -SO -SO -SO dBtyp 
3rd Order Terms -SO -SO -SO dBtyp 

Channel·to-Cbannellsolation -SO -SO -SO dB max fIN = 1 kHz Sine Wave 

DC ACCURACY Any Channel 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 12 12 12 

Relative Accuracy ±1 ±112 ±1 
Differential Nonlinearity ±1 ±1 ±1 
Positive Full-Scale Error" ±1 ±1 ±1 
Negative Full-Scale Error ±1 ±1 ±1 
Full-Scale Error Match2 1 1 1 
Bipolar Zero Error ±1 ±1 ±1 
Bipolar Zero Error Match 1 1 1 

ANALOG INPUTS 
Input Voltage Range ±10 ±10 
Input Current ±600 

MUXOUTOUTPUT 
Output Voltage Range 
Output Resistance 

SHAININPUT 
Input Voltage Range 
Input Current 

RnFERENCE INPUT 
Input Voltage Range 2.S V ± S% 
Input Current Varies with ADC Code 
Input Capacitance' 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 2.4 V min Voo = SV ± 5% 
Input Low Voltage, VINL O.S O.S O.S V max Voo = S V ± S% 
Input Current, lIN :!:10 ±10 ±10 llAmax VIN=OVtoVoo 
Input Capacitance, CIN 3 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VOH 4.0 4.0 4.0 V min lsotJllCB = 40 IIA 
Output Low Voltage, VOL 0.4 0.4 0.4 V max ISINK = 1.6 mA 
DBll-DBO 

Output Coding 2s Conlplement 
Floating-State Leakage Current ±10 ±10 ±10 IIA max 
Floating-State Capacitance' IS IS IS pFmax 

CONVERSION RATE 
Conversion Time 10 10 10 ",smax fcut IN = 2.5 MHz, MUX OUT Connected 

to SHAIN 
Track/Hold Acquisition Time 2 2 2 ",smax 

POWER REQUIREMENTS 
Voo +5 +S +S V nom ±5% for Specified Performance 
100 (Normal Mode) 10 10 10 mAmax 
100 (Standby Mode) 500 SOO soo IIA max Logic Inputs = 0 V or V 00 

Power Dissipation (Normal Mode) SO 50 SO mWmax Typically 30 mW 
Power Dissipation (Standby Mode) 2.S 2.S 2.5 mWmax Typically 1 mW 

NOTES 
'Tempersture ranges are as follows: A, B Versions: -40"(; to +8S"C; S Version: -SS"C to + 12S"C. 
2Messured with respect to 4 x REF IN voltage and is calculated after the bipolar zero error has been adjusted out. 
'Ssmple tested @ + 2S"C to ensure compliance. 
Specificstioos subject to change without notice. 
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AD7S91 
PIN FUNCTION DESCRIPTION 

Pin 
Mnemonic 

MUXOUT 

SHAIN 

REF IN 

VDD 

AGND 

DGND 
AO 

Al 

A2 

WR 

Description 

Analog Input Channels. These input channels provide eight single-ended inputs. The analog input range for each 
channel is :tl0 V. The channel to be converted is selected by the A2, Al and AO inputs. The multiplexer has 
guaranteed break-before-make operation. 

Multiplexer Output. The output of the multiplexer appears at this pin. The output voltage range from this output is 
o to + 2.5 V for a :t 10 V analog input to the selected channel. The output impedance of this output is nominally 
3.5 kO. If no external antialiasing filter is required, MUX OUT should be connected to SHA IN. 

TracklHold Input. The input to the on-chip tracklhold is applied to this pin. It is a high impedance input and the 
input voltage range is 0 V to +2.5 V. 

Voltage Reference Input. The reference voltage for the part is applied to this pin. The input impedance of this 
reference input varies with the analog input voltage and REF IN should, therefore, be driven from a low impedance 
source. The nominal reference voltage for correct operation of the AD7891 is +2.5 V. 

Positive Supply Voltage, +5 V :ts%. 

Analog Ground. Ground reference for tracklhold, comparator and 

Digital Ground. Ground reference for digital circuitry. 

Address Input. Least significant address input for 

Address Input. This is the 2nd most significant 

Address Input. This input is the most s' 

Write Input. Edge-triggered, acti 
input also initiates an internal 
CSXT pin. When this 
antialiasing filter ( 
conversion is initiat 
pulse active time, the 
pulse times out. When this 
pulse has timed out prior to CO 
initiate conversion. 

Channel selection. 
tiplexer address. The rising edge of this 

detertDined by the value of capacitance on the 
cess cannot be activated. This allows an external 

ore the tracklhold goes into hold and 
t with the WR input or during the mternal 

nversion will not be initiated until the internal 
s into hold and conversion is initiated. If the 

edge of CONVST will put the tracklhold into hold and 

CONVST Convert Start. Edge-triggered logic input. A low to high transition on this input puts the tracklhold into hold and 
initiates conversion, provided that the internal one-shot has timed out (see WR input). If the internal pulse is active 
when the CONVST goes high, the tracklhold will not go into hold until the internal pulse times out. If the internal 
pulse has timed out when CONVST goes high, the rising edge of CONVST drives the tracklhold into holl!, and 
initiates conversion. 

CS Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs. 

RD Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 

EOC End-of-Conversion. Active low logic output indicating converter status. The end of conversion is signified by a 
low-going pulse on this line. The duration of this EOC pulse is nominally 500 ns. 

CLK IN Clock Input. An external TTL-compatible clock may be applied to this input pin to provide the clock source for the 
conversion sequence. 

CSXT External Capacitor. An external capacitor is connected to this pin to detertDine the length of the internal one-shot 
pulse (see WR input). Larger capacitances on this pin extend the pulse to allow for settling-time delays through the 
external antialiasing filter. 

STANDBY Standby Mode Input. TTL-compatible input which is used to put the device into the power save or standby mode. 
The STANDBY input is high for normal operation and low for standby operation. 

DBO-DB11 Data Bit 0 (LSB) to Data Bit 11 (MSB). Three-state TTL-compatible outputs. Output data coding from the AD7891 
is 2s complement. 

NC No Connect. Do not connect anything to this pin. 
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AD7891 
CIRCUIT DESCRIPTION 
The AD7891 is an 8-channel, 12-bit parallel data acquisition 
system. It provides the user with signal scaling, multiplexer, 
tracklhold, AID converter and high speed parallel interface logic 
functions on a single chip. The signal scaling allows the part to 
handle ± 10 V input signals while- operating from a single + 5 V 
supply. The part requires an external +2.5 V external reference. 

Unlike other single chip solutions, the AD7891 provides the 
user with separate access to the multiplexer and the AID con
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not s8crificed with the one chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
tracklhold. It means that one antialiasing filter can be used on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD7891 by connecting a single capacitor to the CmcT pin. If no 
external signal conditioning is required, the multiplexer output 
(MUX OUT) can simply be connected directly to the tracklhold 
input (SHA IN). 

A write to the multiplexer address inputs (AO, AI, A2) selects 
the input channel to be converted. When the three address bits 
are written to the part, an internal pulse is initiated. This . 
abIes the tracklhold from going into hold and also disa 
version from being initiated. The duration of the . 
allows for the settling time of the on-chip 
necting different values of capacitor fo 

CLK(IIO) 

WR(I) 

nal pulse can be stretched to cater. for the settling~time ofexter
nal components between the MUX OUT and SHA IN pins. 

Once the pulse has been timed out, conversion can be initiated 
on the AID converter. The conversion is initiated by pulsing the 
CONVST input. If the conversion start command is coincident 
with the multiplexer write or OcCurs while the internal pulse is 
active, the tracklhold will not go into hold and conversion will 
not be initiated until the interruiIpulse has timed out. 

The AD7891 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the tracklhold has gone into hold mode, 
the input channel can be updated and the input voltage can set
de to the new value while the present conversion is in progress. 

INTERFACE INFORMATION 
Figure 1 shows a timing diagram illustrating the operational se
quence of the AD7891. The multiplexer address is written to 
the AD7891 on the rising of the WR input. The on-chip 
tracklhold goes into on the rising edge of CONVST, 
and conversion at this point. When conversion is 
com n line (EOC) pulses low to indi-

ble in the AD7891's output register. 
to drive an edge-triggeted interrupt 

RD going low accesses the 12-bit 
one systems, the EOC pulse can be 

D inputs to latch data out of the 
an external latch or gate array. 

AO,Al,A2(1) -c:>-" ".---------~-------
iiiNviiT (I) 

EOC(O) 

CS(I) 

U-"" 
""'-1 

L.J 
----------------""--------~\ / iiii(Q L-J 

DIIG-DB11 (0) _____ ......::I-:..;;S;.:;TA;.:;T;.;;E'--_ r.::::;;:;;::;; 3-STATE 
.-----~e.5.t---,;;..;;,;.:;;.:;"---

NOTE 
(Q Slgnifl .. an Input; (0) Slgnlllao In OUtput 

Figure 1. AD7891 Timing Diagrsm 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Fast 12-Bit ADC with 5.5 p's Conversion TIme 
Single Supply Operation 
On·Chip TracklHold Amplifier 
±10 V Input Range 
High Speed Serial and Parallel Interface 
Low Power, 50 mW 

GENERAL DESCRIPTION 
The AD7892 is a high speed, low power, l2-bit 
which operates from a single +5 V supply. T 
5.5 ... S successive approximation A 
amplifier and on-chip versatile int 
both serial and parallel connection 
accepts an analog input range of ± 10 

The AD7892 offers a choice of two data outp sin 
gle, parallel, 12-bit word or serial data. Fast bus access times 
and standard control inputs ensure easy parallel interface to mi
croprocessors and digital signal processors. A high speed flexible 
serial interface allows direct connection to shift registers and to 
the serial ports of microcontrollers and digital signal processors. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signa1-to-noise ratio. 

The part operates from a single +5 V supply and accepts ±10 V 
input signals. Power dissipation for the part is low at 30 mW 
typical. 

The AD7892 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
It is available in a 24-pin, 0.3" wide, plastic or hermetic dual-in
line package or in a 24-pin small outline package (SOIC). 

LC2MOS 
Single Supply, 12-Bit, 5.5 JJ.s ADC 

AD7892 I 
FUNCTIONAL BLOCK DIAGRAM 

v •• REFIN Me 

AD7892 
MODE 

DBO 
D881SMODE 
D881RFS 
DB10iSDATA 
DBll/SClK 

elKIN 

AGND DGND 

n Time 
features a conversion time of 5.5 ... S and a 
uisition time of 1.5 ... s. This allows a through

ss of 140 kHz and an input bandwidth in 

upply Operation 
AD7892 operates from a single +5 V supply and con

sumes only 30 mW making it ideal for low power and porui
ble applications. 

3. Fast, Versatile Microprocessor Interface 
The part offers a high speed, flexible interface arrangement 
with parallel and serial interfaces for easy connection to mi
croprocessors, microcontrollers and digital signal processors. 
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AD7892 SPECIFICATIONS <VDD = +5 Y, AGND = DGND = 0 Y, REFIN = +2.5 y, fCLK 1M = 2.5 MHz 
. . - external. All specifications T MIM to T MAX' unless otherwise noted.) . 

Parameter AV~ODI BVersiOD SVersiOD Units Test~ts 

DYNAMIC PERFORMANCE 
Sisna!-to-Noise Ralio @ + 250C 70 72 70 dBurin fIN = 10 kHz Sine Wave, fSAMPLE = 140 kHz 

T lI\IN to T MAX 70 70 70 dBurin 
Total Harmonic Distortion -80 -80 -80 dB max fIN = 10 kHz Sine Wave, fSAMPLE = 140 kHz 
Peak Harmonic or Spurious NoiSe -81 -81 --'81 dB max fIN = 10 kHz Sine Wave, fs..w...E = 140 kHz 
Intermodulation Distortion fa = 9 kHz, fb = 9.5 kHz, fSAMPLE '" 140 kHz 

2nd Order Terms -so -80 -80 dB max 
3rd Order Terms -80 -80 -SO dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 12 12 12 Bits 
Relative Accuracy ±1 ±112 ±1 LSBmax 
Differential Nonlinearity ±1 ±1 ±1 LSD max 
Positive Full-Scale Error' ±1 ±1 ±1 LSD max 
Negative Full-Scale Error' ±1 ±1 ±1 LSBmax 
Bipolar Zero Ertot ±1 ±1 ±1 LSBmax 

ANALOG INPUT 
Input Voltage Range ±10 ±10 ±10 
Input Current ±600 ±600 ±600 

REFERENCE INPUT 
Input Voltage Range 2.37512.625 
Input Current 700 
Input Capacitance' 10 

LOGIC INPUTS 
Input High Voltage, VINH 

Input Low Voltage, VINL 

Input Current, lIN 
Input Capacitance, CIN 

, 
LOGIC OUTPUTS 

Output High Voltage, VOH IsoURCB = 40 I.IA 
Output Low Voltage, VOL ISINK = 1.6 mA 
DBll-DBO 

Floating-State Leakage Current ±1O ±10 ±10 I.IA max 
Floating-State Capacitance' 15 15 15 pFmax 

CONVERSION RATE 
Conversion Time 5.5 5.5 5.5 f.LSmax feLK IN = 2.5 MHz 
TracklHoid Acqnisition Time 1.5 1.5 1.5 f.LSmax 

POWER REQUIREMENTS 
Voo +5 +5 +5 V nom ±5% for Specified Performance 
100 10 10 10 mAmax 
Power Dissipation 50 50 50 mWmax Typically 30 m W 

NOTES 
'Temperature ranges are as foUows: A, B Versions: -4O"C to +85OC; S Version: -55OC to + 125OC. 
2Messured with respect to 4 x REFlN voltage and is calculated after the bipolar zero error bas been adjusted out. 
'Sample tested @ + 250C to ensure compliance. 
Specifications subject to change without notice. 
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Pin 
Mnemonic 

VIN 

REFIN 

Vnn 
AGND 
DGND 

CONVST 

CS 

RD 
BOG 

CLK 

MODE 

DBO-DB7 

DB8/SMODE 

AD7892 
PIN FUNCTION DESCRIPTION 

Description 

Analog Input. The analog input range is ±10 V. 

Voltage Reference Input. The reference voltage for the part is applied to this pin. The input inIpedance of this 
reference input varies with the analog input voltage and REFIN should, therefore, be driven from a low 
inIpedance source. The nominal reference voltage for correct operation of the AD7892 is +2.5 V . 

Positive Supply Voltage, +5 V ±5%. 

Analog Ground. Ground reference for tracklhold, comparator and DAC. 
Digital Ground. Ground reference for digital circuitry. 

Convert Start. Logic Input. A low to high transition on this input puts the tracklhold into its hold mode and 
starts conversion. 

Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs. 

conversion sequence. 

Mode. Control input which determines the . 
device is in its serial interface mode; 
Data Bit 0 (LSB) to Data Bit 7 
outputs should be left un 

Data Bit 8/Serial Mod 
TIL-compatible 
whether the part 
a logic high, the p 
mode is useful for connection 
low, the part is in its External ocking s 
is useful for connection to the serial port of 
connection to the serial port of DSP processors. 

ith this pin at a logic low, the 
is in its parallel interface mode. 

. Output coding is 2s complement. These 
mode. 
's pin is Data Bit 8, a three-state 

comes a control input which determines 
. (master) serial mode. With SMODE at 

and SCLK as outputs. This Self-Clocking 
ports of DSP processors. With SMODE at a logic 

·th SCLK and RFS as inputs. This External Clocking mode 
controllers such as the 8XC51 and the 68HCXX and for 

DB9IRFS Data Bit 9lReceive Frame Synchronization. When the device is in its parallel mode, this pin is Data Bit 9, a 
three-state TIL-compatible output. When the device is in its serial mode, this becomes the receive frame 
synchronization pulse which can be either an input or an output depending on the status of SMODE. With 
SMODE at a logic high, the part is in its Self-Clocking mode and RFS is internally generated by the device and 
is provided as an output to frame the valid serial data. With SMODE at a logic low, the part is in its External 
Clocking serial mode with RFS provided extemally to obtain serial data from the AD7892. 

DBIO/SDATA Data Bit IO/Serial Data. When the device is in its parallel mode, this pin is Data Bit 10, a three-state 
TIL-compatible output. When the device is in its serial mode, this becomes the serial data output line. Sixteen 
bits of serial data are provided with four leading zeros preceding the 12-bits of valid data. Serial data is valid on 
the falling edge of SCLK for sixteen edges after RFS goes low. Output coding is 2s complement. 

DBll/SCLK Data Bit 1l/Seriai Clock. When the device is in its parallel mode, this pin is Data Bit ll(MSB), a three-state 
TIL-compatible output. When the device is in its serial mode, this becomes the serial clock pin which is an 
input or an output depending on the status of SMODE. With SMODE at a logic high, SCLK is generated 
intemally from the CLK input and is provided as an output. With SMODE at a logic low, SCLK is an input and 
an external serial clock must be provided at this pin to obtain serial data from the AD7892. Regardless of the 
status of SMODE, serial data is valid on the falling edge of SCLK for sixteen edges after RFS goes low. 

NC No Connect. Do not connect anything to this pin. 
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AD7892 
CIRCUIT DESCRIPTION 
The AD7892 is a fast, l2-bit single supply AJD converter. It 
provides the user with signal scaling, tracklhold, AJD converter 
and versatile interface logic functions on a single chip. The sig
nal scaling allows the part to handle ± 10 V input signals while 
operating from a single +5 V supply. The part requires an ex
ternal + 2.5 V external reference. 

Conversion is initiated on the AD7892 by pulsing the CONVST 
input. On the rising edge ofCONVST, the on-chip tracklhold 
goes from track to hold mode and the conversion sequence is 
started. Conversion time for the AD7892 is 5.5 I1S and the 
tracklhold acquisition time is 1.5 I1S. This allows the part to op
erate at throughput rates up to 140 kHz, while the input track! 
hold can handle input bandwidths in excess of the Nyquist crite
rion of 70 kHz. 

EOC( 

INTERFACING 
The part provides three interface options, one parallel and two 
serial. The parallel interface mode is selected by tying the 
MODE input to a logic high. The serial modes are selected by 
tying this pin to a logic low. With the MODE pin low, the 
DB8/SMODE, DB9IRFS, DB10fSDATA and DBllISCLK pins 
all assume their serial mode functions. SMODE becomes a logic 
input which selects whether the AD7892 operates in its Self
Clocking serial mode or in its Externa1-CIocking serial mode. 
The three interface modes are discussed in the following 
sections. 

Parallel Interface Mode 
Figure 1 shows a timing diagram illustrating the operational se
quence of the AD7892. The on-chip tracklhold goes into hold 
mode on the rising edge of CONVST and conversion is also ini
tiated at this point. When conversion is complete, the end of 
conversion line (BOG) pulses low to indicate that new data is 
available in the AD7892's output register. This BOC line can be 
used to drive an ed· interrupt of a microprocessor. 
CS and RD goi s the l2-bit conversion result. In 
stand-alone C pulse can be applied to the CS 
and ta out of the AD7892 and into an .ex-

3-STATE ~ 
OIlCl-DBll (0) -------''-=~-. ~.~ 

NOTE 
(0 SlgnHIea an Input; (0) Slgnllles an Output 

Figure 1. Paralle/ Mode Timing Diagram 
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SERIAL INTERFACE 
The AD7892 is configured for serial mode interfacing by tying 
the MODE input low. The AD7892's serial communications 
port provides a flexible arrangement to allow easy interfacing to 
industry-standard microprocessors, microcontrollers and digital 
signal processors. It provides for a three-wire, serial link be
tween the AD7892 and the microprocessor. Two different 
modes of operation are available, optimized for different types of 
interface where the AD7892 can act either as master in the sys
tem (it provides the serial clock and data framing sigual) or acts 
as slave (an external serial clock and framing sigual can be pro
vided to the AD7892). These two modes, labelled Self-Clocking 
mode and External Clocking mode, are discussed in detail in the 
following sections. 

RFS(O) 

SDATA(O) 

AD7892 
Self-Clocking Mode 
The AD7892 is configured for its self-clocking mode by tying 
the SMODE input high. In this mode, the AD7892 provides the 
serial clock signal and the serial data framing signal used for the 
transfer of data from the AD7892. This self-clocking mode can 
be used with processors which allow an external device to clock 
their serial port including most digital signal processors. 

Figure 2 shows a timing diagram for reading from the AD7892 
in the self-clocking mode. At the end of conversion, RFS goes • 
low and the serial clock (SCLK) and serial data (SDAT A) out-
puts become active. Sixteen bits of data are transmitted with 
four leading zeros followed by the 12 bit conversion result start-
ing with the MSB. Serial data is clocked out of the device on 
the rising edge of SCLK and is valid on the falling edge of 
SCLK. The RFS output remains low for the duration of the 16 
clock cycles. When R,FS returns high, the serial clock and serial 
data outputs are . . 

!f~ 
..Il..!J!!Ili""'IlI!'-!f~ 
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AD7892 
External-Clocking Mode 
The AD7892 is configured for its external-clocking mode by 
tying the SMODE input to a logic low. In this mode, SCLK 
and RFS of the AD7892 are configured as inputs. this external
clocking mode is designed for direct interface to systems which 
provide a serial clock output which is synchronized to the serial 
data output including microcontrollers such as the 8OCSI, 
87CS1, 68HCll and 68HCOS and most digital signal processors. 

Figure 3 shows the timing diagram for reading from the 
AD7892 in the external-clocking mode. RFS goes low to access 

data from the AD7892. The serial clock input does not have to 
be continuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, 16 bits of data are transmit
ted with 4 leading zeros followed by the 12 bit conversion result 
starting with the MSB. Serial data is clocked out of the device 
on the rising edge of SCLK and is valid on the falling edge of 
SCLK. If a serial read from the output register is in progress 
when conversion is complete, the updating of the output register 
is deferred until the serial data read is complete. 

RFS(I) ---,L.------------f5~ 

acLK(Q 

SDATA (0) ---\.._!FOU~R!..!LEA~DI!!!!NG~ZE~ROS~_...1 

NOTE 
(Q Slgnln .. an Input; (0) Slgnlllaa an OulpUt 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
Fast 12-Bit ADC with 5.5 ,,"S Conversion Time 
S-Pin Mini-DIP and SOIC 
Single Supply Operation 
High Speed. Easy-to-Use. Serial Interface 
On-Chip Track/Hold Amplifier 
±10 V Input Range 
Low Power. 50 mW max 

GENERAL DESCRIPTION 
The AD7893 is a fast, 12-bit ADC which 0 

+5 V supply and is housed in a small 8-
SOlC. The part contains a 5.5 .... s 
converter, an on-chip tracklhold 
a high speed serial interface. 

Output data from the AD7893 is provided V1l1 

serial interface port. This two-wire serial interfa has a serial 
clock input and a serial data output with the external serial 
clock accessing the serial data from the part. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7893 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 

The part accepts an analog input range of ± 10 V and operates 
from a single +5 V supply consuming only 30 mW. 

The AD7893 is fabricated in Analog Devices' linear compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a small, 8-pin, 0.3" wide, plastic or her
metic dual-in-line package (mini-DIP) and in an 8-pin, small
outline IC (SOlC). 

LC2MOS 12-Bit, Serial 
5.5 J.tS, ADC in 8-Pin Package 

AD7893 I 
FUNCTIONAL BLOCK DIAGRAM 

Voo REF IN 

AD7893 

TRACK/HOLD 

ADC in 8-Pin Package 
D7893 contains a 5.5 .... s ADC, a tracklhold amplifier, 

. and a high speed serial interface, all in an 8-pin 
rs considerable space saving over alternative 

ower, Single Supply Operation 
The AD7893 operates from a single +5 V supply and con
sumes only 30 mW. This low power, single supply operation 
makes it ideal for battery-powered or portable applications. 

3. High Speed Serial Interface 
The part provides high speed serial data and serial clock lines 
allowing for an easy, two-wire serial interface arrangement. 

This information applies to a'product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7893 . SPECIFICATIONS (Yoo = +5 Y, AGND = DGND = 0 Y, REFIN = +2.5 Y, 
. - .. All specifications T MIN to T MAX' unless otherwise noted.) 

Parameter A Version' B Version SVersion Units Test Conditions/Comments 

DYNANUCPERFORMANCE 
Signal-to-Noise Ratio @ + 25'C 70 72 70 dB min fIN =10 kHz Sine Wave, fSAMPLE = 140 kHz 

TMIN toTMAx 70 70 70 dB min 
Total Harmonic Distortion -80 -80 -80 dB max fIN = 10 kHz Sine Wave, fSAMPLE = 140 kHz 
Peak Harmonic or Spurious Noise -81 -81 -81 dB max fIN = 10 kHz Sine Wave, fSAMPLE = 140 kHz 
lntermodulation Distortion fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 140 kHz 

2nd Order Terms -80 -80 -80 dB max 
3rd Order Terms -80 -80 -80 dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 12 12 12 Bits 
Relative Accuracy ±1 ±1/2 ±1 LSBmax 
Differential Nonlinearity ±1 ±1 ±1 LSBmax 
Positive Full-Scale Error ±1 ±1 ±I LSBmax 
Negative Full-Scale Error ±1 ±1 ±1 LSBmax 
Bipolar Zero Error ±1 ±1 ±1 LSBmax 

ANALOG INPUT 
Input Voltage Range ±1O ±10 ±1O Volts 
Input Current ±600 ±600 ±600 

REFERENCE INPUT 
Input Voltage Range 2.375/2.625 
lnput Current 700 
lnput Capacitance' 10 

LOGIC INPUTS 
lnput High Voltage, VINH 

lnput Low Voltage, VINL 
lnput Current, lIN ± 
Input Capacitance, CIN' 

LOGIC OUTPUTS 
OutpUt High Voltage, VOH IsouRCB = 40 .,A 
Output Low Voltage, VOL ISINK = 1.6 mA 

CONVERSION RATE 
Conversion Time 5.5 5.5 5.5 fJ-Smax 
TracklHoId Acquisition Time 1.5 1.5 1.5 I"S max 

POWER REQUIREMENTS 
Voo +5 +5 +5 V nom ± 5% for Specified Performance 
100 10 10 10 mAmax 
Power Dissipation 50 50 50 mWmax Typically 30 mW 

NOTES 
'Temperature ranges are as follows: A, B Versions: -40'C to +85'C; S Version: -55'C to + 125'C. 
'Measured with respect to 4 x REFIN voltage and is calculated after the bipolar zero error bas been adjusted out. 
'Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 

This information applies to a product under development. .Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7893 
PIN FUNCTION DESCRIPTION 

Pin 
Mnemonic Description 

Analog Input. The analog input range is ±10 V. VIN 

REF IN Voltage Reference Input. The reference voltage for the part is applied to this pin. The input impedance of this 
reference input varies with the analog input voltage and REFIN should, therefore, be driven from a low 
impedance source. The nominal reference voltage for correct operation of the AD7893 is +2.5 V. 

Positive Supply Voltage, +5 V ±5%. VDD 

AGND 

DGND 

Analog Ground. Ground reference for tracklhold, comparator and DAC. 

Digital Ground. Ground reference for digital circuitry. 

SCLK Serial Clock Input. An external serial clock is applied to this input to obtain serial data from the AD7893. A new 
serial data bit is clocked out on the rising edge of this serial clock and data is valid on the falling edge. The serial 
clock input should be taken low at the end of the serial data transmission. 

SDA T A Serial Data Output. Serial data from the AD7893 is provided at this output The serial data is clocked out by the 
rising edge of SCLK and is valid on the falling edge of SCLK. Sixteen serial data are provided with four 
leading zeros followed by the 12-bits of conversion data. The last . ata clocked out in a read cycle (on 
the sixteenth rising edge of SCLK) will remain on the SDAT next serial data word is accessed. 

CONVST Convert Start. Edge-triggered logic input. A low to put puts the tracklhold into its hold 
mode and starts conversion. 

CIRCUIT DESCRIPTION 
The AD7893 is a fast, 12-bit single supply AID 
provides the user with signal scaling, tra 
and serial interface logic functions 
scaling allows the part to handle ± 
erating from a single +5 V supply. 
30 mW typical making it ideal for ba 

The part requires an external + 2.5 V external 
reference input should be driven from a low impedance source 
as the input current to the REFIN pin varies with the analog 
input voltage. 

the AD7893 is that it provides all of the 
in an 8-pin package, either 8-pin mini-DIP or 

fers the user considerable spacing saving advan
tive solutions. 

. ted on the AD7893 by pulsing the CONVST 
rising edge of CONVST, the on-chip tracklhold 

track-to-hold mode and the conversion sequence 
. Conversion time for the AD7893 is 5.5 ",s and the track! 

hold acquisition time is 1.5 "'s. This allows the part to operate 
at throughput rates up to 140 kHz, while the input track! 
hold can handle input bandwidths in excess of the Nyquist crite
rion of 70 kHz. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. A ANALOG-TO-DIGITAL CONVERTERS 2-671 

• 



AD7893 
Serial Interface 
The serial interface to the AD7893 consists of just two wires, a 
serial clock input (SCLK) and the serial data output (SDA TA). 
This allows for an easy-to-use interface to most microcontrollers, 
DSP processors and shift registers. 

Figure I shows the timing diagram for a read operation to the 
AD7893. The serial clock input (SCLK) provides the clock 
source for the serial interface. Serial data is clocked out from the 
SDATA line on the rising edge of this clock and is valid on the 
falling edge of SCLK. Sixteen clock pulses must be provided to 
the part to access to full conversion result. The AD7893 pro
vides four leading zeros followed by the 12-bit conversion result 
starting with the MSB (DBll). The last data bit to be clocked 

SCLK(I) 

out on the final rising clock edge is the LSB (DBO). This bit 
will remain on the SDATA line until the next serial data read is 
performed to the AD7893. After this last bit has been clocked 
out, the SCLK input should return low and remain low until 
the next serial data read operation. 

The serial clock input does not have to be continuous during 
the serial read operation. The 16 bits of data (4 leading zeros 
and 12-bit conversion result) can be read from the AD7893 in a 
number of bytes. However, the SCLK input must remain low 
between the two bytes. 

If a serial read from the output register is in progress when 
conversion is complete, the updating of the output register is 
deferred until the serial read is completed. 

SOATA (0) --.;;D;;;.BO";..;..' .I....-.;..FO;;;.U;;.R;.:L:=EA;.;;DI;.;;NG.;;;;.;ZE:=ROS=;..;.. ....... L..:::.:.:..J\...=; 
"FROM PREVIOUS CONVERSION 

This inform?tion applies to a p~du~ under d~velopment. Its characteristics and specifications are subject to change without notice. 
Analog DeVices assumes no obhgatlon regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
77MSPS Encode Rate 
Bipolar Input Range 
Low Error Rate 
Overflow Bit 
MIL-8TO-883 Compliant Versions Available 

APPUCATIONS 
GAM Telecommunications 
Electronic Warfare (ECM. ECCM. ESMI 
Radar Guidance Digitizers 

GENERAL DESCRIPTION 
The AD9000 is a 6-bit, high speed, analog-to-digital converter 
with EeL compatible outputs and a bipolar input stage. The 
AD9000 is fabricated in a high-performance bipolar process 
which allows encode rates up to 77MSPS. 

The AD9000 employs the standard flash converter architecture 
based on 64 individual comparators which simultaneously deter
mine the precise analog signal1eve1. The comparators are followed 
by two stages of decoding logic, allowing the AD9000 to operate 
with a very low error rate. The low 35pF input capacitance of 
the AD9000 greatly simplifies the analog driver stage. Also 
incorporated into the AD9000 design is an overflow output bit 
as well as a hysteresis control pin to modify comparator 
sensitivity. 

REV. A 

High Speed 
6-Bit AID Converter 

AD9000 I 
FUNCTIONAL BLOCK DIAGRAM 

.v. 

1ST "., 
ENCODER ENCODER 

AND DR 

-v, 

The AD9000 is offered as both an commercial temperature 
range device 0 to + 70°C, and as an extended temperature range 
device - 55°C to + 125OC. Both versions are available packaged 
in a 16-pin ceramic DIP. The extended temperature range device 
is also available in a 28-pin ceramic LCC package. The extended 
temperature range versions are offered as fully compliant MIL
STD-883 Class B devices. 
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AD9000 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS :1r=;';:.2Vand +5.OV;DifflnnlialRefar8nceVoHaaa= 2.OV 

COmmercial Military 
Oto +700c - 55"<: to + 125"<: 
AD9000JD AD9000SDISE 

Parameter Temp Min Typ Max Min Typ Max Units 

RESOLUTION 6 6 Bits 

DC ACCURACY 

Differential Linearity +25"<: 0.25 0.5 0.25 0.5 LSB 
Full 1.0 1.0 LSB 

Integral Linearity +25"<: 0.25 0.5 0.25 0.5 LSB 
Full 1.0 1.0 LSB 

No Missing Codes Full GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder +25"<: 0.3 7/8 0.3 7/8 LSB 

Full 1.5 1.5 LSB 
Bottom of Reference Ladder + 25°C 0.25 7/8 0.25 7/8 LSB 

Full 1.5 1.5 LSB 
Offset Drift Coefficient Full 145 145 fJ.VIOC 

ANALOG INPUT 
Input Voltage Range Full ±2.0V ±2.0V V 
Input Bias Current (Sampling)' Full 800 800 fJ.A 
Input Bias Current (Latched)' Full 20 20 fJ.A 
Input Resistance +25"<: 3.0 3.0 kG 
Input Capacitance +25"<: 35 50 35 50 pF 
Full Power Bandwidth2 + 25°C 20 20 MHz 

REFERENCE INPUT3, 4 

Reference Ladder Resistance +25"<: 80 200 80 200 .0 
Ladder Temperature Coefficient 0.275 0.275 nrc 
Reference Input Bandwidth +25"<: 20 20 MHz 

DYNAMIC PERFORMANCEs 
Conversion Rate +25"<: 50 70 75 77 MHz 
Conversion Time ( + 1 Clock) +25"<: 20 13.3 ns 
Aperture Delay (to) +25"<: 2 2 ns 
Aperture Uncertainty (Jitter) +25"<: 25 25 ps 
Output Propagation Delay (tPO)6 +25"<: 8 12 8 12 ns 
Output Hold Time (tow? + 25°C 8 14 8 14 ns 
Transient Response8 +25"<: 13 13 ns 
Overvoltage Recovery Time9 +25"<: 11 11 ns 
Output Rise Time'o +25"<: 5.0 4.5 os 
Output Fall Time'o +25"<: 5.0 4.5 ns 
Output Time Skew +25"<: 0.4 0.4 os 

ENCODE INPUT 
Logic" I" Voltage Full -1.1 -1.1 V 
Logic "0" Voltage Full -1.5 -1.5 V 
Logic" I" Current Full 100 100 fJ.A 
Logic "0" Current Full 100 100 fJ.A 
Input Capacitance +25"<: 2.5 5.0 2.5 5.0 pF 
ENCODE Pulse Width High (tPWHl +25"<: 6.6 6.6 os 
ENCODE Pulse Width Low (tPWIJ +25"<: 6.6 6.6 ns 

2-674 ANALOG-TO-DIGITAL CONVERTERS REV. A 



AD9000 

ELECTRICAL CHARACTERISTICS (Contillal) 

Commercial Military 
Oto +70"c - 55"<: to + 125"<: 
AD9000JD AD9000SDISE 

Parameter Temp Min Typ 

AC LINEARITyll 

Dynamic Linearity12 + 25°C 0.5 
In-Band Harmonics 

(DCtolMH2) +25OC 44 
(lMHzt05MHz) +25OC 42 
(5MHzt08MH2) + 25°C 38 

Signal to Noise Ratiol3 + 25°C 31 33 
Signal to Noise Ratio14 + 25°C 40 42 
Two Tone Intermodulation Rejection15 +25OC 46 
Noise Power Ratio (NPR)16 + 25°C 30 

DIGITALOUTPUTS5 
Logic "1" Voltsge Full -1.1 
Logic "0" Voltage Full 

POWER SUPPLy17 
Positive Supply Current ( + 5. OV) + 25°C 60 

Full 
Negative Supply Current ( - 5.2V) +25OC 68 

Full 
Nominal Power Dissipation + 25°C 675 
Reference Ladder Dissipation +25OC 20 

NOTES 
'AIN = +VRBF· 
'Determined by 3dB reduction in reconstructed output at 7SMSPS. 
'Under normal operating conditions, the analog input voltages sbould not 
exceed nominal ± 2V operating range, nor the supply voltages 
(+ Vs and - Vo), whichever is smaller. 

'Under normal operating conditions the differential reference voltage may 
range from ±O.SV to ±2V; +VRBF",-VRBF. 

'Output terminated with 1000 resistors to -2.0V. 
"Measured from the leading edge of ENCODE to data out on Bit I (MSB). 
'Measuted from the trailing edge of ENCODE to data out on Bit I (MSB). 
sFor fuIl·scaie step input, 6·bit accuracy is attained in specified time. 
"Recovers to 6-bit accuracy in specified time, after ISO% full-scale 
input overvoltage. 

ABSOLUTE MAXIMUM RATINGS I 
Positive Supply Voltage. . . . . . . . . . .. -0.3V to +6V 
Negative Supply Voltage .......... -6.0V to +O.3V 
Analog-to-Digital Ground Voltage Differential ....... 0.5 
Analog Input Voltages (AIN, + VREF, - vREFi •••••• ± 3V 
Differential Reference Voltage ( + VREF to - V REF? .... 6V 
ENCODE Input Voltage .. . - V s to OV 
HYSTERESIS Control Voltage . . . . . . . .. OV to + 3.0V 
Digital Output Current . . . . . . . . . . . . . . . . . 20mA 
Power Dissipation ( + 25°C Free Air)4 . .. 745mW 
Operating Temperature Range 

AD9000JD ....... . 
AD9000SD/SE ..... . 

Storage Temperature Range . 
Junction Temperature .... 
Lead Soldering Temperature (10sec) 

REV. A 

o to +700C 
- 55°C to + 125°C 
- 65°C to + 150°C 

+ 175°C 
..... +300OC 

Max Min Typ 

0.5 

44 
42 
38 

31 33 
40 42 

46 
30 

-1.1 
-1.5 

70 60 
75 
80 68 
85 

675 
20 

'°Measuted on Bit 1 (MSB) only. 
"Measuted at SOMSPS encode rate. 
"Analog input frequency = ISMHz. 

Mu Units 

LSB 

dBc 
dBc 
dBc 
dB 
dB 
dBc 
dBc 

V 
-1.5 V 

70 rnA 
75 rnA 
80 rnA 
85 rnA 

mW 
mW 

13RMS signal to RMS noise, with S40kHz analog input signal. 
l'Peak-to-peak signal to rms noise, with S40kHz analog input signal. 
"f, =9.3MHz; f,=7.6MHz; Encode=42MHz. 
l6DC to 8.2MHz noise bandwidth with 3.886MHz slot. 
"Supply voltage sbonld remain stable within ± S% for normal operation. 

Specifications subject to change without notice. 

NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 
and beyond wbich serviceability of the circuit may be impa4-ed. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

'Under normal operating conditions, the analog input voltages sbould not 
exceed nominal ± 2V operating range, nor the supply voltages 
( + V s and - V s), whichever is smaller. 

'Under normal operating conditions the differential reference voltage may 
range from ±O.SVto ±2V; +VRBF",-VRBF. 

'Typical thermal impedances .•. 
16-PinCeramic 8;a=67"CIW;8;,=7"C/W 
28-PinLCC 8ja=62"CIW;8;,=14"CIW 
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AD9000 

DIE LAYOUT 

ORDERING GUIDE 

Temperature Package 
Modell Range Deseription Optio02 

AD9000JD Oto +70"C 16-Pin DIP, Industrial 0-16 
AD9000SD - 55°C to + 1250C 16-PinDIP 0-16 
AD9000SE - 55°C to + 1250C 28-PinLCC E-28A 

NOTES 
I MIL-STD-883 versions available, contact factory. 
'n = Ceramic DIP; E = Leadless Ceramic Chip Carrier. For outline information see Package 
Information section. 

PIN DESIGNATIONS 

MECHANICAL INFORMATION 

Die Dimensions 
Pad Dimensions 
Metalization 
Backing 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

PIN NAME 

-Vs 
ANALOG GROUND 
V HYSTERESIS 

ENCODE 

-VREF 
ANALOG INPUT 
+Vs 
+VREF 
BIT 6 (LSB) 
BIT5-BIT2 
BIT 1 (MSB) 
OVERFLOW 
DIGITAL GROUND 

129x217x 15 (±2)mils 
4 x 4 mils 

10,oooA Aluminum 
None 
-Vs 

10,oooA Oxynitride 
Gold Eutectic 

1.25 mil Aluminum; Ultrasonic Bonding 
or 1 mil Gold; Gold Ball Bonding 

NC 5 

V •• 

ENCODE 7 

Ne 8 

Ne • 

NCl1 

LJ 

AD9000 
TOP VIEW 

(Not to SeIIle) 

12 13 14 15 ,& 17 '8 

~~I~J~~ 
NC ,.. NOCONNECT + 

FUNCTIONAL DESCRIPTION 

DESCRIPTION 

Negative supply terminal, nominally - 5.2V. 
Analog ground return. All grounds should be connected together near the the AD9000. 

25 OVERFLOW 

24 BIT 1 (MSB) 

23 BIT 2 

22 BIT 3 

21 BIT' 

20 BIT 5 

'9 BIT 6 (LSI) 

The hysteresis control voltage varies the comparator hysteresis from 15mV to 50mV, for a change ofOV 
to + 3V at the hysteresis control pin. 
The ENCODE pin controls the conversion cycle. Encode is rising edge sensitive and should be driven 
with a 50% duty-cycle waveform under normal conditions. 
The most negative reference voltage for the internal resistor ladder. 
Analog input pin. 
Positive supply terminal, nominally + 5.0V. 
Most positive reference voltage of the internal resistor ladder. 
One of six digital outputs. BIT 6 (LSB) is the least-signifIcant-bit of the digital output. 
One of six digital outputs. 
One of six digital outputs. BIT! (MSB) is the most-signifIcant-bit of the digital output. 
Overflow data output. Logic high indicates an input overvoltage (AIN;;. + V REF). 
Digital ground return. All grounds should be connected together near the AD9000. 
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ANALOG 
INPUT 

ENCODE 

ANALOG 
INPUT 

ANALOG 2 GROUND 
(TIETD 
PIN 16) 

+VREF 

OVERFLOW 

R64 

63 
R63 

62 

R62 

I 
COMPARATOR 

I STAGES 

I 

R3 

R2 

-VAEF "" 

LATCH 
STAGES 

1ST 
ENCODER 

AND 

2ND 
ENCODER 

DR 

-Vs 

OUTPUT 
STAGES 

AD9000 

AD9000 Functional Block Diagram 

N+1 

I N+1 \ I N+2 \ 

System Timing Diagram 

APERTURE DELAY 
OUTPUT PROPAGATION DELAY 
MINIMUM OUTPUT HOLD TIME 
MINIMUM ENCODE PULSE WIDTH HIGH 
MINIMUM ENCODE PULSE WIDTH LOW 

+50V -5.2V 

;~~ 
+v. 

100 
AD1 A,N 

lk 
AD2 ENCODE 

2.0V- -VREF 

r- +VAEF 

DIGITAL 1 
GROUND 

REV. A 

1 
-v. i 

OVERFLOW 

BIT lIMSB) 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT6IlSB) 
lOAD RESISTORS 1 

ANALOG 
GROUND 

-=-

O.1 ... F 

K 

All RESISTORS ± 5% 
All CAPACITORS ., 20% 
All SUPPLY VOLTAGES .,5% 
OPTION #1: ISTATIC) ADI=O.OV. AD2=lOGIC HIGH 
OPTION #2: (DYNAMIC) SEE WAVEFORMS 

Burn-In Test Circuit 
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AD9000 
ABOUT THE AD9000 

Analog Bandwidth 
Quantifying the high-frequency analog performance of the AD9000 
is somewhat difficult because of the various criteria that can be 
applied. At one extreme there is the analog input bandwidth of 
a single input comparator (which tends to be extremely high). 
At the other end of the performance criteria is the "no missing 
codes" restriction, which tends to be the most conservative 
measure of analog bandwidth. 

The "no missing codes" criteria simply means that the converter 
is capable of generating all 64 output codes for an analog and 
ENCODE frequency. At higher ENCODE rates to analog fre
quencies, the converter continues to function, but with reduced 
resolution. The graph below details the "no missing codes" 
region of operation for the AD9000 at several reference levels. 
Note that nearly all anaIog-to-digitai converter applications 
operate in the oversampled region to avoid generation of inde
terminate data (aliasing). 

50 
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J 
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;I' 

2.0? 
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;I' 0 

~ 
0 

0 

,,~ 

25 50 75 100 

ENCODE RATE - MHz 

Analog Input vs. Encode Rate "No Missing Codes" 

High-Speed Performance Enhancements 
The AD9000 employs a hysteresis control pin which affects 
comparator sensitivity. The error rate (number of full-scale 
errors in a given period) is directly affected by the comparator 
sensitivity. By varying the voltage on the hysteresis control pin, 
the error rate can be reduced. The AD9000 is capable of extremely 
low error rate operation, which makes it ideal for error sensitive 
applications like QAM demodulation. If the hysteresis control 
pin is used, it should be decoupled to ground through a O.II"F 
capacitor, otherwise it may be left floating. 

At the highest encode rates, overall accuracy can be improved 
by skewing the ENCODE signal duty-cycie to allow more time 
in the "latch" mode. Specifically, extending the logic HIGH 
portion of the ENCODE signal allows the comparators more 
time to achieve an appropriate logic level prior to the decoding 
cycle that begins on the rising edge of the ENCODE pulse. 
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The AD9000, like all high-speed circuits, requires certain pre
cautions be taken to insure optimum performance. The foremost 
of these is the use of a substantial low impedance ground plane 
around and under the AD9000. Just as important are high qUality 
ground connections to the AD9000 itself. It is probably more 
effective to keep the analog and digital grounds separate, except 
at the AD9000 where they should be connected together. Sockets 
should generally be avoided due to the increased interlead capaci
tance they induce. If socketing must be used, pin sockets are 
preferred. 

Decoupling is especially important to high-speed analog circuits. 
Each supply should be decoupled to ground with O.lI"F ceramic 
and O.OOII"F mica capacitors. The ladder reference pins should 
be treated in a similar manner. In addition to decoupling the 
reference ladder, the reference ladder should be driven from a 
low output impedance source for the best noise rejection. In all 
cases, chip capacitors are recommended, where practical, to 
reduce the effects of lead inductance associated with standard 
discrete capacitors. 

MIL-STD-883 Compliance Information 
The AD9000SElSD/883C are classified within microcircuits 
group 57-technology group D (bipolar AID converters), and are 
constructed in accordance with the latest revision of MIL-STD-
883. The AD9000 is electrostatic sensitive and falls within elec
trostatic sensitivity classification Category A. PDA (Percent 
Defective Allowance) is computed based of Subgroups I of the 
specified Group A test list. QA screening is in accordance with 
"Alternate Method A" of method 5005. The following apply: 
Burn-In per 1015, Life Test per 1005, Electrical Testing per 
5004. (Note: Group A electrical Testing assumes TA=Tc=TJ.) 
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TYPICAL APPLICATION 
The AD9000 is a relatively flexible device which can be configured 
in a number of ways. One very useful feature of the AD9000 is 
the open emitter outputs. The open emitters allow the outputs 
of several AD9000s to be OR-WIRED in stacking applications 
for increased resolution. This kind of application depends on 
the retum-to-zero nature of the output bits when AIN;;> + V REF 

(overflow). In circuits which employ only one AD9000, this is 
not always an advantage. The circuit below illustrates one method 
of converting the outputs to nonretum-to-zero. 

The 10197 (standard 10K EeL logic) hex-AND group senses 
the active OVERFLOW output and forces all other bits to logic 

CAPACITORS 

+5V 

1k 

AD9000 
HIGH. The 10151 latch is not required for AD9000 applications, 
but it may ease data transfer sensitivities in asnychronous data 
collection systems. 

The reference driver circuits should provide a low source im
pedance to prevent noise on the reference inputs from affecting 
the AD9000's accuracy. This is accomplished to a large extent 
by adequately decoupling the reference pins to ground. An 
improved method is employed below. The reference voltages 
(+ VREF, - VREF) are buffered by a transistor/amplifier combi- • 
nation. This has the advantages of wide bandwidth (hence low 
impedance over a wide frequency range to eliminate high frequency 
noise components), and improved temperature stability. 

10197 

(MSB) 
BIT 1 

-=- 0.1f1F I BIT 2 ~-----~-++-t-t BIT 2 

ANALOG o-.III'~---i 
INPUT 

AD9000 BIT 3 ~------++-t-+~ 

Brr4~------~~~~ 

BIT 51-----------t-4~ 

IlSB) BIT 61------------4~ 

ENCODE 

ENCODE 0-------------4------"1 

BIT 3 LATCH 
100151 DATA BIT 4 OUTPUTS 

BITS 

BIT 6 

(LSB) 
LATCH 

All ECl OUTPUTS TERMINATED TO 
-2.0V THROUGH 100n RESISTORS 
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AD9000 
AD9OOO1PCB EVALUATION AND TEST BOARD 
Evaluating and testing the AD9000 is greatly simplified with th~ 
AD9000/PCB evaluation board. The printed circuit board contains 
all of the driver and buffering circuits needed to test and evaluate 
the AD9000. The board outputs include both a high quality 
reconstructed representation of the input waveform, and a de 
error waveform output which can be used to determine device 
linearities. 

ANALOG 
IN 

A'N 

+5V 

t +VREF 

-5.2V 

-VREF 

+5V 

b 
VARIABLE 

OSCILLATOR 

AD9000 
AID 

ENCODEO ______________ ~J 
PULSE 

Inputs to the AD9000IPCB evaluation board include the analog 
signal to be digitized, as well as an optional ENCODE input for 
high stability measurements. All components, except the AD9000, 
are soldered onto the 8.S" x 6.3" board. The AD9000 is socketed 
to facilitate moderate volume testing. The evaluation board is 
offered with either a commercial temperature range AD9000. or 
an extended temperature range device installed. 
The respective ordering numbers are AD9000IDIPCB and 
AD9000SDIPCB. 

RECONSTRUCTION 
DIA 

ERROR 
OUTPUT 
--0 
~ 

ANALOG 
OUTPUT 

RECONSTRUCTED 
ANALOG 

AD9000/PCB Block Diagram 
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~ANALOG 
WDEVICES 

FEATURES 
150MSPS Encode Rate 
Low Input Capacitance: 17pF 
Low Power: 750mW 
- 5.2V Single Supply 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Radar Systems 
Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 
Electronic Warfare (ECM. ECCM. ESM) 
Communication/Signal Intelligence 

GENERAL DESCRIPTION 
The AD9002 is an 8-bit, high speed, anaIog-ta-digitai converter. 
The AD9002 is fabricated in an advanced bipolar process which 
allows operation at sampling rates in excess of I SO megasamplesl 
second. Functionally, the AD9002 is comprised of 256 parallel 
comparator stages whose outputs are decoded to drive the ECL 
compatible output latches. 

An exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9002 allows very accurate acquisition of 
high speed pulse inputs, without an external track-and-hold. 
The comparator output decoding scheme minimizes false codes 
which is critical to high speed linearity. 

The AD9002 provides an external hysteresis control pin which 
can be used to optimize comparator sensitivity to further improve 
performance. Additionally, the AD9002's low power dissipation 
of 7SOmW makes it usable over the full extended temperature 

REV. A 

High Speed 8-Bit 
Monolithic AID Converter 

AD9002 I 
FUNCTIONAL BLOCK DIAGRAM 

OVERFLOW 
INHIBIT 

ANALOG IN 

GND HYSTERESIS - Vs 

BIT 3 

BIT 2 

BIT 1 (LSB) 

range. The AD9002 also incorporates an overflow bit to indicate 
overrange inputs. This overflow output can be disabled with the 
overflow inhibit pin. 

The AD9002 is available in two grades, one with O.SLSB linearity 
and one with 0.7SLSB linearity. Both versions are offered in an 
industrial grade, - 2S·C to + 8S"C, packaged in a 28-pin DIP 
and a 28-pin PLCC. The military temperature range devices, 
- SS·C to + 12S·C, are avai1able in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 
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AD9002 - SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage C - V s) ......... . - 6V 
Analog-to-Digital Supply Voltage Differential. . O.5V 
Analog Input Voltage ................ - Vs to +O.5V 
Digital Input Voltage ................... - V s to OV 
Reference Input Voltage C+VREF - VREFi -3.5V toO.IV 
Differential Reference Voltage ....... . 2.IV 
Reference Midpoint Current ....... ± 4rnA 
ENCODE to ENCODE Differential Voltage .. 4V 

Digital Output Current . . . . . . 
Operating Temperature Range 

AD9002AD/BDI AN/BNI AP/BP 
AD9002SE/SDITD/TE . 

Storage Temperature Range .... 
Junction Temperature3 ••••• . 

Lead Soldering Temperature CIOsec) 

...... 20rnA 

- 25°C to + 85°C 
- 55°C to + 125°C 
-65°C to + 150°C 

+ 175°C 
+ 300°C 

Electrical Characteristics (-Vs= -5.2V; Differential Reference Vollage=2.DV. unless otherwise staled) 

Test AD9002AD/AP/AN AD9002BDIBPIBN AD9002SD/SE AD9002TDffE 
Parameter Temp Level Min Typ Mill< Min Typ Max Min Typ Max Min Typ Max Units 
RESOLUTION 8 8 8 8 Bits 

DC ACCURACY 
Differential Linearity + 25'C I 0.6 0.75 0.4 0.5 0.6 0.75 0.4 0.5 LSB 

Full VI 1.0 0.75 1.0 0.75 LSB 
Integral Linearity + 25'C I 0.6 1.0 0.4 0.5 0.6 1.0 0.4 0.5 LSB 

Full VI 1.2 1.2 1.2 1.2 LSB 
No Missing Codes Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder + 25'C I 8 14 8 14 8 14 8 14 mV 

Full VI 17 17 17 17 mV 
Bottom of Reference Ladder +25'C I 4 10 4 10 4 10 4 10 mV 

Full VI 12 12 12 12 mV 
Offset Drift Coefficient Full V 20 20 20 20 ,..vrc 

ANALOG INPUT 
Input BiasCurrent4 + 25'C I 60 100 60 100 60 100 60 100 ,..A 

Full VI 200 200 200 200 ,..A 
Input Resistance + 25'C III 100 200 100 200 100 200 100 200 ill 
Input Capacitance +25'C III 17 22 17 22 17 22 17 22 pF 
Large Signal BandwidthS +25"C V 160 160 160 160 MHz 
Input Slew Rate6 + 25'C V 440 440 440 440 VI,.., 

REFERENCE INPUT 
Reference Ladder Resistance + 25'C VI 64 80 llO 64 80 llO 64 80 llO 64 80 llO n 
Ladder Temperature Coefficient V 0.25 0.25 0.25 0.25 nrc 
Reference Input Bandwidth + 25'C V 10 10 10 10 MHz 

DYNAMIC PERFORMANCE 
Conversion Rate + 25'C I 125 150 125 150 125 150 125 150 MSPS 
Aperture Delay +25'C V 1.3 1.3 1.3 1.3 os 
Aperture Uncertainry (Jitter) + 25'C V 15 15 15 15 ps 
Output Delay (tpO)7, 8 + 25'C I 2.5 3.7 5.5 2.5 3.7 5.5 2.5 3.7 5.5 2.5 3.7 5.5 os 
Transient Response? + 25'C V 6 6 6 6 os 
Overvoitage Recovery Tirne10 + 25'C V 6 6 6 6 os 
Output Rise Tirne7 + 25'C I 3.0 3.0 3.0 3.0 os 
Output Fall Tirne7 + 25'C I 2.5 2.5 2.5 2.5 ns 
Output Time Skew7 ,1 1 +25'C V 0.6 0.6 0.6 0.6 os 

ENCODE INPUT 
Logic "I" Voltage7 Full VI -1.1 -1.1 -1.1 1.1 V 
Logic "0" Voltage7 Full VI -1.5 -1.5 -1.5 -1.5 V 
Logic" 1" Current Full VI 150 150 150 150 ,..A 
Logic "0" Current Full VI 120 120 120 120 ,..A 
Input Capacitance +25'C V 3 3 3 3 pF 
Encode Pulse Width (Low)12 + 25'C I 1.5 1.5 1.5 1.5 ns 
Encode Pulse Width (High) 12 + 25'C I 1.5 1.5 1.5 1.5 os 

OVERFLOW INHIBIT INPUT 
OV Input Current Full VI 144 300 144 300 144 300 144 300 ,..A 

AC LINEARITY" 
Effective Bits l4 + 25'C V 7.6 7.6 7.6 7.6 Bits 
In-Band Harmonics 

de to I.23MHz + 25'C 1 48 55 48 55 48 55 48 55 dB 
dct09.3MHz + 25'C V 50 50 50 50 dB 
deto 19.3MHz +25'C V 44 44 44 44 dB 

Signal-ta-Noise Ratio l5 + 25'C I 46 47.6 46 47.6 46 47.6 46 47.6 dB 
Two Tone Intermod Rejection 16 +25'C V 60 60 60 60 dB 

DIGITAL OUTPUTS' 
Logic ''1"' Voltage Full VI -1.1 -1.1 -1.1 -1.1 V 

~gic "0" Voltage Full VI -1.5 -1.5 -1.5 -1.5 V 

POWER SUPPLY 17 

Supply Current ( - 5.2V) + 25'C I 145 175 145 175 145 175 145 175 rnA 
Full VI 200 200 200 200 rnA 

Nominal Power Dissipation + 25'C V 750 750 750 750 mW 
Reference Ladder Dissipation +25'C V 50 50 50 50 mW 
Power Supply Rejection Ratio l8 + 25'C I 0.8 1.5 0.8 1.5 0.8 1.5 0.8 1.5 mVN 
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NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect device reliability. 

2 + VREF 2: - VREF under all circumstances. 
'Maximum junction temperature (tl max) should not exceed 175'C 
for ceramic packages, and 150'C for plastic packages: 
tl = PD (BIA) + tA 

PD (Blel + te 
where 

PD = power dissipation 
9JA = thermal impedance from junction to ambient (OCfW) 
Ole = thermal impedance from junction to case (oC/W) 
tA = ambient temperature eC) 
Ie = case temperature ('G) 

rypicalthermal impedances are: 
Ceramic DIP BIA = 56'CIW; Blc =20'CIW 
Plastic DIP BIA=60'CIW; Blc =20'C1W 
Ceramic LCC BIA=69'CJW; Blc=23'C1W 
PLCC BIA = 6O'CIW, Blc = 19'C1W. 

Recommended Operating Conditions 

Input Voltage 

Parameter Min Nominal 
-Vs -5.46 -5.20 
+VREF -VREF O.OV 
-VREF -2.1 -2.0 
Analog Input -VREF 

Max 
-4.94 
+0.1 
+VREF 
+VREF 

AD9002 
'Measured with AIN = OV. 
'Measured by FFT analysis where fundamental is - 3dBc. 
"Input slew rate derived from rise time (10 to 90%) of full scale input. 
'Outputs terminated through lOOn to - 2V. 
'Measured from ENCODE in to data out for LSB only. 
9For full-scale step input, 8-bit accuracy is attained in specified time. 
,oRecovers to S-bit accuracy in specified time after 150% full-scale input 

overvoltage. 
"Output time skew includes high-to-low and low-to-high transitions as well 

as bit-ta-bit time skew differences. 
"ENCODE signal riselfall times should be less than IOns for normal 

operation. 
13 Measured at 125MSPS encode rate. 
"Analog input frequency = 1.23MHz. 
"RMS signal to nos noise, with 1.23MHz analog input sigoal. 
'"Input sigoals IV POp @1.23MHz and IV POp @2.30MHz. 
"Supplies should remain stable within ± 5% for normal operation. 
"Measured at - 5.2V ± 5%. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Levell - 100% production tested. 
Test Level II - 100% production tested at + 25'C, and sample tested 

at specified temperatures. 
Test LevelIII - Sample tested only. 
Test Level IV - Parameter is guaranteed by design and characteriza-

tion testing. 
Test Level V - Parameteris a typical value only. 
Test Level VI - All devices are 100% production tested at + 25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 

ORDERING GUIDE 

REV. A 

Package 
Model Linearity Temperature Range Option! 

AD9002AD 0.7SLSB - 250C to + 85°C D-28 
AD9002BD 0.50LSB - 250C to + 85°C D-28 
AD9002AN 0.7SLSB - 25°C to + 85°C N-28 
AD9002BN O.SOLSB - 2SOC to + 850C N-28 
AD9002AP 0.75LSB - 250C to + 85°C P-28A 
AD9002BP 0.50LSB - 250C to + 85°C P-28A 
AD9002SD2 0.75LSB - 55°C to + 12SOC D-28 
AD9002SE2 0.7SLSB - 55°C to + 1250C E-28A 
AD9002TD2 0.50LSB - SSOC to + 125°C D-28 
AD9002TE2 O.SOLSB - 55°C to + 125°C E-28A 

NOTES 
'D = CeramicDIP;E = LeadleasCeramicChipCartier;N = Plastic DIP; 
P = Plastic Leaded Chip Cartier. Foroutline information see Package 
Information section. 

2MIL-STD-883 versions available: Contact factory. 
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AD9002 

Pin# Name 

1 DIGITAL GROUND 
2 OVERFLOW INH 

3 HYSTERESIS 

4 +VREF 
5 ANALOG INPUT 
6 ANALOG GROUND 
7 ENCODE 

8 ENCODE. 
9 ANALOG GROUND 

10 ANALOG INPUT 
11 -VREF 
12 REFMID 
13 DIGITAL GROUND 
14 DIGITAL -Vs 

IS DI 
16-19 D2-D5 
20 DIGITAL GROUND 
21,22 ANALOG -Vs 

23 DIGITAL GROUND 
24,25 D6,D7 
26 D8 
27 OVERFLOW 

28 DIGITAL -Vs 

FUNCTIONAL DESCRIPTION 

Description 

One of four digital ground pins. All digital ground pins should be connected together. 
OVERFLOW INHIBIT controls the data output polarity for overvoltage inputs. 

OVERFLOW ENABLED 
ANALOG (FLOATING OR -S.2V) OVERFLOW INHIBITED (GND) 

INPUT OF D, D2 D, D, Ds D. D7 D. OF D, D2 D, D, Ds D. D7 D. 

V'N>+VREF 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
VIN'" +VREF 0 X X X X X X X X 0 X X X X X X X X 

The Hysteresis control voltage varies the comparator hysteresis from OmV to IOmV, for a change 
from - 5.2V to - 2.2V at the Hysteresis control pin. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
Noninverted input of the differential encode input. This pin is driven in conjunction with 
ENCODE. Data is latched on the rising edge of the ENCODE signal. 
Inverted input of the differential encode input. This pin is driven in conjunction with ENCODE. 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint tap on the internal resistor ladder. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative digital supply pins (nominally - 5.2V). Both digital supply pins should be 
connected together. 
Digital data output (LSB). 
Digital data output. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative analog supply pins (nominally - 5.2V). Both analog supply pins should be 
connected together. 
One of four digital ground pins. All digital ground pins should be connected together. 
Digital data output. 
Digital data output (MSB). 
Overflow data output. Logic high indicates an input overvoltage (VIN> + VREF) if OVERFLOW 
INHIBIT is enabled (overflow enabled, - 5.2V). See OVERFLOW INHIBIT. 
One of two negative digital supply pins (nominally - S.2V). Both digital supply pins should be 
connected together. 

PIN DESIGNATIONS 

DIP LCC PLCC 

·SEE FUNCTION DESCRIPTIONS 

ANAlOGINPOT 5 

ANALOG GROUND' 

ENCODE ., -. 
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ANALOG INPUT 10 
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AD9002 
TIMING DIAGRAM 
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AD9002 
APPLICATION INFORMATION 
The AD9002 is compatible with all standard ECL logic families, 
including 10K and JOKH. lOOK ECL's logic levels are temperature 
compensated, and are therefore compatible with the AD9002 
(and most other ECL device families) only over a limited tem
perature range. To operate at the highest encode rates, the 
supporting logic around the AD9002 will need to be equally 
fast. Whichever of the ECL logic families is used, special care 
must be exercised to keep digital switching ,noise away from the 
analog circuits around the AD9002. The two most critical items 
are digital supply lines and digital ground return. 

The input capacitance of the AD9002 is an exceptionally low 
17pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the wide 
input bandwidth of the AD9002, a hybrid amplifier such as the 
AD9610 will be required. For those applications that do not 
require the full input bandwidth of the AD9002, more traditional 
monolithic amplifiers, such as the AD846, will work very well. 
Overall performance with any amplifier can be improved by 
inserting a JOn resistor in series with the amplifier output. 

The output data is buffered through the ECL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (tPD), before becoming available at the 
outputs. Both the analog-to-digital conversion cycle and the data 
transfer to the output latches are triggered on the rising edge of 
the differential, ECL compatible ENCODE signal (see timing 
diagram). In applications where only a single-ended signal is 
available, the AD9668S, a high speed, ECL voltage comparator, 
can be employed to generate the differential signals. All ECL 
signals (including the overflow bit) should be terminated properly 
to avoid ringing and reflection. 

The AD9002 also incorporates a HYSTERESIS control pin 
which provides from 0 to 10m V of additional hysteresis in the 
comparator input stages. Adjustments in the HYSTERESIS 
control voltage may help improve noise immunity and overall 
performance in harsh, environments. 

The OVERFLOW INHIBIT pin of the AD9002 determines 
how the converter handles overrange inputs (AIN;;. + VREP)' In 
the "enabled" state (floating at - S.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero operation). In 
the "inhibited" state (tied to ground), the OVERFLOW output 
will be at logic LOW, and all other outputs will be at logic 
HIGH for overrange inputs (~onreturn-to-zero operation). 

The AD9002 provides outstanding error rate performance. This 
is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional imProvemen'ts in error rate 
are possible through the addition of hysteresis (see HYSTERESIS 
control pin). This level of performance is extremely important 
in fault-sensitive applications such as digital radio (QAM). 

Dramatic improvements in comparator design and construction 
give the AD9002 excellent dynamic characteristics, especially 
SNR (signaHo-noise ratio). The 160MHz input bandwidth and 
low error rate performance give the AD9002 an SNR of 48dB 
with a 1.23MHz input. High SNR performance is particularly 
important in wide bandwidth applications, such as pulse signature 
analysis, commonly performed in advanced radar receivers. 
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LAYOUT SUGGESTIONS 
Designs using the AD9002, like all high speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high speed designs. The first requirement 
is for a substantial ground plane around and under the AD9002. 
Separate groUnd plane areas for the digital and analog components 
may be useful, bunhese separate grounds should be connected 
together at the AD9002 to avoid the effects of "ground loop" 
currents. 

The second area that requires an extra degree of attention involves 
the three reference inputs, + VREF, REFMID, and - VREF. The 
+VREF input and the - VREF input should both be driven from 
a low impedance source (note that the + V REF input is typically 
tied to analog ground). A low drift amplifier should provide 
satisfactory results, even over an extended temperature range. 
Adjustments at the REFMID input may be useful in improving 
the integral linearity by correcting any reference ladder skews. 
The application circuit shown below demonstrates a simple and 
effective means of driving the reference circuit. 

The reference inputs should be adequately decoupled to ground 
through O.II1F chip capacitors to limit the effects of system 
noise on conversion accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; O.II1F and 
O.OII1F chip capacitors are recommended. 

The analog input signal is brought into the AD9002 through 
two separate input pins. It is very important that the two input 
pins be driven symmetrically with equal length electrical con
nections. Otherwise, aperture delay errors may degrade converter 
performance at high frequencies. 
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510 

-15V 

AD96687 

13k 

-15V ':' 

100114 LINE DRIVER OUTPUTS 
REQUIRES 510n PULL DOWN 
RESISTORS TO -5.2V. ALL OTHER 
ECL OUTPUTS SHOULD BE 
TERMINATED TO - 2V WITH 
loon RESISTORS. UNLESS 
OTHERWISE SPECIFIED. 
RESISTORS ARE IN n. 
CAPACITORS ARE IN "F. 

'CONTACT FACTORY ABOUT EVALUATION BOARD AVAILABILITY 
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~ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution 
1 MSPS Word Rates 
T/H and Timing Included 
Single 4O-Pin DIP 

APPUCATIONS 

12 -Bit, 1 MSPS 
AID Converter 

AD9003 I 
FUNCTIONAL BLOCK DIAGRAM 

UNIPOLAR OFFSET ,...---, 

Radar Systems GAIN&'?ci.f~rr ('.'}---+-JWI.-., 
Digital Oscilloscopes 
Test Systems 
Analytical Instrumentation 
Waveform Analyzers 

GENERAL DESCRIPTION 

ANALOG 
INPUT 

ENCODE 
COMMAND 

The AD9003 is a complete 12-bit, I MSPS analog-to-digital 
converter (ADC) which combines low cost and high performance 
in a single 4O-pin DIP. This unique converter includes track-and
hold (TIH), timing, and encoding functions with a power dissi
pation of only 2.2 watts. 

This remarkable unit is capable of converting analog signals to 
the Nyquist limit at word rates through I MSPS. Its III-s conversion 
interval includes acquisition time for the internal TIH, making 
it a true I MSPS converter. 

REV. A 

Proprietary conversion techniques achieve linearity equivalent to 
the best successive approximation ADC along with subranging 
conversion speeds. A conversion status signal simplifies transfer
ring output data into system logic. Innovative thick- and thin-film 
technologies assure excellent performance over temperature 
without compromising ac characteristics. 

The AD9003KM operates at case temperatures from 0 to + 7O"C; 
the SM and TM units operate from - 25"C to + l00"C. 

ANALOG-TO-DIGITAL CONVERTERS 2-689 

• 



AD9003 - SPEC I FI CATIONS (typicaIwiIh nominal su~ unless CIIbeIwisa II8IId.) 

ABSOLUTE MAXIMUM RATINGS 
Supply Volrages 

±Vs .. . 
Vee .... . 

Analog Input 
Digital Inputs 
Maximum Junction Temperature 

Models AD9003SMffM 
Model AD9003KM . . . ... 

..... ±18V 
-0.5V to +7V 

... ±15V 
-0.5 to Vee 

165'C 
150"C 

Operating Temperature Range (Cue) 
AD9003KM 
AD9003SMffM .....•... 

Storage Temperature ....... . 
Lead Soldering Temperature (10 sec) 

o to +700c 
- 25"C to + loo"C 
-65"C to + 1500c 
. . . .. +3OO"C 

AD9G03KM' AD9G03SM' AD9003'i'M2 · 

Panmeter'·' (Conditioas) Temp MiD Tn> Max MiD Tn> Max MiD Tn> Max UDim 
RESOLUTION 12 12 12 Bits. 

0.024 0.024 0.024 %FS 
LSBWeight 1.22 1.22 1.22 mV 

STATIC ACCURACY 
I GainError +2S"C ±O.I ±0.2 ±O.I ±0.2 ±O.I ±0.2 %FS 
(I GainError Full ±0.46 ±0.6 ±0.6 %FS 
I Bipolar Offlet +2S"C ±S ±IO ±S ±10 ±S ±IO mV 
(I Bipolar Offset Full ±23 ±32 ±32 mV 
I UnipolarOfflet +2S"C ±S ±IO ±S ±IO ±S ±IO mV 
(I Unipolar Offset Full ±23 ±32 ±32 mV 
I Differential Linearity +2S"C ±O.S ±1.0 ±O.S ±1.0 ±O.S ±1.0 LSB 
I Differential Linearity Full -1.01+2.0 -1.01+2.0 ±1.0 LSB 
I Integral Linearity (Best Fit) +2S·C ±0.8 ±1.S ±0.8 ± 1.5 ±0.8 ±I.S LSB 
I Intesral Linearity (Best Fit) Full ±I.S ±2.0 ±2.0 LSB 
I Resolution ror Which There 

are No Missing Codes Full 12 12 12 Bits 

DYNAMIC CHARACTERISTICS 
(Conversion Rate = IMHz)' 

In.Band Harmonics' 
I de to 100kHz +2S"C 74 80 74 80 74 80 dB 
I de to lOOktiz Full 72 72 72 dB 
(1100kHz to 500kHz +2S"C 75 75 75 dB 
I COnversion Time' +2S"C 820 850 820 850 820 850 os 
(I Effective Aperture Delay Time +2S"C 6 16 27 6 16 27 6 16 27 os 
(I Aperture Uncertainty (Jitter) +2S·C 26 26 26 ps,rms 
I Signal-to-Noise Ratio' +2S"C 65 69 65 69 6S 69 dB 
I Signal-to-Noise Ratio' Full 65 65 65 dB 
/I Transient Response' +2S"C 200 200 200 os 
/I Overvo1lS8C Recovery TimeS +2S"C 1500 1500 1500 os 
(I Two-Tone Intermodulstion9 +2S"C 87 87 87 dB 

ANALOG INPUT 
(I VollS8C Ranse (Full Scale)'o Full 5 5 5 V,l>P 
(I Input Impedsnce + 2S"C 950 1000 1050 950 1000 1050 950 1000 1050 (l 

(I Input Impedance Full 950 1000 1050 950 1000 1050 950 1000 1050 (l 

Input Bandwidth 
/I Small Signal, - 3dB 11 +2S"C 10 10 10 MHz 
(I Lsrse Signal, - 3dB12 + 2S"C 8 8 8 MHz 

TEMPERATURE DRIFT 
Offset Temperature Coefficient 

I Bipolar Full. ±IO ±3S ±IO ±40 ±IO ±40 ppmI"C 
jUnipolar Full ±IO ±3S ±IO ±40 ±IO ±40 ppmI"C 

I Gain Temperature Coefficient Full ±IS ±40 ±IS ±40 ±IS ±40 ppmI"C 
/I DifferentialLinearityTempco Full ±I.S ±3.S ±I.S ±3.S ±I.S ±3.S ppmI"C 

DIGITAL INPUTS 
(I Losic Compstibility Full TTL TTL TTL 
(I Losic "I" VollS8C Full +2.0 Voc +2.0 Voc +2.0 Voc V 
(I Losic "0" VollS8C Full -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 V 
Encode Command" 

Input Current '* Logic"l" Full 60 60 60 p.A 
(I Logic"O" Full -1.2 -1.2 -1.2 mA 

(I Width" Full 200 750 200 750 200 750 os 
(I Rate Full de 1.0 de 1.0 de 1.0 MSPS 
(I RiselFsII Times Full 10 10 10 os 
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AD9003KM' AD9003SM2 AD9003TM2 

Parameter" 2 (Conditions) Temp Min Typ Max Min Typ Max Min Typ Max 

DIGITAL OUTPUTS 
{I 'Logic Compatibility Full TTL TTL TTL 
{I Logic "I" Voltage Full +2.4 +2.4 +2.4 
{I Logic "0" Volrage Full +0.4 +0.4 +0.4 
II Output Drive Full I Standard I Standard I Standard 
Format Parallel Parallel Parallel 
Coding 

Unipolar Mode Complementary Binary Complementary Binary Complementary Binary 
Bipolar Mode Complementary Complementary Complementary 

Offset Binary Offset Binary Offset Binary 

POWER REQUIREMENTS 
+ Vs Voltage Full +14.5 +15.0 +15.5 +14.5 +15.0 +15.5 +14.5 +15.0 +15.5 

j +VsCurrent Full 78 
-VsVoltage Full -14.5 -15.0 

j -VsCurrent Full 44 
VccVolrage Full +4.75 +5.0 

j VccCurrent Full 7S 
j Power Dissipation Full 2.2 
{I PSRR" +2S,,(; 4S 

THERMAL RESISTANCE 
Junction to Air, 6CA 

,. 
19 

Junetion to Case, 6 c 3 

MTBF17 
Mean Time Berween Failures 

PACKAGE OPTION'· 
M-40 AD9003KM 

NOTES 
./ 100% tested (See Notes I and 2). #Specification guaranr.cd by dosip; DOt tested. 

'AD9003KM parame1<rS .-:eded by a check (./) are tested at + 25'C 
ambieDt temperature; pcrfonnanc:c is guaranteed over the commen:ial 
_peratuxe ....... (0 to + 7O'C .... _peratuxe). 

'AD9003SM aud TM parame1<rS .-:eded by a ebeck (,/) lie 

IeStcd at - 2S"C case, + 2S"C ambient, and + lOO"C case temperatures. 
3f.onvertibg in excess of 1.OMHz is possible; however, acquisition time 
is reduc:cd, whidi may ....... disronion of hish·fRqUCIICY aDalog ........ 
41D.~band lJarmonk. are expressed in dB below FS in terms of spurious 
in-bond ojpals gcocratcd at 1MB. cm:ode nte aud siqle .... aDalog 
input in raJI8e shown. 

'Mooaun:d from Icadins cd&e of cm:ode command to traiIin8 (rising) cd&e 
of COO_ SlaIUS ...... (see Titains Diqram). 

'RMs signa) to rms noiRe ratio; analos: ia.put IdS below FS @ 100kHz; 
IMHz encode rate. 

7por full-tealc step input, 12-bit accuracy attained in specified time. 
'Recovers to l2--bit accuracy in specified time after 2 x FS input 
overvol ..... (See text and Fisun: 5 for information .. overloads.) 

90 78 90 78 90 
-IS.5 -14.5 -15.0 -15.5 -14.5 -15.0 -15.S 
49 44 49 44 49 
+5.25 +4.75 +5.0 +S.25 +4.75 +S.O +S.2S 
200 
3.2 

7S 200 7S 200 
2.2 3.2 2.2 3.2 
4S 45 

19 19 
3 3 

7.84 x 7.84x 
10' 104 

AD9003SM AD9003TM 

9Jntermodulation measured in dB below FS at IMHz encode rate with input 
fRqueucles of 75kHz aud 105kHz; ...,b 7dB below FS. 

.. Vol .... Raasc- ±2.5V orOV to -5.0V. 
IIWith analOS iDput 40dB below FS. 
"With FS aDalog input. (Large-...... BW llat within 0.5dB, de to 500kHz.) 
'3ofl'aDsition from "0" to ... " ini~tes conversion. 
l4por IMHz encode rate. At conversions below IMHz, max width is 

conversion period minus lSOns. Optimum linearity at 200 10 2SOns widths. 
"Power Supply Rejection Ratio (PSRR) is seaaitivity of oftiel ro V ce. lbis 

is parameIer which is masl sensitive ro variations in supply voltage. 
'"The relationship _ the device pacbJe aad outside envirooment (0..) 

varies with me. application. Value shown is based on measuring case 
temperature with supply voltages applied 10 a device installed. in a ZIF 
socket mounted on a stlU1dard. "EJ" burn·in board. 

17Calculated for SMITM. versions using MIL-HNBK·217; Ground Fixed; 
+ BOac case temperature. 

11M = MeW Can DIP. For oudine information see Package Information 
sectioo. 

ORDERING INFORMATION 
For operating case temperatures from 0 to + 70"C, order part 
number AD9003KM. Two models are available for operation at 
case temperatures betweeen -25°C and + lOO"C. With the 
exception of differential linearity , the electrical speciflcations on 
these devices are the same. The AD9003SM guarantees no 
missing codes over temperature; the AD9003TM is screened for 
differential nonlinearity of ± lLSB maximum. 

Both the commercial temperature and extended temperature 
versions are packaged in 4O-pin metal can DIPs. 

AD9003 

Units 

V 
V 
TTL Load 

V 
mA 
V 
mA 
V 
mA 
W 
dB 

"C/W 
"C/W 

Hours 
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AD9003 
PIN DESIGNATIONS 
(As viewed from bOttom) 

PIN FUNCTION PIN FUNCTION 

40 DIGITAL GROUND 1 +5V 
31 BIT 1 2 REFERENCE BYPASS' 
31 BIT 2 3 DIGITAL GROUND 
37 BIT 3 4 DIGITAL GROUND 
31 BIT4 5 -15V 
35 BIT 5 I ANALOG INPUT 
34 BIT I 7 DO NOTCONNECT 
33 +5V 8 GAIN. OFFSET ADJUST 
32 UNIPOLAR offsET" 9 ANALOG GROUND 
31 UNIPOLAR OFFSET'" 10 ANALOG GROUND 
30 +15V 11 ANALOG GROUND 
29 BIT 7 12 ANALOG GROUND 
28 CORRECTION BIT" 13 ANALOG GROUND 
27 CORRECTION BIT' 14 ANALOG GROUND 
26 BIT 8 15 ANALOG GROUND 
25 BITS 16 ANALOG GROUND 
24 BIT 10 17 +5V 
23 BIT 11 18 DIGITAL GROUND 
22 BIT 12 19 -15V 
21 CONVERSION STATUS 20 ENCODE COMMAND 

NOTES 
Although Ground. are Designe1ed a. Analog or Digital, All 
Grounds Should Be Connected to a Single Common Low· 
Impedance Ground Plane for Bast Results. 
'Pins 2 and 31 Must Be Bypassed to Ground with O.1p.F for 
Optimum Performance. 

'For Unipolar Operation, Connect Pins 31 and 32; 
for Bipolar Operation, Ground Pin 32 and Connect 
Pin 31 Only to O.1p.F. 

"Pins 27 and 28 Must Always Be Strapped Together with 
No Other Connaction •. 

THEORY OF OPERATION 
Refer to the block diagram of the AD9003. 

Basically, the design of the unit is basel! on successive approxi
mation techniques. However, the AD9003 also uses parallel 
encoding for the most significant bits (MSBs). . 

When a TTL-compatible Encode Command signal is applied to 
Pin 20, it causes the internal Timing Generator to generate 
strobe pulses used for controlling the timing of the various 
actions within the device. 

The encode command causes the track-and-hold (T/H) to switch 
from a "track" mode to a "hold" mode; switches the 6-bit flash 
converter to a tracking mode of operation to allow it to reach 
the held value from the TIH; and resets the SAR. When the 
flash converter output has been determined, Bits 1 - 6 become 
inputs to the 12-bit D/A converter. 

If the D/A voltage applied to the comparator is greater than the 
"held" value being applied to the comparator, a correction bit is 
turned on. If the DI A voltage is less, there is no correction bit 
and no change in the signal. 

At this point, the DI A output voltage and the correction circuit 
outputs are 12-bit accurate. Standard successive approximation 
techniques are used to determine Bits 7 - 12; the end result is a 
12-bit para1lel output from the AD9003 AID Converter. 
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The overa1llinearity of the AD9003 is independent of the flash 
converter, which materially enhances the performance of the 
unit. In addition, the architecture used in the converter makes 
it less sensitive to nonlinearities caused byD/A and/or comparator 
settling. 

Performance of the AD9003 is equivalent to that of an ultrahigh
speed SAR type of design. But the design techniques which are 
used relieve the stringent comparatorlDAC settling requirements 
usually associated with SAR designs. Instead, the AD9003 reaps 
the benefits of combining the best characteristics of flash converters 
and SARs while avoiding the penalties which are inherent in 
each individually. 

Refer to Figure I, the timing diagram for the AD9003. In this 
illustration, spacing between encode commands is shown as it 
would be· for a IMHz word rate, i.e., lOOOns. The width of the 
encode pulse is at its minimUm value of 200ns. 

The period of data validity associated with each encode command 
appears, in the figure, to be relatively short. Remember, however, 
each encode command generates the necessary switching to 
perform the digitizing function, and causes the output data to 
begin changing. 
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AD9003 

L 

tw ENCODE COMMAND PULSE WIDTH 
MIN 
200n. 
1000n. 

MAX 
750n. 

tE SPACING BETWEEN ENCODE COMMANDS 
tc CONVERSION TIME 
tv DATA VALID 
tDc DATA CHANGING 

850n. 
50n. 
35n. 

Figure 1. AD9003 Timing Diagram 

In Figure 1, the timing is based on a maximum encode rate, 
with minimum spacing between encode commands. At lower 
conversion rates, this spacing would be lengthened correspondingly 
and the interval when data are valid would become longer. 

Internal timing within the AD9003 typically requires 770ns to 
accomplish the necessary switching and processing of the analog 
input "frozen" by the encode command. Since the AD9003 is a 
true IMHz converter, this leaves 230ns for the T/H to re-establish 
full accuracy when it returns to the "track" mode at the completion 
of the digitizing period. 

This addition of the required 770ns and the 230ns accuracy 
increment shows up as a total of I,OOOns minimum between 
encode commands in Figure 1; any shorter interval will detract 
from the overall performance of the unit. Higher encode rates, 
i.e., shorter intervals between encode commands, are possible; 
but they may cause distortion on high-frequency analog signals 
because the T!H will not be fully settled when it is switched to 
the "hold" mode. 

SETTING GAIN AND OFFSET 
Varying gain and offset for the AD9003 enhances perfOrtnance 
of the unit and increases its flexibility in applications. One 
suggested method of obtaining approximately 5% variation in 
each is shown in Figure 2. 

The AD9003 can be operated in a unipolar mode or a bipolar 
mode; strap options and adjustments of the external controls 
shown in Figure 2 determine which is used. When calibrating 
for either mode, apply an encode command at the word rate 
frequency of the system to Pin 20. 

Connect a precision voltage source between the ANALOG INPUT 
connection shown in Figure 2 and ground. Set its output for the 
voltage shown in Table I as being equal to - FS + 1I2LSB for 
the input range to be used (-0.6mV for unipolar operation and 
+ 2.4994V for bipolar operation if using the full-scale SV input 
range of the AD9003). 

Adjust the OFFSET control for a digital output which "dithers" 
between 0000 0000 0000 and 0000 0000 0001. 

Figure 2. AD9003 Gain and Offset 
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AD9003 
To set gain, readjust the output of the voltage reference source 
to the value shown in Table I as being equal to + FS -1-1/2LSB 
for the input range to be used (-4.9982V for unipolar operation; 
- 2.4982V for bipolar operation with the full-scale 5V range). 

Adjust the GAIN control for a digital output which· "dithers" 
between 1111 1111 1110 and 1111 1111 1111. 

Figures 3 and 4 provide additionill information about the switching 
points of the LSB when adjusting for either unipolar or bipolar 
operation using the full-scale 5V input. 

AD9003 DRIVER CIRCUIT WITH CLAMP 
The choice of the driver amplifier for an AID can have significant 
effect on the performance of the converter. The ADI AD9610 

Op Amp is the recommended choice for operation with ·the 
AD9003. This amplifier has extremely fast settling time and low 
distortion; these are especially important as the selected word 
rate frequency approaches the Nyquist limit. 

In some applications, the analog input signals to be digitized 
may be outside the 5V range of the AD9003 converter, which 
can detract from the performance of the device by driving it 
into saturation. 

At input frequencies greater than 50kHz, overloads larger than 
approximately 25% will saturate the front-end circuits of the 
internal track-and-hold. When the overload is remov~, the TIH 
may cause erroneous codes to be generated at the output. 
Figure 5 shows a suggested circuit to avoid this. 

Table I. 

For For 
UNIPOLAR Apply And "Dither" 
Input Reference Adjust Between 

Oto-5V -0.6mV OFFSET 0000 0000 0000 and 
0000 0000 0001 

Oto-SV -4.9982V GAIN 111l11111110and 
111l111l1111 

., I 

111 ... 1111-..:----,;..----. --
w 111 ... 110. ------------- ~:---L---L 
Q 

8 
!:i 

I I 
I I 

!5 
o 000 ... 010 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

000 ... 001 

-FS I -FS : -FS+FS +FS +FS 
(LSBs) : +1 I +2 -2 -1 (LSBs) 

I INPUT VOLTAGE 
I I 

-0.6mV -1.8mV -4.9982V 

Figure 3. AD9003 Unipolar Adjustment 
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For For 
BIPOLAR Apply And "Dither" 
Input Reference Adjust Between 

0.00 0.00 OFFSET Ollllllllllland 
1000 0000 0000 

±2.SV -2,4982V GAIN 111l11l11110and 

INPUT 
VOLTAGE 

-FS -FS -FS 
ILSBsl +1 +2 

I 
+2.4994V 

i 

111l1l111111 

111...111 ----------r----
111 ... 110 -------~-rl---

I 
I 
I 
I 

-2.49~V 
I 
I 

+FS +FS +FS 
-2 -1 ILSBs) 

I 
I 
I 

i--J------------ 000 ... 001 

~--------------- 000 ... 000 

OUTPUT 
CODE 

Figure 4. AD9003 Bipolar Adjustment 
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In this diagram, the value of the feed forward resistor Rpp is 
calculated on the basis of the equation: 

Rpp = IDesired Full-Scale Bipolar Voltage! x SOO 

The circuit eliminates saturating the internal T IH of the AD9003. 
Using an Analog Devices AD9610 ahead of the converter allows 
± 3x overdrives before the amplifier goes into saturation. Even 
in those instances in which the input signal exceeds the ± 3x 
limit, the AD96l0 comes out of saturation much more quickly 
than the input circuits of the converter would under the same 
circumstances. 

Bipolar inputs to the AD9003 are held to a maximum of ± 2.SV 
by the clamp circuits made up of IN2810 Schottky diodes. The 
Analog Devices AD744 amplifiers and their associated circuits 
are for the purpose of clamping the Schottky diodes at the desired 
maximum input levels. As shown, + CLAMP ADJUST and 
-CLAMP ADJUST are set for +2.S30V and -2.S30V 
respectively. 

ANALOG 
INPUT 

+15V 

33 - 5011 

+15V 

1.lkll 

IN825 

AD9DD3 
These adjustment values take into account the gain and offset 
tolerances of the AD9003. If resistors with low temperature 
coefficients are selected, the clamp circuit will operate over the 
entire temperature range of the converter. 

The bipolar circuit in Figure S can also be used for unipolar 
operation of the AID with only minor changes. For this mode, 
the upper op amp (AD744 #1) and its associated reference 
~ircuits are removed; the upper IN2810 clamp is connected, 
mstead, to ground. 

With these changes, the unipolar full-scale overdrive limit is 
l.5x rather than the 3x of the bipolar connections; but this will 
prevent saturating the front end circuits of the AD9003. The 
value of Rpp in the unipolar circuit is based on: 

Rpp = IDesired Full-Scale Unipolar Voltagel x 250 

+15V 

ADJUST TO 
+2.530V ~ 3kll 

+15V 

!)-< ..... ~±;.;:3V.:..... ______ ..... ____ ~>;.-_____ ~;.!;~6 AD9003 

REV. A 

R,,=/DESIRED FULL·SCALE BIPOLAR VOLTAGE/x 500 

H_-2810 

/ 3kll ~O.Ol"F 
ADJUST TO 

-2.530V 

-15V 

Figure 5. AD9003 Driver Circuit with Clamp 
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'AD9003 
SUGGESTED LAYOUT amount of copper dedicated as ground surface. 
To obtain optimum performance from systems using tbe AD9003 
or any otber high-sPeed component, tbe user must exercise care 
in laying out tbe circuit. It is critical to use the shortest possible 
lead lengths and circuit runs. Construct the circuit on a large, 
low-impedance ground plane containing tbe maximum possible 

The AD9003aIso requirea tbe use of bypass capacitors on tbe 
power supplies; tbeae should be connected as closely as possible 
to tbe supply pins. A suggested layout for the AD9003 when it 
is mounted on a printed circuit board is shown in Figure 6. 

8 .... 
cii 
Zz et_ 

C9 

40 • 

*FOR UNIPOLAR OPERATION. CONNECT 
PINS 31 AND 32; FOR BIPOLAR. GROUND 
PIN 32 AND CONNECT PIN 31 ONLY TO C7. 

C!a 
OZ 
..I:::l > eto .... za: .. 
etc! I 

C5 

* * 

C8 C7 C6 C3 

SOLDER SIDE TRACE 

4 ~ COMPONENT SIDE TRACE 

• GROUND CONNECTION 

C1- C3 = 10 .... FTANTALUM CAPACITOR 
C4- C11 = 0.1 .... F CERAMIC CAPACITOR 

Figure 6. AD9003 Suggested Layout 
(As Viewed from Bottom - Not to Scale) 
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r.ANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit AID Converter 
Includes Track and Hold. Reference. and Timing 
Bipolar Analog Input (±1.024 VI 
Up to 10 MSPS Sampling Rate 
Low Power Dissipation: 3.2 W 
Low Harmonic Distortion 
MIL-STD-883-Compliant Versions Available 

APPLICATIONS 
Radar 
Digital Receivers 
Electro-Optics 
Medical Scanners 
Signal Intelligence 
Spectrum Analyzers 

GENERAL DESCRIPTION 
The AD9005A is a complete l2-bit AID converter which in
cludes on-board track-and-hold amplifier, voltage reference, and 
timing circuits. Featuring sampling rates from dc to 10 MSPS, 
the AD9005A uses a subranging converter architecture to 
achieve high speed and high resolution. Dynamic performance 
includes a SNR of 64 dB and harmonic distonion of - 72 dBc 
with a 4.3 MHz analog input. 

This unit replaces its predecessor, the AD9005. The AD9005A 
uses a higher level of integration than the earlier design to pro
vide increased performance, better reliability, and reduced cost. 

The AD9005ALM guarantees a minimum 76 dBc (@ 2.3 MHz) 
spurious free dynamic range (SFDR) for applications which 
have demanding ac performance requirements. All grades are 
fully tested for dynamic performance. 

REV. A 

ANALOG 
INPUT 

ENCODE 

12 -Bit, 1 0 MSPS 
AID Converter 

AD9005A I 
FUNCTIONAL BLOCK DIAGRAM 

TIH 
OUT AlDIN 

L---4------.... ---Iv 

9, 
DIGITAL 

I DATA 
OUTPUTS 

) 

Critical to the performance of the AD9005A is the use of ad
vanced bipolar integrated circuits, custom designed for this de
vice and manufactured by Analog Devices. The AD9005A is 
TTL-compatible with offset binary outputs. It is available in a 
46-pin hermetic metal DIP in two temperature ranges: O'C to 
+ 70'C commercial range and - 55'C to + l2S'C military range 
(case temperature). 

The AD900SA is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products Data
book or current AD900SA/883B data sheet for detailed 
specifications. 
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AQ9005A ~SPECIFICATIONS 
J\BSOLUTI! MAXIMUM RATINGS' 
POSitive Supply Voltage ( + V cel ................ + 18 V Operating Temperature Range (Case) 
Negative Supply Voltage (-VEE) ............... -18 V AD9005KM ....................... O°C to + 70°C 
Positive Supply Voltage (+Vs) .................. +6 V AD9005TM .................... -55°C to + 125°C 
Negative Supply Voltage (-V s) ................. -6 V Storage Temperature Range ........... -65°C to + 150°C 
Analog Input Voltage (Pin 45) . ; ........•.... ±3.0 V de Junction Temperature2 ••••••••••••••••••••• + 175°C 
Digital Input Voltage ................. -0.5 V to + V s Lead Soldering Temperature (10 sec) ............ + 300°C 
Digital Output Current ...................... 4 rnA 

ELECTRICAL CHARACTERISTICS !+Ycc=+15 Y, -YEE=-15 Y, +Ys=+5 Y, -Ys=-5.2 Y, unless otherwise stated) 
Commercial Commercial Military 

O'C to +70"C O'C to +70"C -SS'C to +1ZS'C 
Test AD900SAKM AD900SALM AD900SATM 

Parameter Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION +25°C I 12 12 12 Bits 
LSB Weight Full V 0.5 0.5 0.5 mV 

STATIC ACCURACY 
Differential Nonlinearity +25°C I -0.75 ±0.5 +0.75 -0.75 ±0.5 +0.75 -0.75 ±0.5 +0.75 LSB 

Full VI -1.0 +1.5 -1.0 +1.5 -1.0 +1.5 LSB 
Integral Nonlinearity +25°C I ±1.0 ±1.25 ±1.0 ±1.25 ±1.0 ±1.25 LSB 

Full IV ±2.25 ±2.25 ±2.25 LSB 
No Missing Cod", Full VI GUARANTEED GUARANTEED GUARANTEED 
Gain Error +25°C I ±0.5 ±1.0 ±0.5 ±1.0 ±0.5 ±1.0 %FS 

Full VI ±2.0 ±2.0 ±2.0 %FS 
Offset Error +25°C I ±4 ±15 ±4 ±IS ±4 ±15 mV 

Full VI ±30 ±40 ±40 mV 

ANALOG INPUT 
Input Voltage Range Full V ±1.024 ±1.024 ±1.024 Vp-p 
Input Resistance Full VI 950 1000 1050 950 1000 1050 950 1000 1050 fl 
Input Capacitance +25"C V 5 5 5 pF 
Large Signal Input Bandwidth' Full V 38 38 38 MHz 

DYNAMICCHARACTERISTICS' 
Maximum Conversion Rate Ful.1 I 10 10 10 MSPS 
Output Data Delay" • (tpo) +25"C V 90 90 90 ns 
Aperture Delay (tA ) +25°C V 5 5 5 ns 
Aperture Uncertainty +25"C IV 10 20 10 20 10 20 ps rms 
Transient Response (to ± 1 LSB)' +25°C IV 120 120 120 ns 
Overvoltage Recovery TimeS +25"C IV 250 250 250 ns 

(to ±I LSB) 
Harmonic Distortion 10, 4 

FIN = 540 kHz +25"C IV -73 -78 -79 -83 -73 -78 dBc 
FIN = 2.3 MHz +25°C I -68 -72 -76 -80 -68 -72 dBc 

Full VI -67 -75 -66 dBc 
FIN = 4.3 MHz +25"C I -66 -72 -68 -75 -66 -72 dBc 

Full VI -65 -67 -63 dBc 
Signal to Noise Ratioll , 4 

FIN = 540 kHz +25°C IV 65 67 66 68 65 67 dB 
FIN = 2.3 MHz +25°C I 63 65 65 66 63 65 dB 

Full VI 63 64 60 dB 
FIN = 4.3 MHz +25°C I 62 64 63 65 62 64 dB 

Full VI 61 62 60 dB 
Two-Tone Intermodulation 

Distortion12 

FIN = 2.2 MHz + 2.3 MHz +25"C V -75 -76 -75 dBc 

ENCODEINPUTI4 
Logic" I" Voltage Full IV 2.0 2.0 2.0 V 
Logic "0" Voltage Full IV 0.8 0.8 0.8 V 
Logic "1" Current Full I 150 150 ISO "A 
Logic "0" Current Full I 150 ISO ISO "A 
Input Capacitance +25"C V 5 5 5 pF 
Encode Pulse Width (High) +25"C IV 25 25 25 ns 

DIGITAL OUTPUTS 
Logic "1" Voltage (2 mA Source) Full I 2.4 2.4 2.4 V 
Logic "0" Voltage (4 mA Sink) Full I 0.4 0.4 0.4 V 
Logic Coding Full IV Offset Binary Offset Binary Offset Binary 
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AD9005A 
Commercial Commercial Military 

O"C to +70"C O"C to +70·C -SS·C to +l2S·C 
Test AD900SAKM AD900SALM AD900SATM 

Parameter Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Supply Voltage + V cc Full VI +14.25 +15.0 +15.75 +14.25 +15.0 +15.75 +14.25 +15.0 +15.75 V 
Supply Current + V cc Full VI 15 25 15 25 15 25 rnA 
Supply Voltage - VEE Full VI -14.25 -15.0 -15.75 -14.25 -15.0 -15.75 -14.25 -15.0 -15.75 V 
Supply Current -VEE Full VI 30 55 30 55 30 55 rnA 
Supply Voltage + V s Full VI 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 V 
Supply Current Analog + V s Full VI 180 210 180 210 180 210 rnA 
Supply Current Digital + V s Full VI 43 60 43 60 43 60 rnA 
Supply Voltage -V s Full VI -4.95 -5.2 -5045 -4.95 -5.2 -5045 -4.95 -5.2 -5045 V 
Supply Current Analog -V s Full VI 210 250 210 250 210 250 rnA 
Supply Current Digital - V s Full VI 65 100 65 100 65 100 rnA 
Nominal Power Dissipation Full VI 3.2 4.0 3.2 4.0 3.2 4.0 W 
PSRRI3,15 +25·C I 0.01 0.02 0.01 0.02 0.01 0.02 %1% 

NOTES 
lAbsolllte maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functionaloper
ation under any of these conditions is not necessarily implied. Exposure to absolute rating conditions for extended periods of time may affect device reliability. 

'Maximum junction temperature should not be allowed to exceed + 175·C. Hybrid thermal model: 
(JUNCTION = (AMBIENT + PDISSIPATION X ceCA) + (Ts - Td max 

where (T s - T cl max = IO·C 
46 Pin metal DIP: SCA = 14"C/W in still air; 

SCA = 6·c/w with 500 LFPM air flow 
3Determined by 3 dB reduction in reconstructed output. 
'Input at I dB below full scale. 
5Measured at 10 MHz encode rate. 
"Measured from ENCODE in to data out for LSB only. 
7For full-scale step input; 12-bit accuracy is attained in the specified time. 
8Recovers to 12-bit accuracy in specified time following 200% full-scale input voltage. 
'Excludes pipeline delay of two clock cycles (see timing diagram). 

IOWorst case spurious in-band signal relative to input level. 
llRMS signal to RMS noise, including harmonics. 
12Worst case spurious in-band signal relative to level of input tones, which are both -7 dB below full scale. 
13Sensitivity of full-scale gain error with respect to power supply variation within supply MiniMax limits. 
14ENCODE signal rise and fall times should be less than 5 ns for normal operation. Transition from "0" to "1" initiates conversion. 
ISPSRR is tested over given voltage range. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 
II - 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
III - Periodically sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for military 
temperature devices. Guaranteed, not tested, for 
commercial temperature range 
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AD9005A 

Pin 

1 
2 
3 
4 
5 
6 
7,8 
9 
10-19 
20 

21 
22,23 
24 
25,26 
27-29 
30 
31 
32 
33 
34,35 
36 
37,38 
39,40 
41 
42 
43 
44 
45 
46 

Name 

GROUND 
NC 
ANALOG +Vs 
TIH OUT 
AlDIN 
ANALOG -Vs 
DNC 
Dll (MSB) 
DcDlO 
Do (LSB) 

ANALOG 
INPUT 

;:,:+1.024V 
:s-1.024V 

DIGITAL +Vs 
GROUND 
ENCODE 
GROUND 
DNC 
ANALOG +Vs 
DIGITAL -Vs 
GROUND 
-VEE 

GROUND 
DNC 
GROUND 
DNC 
NC 
ANALOG -Vs 
-VEE 

+ Vee 
ANALOG INPUT 
GROUND 

I 
o 

1 
o 

AD900SA PIN DESIGNATIONS 

GROUND 

He 

ANALOG +Vs 

ANALOG -Vs 6 

0" 

0, 

0, 

0, 

0, 

(lSB) Do 

DIGITAL +Vs 21 

GROUND 

GROUND 

Ne = NO CONNECT 
ONe = DO NOT CONNECT 

GROUND 

ANALOG INPUT 

+v~ 

-VEE 

ANALOG -Vs 

Ne 

ONe 

ONe 

GROUND 

GROUND 

ONe 

GROUND 

GROUND 

-VEE 

GROUND 

ANALOG +vs 

ONe 

ONe 

ONe 

GROUND 

GROUND 

ENCODE 

AD900SA PIN DESCRIPTIONS 

Description 

Circuit ground. All grounds should be connected together near the AD9005A. 
Not internally connected. 
Positive analog supply pin. Nominally +5 V dc. 
Output of internal track-and-hold amplifier. Connect to Pin 5 for normal operation. 
Input to internal AID encoder. Connect to Pin 4 for normal operation. 
Negative analog supply pin. Nominally -5.2 V dc. 
Do not connect. Internal test point. 
Most significant bit of digital output data. 
Digital data outputs. 
Least significant bit of digital output data. 

I 
o 

1 
o 

OUTPUT CODING 

1 
o 

I 
o 

I 
o 

1 
o 

I 
o 

1 
o 

Positive digital supply pin. Nominally +5 V dc. 

I 
o 

1 
o 

Circuit ground. All grounds should be connected together near the AD9005A. 
Convert command. TTL compatible, rising edge triggered. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Positive analog supply pin. Nominally +5 V dc. 
Negative digital supply pin. Nominally -5.2 V dc. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Negative analog supply pin. Nominally -15 V dc. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Not internally connected. 
Negative analog supply pin. Nominally -5.2 V dc. 
Negative analog supply pin. Nominally -15 V dc. 
Positive analog supply pin. Nominally + 15 V dc. 
Analog input. Full scale of ± 1.024 V. 
Circuit ground. All grounds should be connected together near the AD9005A. 
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AD9005A 
APPUCATIONS INFORMATION 
The AD9005A is a complete analog-to-digital converter. The 
AD9005A uses a subranging NO architecture enhanced by hy
brid technology. This includes an on-board track-and-hold am
plifier, on-board references, timing circuitry and output latches. 

The analog input of the AD9005A is fed directly into the inter
nal track-and-hold amplifier, thus eliminating the need for exter
nal signal conditioning in many applications. This amplifier 
provides low input capacitance and a bipolar (± 1.024 V) input 
range. Normally reverse-biased Schottky diodes on the input 
provide overrange protection. If the amplitude, bandwidth or dc 
voltage level of the analog input signal calls for external signal 
conditioning, it is advisable to use an amplifier with low har
monic distortion and low noise characteristics. Selecting the am
plifier may be difficult because the performance of the 
AD9005A will probably exceed the performance of most com
mercially available amplifiers. A notable exception is the 
AD9617, a wideband, low noise current feedback amplifier. It is 
important to remember that band limiting the analog input sig
nal can avoid aliasing during the AiD conversion process. 

Timing in the AD9005A is critical, and careful measures must 
be taken to support 12-bit accuracy. One simple way to enhance 
the performance of the AD9005A is to synchronize the system 
clock to a crystal oscillator. This will minimize any clock jitter, 

a must for maintaining the spectral purity of analog signals near 
Nyquist limits. Because the conversion cycle begins with the 
rising edge of the encode signal, a fast, clean rising edge will 
also help to reduce any clock jitter. 

When the ENCODE signal of the AD9005A goes HIGH, the 
internal track-and-hold enters the hold state; after 65 ns, it 
returns to track mode. In applications in which the AD9005A is 
clocked slowly or intermittently (i.e., in burst mode), the en
code signal should be returned to a logic LOW state during the 
idle periods. 

The ENCODE signal pulse width should also be adjusted so 
that it is in the HIGH (hold) state for a minimum of 25 ns. This 
ensures that the TIH enters the hold mode before the AiD con
version takes place. 

The AD9005A has many appealing characteristics for 12-bit AiD 
converter applications. Its dynamic performance is state-of-the
art in hybrid technology. Typical applications include radar, 
missile guidance, digital oscilloscopes, waveform analyzers, med
ical instrumentation, electro-optics, communications and ESM. 

TYPICAL AD900SA APPUCATION 

+5V - ..... ~~,..-:o-< 

-5.2V - ..... ~~,.-:o-< 

+5V - ..... ~.---='H 

-5.2V - ..... ~~,.....".H 
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Layout Information 
The accuracy of a 12-bit converter, especially one with the dy
namic performance level of the AD900SA, requires that design
ers pay careful attention to printed circuit board layouts. Analog 
signal paths should be impedance matched, with termination! 
load resistors at or near package connections. Analog signal 
paths should also be isolated from digital signal paths. Other
wise digital signals can be capacitively coupled into the analog 
section of the circuit, degrading the overall performance of the 
AID converter. 

Digital switching noise on power supplies can also degrade con
verter performance. Because of this noise (inherent with TTL 
logic), the digital power supplies of the AD900SA should be 
separated from the analog power supplies. In addition, each 
power supply should be capacitively decoupled to ground. To 
accomplish this, a single large value capacitor with a high reso
nant frequency (a 10 fLF tantalum capacitor for example) should 
be used on each of the AD900SA's power supplies, at or near 
the package. In addition, a lower value capacitor with good high 
frequency characteristics (a 0.1 fLF ceramic chip capacitor is rec
ommended) should be connected to each power supply pin 
connection. 

For applications in which only single +5 V and/or -5.2 V sup
plies are available, a ferrite bead, placed in series between the 

AD9005A 

analog and digital power pins, can be used to isolate the digital 
noise from the analog circuits. 

Noise on the circuit ground is often the limiting factor in AID 
converter performance. Perhaps the most critical concerns of 
circuit layout are the ground connections. To reduce ground 
noise, a two-sided printed circuit board is recommended, the 
component side being reserved (as much as possible) for a sin
gle, low impedance ground plane. The other side should be used 
for all (possible) power and signal connections. Each of the 
ground connections of the AD900SA should be connected to the 
ground plane, and most of the area under the AD900SA should 
be part of this ground plane. The metal case of the AD900SA is 
connected to ground. 

Operation of the AD900SA requires that Pin 4, the output of 
the internal track-and-hold, be connected to Pin 5, the input to 
the AD900SA's AID converter circuitry. A suggested layout, 
showing this connection, is shown below. 

A final suggestion regarding circuit layout concerns the use of 
sockets. Ideally, parts should be soldered into boards in final 
designs. If sockets must be used, individual pin sockets are 
recommended to avoid lead inductance and capacitive coupling 
between adjacent pins. Pin sockets are available from Amp, 
part #6-330808-0. 

SUGGESTED LAYOUT 

GND Plane Side 
(As Viewed from Top) 
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AD9005A EVALUATION CIRCUIT 
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Package 
Model Temperature Range Package Option* 

AD900SAKM O°C to +70OC 46-Pin DIP, Commercial Temperature M-46 
AD900SALM OOC to +70°C 46-Pin DIP, Commercial Temperature M-46 
AD900SATM - 55°C to + 12SOC 46-Pin DIP, Military Temperature M-46 
AD900SAIPCB O°C to +70OC AD900SA Evaluation Board M-46 
*M = Hermetic MetaJ Can DIP. 

AD9005A DYNAMIC PERFORMANCE (AT +25°C) 

OUTUNE DIMENSIONS 
Dimensions shown in inches and (mm). 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
500MSPS Encode Rate 
Very Low Input Capacitance: 8pF 
30dB SNR @ 200MHz Analog Input 
MIL·STD·883 Available 
Bipolar Input Range (±1V) 
Demultiplexed Outputs (AD9016) 
MIL·STD·883·Compliant Versions Available 

APPLICATIONS 
Radar Warning Receivers 
Electronic Countermeasures 
Transient Recorders 
"Smart" Munitions 
Digital Oscilloscopes 

GENERAL DESCRIPTION 
The AD9006 and AD9016 are 6-bit, ultrahigh speed analog-to
digital converters. Both are fabricated in an advanced bipolar 
process, assuring exceptionally wide analog input bandwidth, 
and encode rates up to 500MSPS. Functionally, the AD9006 
and AD9016 use "flash" architecture; the outputs of 64 parallel 
comparator stages are decoded to drive a bank of EeL output 
latches. 

The AD9006 features a bipolar analog input range (±lV). Out
put data is provided in a single 6-bit data bank; the data is ECL 
compatible and also includes complementary Data Ready signals 
and an overflow bit. ECL-level control pins allow the user to 
inven the MSB andlor LSBs. The AD9006 exhibits excellent 
SNR performance (30dB SNR @ 200MHz input), and requires 
less than two watts of power. 

In the AD90l6, the performance and features of the AD9006 
are combined with on-board demultiplexing circuits. Output 
data of the AD9016 are demultiplexed to rwo 6-bit data banks, 
each of which includes a Data Ready signal and overflow bit. 

REV. A 

High Speed 6-Bit 
AID Converters 

AD9006/AD9016 I 
FUNCTIONAL BLOCK DIAGRAM 

(Dotted Area Not Included in AD9006) 

The AD9006 and AD9016 are available as commercial tempera
ture range devices: 0 to + 70°C; and military temperature range 
devices: -55°C to + 125°C. Both versions are offered in a ce
ramic 68-pin LCC, and a ceramic 68-pin leaded package. 

The AD9006/AD9016 are available in versions compliant with 
MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9006lAD90l6l883B data sheet for de
tailed specifications 
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AD900S/AD901S-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· 
+Vs to Ground ................ -0.5V dc to +7.0V dc 
AGND to DGND .............. -0.5V dc to +0.5V dc 
-Vs to Ground ................ +0.5V dc to -6.0V dc 
ANALOG IN, +VREF~VREF""""'" -1.5Vto +l.SV 

MIDSCALE V REF 2 

+VREF to -VREF .......................... 2.IV 
MIDSCALE VREF Current ................... ±4mA 
Digital Input Voltages .................... -Vs to OV 
ENCODE to ENCODE ....................... 4V 

Digital Output Current ......•...•.•.••...... lOrnA 
HYSTERESIS Input .................... '-V s to + 3V 
ANALOG -Vs to DIGITAL -Vs ..........•... ±0.5V 
Operating Temperature Range 

AD9006lAD9016KEIKZ ................ 0 to +70"<: 
AD9OO6IAD9016TEffZl883 .......... -55°C to +125°C 

Maximum Junction Temperature3 •••••••••••••• +175"<: 
Lead Soldering Temperature (IOsec) . . . . . . . . . . .. +300"<: 
Storage Temperature Range ........... -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS (+Vs =+5.0V; -Vs =-5.2V; +VREF =+lV; -VREF =-lV, unless otherwise noted) 

AD9006IAD9016KE 
AD9OO6IAD9016KZ 

Test 
Parameter (Conditions) Temp Level Min Typ Max Units 

RESOLUTION 6 Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.2 0.25 LSB 

Full VI 0.25 0.5 LSB 
Integral Nonlinearity +25°C I 0.2 0.25 LSB 

Full VI 0.25 0.5 LSB 
No Missing Codes Full VI GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder +25°C I IS 20 mV 

Full VI 20 mV 
Bottom of Reference Ladder +25°C I 14 20 mV 

Full VI 20 mV 
Offset Drift Coefficient Full V 20 ",vre 

ANALOG INPUT 
Input Voltage Range Full V ±I V 
Input Bias Current4 +25°C I 60 100 !LA 

Full VI 130 !LA 
Input Resistance +25°C III 25 70 kn 
Input Capacitance + 25°C III 8 10 pF 
Analog Bandwidths + 25°C V 550 MHz 

REFERENCE INPUT 
Reference Ladder Resistance + 25°C I 64 80 110 n 

Full VI SO 135 n 
Ladder Temperature Coefficient Full V 0.24 nrc 
Reference Input Bandwidth Full V 30 MHz 

DYNAMIC PERFORMANCE6 

Conversion Rate +25°C I 470 500 MSPS 
Aperture Delay (tA ) +25°C V 1.2 ns 
Aperture Uncertainty (Jitter) +25"<: V 3 ps 
Output Delay (toO)7 + 25°C I 2.7 3.6 4.4 ns 
Output Rise Tinle +25°C I 1.3 1.5 ns 
Output Fall Tinle +25°C I 1.3 1.5 ns 
Output Time Skew" + 25°C I 0.45 0.7 ns 
Data Ready Output Delay (tOR)" 

AD9006 +25°C I 2.7 3.2 4.4 ns 
AD9016 +25·C I 3 3.6 4.7 ns 

Transient Responselo +25°C V I ns 
Overvoltage Recovery Tinlell +25"<: V I ns 
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AD9006/AD9016 
AD90061AD9016KE 
AD9006IAD9016KZ 

Test 
Parameter (Conditions) Temp Level Min Typ Max Units 

ENCODE INPUT 
Logic "I" Voltage Full VI -1.1 V 
Logic "0" Voltage Full VI -1.5 V 
Logic "I" Current Full VI 400 ,..A 
Logic "0" Current Full VI 200 itA 
Input Capacitance +25°C V 3 pF 
Encode Pulse Width 12 +25°C I 1.0 ns 

AC LINEARITY l3 • Effective Number of Bits (ENOB) 
Analog Input @' 49MHz +25°C I 5.2 5.5 Bits 
Analog Input @' 196MHz +25°C I 4.4 5.0 Bits 

In-Band Harmonics 
Analog Input @' 9.3MHz + 25°C I 42 48 dBc 
Analog Input @' 49MHz +25°C I 38 44 dBc 
Analog Input @' 92MHz + 25°C I 33 36 dBc 
Analog Input @' 145MHz +25°C I 33 36 dBc 
Analog Input @' 196MHz + 25°C I 31 36 dBc 

Signal-to-Noise Ratiol4 

(With Harmonics) 
Analog Input @' 9.3MHz +25°C I 34 37 dB 
Analog Input @' 49MHz +25°C I 30 35 dB 
Analog Input @' 92MHz +25°C I 30 34 dB 
Analog Input @' 145MHz +25°C I 30 33 dB 
Analog Input @' 196MHz +25°C I 29 32 dB 

Signal-ta-Noise Ratio l4 

(Without Harmonics) 
Analog Input @' 9.3MHz +25°C I 36 37 dB 
Analog Input @' 49MHz +25°C I 33 36 dB 
Analog Input @ 92MHz +25°C I 33 36 dB 
Analog Input @ 145MHz +25°C I 33 35 dB 
Analog Input @ 196MHz +25°C I 31 34 dB 

Two-Tone Intermodulation 
Distortion Rejection 15 +25°C V 50 dB 

DIGITAL OUTPUTS6 

Logic "I" Voltage Full VI -1.1 V 
Logic "0" Voltage Full VI -1.5 V 

POWER SUPPLY (AD9006) 
Positive Supply Current + 25°C I 25 29 rnA 

(+Vs =+5.0V) Full VI 30 rnA 
Negative Supply Current +25°C I 320 380 rnA 

(-Vs =-5.2V) Full VI 395 mA 
Nominal Power Dissipation +25°C V 1.7 W 
Reference Ladder Dissipation +25°C V 50 mW 
Power Supply Rejection Ratio l6 Full VI 2 4 mVIV 

POWER SUPPLY (AD9016) 
Positive Supply Current +25°C I 25 29 rnA 

(+Vs =+5.0V) Full VI 30 rnA 
Negative Supply Current +25°C I 375 420 rnA 

(-Vs =-5.2V) Full VI 450 rnA 
Nominal Power Dissipation +25°C V 2.0 W 
Reference Ladder Dissipation + 25°C V 50 mW 
Power Supply Rejection Ratiol6 Full VI 2 4 mVIV 
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AD9006/AD9016 
NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2+VREP>-VREF under all circumstances. . 
'Typical thermal impedances: 

68-pin leaded ceramic chip carrier alA = 31'CIW; 0IC = 1.1'CIW. 
68-pin ceramic LCC alA =36'CIW; 0IC = 2.6'CIW. 

'Measured with analog input =OV. 
'Measured with use of Fast Fourier Transform (FFT). See Definitions. 
"Outputs terminated through lOOn to -2.0V; CL <4pF 
'Measured from 50% point of leading edge of ENCODE command to -L3V point of output data. 
'Output time skew includes HIGH-Io-LOW and LOW-to-HIGH transitions as well as bit-to-bit time skew differences. 
'Measured from 50% point of trailing edge of ENCODE command to 50% point of Data Ready pulse. 

,oFor full scale step input, 6-bit accuracy is attained in the specified time. 
"Recovers to 6-bit accuracy in specified time after 150% full scale input overvoltage. 
"ENCODE command rise/fall times should be less than 2.5ns for normal operation. 
"Measured at 400MSPS encode rate; input level LOdB below full scale (FS). 
14RMS signal to rms noise with analog input signal of IdB below full scale at specified frequency. 
"Intermodulation measured with analog input frequencies of 60MHz and 70MHz at 7dB below full scale. 
"Measured at +Vs =+5.0V ±5% or -Vs =-5.2V ±5%; specification shown is for worst case (see Definitions). 

Specifications subject to change without notice. 

Modell 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested_ 
II 100% production tested at + 25"C, and sample tested 

at specified temperatures. 
III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 25DC. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper
ature extremes for commerciaVindustrial devices. 

ORDERING GUIDE 

Temperature Description 

AD9006KE o to +70DC 68-Pin Ceramic LCC 
AD9006KZ o to +70"C 68-Pin Leaded Ceramic Chip Carrier 
AD9016KE o to +70DC 68-Pin Ceramic LCC 
AD9016KZ o to +70DC 68-Pin Leaded Ceramic Chip Carrier 
AD9016KElPCB o to +70DC Evaluation Board; AD90l6KE Installed 
AD90161PCB o to +70DC Evaluation Board; No Converter 

NOTES 
'MIL-STD-883 versions available; contact factory. 

Package 
Option2 

E-68A 
Z-68 
E-68A 
Z-68 

'E = Ceramic LeadJess Chip Carrier; Z = Ceramic Leaded Chip Carrier. For oudine information see 
Paclo;age Information section. 
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AD9006 Pin Designations 

MktSCALEVIIEf 

HYSTERESIS 
NC 
GROUND 
GROUND 
Ne 
NC 
Ne 
Ne 
NC 
NC 
NC 
Ne 
Ne 
NC 
NC 
NC 

AD90061AD9016 PIN DESCRIPTIONS 
NC Not internally connected. 

ANALOG IN Analog input connection. Analog input is 
nominally between -l.OV and + l.OV. 

ANALOG +Vs 

+VREF 

+VSENSE 

GROUND 

OVERFLOW 
INHIBIT 

BIT INVERT 
(MSB) 

REV. A 

Positive supply pins; nominally +5.0V. 

The positive reference voltage applied to 
the internal resistor ladder. 

Voltage sense line to the most positive 
reference voltage of the resistor ladder. 
The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the top of the 
reference ladder. 

Analog and digital ground connections for 
the AD9006lAD9016 units. For optimum 
performance, all grounds should be 
connected together and to a low impedance 
ground plane as close to the device as 
possible. [NOTE: On both the AD9006 
and the AD9016, Pins 8, 9, 15, 16, 35, 36, 
56 and 57 are digital ground (DGND); 
pins 67 and 68 are analog ground 
(AGND).] 

Overflow bit control pin. OVERFLOW 
INHIBIT is connected to ground for 
nonnal operation (no overflow bit, 
nonreturn-to- zero operation). When 
overflow inhibit is connected to -5.2V or 
allowed to float, OVERFLOW = HIGH 
and output bits = LOW when the analog 
input voltage exceeds + V SENSE)' 

Most significant bit (Dos) control pin. BIT 
INVERT (MSB) is connected to ground 
for nonnal operation. When connected to 

DIGITAL -v. 
twGlTAL -v. 

OVERFLOW IfOIHIBIT 
BIT INVERT IMSB) 
D~ .. fNVERT 

GROUND 
O ..... D 

NC 
OVERFLOW ... 

NC 
D.A IMSII 

NC 

OVERFLOWA 

DATAREADYA 

DIGITAL -Vs 

ANALOG -Vs 

OVERFLOWB 

AD9006/AD9016 

AD9016 Pin Designations 

... DSCALEVIIEF 

HYSTERESIS 
Ne 
0"""'"' 
GROUND 2 
:TAREADVs 

Da.ILSBI 
NC 
D,. 
NC 
D. 
NC 

"-
NC 
D. 

-5.2V or allowed to float, MSB output is 
inverted. 

Bits Do-D 4 control pin, connected to 
ground for nonnal operation. When 
connected to -S.2V or allowed to float, 
Do-D4 data outputs are inverted. 

AD9016 only. Overflow data output for 
Data Bank "A." Logic HIGH indicates 
the analog input is greater than + V SENSE 
when OVERFLOW INHIBIT pin is 
LOW (-5.2V). 

AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank "A." 

AD9016 only. D1A through D4A digital 
data outputs from Data Bank "A." 

AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank "A." 

AD9016 only. Output Data of Bank "A" 
are valid at the rising edge of the DATA 
READYA pulse. Bank "A" carries every 
other sample of the AID conversion; Bank 
"B" carries the remaining samples. 

Negative digital supply pins, nominally 
-S.2V. 

Negative analog supply pins, nominally 
-S.2V. 

AD9016 only. Overflow data output for 
Data Bank "B." Logic HIGH indicates 
analog input is greater than + V SENSE 
when. OVERFLOW INHIBIT pin is 
LOW (-S.2V). 

AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank "B." 
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AD9006/AD9016 

DATAREADYB 

HYSTERESIS 

MIDSCALE 
VREF 

ENCODE 

ENCODE 

-VSENSE 

D,-D4 

OVERFLOW 

DATA READY 

DATA READY 

AD9016 only. DlB through D4B digital 
data outputs of Data Bank "B." 

AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank "B." 

AD9016 only. Output data of Bank "B" 
are valid at the rising edge of the DATA 
READY B pulse. Bank "B" carries every 
other sample of the AID conversion; Bank 
"A" carries the remaining samples. 

The hysteresis control voltage varies the 
amount of hysteresis in the internal 
comparators. This pin normally floats at 
-3.17V; making pin more positive 
increases the hysteresis of the internal 
comparators. 

The midpoint tap on the internal reference 
ladder; can be connected to an external 
voltage to improve integral linearity of the 
AID converter. 

ECL-compatible noninverted input of the 
encode command. The conversion cycle 
begins on the rising edge of the ENCODE 
signal. 

ECL-compatible inverted input of the 
encode command, used when a differential 
encode signal is used. ENCODE should be 
tied to a voltage corresponding to the 
midpoint of the encode signal when a 
single-ended encode signal is used. 

Voltage sense line to the most negative 
reference voltage of the resistor ladder. 
The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the bottom of the 
reference ladder. 

The negative reference voltage applied to 
the internal resistor ladder. 

AD9006 only. Least significant bit (LSB) 
of the output data. 

AD9006 only. D, through D4 digital data 
outputs. 

AD9006 only. Most significant bit (MSB) 
of digital data output. 

AD9006 only. Overflow data output. 
Logic HIGH indicates the analog input is 
greater than + V SENSE when OVERFLOW 
INHIBIT pin is LOW (-5.2V). 

AD9006 only. Output data are valid at the 
rising edge of the DATA READY pulse. 

AD9006 only. Output data valid at the 
falling edge of the DATA READY pulse. 
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DEFINITIONS OF SPECIFICATIONS 

Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is re
duced by 3dB. 

Aperture Delay (tA) 

The delay between the rising edge of the ENCODE command 
(or falling edge of ENCODE) and the instant at which the ana
log input is sampled. 

Aperture Uncertainty (Jitter) 
The sample-to-sample variation in aperture delay. 

Data Ready Output Delay (tDR) 

The delay between the 50% point of the falling edge of the 
ENCODE command (or rising edge of ENCODE) and the 
-1.3V point of the leading edge of the DATA READY pulse. 

Differential Nonlinearity 
The deviation of any code from an ideal ILSB step. 

Effective Number of Bits (ENOB) 
Signal-to-noise ratio (see definition below) is expressed in dB; 
but can also be expressed in Effective Number of Bits (ENOB) 
if ENOB is related to full scale inputs as follows: 

ENOB = (SNR -1.78)/6.02 
ENOB is calculated with a sine wave curve fit method. 

In-Band Harmonics 
The rms value of the fundamental divided by the rms value of 
the worst of the first six harmonics. 

Integral Nonlinearity 
This specification (often called "linearity error") is the deviation 
of the transfer function from a reference line and is expressed in 
either % or ppm of full scale range, or in fractions of ILSB. In 
the AD9006 and AD9016 devices, this spec is measured in frac
tions of ILSB and uses a best-fit straight line determined by a 
least square curve fit. 

Output Delay (toD) 
The delay between the 50% point of the rising edge of the EN
CODE command (or falling edge of ENCODE) and the -1.3V 
point of output data. 

Output Time Skew 
Bit-to-bit time variations among Bits Do to Ds and the overflow 
bit. In the AD9006 and AD9016 specifications, time skew in
cludes HIGH-to-LOW and LOW-to-HIGH transitions of the 
digital output bits. 

Overvoltage Recovery Time 
The amount of time required for the converter to recover to 6-
bit accuracy after an analog input overvoltage signal of 150% is 
reduced to the valid range of the converter. 

Pipeline Delay 
This is equal to one clock cycle and is the delay between the 
50% points on the rising edges of two successive ENCODE 
commands (or falling edges of ENCODE commands). 

Power Supply Rejection Ratio 
The ratio of the change in power supply voltage to a 
corresponding change in input offset voltage. In the AD9006 
and AD9016 units, +Vs (+5V) or -Vs (-5.2V) are within 
±5% of their nominal values for this test. Value shown in 
SPECIFICATIONS is worst case. 
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Signal-to-Noise Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise", which is defined as the sum of all other spectral com
ponents, including harmonics but excluding dc, with an analog 
input signal IdB below full scale. 

Transient Response 
The time required for the converter to achieve 6-bit accuracy 
when a full scale step function input is applied to the unit. 

Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of a two-tone signal to the power of the 
strongest third-order IMD signal. 

RECOMMENDED OPERATING CONDITIONS 

Input Voltage 

Parameter Min Nominal Max 

+Vs +4.75 +5.00 +5.25 
-Vs -5.46 -5.20 -4.94 
+VREP -VREP +1.0 +1.1 
-VREP -1.1 -1.0 +VREP 
ANALOG INPUT -1.0 +1.0 

THEORY OF OPERATION 
Refer to the block diagram of the AD9016 AID converter. 

"Flash" architecture used in the AD9006 and AD9016 units 
makes it unnecessary to use a track-and-hold (TIH) ahead of the 
converter in many applications. The analog input signal is im
pressed across 64 parallel comparator stages. 

Bias points of these comparators are established by the voltages 
applied to the reference ladder via + V REP' MIDSCALEREP and 
-VREP· 

The outputs of the comparators are applied to the decoding 
logic; from here, the data are applied to output latches as six 
bits of digital data and an overflow bit. The overflow bit can be 
used to stack converters to obtain additional bits of resolution 
and can also be used as a "flag" for indicating positive out-of
range inputs. 

Capturing output data at the (guaranteed) encode rates of 
470MSPS of the AD9016 is simplified by virtue of using two 
Data Ready pulses. Output data words alternate between Bank 
A and Bank B; this allows clocking demultiplexed data from the 
AD9016 at half the converter's sample rate. 

The Data Ready pulses track the propagation delay of the out
put data and relieve the need to build an external clock circuit 
for tracking prop delay over the full operating temperature 
range. 

Demultiplexed ports connected to Bank A and Bank B allow the 
user to capture output data with lOOK ECL logic even when the 
converter is operating at 470MSPS. The AD9016 introduces 
only one pipeline delay in the processing of these digital output 
data, thereby reducing the number of clock cycles required to 
obtain the digital representation of the analog input at the ap
propriate output port. 

The analog input voltage range is determined by the user
supplied voltage references: +VREP and -VREP. The references 
can be adjusted between -IV and + IV. In all cases, + V REP 
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AD9006/AD9016 
should be greater than - V REP; and the differential voltage be
tween the references should not exceed 2.1V. MIDSCALE 
V REP can be used to improve the integrailinearity of the 
converter. 

Another attractive feature of the analog input characteristics of 
the AD9016 is its low input capacitance of 8pF. In many other 
flash converters, this value is three or four times larger, making 
them difficult to drive at high input frequencies. 

For those applications in which a single output port is preferred, 
the recommended choice is the AD9006 AID converter. 

The AD9006 is identical to the AD9016 in performance specifi
cations; it is best suited for systems in which demultiplexing is 
not performed immediately after the flash converter. As in the 
AD9016, the AD9006 produces Data Ready pulses on chip; 
these can be used to clock externa1 latches. 

There are two control pins for determining the format of the 
output data on the AD9006/AD9016. BIT INVERT (MSB) al
lows the user to invert the most significant bit (DOs); and Do
D. INVERT allows the five least significant bits to be inverted. 
The AD9006/AD9016 Truth Table elsewhere in the data sheet 
provides the necessary information to select among binary, in
verted binary, twos complement and inverted twos complement 
coding schemes. 

The OVERFLOW INHIBIT pin controls the overflow bit 
(called out as OVERFLOW BIT in the AD9006, and OVER
FLOWA and OVERFLOWB in the AD9016). In normal opera
tion, the OVERFLOW INHIBIT is connected to -5.2V, and 
OVERFLOW will be a digital HIGH whenever the analog input 
voltage exceeds the most positive comparator reference 
(+VSENSE). The digital outputs (Do- Ds) will be LOW, i.e., 
returned-to-zero operation. 

This feature means two AD9006 devices can be cascaded or 
"stacked" to obtain seven-bit operation, as shown in the dia
gram below. 

Connecting OVERFLOW INHIBIT to ground forces the 
overflow bit to remain low and disables the return-to-zero 
operation. 

AD9016 Functional Block Diagram 
(Dotted Area Not Included in AD9006) 
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AD9006/AD9016 
Timing for the AD9006 and AD9016 is shown in their respec
tive timing diagrams. In both illustrations, the complementary 
encode command is shown in dashed lines. 

The DATA READY and DATA READY pulses of the AD9006 
correspond, respectively, to the DATA READY BANK A and 
DATA READY BANK B pulses of the AD9016. As shown in 
the SPECIFICATIONS table, Data Ready Output Delay is 
slightly different in the two units: 3.2ns in the AD9006and 
3.6ns in the AD9016. 

Availability and timing of a DATA READY pulse help in re
trieving data from either the AD9006 or the AD9016. When 
setting system timing, the user simply takes into account the 
(single) pipeline delay and the Data Ready Output Delay (3.2ns 
in the AD9006; 3.6ns in the AD9016) and uses the next DATA 
READY (or DATA READY in the AD9006) to strobe the de
sired output into external circuits. 

N+l 
N+3 N 

N+Z ANALOG , 
INPUT " 

~ r- tA 

ENCODE --,,', --..,. 
N ENCODE ,'- __ __ J 

,tool-- : 
I-I I , , 

DATA OUTPUT ===:k_-I ___ --'X DATA FOR N X DATA FOR N+l x::== 
DATA READV 

DATA READV 

t. - APERTURE DELA V 
to. - OUTPUT DELA V 
t,.p - PlPEUNE DELA V 
to. - DATA READV OUTPUT DELAV 

AD9006 Timing Diagram 

A~~~ , ____ .... Ni------ N,+ ... I ___ -
-! t--t. 

N-l N+Z 

ENCODE~-",\' r--- .... ----
N-l N 

ENCODE --i~EJ! t:J'----- i 

:"':.~AA ~~~-+: -:----+1 __ .....I 
_ _ :::1to..f= ' 

DATA READV !, \ 
BANK A . , '--------' 

X DATA FOR N 

/ N 

DATA FOR ~ N-l N+l :"':.~AB ________ X d .. f -----. 
DATAREADV \ 

BANK B . 

AD9016 Timing Diagram 
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APPLYING THE AD9006/AD9016 

Setting Reference Levels 
The AD9006IAD9016 requires that the user provide two voltage 
references: +VREP and -VREP. These two voltages are applied 
across the internal resistor ladder (nominally 800) and deter
mine the analog input range of the converter. 

Care should be taken to assure that these references are driven 
from stable, low impedance sources. Reference connections 
should be capacitively coupled to ground to reduce interference 
generated by noise andlor digital switching. 

Resistance between the reference connections and the point at 
which the first comparator thresbold is connected causes offset 
errors. These errors, called "top and bottom of the ladder 
offsets," can be nulled out using the +VSENSE and -VSENSE 
connections. These sense lines are intended for connection only 
to high impedance (low current) nodes such as the input of an 
op amp. 

Applying a voltage greater than 2.IV across the internal resistor 
ladder will cause current densities to exceed rated values and 
may cause permanent damage to the AD9006lAD90l6. The 
amount of current available at the reference connections must be 
limited. 

V~~~E RUMOT 
REFERENCE r-'lM...-~ 

AD9006/AD9016 

One method of nulling the offset errors is sbown in Figure 1. 

The Analog Devices ADI403 voltage reference supplies a 
stable 2.SV reference for the circuit, and RLIMIT determines 
the range over which the reference can be adjusted. Rl adjusts 
the voltage at the top of the internal reference ladder through 
the AD64212N3904 combination. Feedback from the + V SENSE 
line causes the op amp to compensate for offset which appears at 
the top comparator threshold. The transistor limits the amount • 
of current drawn directly from the op amp; resistors at the base 
and emitter of the transistor stabilize its operation. 

Voltage at the bottom of the reference ladder is controlled in 
essentially the same way, using R2 to adjust the reference ladder 
voltage; and using feedback from the - V SENSE connection to 
null any offset between the reference and the thresbold of the 
bottom comparator. 

The midpoint of the comparator reference ladder (MIDSCALE 
VR'OP) is sbown tied to ground in Figure 1. This allows the user 
to adjust the voltage reference for minimum integral nonlinear
ity. This feature becomes important in applications with reduced 
analog input ranges because integral nonlinearity increases under 
these conditions. 

2N3904 

AD9006IAD9016 
10 

'----I +VREF 

VouT =2.5V 
L-_________ ---I +V

SENSE 

MIDSCALE VAf.F 
1O/c 1O/c 

R. ~--'NI~r-'\N\~--------=-I-V.EN.E 
10 

2N3906 

Figure 1. Reference Circuit 

Driving the Analog Input 
Careful design and layout of the AD9006lAD9016 have resulted 
in a typical input capacitance of 8pF (9.SpF max). This is low 
in comparison to most flash converters, but it is still a signifi
cant load at high input frequencies and must be taken into ac
count when choosing a drive amplifier. 

DC-coupled applications require the performance characteristics 
of a wide bandwidth, low distortion op amp such as the Analog 

R .. 

Devices AD9611. AC-coupled applications at high frequencies 
may be better served by using a low distortion gain block for 
the driver. 

Figure 2 illustrates possible connections for both approaches. 

Regardless of which driving circuit is selected for the applica
tion, the overall dynamic performance of the amplifier is en
hanced by inserting a small series resistor between the output of 
the amplifier and the analog input of the converter. 

AD90061 AD90061 
AD9016 

+V. 

a. 

REV. A 

R. AD9016 

>-............. .,.,..~AI~~ ANALOG 
SOURCE 

15001 

Figure 2. Analog Input Circuits 

b. 
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AD9006/AD9016 
Clo~king the Converter 
The encode command circuits of the AD9006/AD9016 
(ENCODE and ENCODE) are designed to be driven by a dif
ferential ECL source. 

A differential signal is recommended as the encode command to 
reduce jitter of the encode signal; increased jitter raises the noise 
floor of the converter. Full logic levels are preferred for trigger
ing the clock circuits, but reduced levels can also be used. Cau
tion·should be exercised when using reduced-level encode com
mands because their slew rates will be decreased, which can 
raise the noise floor. 

Refer again to the timing diagrams for the AD9006 and AD9016. 

The rising edge of the ENCODE signal initiates the conversion 
process in the AD9006 unit. This same signal, delayed, becomes 
the DATA READY and complementary DATA READY 
pulses. Fast rise and fall times «0.5ns) and "clean" edges are 
always required for encode commands, but are especially critical 
for high frequency analog signals. 

In the AD9016, the leading edges of the DATA READY A and 
DATA READYB pulses are triggered by the trailing edge of an 
ENCODE command. Their trailing edges are triggered by the 
trailing edge of the next ENCODE command. 

Although the AD9006/AD9016 is designed and tested to operate 
with a 50% duty cycle, the dynamic performance at high encode 
rates can be improved by changing the duty cycle. 

Two possible methods of clocking the AD9006/AD9016 are 
shown in Figure 3. Users planning to implement these circuits 
need to be aware they may not function over the same tempera
ture ranges possible with the converters. 

Both ECL oscillators and saw filter oscillators are available as 
comercial products, with each type operating at some pre
selected frequency. The type of oscillator which is selected is a 
function of the desired operating frequency for the circuit being 
designed. 

Layout and Power Supplies 
Correct layout of high speed circuits is always critical, but is 
particularly important when both analog and digital signals are 
involved. 

a. 

AD9006' 
AD9016 

Analog signal paths should be kept as short as practical, and be 
properly terminated to avoid reflections and signal distortions. 
The analog input and voltage references should be kept away 
from digital signal paths; this reduces the possibility of capac
itvely coupling digital switching noise into the analog section of 
the circuit. 

Digital signal paths should also be kept short, and digital run 
lengths should be matched because propagation delays through 
digital paths become significant at high data rates. Proper ECL 
terminations should be used at or near the packages containing 
successive gates. 

Ideally, analog signal paths and digital signal paths should be 
routed as far away from one another as possible and should 
never closely parallel one another's paths. If they must cross, 
they should do so at right angles to avoid interference. 

In any layout of high speed circuits, the layout of ground con
nections is the most important factor. To reduce noise and inter
ference on the circuit ground, a double-sided copper-clad 
printed circuit board (PCB) is recommended. Every part of the 
board not used for components or conducting runs should be 
ground plane. Components are mounted on one side; the oppo
site side is used for power and signal connections. 

It is especially important to retain the continuity of the ground 
plane under and around the AD9006lAD9016 converter. If the 
system design separates the digital and analog ground returns, 
both should be connected together and to ground close to the 
unit to form a continuous ground plane around the AID section 
of the system. 

Low noise, low ripple temperature-stable linear power supplies 
are the preferred choices for high speed circuits. Switching 
power supplies often seem to meet these criteria, including rip
ple specifications. But ripple specs are generally expressed in terms 
of nns - and the spikes generated in switchers can produce hard
to-filter, uncontrollable noise peaks with amplitudes of several 
hundred millivolts. Their high frequency components may be 
extremely difficult to keep out of the ground system. 

If switching power supplies cannot be avoided for high speed 
designs, they should be carefully shielded and their outputs 
should be well filtered. 

____ --, ECt~~~:~~OR '--A-D9QO--6-'--' 
r- (AD966851 AD9016 

SAW FILTER 
OSCIllATOR 

SINE WAVE 
OUT 

r--l-F'-.o--t ENCODE 

ENCODE 

b. 

Figure 3. Clock Circuits 
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Every power supply line leading into a high speed PCB or data 
acquisition circuit must be carefully bypassed to its ground re
turn to prevent noise from entering the circuit. Ceramic capaci
tors, ranging in value from O.OIIJ.F to O.IIJ.F, should be used 
generously in the layout, mounted as closely as possible to the 
device or circuit being bypassed. 

The capacitors which are used should have a high resonant fre
quency to insure they maintain their characteristics in the range 
of frequencies involved in the encoding process. Ceramic surface 
mount (chip) capacitors meet that requirement and are easily 
placed near the ·package connections. 

At least one high quality tanatalum capacitor of 31J.F- 20IJ.F 
should be assigned to each power supply voltage, mounted as 
near as possible to the incoming power pins to minimize low 
frequency ripple. 

Handling the AD90061AD9016 Package 
Several precautions have been included in the design of the 
AD9006lAD9016 converter to help reduce its sensitivity to elec
trostatic discharge (ESD). But the user should always use nor-

Input Voltage Binary 
Step (FS =:!:l.OV) True 

AD9006/AD9016 
mal ESD precautions to help insure device reliability and avoid 
degrading the unit's performance. 

Package options which are available include both leaded and 
leadless 68-pin ceramic chip carriers; these are shown in the data 
sheet as leaded ceramic chip carrier and leadless chip carrier 
(LC), respectively. Both of these packages have been specially 
designed to maintain the converter's high frequency parameters 
while operating over a standard military temperature range. 

Regardless of package type, the top of the package (containing 2 
the model number and the Analog Devices logo) is internally 
connected to the device substrate and is designed to be used as a 
heat sink. The substrate is connected to - V s internally; there-
fore the top of the package should be allowed to "float" in volt-
age. The bottom of the package is not connected internally on 
the device. 

High speed devices such as the AD9006lAD9016 converters 
should be soldered into fmal applications. There is a temptation 
to use sockets, but they can limit dynamic performance and 
should be used only for evaluation or prototype applications. 

Offset Twos Complement 
Inverted True Inverted 

MSB INVERT = I MSB INVERT =0 MSB INVERT =0 MSB INVERT =1 

REV. A 

Do-D4INV =1 Do-D4INV =0 Do-D4INV =1 Do-D4INV =0 

00 -1.000 000000 111111 100000 011111 
01 -0.968 000001 l1lll0 100001 011110 

31 -0.031 011lll 100000 Illl11 000000 
32 0.000 100000 011111 000000 111111 
33 +0.031 100001 011110 000001 lll110 

62 +0.938 111110 000001 011110 100001 
63 +0.969 llllll 000000 011lll 100000 
63+ + 1.000 (O)l1llll* (0)000000* (O)Ol1lll* (0)100000* 

(1)000000# (I)llllll# (1)100000# (1)011111# 

·OVERFLOW INHIBIT ="1"; #OVERFLOW INHIBIT ="0." 
The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, 0 0-0, INVERT 
and OVERFLOW INHIBIT are considered dc controls. They are tied to ground for logic "I" and -Vs for logic "0"; their 
"trip point" occurs at approximately - l.3V. 

AD90061AD9016 Truth Table 
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~ANALOG 
WDEVICES 

FEATURES 
100MSPS Encode Rete 
Very Low Input Capacitance - 16pF 
Low Power - 1W 
TTL Compatible Outputs 
MIL-STD-883 Compliant Versions Available 

APPUCATIONS 
Radar Guidance 
Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 
Electronic Warfare (ECM, ECCM, ESM) 
Communication/Signal Intelligence 

GENERAL DESCRIPTION 
The AD9012 is an 8-bit, ultrahigh speed, analog-ta-digital 
converter. The AD9012 is fabricated in an advanced bipolar 
process, which allows operation at sampling rates up to 100 
megasamples/second. Functionally, the AD9012 is comprised of 
256 parallel comparator stages whose outputs are decoded to 
drive the TIL compatible output latches. 

The excep~onally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9012 allows very accurate acquisition of 
high speed pulse inputs without an external track-and-hold. The 
comparator output decoding scheme minimizes false codes, 
which is critical to high speed linearity. 

The AD9012 is available in two grades, one with O.5LSB linearity 
and one with O.75LSB linearity. Both versions are offered in an 
industria1 grade, - 25"C to + 85"C, packaged in a 28-pin DIP 

REV. A 

High Speed 8-Bit 
TTL AID Converter 

AD9012· I 
FUNCTIONAL BLOCK DIAGRAM 

o~~~r.t~w 2 >--------, AD9012 
ANALOG IN 

R 

D.IMSBI 

D7 
R 
2 D. 

REFMID 12 0. 
R D. 
2 

D, 

D. 
R 

D,ILSBI 

ENCODE 7>-~-------+--------~ 

GND HYSTERESIS -v. +v. 

and a 28-pin PLCC. The military temperature range devices, 
- 55"C to + 125"C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 

The AD9012 is available in versions compliant with MIL-SID-
883. Refer to the Analog Devices Military Products Databook 
or current AD9012/883B data sheet for detailed specifications. 
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AD9012 -SPECIFICATIONS . . "';- . 

,usOLUTE MAXIMUM RATINGS l 

Positive Supply Voltage (+ V s) .• • . . • . . • . . + 6V 
Analog 10 Digital Supply Voltage Differential (- Vs) O.sV 
Negative Supply Voltage (-V s) . - 6V 
Analog InpUt Voltage . . . . . . . - Vs to +O.5V 
ENCODE Input Voltage '. • . . . - O.sV to + 5V 
OVERFLOW INH Input Voltage . -5.2V to OV 
Reference Input Voltage (+VREF -VREF'f. -3.5V to +O.lV 
Diffetential Reference Voltage ......•.••.... 2.1V 

Reference Midpoint Current 
Digital Output Current . . . 
Opetating Tempetature Range 

AD9012AQIBQ/AP/ANIBPIBN . 
AD9012SElSQITElTQ .. 

Storage Temperature Range . . . . 
Junction Temperature3 •••••• 

Lead Soldering Temperature (lOsec) 

".' ±4mA 
30mA 

- 250C to + 8SOC 
- 550C to + 12SOC 
-6S·C 10 + lSO"C 

+ 1750C 
.•... +300"C 

ELECTRICAL CHARACTERISTICS (+Vs= +5.OY; -Vs= -5.2V; Diffenlntial RaferenceVoIIage=2.1IV. unlessotherwisenolad) 

Telt AD90lZAQIAPIAN AD9Ol2BQIBP1BN AD90lZSQISE AD9OllTQITI! 
Parameter Temp Level Mia Tn> Mas Mia Tn> M .. Mia Tn> Mas Mia Tn> Mas Ualls 
RESOLUTION 8 8 8 8 Bits 
DC ACCURACY 

Differential Linearity +25"C I 0.6 0.75 0.4 0.5 0.6 0.75 0.4 0.5 LSD 
Full VI 1.0 0.75 1.0 0.75 LSD 

IntesraJ Linearity +25"C I 0.6 1.0 0.4 0.5 0.6 1.0 0.4 0.5 LSD 
Full VI 1.2 1.2 1.2 1.2 LSD 

No MissinsCod •• Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 
INITIAL OFFSET ERROR 

TopofReferenc:eLadder +25"C I 7 15 7 15 7 15 7 15 mV 
Full VI 18 18 18 18 mV 

BottomofRef~ce Ladder +25"C I 6 10 6 10 6 10 6 10 mV 
Full VI 13 13 13 13 mV 

Offset Drift Coefficient Full V 25 25 25 25 ".VI"C 
ANALOG INPUT 

Input Bias Current4 +25"C I 60 100 60 100 60 100 60 100 

""" Full VI 200 200 200 200 

""" InputResistancc +25"C I 150 200 150 200 ISO 200 150 200 " kIl 
Input Capacitance +25"C III 16 18 16 18 16 18 16 18 pF 
Larse Sigaal Bandwidth' +25"C V 160 160 160 160 MHz 
Analog Input Slew Rate6 +25"C V 440 440 440 440 VI"., 

REFERENCE INPUT 
Reference Ladder Resistance +25"C V[ 64 80 110 64 80 110 64 80 110 64 80 110 11 
LadderTemperatureCoefficient V 0.25 0.25 0.25 0.25 IlI"C 
Reference Input Bandwidth +25"C V [0 10 [0 10 MHz 

DYNAMIC PERFORMANCE 
Conversion Rate +25"C [ 75 100 75 100 75 [00 75 100 MSPS 
Aperture Delay +25"C V 3.8 3.8 3.8 3.8 as 
ApertUre Uncertainty Qitrer) +25"C V 15 15 15 15 ps 
Output Delay (tPO)7,. +25"C I 4 4.9 II 4 4.9 II 4 4.9 II 4 4.9 II n. 
Transient Response9 +25"C V 8 8 8 8 us 
Overvoltage Recovery Time10 +25"C V 8 8 8 8 .. 
Output Rise Time' +25"C I 6.6 8.0 6.6 8.0 6.6 8.0 6.6 8.0 DS 
Output FaR Time' +25"C I 3.3 4.3 3.3 4.3 3.3 4.3 3.3 4.3 DS 
,Output Time Skew7, II +25"C V 3.0 3.0 3.0 3.0 DS 

ENCODE INPUT 
Logic"I" Voltage' Full V[ 2.0 2.0 2.0 2.0 V 
Logic "0" Voltage' Full V[ 0.8 0.8 0.8 0.8 V 
Logic "1" Current Full V[ 250 .250 250 250 

""" Logic "0" Current Full VI 400 400 400 400 

"'" Input Capacitance +25"C V 2.5 2.5 2.5 2.5 pF 
Encode Pulse Width (Low)" +25"C I 2.5 2.5 2.5 2.5 as 
Encode Pulse Width (High)" +25"C I 2.5 2.5 2.5 2.5 DS 

OVERFLOW [NH[D[TINPUT 
OVlnputCurrent Full VI 200 250 200 250 200 250 200 250 

""" AC LINEARITY" 
EfIectiveBits l4 +25"C V 7.5 7.5 7.5 7.5 Bits 
In~Band Harmonics 

de to 1.23MHz +25"C I 48 55 48 55 48 55 48 55 dBc 
dcto9.3MHz +25"C V 50 50 50 50 dBc 
dclO 19.3MHz +25"C V 44 44 44 44 dDc 

Signal-to-Noise Ratio l5 +25"C [ 46 47.6 46 47.6 46 47.6 46 47.6 dDc 
Noise Power Ratio l6 +25"C V 37 37 37 37 dBc 

DIGITAL OUTPUT 
Logic "I" Vol .... Full V[ 2.4 z..4 2.4 2.4 V 
Logic "0" Voltage Full VI 0.4 0.4 0.4 0.4 V 

POWERSUPPLyl7 
Positive SupplyCUrTCJlt ( + S.OV) +25"C I 33 45 33 45 33 45 33 45 mA 

Full V[ 48 48 48 48 mA 
Supply Current ( -5.2V) +25"C I 152 179 152 179 152 179 152 179 mA 

Full V[ 191 191 191 19[ mA 
Nominal Power Dissipation +25"C V 955 955 955 955 mW 
Reference Ladder Dissipstion +25"C V 44 44 44 44 mW 
Power Supply Rejection Ratio's +25"C [ 0.85 2.5 0.85 2.5 0.8 2.5 0.8 2.5 mVIV 
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NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

2 + VUP ~ - VREF under all circumstances. 
'Maximum junction temperature (tI max) should not exceed + 175"C 
for ceramic packages, and + 15O"C for plastic packages: 
tI = PD (OIA) + tA 

PD (OIC) + tc 
where 

PD = power dissipation 
0IA = thermal impedance from junction to ambient rctW) 
0IC = thermal impedance from junction to case ("C/W) 
tA = ambient temperature ("C) 
tc = case temperature ("C) 

typical thermal impedances are: 
Ceramic DIP 0IA = 56"C/W; 9IC =20"C1W 
Plastic DIP 0IA = 6O"C/W; 0IC = 20"C1W 
Ceramic LCC 0IA = 69"C1W; 0IC = 23"C/W 
PLCC 0IA =6O"C/W; 0IC= 19"C1W. 

'Measured with Analog Input = OV. 
S Measured by FIT analysis where fundamental is - 3dBc. 

Recommended Operating Conditions 

Input Voltage 

Parameter Min Nominal 

-Vs -5.46 -5.20 
+Vs +4.75 5.00 
+VREF -VREF O.OV 
-VREF -2.1 -2.0 
Analog Input -VREF 

Max 

-4.94 
+5.25 
+0.1 
+VREF 
+VREF 

AD9012 
·Input slew rate derived from rise time (10% to 90%) of full-scale step 
input. 

70utputs terminated with two equivalent 'LSOO type loads. (See load 
circuit.) 

'Measured from ENCODE into data out for LSD only. 
'For full-scaJe step input, S-bit accuracy is attained in specified time. 

'°Recovers to S-bit accuracy in specified time, after 150% full-scale input 
overvoltage. 

"Output time skew includes high-to-Iow and low-to-high transitions as well 
as bit-to-bit time skew differences. 

"ENCODE signal rise/fall times should be less than 30ns for normal 
operation. 

"Measured at 75MSPS encode rate. Harmonic data based on worst case 
harmonics. 

"Analog input frequency = 1.23MHz. 
ISRMS signal to rms noise, including harmonics with 1.23MHz analog input 

signal. 
'"NPR measured @ O.5MHz. Noise Source is 250mW (rms) from O.5MHz 

to SMHz. 
17Supplies should remain stable within ± 5% for normal operation. 
"Measured at -5.2V ±5% and +5.0V ±5%. 

SpecifICationS subject to change without notice. 

LOAD CIRCUIT 

TTL 
OUTPUT 

15pF 

1kH 

Vs 

EXPLANATION OF TEST LEVELS 

REV. A 

Test Level I - 100% production tested. 
Test Level II - 100"10 production tested at + 25°C, and sample tested 

at specified temperatures. 
Test Level III - Sample tested only. 
Test Level IV - Parameter is guaranteed by design and cbaracteriza-

tion testing. 
Test Level V - Parameter is a typical value only. 
Test Level VI - All devices are 100% production tested at + 25°C. 

Device 

AD9012AQ 
AD9012BQ 
AD9012AN 
AD9012BN 
AD9012AP 
AD9012BP 
AD9012SQ 
AD9012SE 
AD9012TQ 
AD9012TE 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 

ORDERING GUIDE 

Package 
Linearity Temperature Range Option" 

0.75LSB - 25°C to + 85°C Q-28 
0_50LSB - 25°C to + 85"C Q-28 
0.75LSB - 25°C to + 85°C N-28 
0.50LSB - 25°C to + 85"C N-28 
0.75LSB -25°C to + 85°C P-28A 
0.50LSB - 25°C to + 85"C P-28A 
0.75LSB - 55°C to + 125°C Q-28 
0.75LSB - 55°C to + 125°C E-28A 
O.50LSB - 55°C to + 125°C Q-28 
0.50LSB - 55°C to + 125°C E-28A 

*E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip. For outline information see Package 
Information section. 
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AD9012 

Pin# Name 

I DIGITAL + Vs 
2 OVERFLOWINH 

3 HYSTERESIS 

4 +VREF 
5 ANALOG INPUT 
6 ANALOG GROUND 
7 ENCODE 
8 DIGITAL +Vs 
9 ANALOG GROUND 

10 ANALOG INPUT 
II -VREF 
12 REFMID 
13 DIGITAL +Vs 
14 DIGITAL -Vs 

IS D1(LSB) 
16-19 D2-D5 
20 DIGITAL GROUND 
21,22 ANALOG -Vs 

23 DIGITAL GROUND 
24,25 D6,D7 
26 Ds(MSB) 
27 OVERFLOW 

28 DIGITAL -Vs 

FUNCTIONAL DESCRIPTION 

Description 

One of three positive digital supply pins (nominally + S.OV). 
OVERFLOW INHIBIT controls the data output coding for overvoltage inputs (AIN;;. + VRBF). 

ANALOG OVERFLOW ENABLED (FLOATING OVERFLOW INHIBITED (GND) 
INPUT OF DI D2 D3 D4 D5 D6 D7 Ds OF DI D2 D3 D4 Ds D6 D7 D8 

VIN;;,+VREF I 0 0 0 0 0 0 0 0 0 1 I 1 I I 1 1 I 
VIN<+VREF 0 XXXX X X X X 0 X X X X X X X X 

The Hysteresis control voltage varies the comparator hysteresis from OmV to 10mV, (or a change 
from - S.2V to - 2.2V at the Hysteresis control pin. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
TTL level encode command input. ENCODE is rising edge sensitive. 
One of three positive digital supply pins (nominally + S.OV). 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint tap on the internal resistor ladder. 
One of three positive digital supply pins (nominally + S.OV) 
One of two negative digital supply pins (nominally - S.2V). Both digital supply pins should be 
connected together. 
Digital data output. DI (LSB) is the least significant bit of the digital output word. 
Digital data output. 
One of two digital ground pins. Both digital grounds pins should be connected together. 
One of two negative analog supply pins (nominally - S~2V). Both analog supply pins should be 
connected together. 
One of two digital ground pins. Both digital ground pins should be connected together. 
Digital data output. 
Digital data output Ds (MSB) is the most significant bit of the digital output word. 
Overflow data output. Logic HIGH indicates an input overvoltage (VIN> + VREF), if OVERFLOW 
INHIBIT is enabled (overflow enabled, floating). See OVERFLOW INHIBIT. 
One of two negative digital supply pins (nominally - S.2V). Both digital supply pins should be 
connected together. 

PIN DESIGNATIONS 

ANALOG INPUT 5 

ANALOG GROUND 6 

ENCODE 1 

DIGITAL Vs + • 

ANALOG GROUND 9 

ANALOG INPUT 10 

AD9012 
TOPvtEW 

!Not to Sate, 

2501 .... 
23 DIGITAL GROUND 

22 ANALOG Vs -

21 ANALOG V.-

20 DIGITAL GROUND 

-v"u 11 \.l.!======~) 11 D, 
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Die Dimensions 
Pad Dimensions 
Metalization . . 
Backing .... 
Substrate Potential 
Passivation 

III x 123 x 15 (±2) mils 
4x4 mils 
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None 
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AD9012 
APPLICATION INFORMATION 
The AD9012 is compatible with all standard TTL logic families. 
However, to operate at the highest encode rates, the supporting 
logic around the AD9012 will need to be equally fast. Two 
possible choices are the AS and the ALS families. Whichever of 
the TTL logic families is used, special care must be exercised to 
keep digital switching noise away from the analog circuits around 
the AD9012. The two most critical items are the digital supply 
lines and the digital ground return. 

The input capacitance of the AD9012 is an exceptionally low 
16pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the 160MHz 
input bandwidth of the AD9012, a hybrid amplifier like the 
AD9610/AD%11 will be required. For those applications that 
do not require the full input bandwidth of the AD90l2, some of 
the more traditional monolithic amplifiers, like the AD846, 
should work very well. Overall performance with monolithic 
amplifiers can be improved by inserting a 400 resistor in series 
with the amplifier output. 

The output data is buffered through the TTL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (tpo), before becoming available at the 
outputs. Both the analog-to-digital conversion cycle and the data 
transfer to the output latches, are triggered on the rising edge of 
the TTL compatible ENCODE signal (see timing diagram). 

The AD9012 also incorporates a HYSTERESIS control pin 
which provides from 0 to 10mV of additional hysteresis in the 
comparator input stages. Adjustments in the HYSTERESIS 
control voltage may help to improve noise immunity and overall 
performance in harsh environments. 

The OVERFLOW INHIBIT pin of the AD9012 determines 
how the converter handles overrange inputs (AIN", + VREF). In 
the "enabled" state (floating at - S.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero operation). In 
the "inhibited" state (tied to ground), the OVERFLOW output 
will be at logic LOW for overrange inputs, and all other digital 
outputs will be at logic HIGH (nonreturn-to-zero operation). 

The AD9012 provides outstanding error rate performance. This 
is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional improvements in error rate 
are possible through the addition of hysteresis (see HYSTERSIS 
control pin). This level of performance is extremely important 
in fault sensitive applications like digital radio (QAM). 

Dramatic improvements in compatator design and construction 
give the AD9012 excellent dynamic characteristics, namely SNR 
(signal-to-noise ratio). The l60MHz input bandwidth and low 
error rate performance give the AD9012 an SNR of 47dB with a 
1.23MHz input. High SNR performance is particularly important 
in broadcast video applications where signals may pass through 
the converter several times before the processing is complete. 
Pulse signature analysis,. commonly performed in advanced 
radar receivers, is another area that is especially dependent on 
high quality dynamic performance. 
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LAYOUT SUGGESTIONS 
Designs using the AD9012, like all high-speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high-speed designs. The fust require
ment is for a substantial ground plane around and under the 
AD90 12. Separate ground plane areas for the digital and analog 
components may be useful, but the separate grounds should be 
connected together at the AD90 12 to avoid the effects of "ground 
loop" currents. 

The second area that requires all. extra degree of attention involves 
the three reference inputs, +VREF' REFMID, and -VREF. The 
+ VREF input and the - VREF input should both be driven from 
a low impedance source (note that the + V REF input is typically 
tied to analog ground). A low drift amplifier should provide 
satisfactory results, even over an extended temperature range. 
Adjustments at the REF MID input may be useful in improving 
the integral linearity by correcting any reference ladder skews. 

The reference inputs should be adequately decoupled to ground 
through O.II1F chip capacitors to limit the effects of system 
noise on conversion. accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; O.II1F and 
O.OII1F chip capacitors should be very effective. 

The analog input signal is brought into the AD9012 through 
two separate input pins. It is very important that the two input 
pins be driven symetrically with equal length electrical connections. 
Otherwise, aperture delay errors may degrade converter per
formance at high frequencies. 

-16V 

" .. 

Uk 
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~ANALOG 
WDEVICES 

FEATURES 
Sample Rate: 10 MSPS 
Spurious Free Dynamic Range: 92 dB @ 2.3 MHz AIN; 

88 dB @ 4.3 MHz AIN; 72 dB @ 10 MHz AIN 
Low Intermodulation Distortion: -95 dBFS @ 2.3 MHz 
SNR: 75 dB 
Differential Encode Clock 
Complete Subsystem 

APPLICA nONS 
Radar Signal Analysis 
Visible & Infrarad Imaging 
FFT Spectrum Analysis 
Medical Imaging 
SIGINT/ECM/EW 

GENERAL DESCRIPTION 
The AD9014 is a high performance 14-bit analog-to-digital con
verter designed to provide extremely wide dynamic range for 
spectrum analysis and imaging applications. It is a complete 
subsystem that requires the user to provide only power and an 
encode clock. 

Careful consideration to the design of the converter, along with 
the development of several custom linear and digital IC building 
blocks, has resulted in a converter with unsurpassed dynamic 
range. Sampling at 10 MSPS, the spurious free dynamic range 
(SFDR) is a function of analog input frequency as shown below: 

Analog Input SFDR 

100 kHz 90 dB (min) 
2.3 MHz 90 dB (min) 
4.3 MHz 86 dB (min) 
10 MHz 72 dB (typ) 

For the AD9014, DNL is 0.5 LSBs; transient response to 
0.01% is 30 ns; full power bandwidth is 50 MHz; and the SNR 
is 75 dB. These attributes make the AD9014 ideal for applica
tions that require fast sampling of relatively low frequency ana
log input signals, such as CCD and infrared imaging. 

The AD9014 consists of two custom hybrids mounted on a 
small multilayer PCB. The hybrid differential track-and-hold 
achieves first order cancellation of the even order harmonics 

REV. A 

14-Bit, 10 MSPS 
AID Converter 

AD9014 I 
AD9014 FUNCTIONAL BLOCK DIAGRAM 

r---------------------
I 

II 
II 

DIFFERENTIAL II 
TRACK & HOLD:: ==::.-t------' 

II 
II 

TRACK & HOLD :: ADDER 
SECTION II ENCODER SECTION I -------------------------------

while suppressing common-mode noise. The second hybrid is a 
digitally corrected subranging AID encoder that uses two 8-bit 
flash converters with two bits of overlap correction. Decoupling 
capacitors have been designed into both hybrids, as well as on 
the mother board. This onboard decoupling simplifies the task 
of successfully using the converter. 

Each AD9014 is tested at a 10 MSPS encode rate at multiple 
analog input frequencies. For each input frequency, the FFr 
testing is repeated for various AIN power levels. This technique 
verifies that the dynamic performance of the converter is main
tained even when low level input signals are being digitized. 

Two versions of the AD9014 are available. The AD9014K is 
intended for applications that require the highest possible spuri
ous free dynamic range performance; the AD9014J is intended 
for applications where spectral domain information is not as inI
portant, such as in imaging. The analog input signal can be ap
plied to the ADC via either an onboard SMA connector or 
through a pin connected to the connector. Logic is ECL; the 
encode clock is differential ECL. 

Consult Analog Devices about special needs and/or specific 
applications. 
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AD9014-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· 
Supply Voltages (±Vs) ...................... ±IS V Digital Input Voltage .. , .......•...... VEE to +0.5 V 
VccSupply Voltage ........................ +6 V Digital Output Current ............ , .......... 4 rnA 
VEE Supply Voltage ........................ -6 V Operating Temperature Range ............. O"C to +70·C 
Analog Input Voltage VEE:5AlN:5Vcc Storage Temperature ..............•. -65·C to + 150"C 

(or whichever is less) ...................... ±4 V 

ELECTRICAL CHARACTERISTICS 
(±Vs = ±15 v; Vee = +5 V; VEE = -5.2 V; ,Encode Rate = 10.0 MSPS unless other
wise indicated)2 

AD9014J AD9014K 
Parameter (Conditions) Temp Min Typ Max Mio Typ Max Units 

RESOLUTION Full 14 14 Bits 
LSB Weight Full 0.122 0.122 mV 

STATIC ACCURACY 
Differential Nonlioearity +25·C 0.6 0.5 LSB 

Full 0.6 0.5 LSB 
Integral N onlioearity +25·C 1.0 0.75 LSB 

Full 1.5 1.0 LSB 
No Missing Codes Guaranteed Guaranteed 
Gaia Error +25·C 0.2 1.0 0.2 1.0 %FS 

Temperature Coefficient Full 15 15 ppmf'C 
Offset Error + 25·C 0.2 1.0 0.2 1.0 %FS 

Temperature Coefficient Full 8 8 ppmf'C 

ANALOG INPUT 
Input Voltage Range Full ±1.0 ±1.0 V 
Input Resistance Full 75 75 n 
Input Capacitance (at SMA connector)' + 25·C 7 7 pF 
Full Power Input Bandwidth Full 60 60 MHz 

SWITCHING PERFORMANCE 
Conversion Rate' Full 10.00 10.00 MSPS 
Pipelioe Delay Full 1 1 Clock Cycle 
Output Data Delay (toDi + 25·C 30 30 ns 
Aperture Delay +25·C 4 4 ns 
Aperture Jitter +25·C 1.5 1.5 ps rms 

DYNAMIC CHARACTERISTICS" 6 

Transient Response (to 0.01%) +25·C 30 30 ns 
Overvoltage Recovery Time (1.5 x to 0.01 %) +25·C 100 100 ns 
Overvoltage Recovery Time (1.5 x to 0.0025%) +25·C 200 200 ns 
Worst-Case Harmonic Distortion7 

AIN = 100 kHz +25·C -84 -90 dBFS 
AIN = 2.3 MHz +25·C -84 -90 dBFS 
AIN = 4.3 MHz +25·C -82 -86 dBFS 
AIN = 10 MHz +25·C -72 -72 dBFS 

Signal-to-Noise Ratio (A1N = 100 kHz)8 +25·C 75 75 dB 
Signal-to-Noise Ratio (A1N = 2.3 MHz)" +25·C 75 75 dB 
Two-Tone Intermodulation 

2.3 MHz & 2.4 MHz (each -7 dBFS) +25·C -84 -90 dBFS 

ENCODE INPUT" Differential ECL Differential ECL 
Logic "1" Voltage Full -1.1 -1.1 V 
Logic "0" Voltage Full -1.5 -1.5 V 
Logic "1" Current Full 8 8 rnA 
Logic "0" Current Full 8 8 rnA 
Input Capacitance +25·C 5 5 pF 
Encode Pulse Width +25·C 10 10 ns 
Encode Pulse Width (% of duty cycle) + 25·C 50 50 % 
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AD9014 
AD9014J AD9014K 

Parameter (Conditions) Temp Min Typ Max Min Typ Max Units 

DIGITAL OUTPUTS lO 

Logic "1" Voltage Full -1.1 -1.1 V 
Logic "0" Voltage Full -1.5 -1.5 V 
Logic Coding Full Offset Binary Offset Binary 

POWER SUPPLIES 
+Vs Supply Voltage Full +14.5 +15.0 +15.5 +14.5 +15.0 +15.5 V 
+ V s Supply Current Full 245 245 mA 
-Vs Supply Voltage Full -14.5 -15.0 -15.5 -14.5 -15.0 -15.5 V 
- V s Supply Current Full 130 130 mA 
Vee Supply Voltage Full +4.75 +5.0 +5.25 +4.75 +5.0 +5.25 V 
V cc Supply Current Full 422 422 mA 
VEE Supply Voltage Full -4.95 -5.2 -5.45 -4.95 -5.2 -5.45 V 
VEE Supply Current Full 980 980 mA 
Power Dissipation (Operating) Full 12.8 12.8 W 
Power Supply Rejection Ratio (PSRR) 

+Vs (AVs = ±0.5 V) +25°C 0.02 0.02 %1% 
-Vs (AVs = ±0.5 V) +25°C 0.01 0.01 %1% 
Vee (AVec = ±0.25 V) +25°C 0.01 0.01 %1% 
VEE (AVEE = ±0.25 V) +25°C 0.01 0.01 %1% 

NOTES 
I Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper
ation under any of these conditions is not necessarily implied. Exposure to absolute maximum ratings for extended. periods of time may affect device reliability. 

'Cooling air at 500 LFPM applied. Parts must have 30 second warm·up time. 
'The capacitance seen at the analog input pin of the TIH hybrid is 2.0 pF. 
'Consult factory regarding availability of units with lower spur levels; units capable of 10.24 MSPS rates are also available. 
'Measured from rising edge of Encode Command (Pin 16) to instant of flnal change in data output. 
'During factory testing, analog input is applied to AD90 14 via onboard SMA connector. 
'Power of the analog input is swept from -I dBFS to approximately -60 dBFS; and multiple FFTs are taken for uK·grade" parts. The speciflcation is equiva· 
lent to the spurious free dynamic range (SFDR). 

8Including noise and all spurs. 
9IOKvoltage·level·compatible. Encode inputs have 50 n differential terminations. 

lOEach digital output is terminated to - 5.2 V through a 2 kfl resistor with a Ik resistor in series with the output. See diagram elsewhere in data sheet. 
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ORDERING GUIDE 

Model· 

AD9014J 
AD9014K 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 

SFDR 

84 dB 
90 dB 

* Add - SO to part number to specify SO n input impedance. 
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AD9014 
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Pin No. 

I 
through 
14 

IS 

16 
17 

18,30 

19,24, 27 

20 

21 

22 

23,32 

25,34 

26,35 

31, 33, 36 

29 

28,37 

ENCODE 
COMMAND 

ENCODE 
COMMAND 

(INTERNAL 
HOLD PULSE) 

OUTPUT 
DATA 
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AD9014 
AD9014 PIN DESCRIPTIONS 

Name Function 

Bit 14 (LSB) 
through 
Bit I (MSB) 

True ECL outputs. Each is internally terminated to -5.2 V through a 2 kO resistor and has limited 
drive capability; a I kO isolation resistor is connected in series with the output. Additional termination 
will increase current spikes within the hybrid, and possibly degrade AID performance. These pins 
should be interfaced to ECL receivers or latches located as close as possible to the 
AD9014. Positive full scale is represented by all "I"s. (See equivalent circuit elsewhere in data sheet.) 

Bit I (MSB) Complement of Bit 1 (see above). 

ENCODE 
ENCODE 

Differential ECL ENCODE inputs; SO 0 internal terminations. User-supplied ENCODE command 
should contain smallest possible amount of jitter for optimum performance. 

+15 V Analog supply pins; decoupling capacitors included on AD9014 card. 

AGND Analog ground; should be connected to low impedance ground plane. 

AIN Analog input to AD9014; interface is via either SMA connector or this pin, nominally 75 0 input 
impedance. (See equivalent circuit.) 

AGND 

AGND 

-IS V 

+5 V 

-5.2 V 

AGND 

-5.2 V 

DGND 

Signal ground reference; should be connected to signal source reference. 

Signal ground reference; should be connected to signal source reference. 

Analog supply pins; decoupling capacitors included on AD9014 card. 

Vee analog supply pins; decoupling included on AD9014 board. 

VEE analog supply pins; decoupling included on AD9014 board. 

Analog ground; should be connected to low impedance ground plane. 

Digital VEE supply pin. 

Digital ground; should be connected to low impedance ground plane. 

f4-tw --J 

~ ENCODEN I I 
I- tE --i 

I I 

ENCODE 
N + 1 

HOLD C~P~~:R;----- ------: d:----- -- ---
TRACK ___ J TIME: 4ns I L - - - - - - - - I 

~------- tc .... tA 
. I-- 3ns 

N -1 DATA SAMPLE 
(DATA VALID UNTIL END OF NEXT CONVERSION CYCLE) N DATA SAMPLE 

MIN 

I w ENCODE COMMAND PULSE WIDTH 10ns 
I E SPACING BETWEEN ENCODE COMMANDS 100ns 
Ie CONVERSION TIME 
IA ACQUISITION TIME' 
IOD OUTPUT DELAY [DRIVING SINGLE 10K LOGIC GATE ADJACENT 

TO UNIT (SEE APPLICATIONS SECTION)) 

'APPLICATIONS WITH SLIGHTLY FASTER SAMPLING RATE (10.24 MSPS) 
WILL HAVE ACQUISITION TIME WHICH IS APPROXIMATELY 2ns SHORTER 

AD9014 Timing Diagram 

TYP 

65ns 
35ns 
30ns 

MAX 

50% OF DUTY CYCLE 
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AD9014 
THEORY OF OPERATION 
The AD90 14 is a two-step subranging analog to digital converter 
that provides extremely wide dynamic range performance. Its 
major system building blocks include a single to differential am
plifier; track and hold amplifier; 8-bit main range flash ADC; 
16-bit-linear, 8-bit DAC; clamped monolithic summation ampli
fier; 8-bit residue flash ADC; and digital adder logic. 

The AD9014 consists of two custom hybrids mounted on a 
small multilayered PCB. It was made possible by a judicious 
combination of innovative design topologies, new custom chips, 
and mature manufacturing processes including laser trimming of 
thin-ftlm resistors. 

Subranging architecture has been utilized in numerous ADCs 
and has proven to be an efficient way to obtain wide dynamic 
range at high sampling rates. Briefly, a single-ended analog in
put signal is converted to a balanced differential signal that is 
"sampled and held" by a track and hold amplifier. This held 
value is then digitized by the main range 8-bit flash AID con
verter. The resulting 8-bit word is converted back to an analog 
value via a 16-bit-linear, 8-bit DAC and is compared to the 
"held" value via a high accuracy, clamped summation amplifier. 
The difference of the two signals is then digitized by a second 
8-bit flash ADC. In the [mal step, the two 8-bit words are com
bined via digital adder logic. 

Refer to the block diagram of the AD9014 on the first page of 
this data sheet. The track and hold hybrid accomplishes two 
functions. First, the single-ended analog input is converted to a 
balanced differential signal via an extremely low distortion single 
to differential amplifier. The 7S n input impedance of the 
AD9014 can be regarded as the feed-forward resistor of this am
plifier. Second, the resultant balanced signal is then sampled 
and held for digitization by the encoder hybrid. 

In previous ADCs, the track and hold (TIH) has been the most 
siguificant source of harmonic and nonharmonic spurs. To help 
avoid this in the AD9014, approximately half the power dissipa
tion and one of the two hybrids is dedicated to the track and 
hold function. A differential T/H architecture is utilized to ob
tain first order cancellation of the even-order harmonics. The 
sampling switch (or bridge) is driven by a pair of closed-loop 
amplifiers to minintize aperture induced harmouics. The acquisi
tion time of the AD9014 is approximately 3S ns. 

Differential architecture used in the AD9014 T IH is extended to 
the encoder section of the AD9014. All circuit elements are 
differential to miuimize the generation of spurs, increase the 
common-mode noise suppression, and improve performance 
over temperature. 

Two 8-bit flash converters are used to achieve the 10 MSPS en
code rate; each converter provides data approximately 8 ns after 
it receives an encode command. The main range converter pro
vides the MSB information, which is loaded into the digital 
adder circuits and is also applied to the DAC. The residue con
verter provides the LSB information. Two overlap or correction 
bits are utilized in the digital correction logic where the two 8-
bit words are combined into the [mal l4-bit digital output. 

In addition to the track-and-hold, the digital-to-analog converter 
looms ~s a large contributor of spurs. The DAC in the AD9014 
utilizes unique differential diode switching current sources and 
laser-trimmed thin ftlm resistors. This optimizes the perfor
mance of the ADC as a function of temperature and time. 

Laser trimmed thin film resistors are inherently stable over 
time. Any resistor shifts that occur are transparent to the user 
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because each resistor in the network drifts in unison with its 
matched counterpart. The trimmed DAC settles to 16-bit accu
racy in approximately 10 ns. 

The output of the DAC is compared to thj: held de value via a 
clamped summation amplifier. This amplifier is set for a gain of 
10 VN and drives the residue 8-bit flash converter. It settles in 
3S ns and comes out of overdrive in S ns. The settling time of 
this amplifier is the major factor affecting the maximum sample 
rate of the AD9014. 

The [mal major source of spurs are the nonlinearities in the two 
flash converters. Differential nonlinearity (DNL)and integral 
nonlinearity (INL) errors in the main range converter determine 
how much of the error correction budget is actually used. 

If the INL of the residue converter is sufficiently large, nonlin
earities of the main range converter set the DNL of the AD9014 
at the digitally compensated subranging points. If the main 
range converter is sufficiently linear, the DNL of the residue 
converter sets the overall AD9014 DNL. The flash converters 
used in the AD9014 are inherently linear; die are screened by 
probe testing before they are used in the encoder hybrid. 

Finally, the two 8-bit digital words from the main range and 
residue flash coilverters are latched into a 16-bit register, where 
they are added to form the 14-bit digital output word. The ac
tual error correction takes place in this adder. If the analog in
put exceeds positive or negative full scale, the digital output 
remains, respectively, at all "1" or all "0"; it does not roll over. 

USING THE AD9014 
The AD9014 AID converter has been carefully designed to offer 
users the widest possible dynamic range. Each unit is dynami
cally tested before it is shipped. Great care has been taken in the 
design of the AD90 14 to simplify its application so that users 
can easily duplicate the performance measured at the factory. 

A well designed, "clean" printed circuit board (PCB) with sepa
rate power and ground planes is necessary; a multilayered board 
is recommended. Wire-wrap techniques often used in prototypes 
will materially diminish spectral performance. The figure labeled 
AD9014 Recommended Connections provides details regarding 
application of the unit. 

Driving the Differential Encode Input 
A differential ECL encode signal is required for the AD9014. 
This signal should be as "clean" and fast (lOOK ECL equiva
lent) as possible, with a minintum amount of jitter. 

Excessive jitter on the encode command manifests itself as a 
wider "skirt" around the analog input fundamental, which de
grades the observed SNR and masks information which may be 
under the skirt. This may not be important in frequency domain 
applications since the generation of harmonic and nonharmonic 
spurs is unaffected. 

One method of generating a "clean" differential ECL encode 
signal is to use a spectrally pure low phase noise sine wave to 
drive an AD96687 ultrafast ECL comparator, as shown in the 
"AD9014 Recommended Connections" figure on the next page. 
(Signal generators such as the HP 8642A and Rohde & Schwarz 
SMHU can be used.) 

Careful consideration must be given to routing the encode sig
nal. The comparator should be located as close as possible to the 
AD90l4. The inputs to and outputs from the AD96687 should 
be as short as possible and terminated right at the unit. 
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AD9014 Recommended Connections 

Matching the Analog Input Impedance 
As described in the Theory of Operations, the analog input im
pedance into the track and hold is 75 n II 7 pF. This is shown 
graphically in the figure below. 

··Tl~ 
AD9014 Analog Input Circuit 

The Analog input signal can be applied to the ADC either via 
the SMA connector or through Pin 20. The drive source should 
be matched to the impedance of the ADC. The AD9014 can be 
set up for a 50 n system by soldering the appropriate resistor 
between Pins 20 and 21. This option will be installed at the fac
tory if "-50" is added to the part number when the order is 
placed. 

Driving the Analog Input 
Special care must be taken to ensure that the analog input signal 
is not compromised before it reaches the AID converter. Any 
required flltering should be done as close to the AD9014 as pos
sible, and away from any digital lines. 
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The full-scale analog input range of the AD9014 is 9 dBm 
(±l V into 75 n). In many applications, the analog input is at a 
much lower level and must be amplified to meet the full-scale 
range of the AD9014. The optimum way to achieve this amplifi
cation depends largely on the application. 

For frequency domain applications, the circuit shown below is 
recommended when gain is required. This configuration works 
well for analog input frequencies through 10 MHz without in
troducing spurs that degrade the ADC's capabilities. At 

75n 

T075n 
LOAD 

Inpullmpedance = RI3 Gain = + ~ (VOUT= 2V p-fll 

Low-Distortion Drive Circuit for AD9014 
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AD9014 
2.3 MHz and 2 V p-p output, all spurs generated are less than 
-100 dBc. The output is confIgured to drive the 75. fi input 
impedance of the AD9014. Note that this circuit will add ap
proximately 6 dB to the noise floor and is not recommended for 
applications where SNR is crucial. 

The signal path is through U3 and U4, which are set up in a 
series inverting configuration to cancel even-order harmonics 
that are generated when gain bandwidth product diminishes 
with frequency. UI and U2 reduce the drive current of U3 and 
U4, respectively. Since UI and U2 are set up in gains twice that 
of U3 and U4, the net effect is that the output stages of U3 and 
U4 are unloaded. This eliminates the odd-order harmonics gen
erated in the output stages of U3 and U4. 

The gain of the overall block is +400 filR, and the input im
pedance is Rl3. The output of the amplif1er circuit is set up to 
drive I V peak into 75 fi. 

Overdriving the Analog Input 
The analog input can be overdriven by 12 dB (±4 V) without 
inflicting long term damage to the AD9014. When overdriven, 
the digital outputs will be either all Is or Os depending on 
whether it is overdriven high or low. 

The recovery time from the instant the overvoltage condition is 
relieved to when the converter begins producing valid data is a 
function of the amount of overdrive. Results are summarized in 
the following chart. 
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Overvoltage Recovery Time 

ANALOG INPUT 

Power level 
(ZIN = 75U) 

VoHage level 

Positive Full Scale 

Full Scale - 1 LSB 

Collecting the Digital Output Data 
Digital data from the AD9014 is ECL compatible. Pull-down 
resi;tors are included inside the encoder hybrid; I kfi series re
sistors are also included to completely isolate the digital outputs 
from the analog sections of the AD9014. (See "MECL System 
Design Handbook," Fourth Edition, page 27; printed by 
Motorola Inc.) 

The digital outputs should interface directly to an ECL latch or 
receiver, located as close to the AD9014 as possible. No external 
pull-down resistors are required; they are built into the 
AD9014. 

1110 
L.---.-J\N~-o DIGITAL 

OUTPUT 

2110 

-S.2V 

AD9014 Digital Output 
(One of 15, Including MSB) 

Digitizing Super Nyquist Signals 
The AD9014 can be used to digitize analog super Nyquist input 
signals. For a full-scale analog input of 10 MHz, the third har
monic is typically -72 dBc and is the highest spur. When the 
analog input power is lowered by 6 dB, the third harmonic 
drops about 12 dB; all spurs generated by the ADC typically 
remain below -84 dBFS. 

By arbitrarily defIning the full-scale power level into the 
AD9014 to be -6 dBFS or 3 dBm, signals up to 10 MHz can 
be digitized while maintaining a spurious-free dynamic range of 
at least 80 dB. In this example, Bits I and 2 are used as the 
overflow signal (see Digital Coding graph below); all 14 bits 
from the converter must be used, are valid, and should be pro
cessed. 
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11111111111111 

11111111111110 

SPUR LEVEL vs. 
INPUT POWER 

AIN= 10MHz 
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+1/2V -'-P.::;OS:::I"'tlv:..:e:..l;,;./2=.:::SC:::a=le=--_--'1c:1OOOOOOOOOOOO===="'--___ -+ ___ -.-
112 Scale-l LSB 10111111111111 

+3dBm +9dBm OV - Bipolar Zero ___ I::;OO;;:ooo==OOOOOOOO===--___ +_ AII-B4dBIs 

112 Scale + 1 LSB 01000000000000 Lf 01111111111111 

:"II2V Negallve 1/2 Scale 00111111111111 
3rd 1 - 72dBIs 

-IV _F~u="~Sc=a:::le~+~I:..L:::S:::B'--_~ooo=ooo=OOOOOOO==~I ____ .L_ 
Negative Full Scale 00000000000000 
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Utilizing Fewer than 14 Bits 
In some cases it is advantageous to ignore the AD9014's LSBs. 
As an example, if a previously designed DSP or buffer memory 
is able to process only 10- or 12-bit words, retrofitting the sys
tem using the AD9014 may provide significant improvements. 
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AD9014 SFDR and SNR vs. Frequency 

10 

The spurious free dynamic range (SFDR) of any AID is a func
tion of the converter linearity, while the "number of bits" of the 
converter's output affects the level of the noise floor. The level 
of the internally generated spurs will not rise as bits are omitted, 
but the noise floor rises for each bit that is dropped. The chart 
below summarizes the AD9014 SFDR as a function of the num
ber of bits being processed. 

Noise Figure Estimates 
An estimate of the noise figure of the AD90 14 can be calculated 
from information contained in the specification table. It is de
fined as the degradation of the signal-to-noise ratio as an analog 
signal passes through the device. 

Since the AD9014 has no gain, the noise figure can be deter
mined by comparing the noise level at the output to the noise at 
the input. For a 50 n system, the input noise can be determined 
using Boltzmann's Constant, the absolute temperature, and the 
bandwidth. For a I Hz bandwidth at room temperature, this 
value is -174 dBmlHz. 
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AD9014 
The noise level at the output of the AD9014 can be calculated 
from the specified signal to noise-ratio (SNR) which is 75 dB. 
Since the full-scale analog input signal is +9 dBm, the noise 
level at the output of the AD9014 is -66 dBm for the 
5 MHz band. 

The noise figure can be determined using the following 
equation: 

NF = Output Noise - 10 logro (BWoIBWi) - Input Noise Level 

where BWo = 5 MHz and BWi = 1 Hz 

For the AD9014, the noise figure calculates to: 

NF = -66 dB -67 dB - (-174 dB) = 41 dB 

Third Order Intercept Point 
Traditionally, the third order two-tone intermodulation specifi
cation of mixers is the most troublesome, since the resultant 
frequencies are very close to the fundamental signals and are 
difficult to fIlter. The differential design of the AD9014 ensures 
that the generation of two-tone IMD spurs is minimized. 

The two-tone IMD intercept point for the AD9014 can be easily 
estimated for a given frequency if the harmonic suppression of 
the IMD spur levels is known (or can be measured). As shown 
in the typical performance section of the data sheet, for 2 dBm 
(-7 dBFS) analog input tones of 2.3 MHZ and 2.4 MHz, the 
relevant IMD spurs are located at 2.2 MHz and 2.5 MHz, and 
are -95 dBm (-102 dBFS). 

The following equation can be used to determine the converter's 
intercept point: 

Intercept Point = [Harmonic Suppressioni(N-l)] + Input Power 

where N = the order of the IMD (3 in this case) 

AD9014Intercept Point = 95/2 + 2 dBm = 49.5 dBm 

The intercept point for the AD9014 is a measure of the effec
tiveness of the AD9014's track-and-hold amplifier and is valid 
over the relevant frequency range and for analog input values 
within approximately 10 dB of the converter's specified full-scale 
range. When the analog input level is less than -10 dBFS, the 
nonlinearities of the encoder tend to dominate and the intercept 
point concept is invalid. 
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AD9014 
TYPICAL AD9014K SPECTRAL PERFORMANCE 

Five-sample average of 8,192-point FFfs; all harmonics are aliased. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 
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FEATURES 
Monolithic 10-Bit/60 MSPS Converter 
TTL Outputs 
Bipolar (±1.75 VI Analog Input 
56 dB SNR @ 2.3 MHz Input 
Low (45 pFI Input Capacitance 
MIL-STD-BB3 Compliant Versions Available 

APPUCATIONS 
Digital Oscilloscopes 
Medical Imaging 
Professional Video 
Radar Warning/Guidance Systems 
Infrared Systems 

GENERAL DESCRIPTION 
The AD9020 AID converter is a 10-bit monolithic converter ca
pable of word rates of 60 MSPS and above. Innovative architec
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 

Encode and outputs are TTL-compatible, making the AD9020 an 
ideal candidate for use in low power systems. An overflow bit is 
provided to indicate analog input signals greater than + V SENSE' 

Voltage sense lines are provided to insure accurate driving of the 
± V REF voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 

Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to + 70°C and -55°C to + 125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy
namic performance is fully characterized and production tested 
at + 25°C. MIL-STD-883 units are available. 

The AD9020 ND Converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Prod
ucts Databook or current AD9020/883B data sheet for detailed 
specifications. 
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10-Bit, 60 MSPS 
AID Converter 
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AD9020 - SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS l 3/4,.EF, 1I2REF, 1I4REF Current ......•........ ± 10 rnA 
+Vs .................................. +6 V Digital Output Current ...................... 20 rnA 
-Vs .................................. -6 V Operating Temperature 
ANALOG IN ....................... -2 V to +2 V AD9020JElKElJZ/KZ .................. 0 to + 70·C 
+VREF, -VREF, 3/4REF, 1I2REF, 1/4,.EF ..... -2 V to +2 V Storage Temperature ................ -65·C to + 1500C 
+VREF to -VREF .......................... 4.0 V Maximum Junction Temperature2 •••••••••••••• + 175·C 
DIGITAL INPUTS .................. -0.5 V to +Vs Lead Soldering Temp (10 sec) ................ +300·C 

ELECTRICAL CHARACTERISTICS (±Vs = ±5 v; ±VSENSE = ±1.75 v; ENCODE = 40 MSPS unless otherwise noted)3 

Test AD9020JElJZ AD9020KE/KZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 Bits 

DC ACCURACy3 
Differential Nonlinearity + 25·C I 1.0 1.25 0.75 1.0 LSB 

Full VI 1.5 1.25 LSB 
Integral Nonlinearity +25·C I 1.25 2.0 1.0 1.5 LSB 

Full VI 2.5 2.0 LSB 
No Missing Codes Full VI Guaranteed 

ANALOG INPUT 
Input Bias Current4 +25·C I 0.4 1.0 0.4 1.0 rnA 

Full VI 2.0 2.0 rnA 
Input Resistance +25·C I 2.0 7.0 2.0 7.0 kG 
Input Capacitance4 + 25·C V 45 45 pF 
Analog Bandwidth + 25·C V 175 175 MHz 

REFERENCE INPUT 
Reference Ladder Resistance +25·C I 22 37 56 22 37 56 G 

Full VI 14 66 14 66 G 
Ladder Tempco Full V 0.1 0.1 nrc 
Reference Ladder Offset 

Top of Ladder +25·C I 45 90 45 90 mV 
Full VI 90 90 mV 

Bottom of Ladder +25·C I 45 90 45 90 mV 
Full VI 90 90 mV 

Offset Drift Coefficient Full V 50 50 ILVrc 

SWITCHING PERFORMANCE 
Conversion Rate +25·C I 60 60 MSPS 
Aperture Delay (tA ) +25·C V 1 1 ns 
Aperture Uncertainty (Jitter) +25·C V 5 5 ps, rms 
Output Delay (tOD)5 +25·C I 6 10 13 6 10 13 ns 
Output Time Skew5 +25·C I 3 5 3 5 ns 

DYNAMIC PERFORMANCE 
Transient Response +25·C V 10 10 ns 
Overvoltage Recovery Time +25·C V 10 10 ns 
Effective Number of Bits (ENOB) 

fIN = 2.3 MHz +25·C I 8.6 9.0 8.6 9.0 Bits 
fIN = 10.3 MHz +25·C IV 8.0 8.4 8.0 8.4 Bits 
fIN = 15.3 MHz + 25·C IV 7.5 8.0 7.5 8.0 Bits 

Signal-to-Noise Ratio· 
fIN = 2.3 MHz +25·C I 54 56 54 56 dB 
fIN = 10.3 MHz +25·C I 50 53 50 53 dB 
fIN = 15.3 MHz +25·C I 47 50 47 50 dB 

Signal-to-Noise Ratio· 
(Without Harmonics) 

fIN = 2.3 MHz +25·C I 54 56 54 56 dB 
fIN = 10.3 MHz +25·C I 51 54 51 54 dB 
fIN = 15.3 MHz +25·C I 48 52 48 52 dB 
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AD9020 
Test AD9020JElJZ AD9020KElKZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
(CONTINUED) 

Harmonic Distortion 
fIN = 2.3 MHz +25°C I 61 67 61 67 dBc 
fIN = 10.3 MHz +25°C I 55 59 55 59 dBc 
fIN = 15.3 MHz +25°C I 49 53 49 53 dBc 

Two-Tone Intermodulation 
Distortion Rejection 7 +25°C V 70 70 dBc 

Differential Phase +25°C V 0.5 0.5 Degree 
Differential Gain +25°C V I 1 % 

ENCODE INPUT 
Logic "I" Voltage Full VI 2.0 2.0 ,V 
Logic "0" Voltage Full VI 0.8 0.8 V 
Logic "1" Current Full VI 20 20 .,.A 
Logic "0" Current Full VI 800 800 .,.A 
Input Capacitance +25°C V 5 5 pF 
Pulse Width (High) + 25°C I 6 6 ns 
Pulse Width (Low) +25°C I 6 6 ns 

DIGITAL OUTPUTS 
Logic "1" Voltage (IOH = 2 mAl Full VI 2.4 2.4 V 
Logic "0" Voltage (loL = 10 mAl Full VI 0.4 V 

POWER SUPPLY 
+ V s Supply Current +25°C I 440 530 440 530 mA 

Full VI 542 542 mA 
- V s Supply Current +25°C I 140 170 140 170 mA 

Full VI 177 177 mA 
Power Dissipation + 25°C I 2.8 3.3 2.8 3.3 W 

Full VI 3.4 3.4 W 
Power Supply Rejection 

Ratio (PSRR)8 Full VI 6 10 6 10 mVN 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: alc = I"c/w; alA = 17"c/w (no air flow); alA = 15"C/W 
(air flow = 500 LFM). 68-pin cerantic LCC: alc = 2.6"C/W; alA = 15"C/W (no air flow); alA = 13"C/W (air flow = 500 LFM). 

'3/4REF, 112REF, and 114REF reference ladder taps are driven from dc sources at +0.875 V, 0 V, and -0.875 V, respectively. Accuracy of the overflow compara
tor is not tested and not included in linearity specifications. 

'Measured with ANALOG IN = +VSENSE' 
'Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of Do-D •. Output 
skew measured as worst-case difference in output delay among Do-D9' 

6RMS signal to rms noise with analog input signal I dB below full scale at specified frequency. 
7Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
8Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in + V s or -V s. 
Specifications subject to change without notice. 
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EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at +25OC. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex
tremes for commercial/industrial devices. 

ORDERING GUIDE 

Temperature Package 
Device Range Description Option· 

AD9020JZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9020JE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9020KZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9020KE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9020SZl883 - 550C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9020SEl883 -55OC to + 1250C 68-Pin Ceramic LCC E-68A 
AD9020TZl883 -55OC to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9020TEl883 -55OC to + 1250C 68-Pin Ceramic LCC E-68A 
AD9020IPCB o to +70°C Evaluation Board 

*E = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions ............. 206 x 140 x 15 (±2) mils 
Pad Dimensions ......•........•........ 4 x 4 mils 
Metaiization ....................•..•...... Gold 
Backing ...•.•..•......••....•....••.... None 
Substrate Potential . . • . . . . . . . . . . . . . . . . . . . . . . . - V s 
Passivation .......•...........•......... Nitride 
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AD9020 Pin Designations 

Pin No. 

2, 16, 28, 29, 35, 
41, 42, 54, 64 

3, 6, 15, 18, 25, 30, 
33, 34, 37, 40, 45, 
52, 55, 65, 68 

4, 5, 13, 17, 27, 31, 32 
36, 38, 39, 43, 53, 66, 67 

7 

8,9 

11 

12 

14 

19-23,46-50 

51 

56 

57 

59 

61 

63 

AD9020 PIN DESCRIPTIONS 

Name 

GROUND 

3/4..EF 

ANALOG IN 

+VSENSE 

ENCODE 

Do-D. 

OVERFLOW 

-VSENSE 

LSBs INVERT 

MSBINVERT 

Function 

Midpoint of internal reference ladder. 

Negative supply voltage; nominally -5.0 V ±5%. 

Positive supply voltage; nominally +5 V ±5%. 

All ground pins should be connected together and to low
impedance ground plane. 

Three-quarter point of internal reference ladder. 

Analog input; nominally between ±1.75 V. 

Voltage sense line to most positive point on internal resistor 
ladder. Normally + 1.75 V. 

Voltage force connection for top of internal reference ladder. 
Normally driven to provide + 1. 75 V at + V SENSE' 

TTL-compatible convert command used to begin digitizing 
process. 

TTL-compatible digital output data. 

TTL-compatible output indicating ANALOG IN > 
+VSENSE' 

Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 V at -VSENSE' 
Voltage sense lioe to most negative point on internal resistor 
ladder. Normally -1.75 V. 

Normally grounded. When connected to +Vs, lower order 
bits (00-08) are inverted. 

Normally grounded. When connected to + V s, most 
significant bit (MSB; D.) is inverted. 

One-quarter point of internal reference ladder. 
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AD9020 
THEORY OF OPERATION 
Refer to the AD9020 block diagram. As shown, the AD9020 
uses a modified "flash", or parallel, AID architecture. The ana
log input range is determined by an external voltage reference 
(+VREP and -VREF), nominally ±1.7S V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization levels. Taps along the resistor ladder (1I4REP' 
1I2REF and 3/~F) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 1/4, 112 and 
3/4, respectively, of the voltage reference range. 

The AID conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. The value of the least significant 
bit (LSB) is determined by a unique interpolation scheme 
between adjacent comparators. The decoding logic processes the 
comparator outputs and provides a 100bit code to the output 
stage of the converter. 

Flash architecture has an advantage over other AID architectures 
because conversion occurs in one step. This means the perfor
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. In the AD9020, an 
innovative interpolation scheme takes advantage of flash archi
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 

These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9020 Truth Table). 

2-746 ANALOG-TO-DIGITAL CONVERTERS 

APPLICATIONS 
Many of the specifications used to describe analog/digital con
verters have evolved from system performance requirements in 
these applications. Different systems emphasize particular speci
fications, depending on how the part is used. The following 
applications highlight some of the specifications and features 
that make the AD9020 attractive in these systems. 

Wideband Receivers 
Radar and communication receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog-to-digital converters (ADCs). Frequency domain char
acterization of the AD9020 provides signal-to-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 

Receiver sensitivity is limited by the Signal-to-Noise Ratio 
(SNR) of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). The SNR equals the ratio of the fundamental compo
nent of the signal (rms amplitude) to the rms value of the 
"noise." The noise is the sum of all other spectral components, 
including harmonic distortion, but excluding dc. 

Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non
linearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonic Distortion. 
Hartnonic Distortion is also measured with an FFT and is speci
fied as the ratio of the fund8mental component of the signal 
(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 

Two-Tune Intermodulation Distortion (IMD) is a frequently cited 
specification in receiver design. In narrow-band receivers, third
order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac
terized with two, equal-amplitude, pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order IMD signal. 
Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 
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Performance graphs provide typical harmonic and SNR data for 
the AD9020 for increasing analog input frequencies. In choosing 
an AID converter, always look at the dynamic range for the ana
log input frequency of interest. The AD9020 specifications pro
vide guaranteed minimum limits at three analog test frequencies. 

Aperture Delay is the delay between the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper
ture delay is not as critical as the matching between devices. 

Aperture Uncertainty, or jitter, is the sample-to-sample variation 
in aperture delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynamic perfor
mance as the analog input frequency is increased. 

Digitizing Oscilloscopes 
Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 

One figure of merit for the ADC in these applications is Effec
tive Number of Bits (ENOBs). ENOB is calculated with a sine 
wave curve fit and equals: 

ENOB = N - LOG2 [Error (measured)/Error (ideal)] 

N is the resolution (number of bits) of the ADC. The measured 
error is the actual rms error calculated from the converter out
puts with a pure sine wave input. 

The Analog Bandwidth of the converter is the analog input fre
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band
width is a good indicator of a converter's slewing capabilities. 

The Maximum Conversion Rate is defined as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 

Imaging 
Visible and infrared imaging systems both require similar char
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion to 
the intensity of the radiation detected at the sensor. These vary
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 
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The actual resolution of the converter is limited by the thermal 
and quantization noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9020. 
At this frequency, the static errors in the ADC determine the 
useful dynamic range of the ADC. 

Although the signal being sampled does not have a significant 
slew rate, this does not imply dynamic performance is not 
important. The Transient Response and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 

Transient Response is the time required for the AD9020 to 
achieve full accuracy when a step function is applied. Overvolt
age Recovery Time is the time required for the AD9020 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 

Professional Video 
Digital Signal Processing (DSP) is now common in television 
production. Modern smdios rely on digitized video to create 
state-of-the-art special effects. Video instrumentation also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 

The AD9020 provides sufficient resolution for these demanding 
applications. Conversion speed, dynamic performance and ana
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 
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AD9020 
USING THE AD9020 
Voltage References 
The AD9020 requires that the user provide two voltage refer
ences: +VREP and -VREP• These two voltages are applied 
across an internal resistor ladder (nominally 37 0) and set the 
analog input voltage range of the converter. The voltage refer
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (l/~EP' 1I2REP' 3/4REP) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
performance. (AC and dc specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer function of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 
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~N 

Effect of Reference Taps on Linearity 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and bottom of the ladder offsets," can be nulled by 
using the voltage sense lines, + V SENSE and -V SENSE' to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 !lA. Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 

The next page shows a reference circuit which nulls out the off
set errors using two op amps and provides appropriate voltage 
references to the quarter-point taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 
The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. The 10 kil resistors (RI-R4) between the volt
age sense lines form an external resistor ladder; the quarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The actual values of resistors RI-R4 are not critical, 
but they should match well and be large enough (;;;:10 kil) to 
limit the amount of current drawn from the voltage sense lines. 
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The select resistors (Rs) shown in the schematic (each pair can 
be a potentiometer) are chosen to adjust the quarter-point volt
age references, but are not necessary if RI-R4 match within 
0.05%. 

An alternative approach for defming the quarter-point references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the quarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 

Performance of the AD9020 has been optimized with an analog 
input voltage of ± 1. 75 V (as measured at ± V SENSEl. If the ana
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, performance of the 
converter is a function of ± V SENSE. 
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AD9020 SNR and ENOS vs. Reference Voltage 

Applying a voltage greater than 4 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9020. The design of 
the reference circuit should limit the voltage available to the 
references. 

Analog Input Signal. 
The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Aualog Input figure). 
This connection typically has an input resistance of 7 kil, and 
input capacitance of 45 pF. The input capacitanCe is nearly con
stant over the analog input voltage range, as shllwn in the graph 
which illustrates that characteristic. 

The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band
width, monolithic operational amplifier with excellent ac and dc 
performance. The input capacitance should be isolated by a 
small series resistor (24 0 for the AD9617) to improve the ac 
performance of the amplifier (see AD90201PCB Evaluation 
Board Block Diagram). 
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Timing 
In the AD9020, the rising edge of the ENCODE signal triggers 
the AiD conversion by latching the comparators. (See the 
AD9020 Timing Diagram.) 

The ENCODE is TTUCMOS compatible and should be driven 
from a low jitter (phase noise) source. Jitter on the ENCODE 
signal will raise the noise floor of the converter. Fast, clean 
edges will reduce the jitter in the signal and allow optimum ac 
performance. Locking the system clock to a crystal oscillator 
also helps reduce jitter. The AD9020 is designed to operate with 
a 50% duty cycle; small (10%) variations in duty cycle should 
not degrade performance. 

Data Format 
The format of the output data (Do- D9 ) is controlled by the 
MSB INVERT and LSBs INVERT pins. These inputs are de 
control inputs, and should be connected to GROUND or + V s. 
The AD9020 Truth Table gives information to choose from 
among Binary, Inverted Binary, Twos Complement and In
verted Twos Complement coding. 

The OVERFLOW output is an indication that the analog input 
signal has exceeded the voltage at + V SENSE. The accuracy of 
the overflow transition voltage and output delay are not tested 
or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en
code signal. The operation of this function does not affect the 
other data bits (Do-D9 ). It is not recommended for applications 
requiring a critical measure of the analog input voltage. 

Layout and Power Supplies 
Proper layout of high speed circuits is always critical but is 
particularly important when both analog and digital signals are 
involved. 
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Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 
Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. 

In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo
nent side, of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de
signers to layout signal traces without interrupting the ground 
plane and provide low impedance power planes. 

It is especially important to maintain the continuity of the 
ground plane under and around the AD9020. In systems with 
dedicated digital and analog grounds, all grounds of the AD9020 
should be connected to the analog ground plane. 

The power supplies (+ V s and - V s) of the AD9020 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the AID con
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation - PCK Elastomerics 
Part # CCS-68-55 is recommended for the LCC package. 
(Tel. 215-672-0787) 

An evaluation board is available to aid designers and provide a 
suggested layout. 
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Offset Binary Twos Complement 

Step Range True Inverted True Inverted 

0= -1.75 V MSBINV = "0" MSB INV = "1" MSB INV = "1" MSB INV = "0" 
FS = +1.75 V LSBs INV = "0" LSBs INV = "1" LSBs INV = "0" LSBs INV = "1" 

1024 >+ 1.7500 (1)1111111111 (1 )0000000000 (1)0111111111 (1) 1 000000000 
1023 + 1.7466 1111111111 0000000000 0111111111 1000000000 
1022 + 1.7432 1111111110 0000000001 0111111110 1000000001 

512 +0.0034 1000000000 0111111111 0000000000 1111111111 
511 0.000 0111111111 1000000000 1111111111 0000000000 
510 -0.0034 0111111110 1000000001 1111111110 0000000001 

02 -1.7432 0000000010 1111111101 1000000010 0111111101 
01 -1.7466 0000000001 1111111110 1000000001 0111111110 
00 <-1.7466 0000000000 1111111111 1000000000 0111111111 

The overflow bit is always 0 except where noted in parentheses (). MSB INVERT and LSBs INVERT are considered dc controls. 

AD9020 Truth Table 
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AD9020 
AD90201PCB EVALUATION BOARD 
The AD90201PCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from -1 to 
-15. 
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On-board reconstruction of the digital data'is provided through 
the AD9713, a 12-bit monolithic DAC. The analog and recon
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9020 and the effects of 
the quarter-point voltages. The digital data and an adjustable 
Data Ready signal are avaiIable through a 37 -pin edge connector. 
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AD9020/PCB Evaluation Board Block Diagram 

2-752 ANALOG-TO-DIGITAL CONVERTERS REV. A 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
300 MSPS Encode Rate 
250 MHz Large Signal Input Bandwidth 
Low Input Capacitance: 17 pF 
Excellent SNR 
Single -5.2 V Power Supply 
Overflow Bit 8t Bit Invert Functions 
1:2 Demultiplexed Outputs (AD9038) 
MIL-STD-883-Compliant Versions Available 

APPLICATIONS 
Digital Oscilloscopes 
Waveform Digitizers 
Radar Receivers 
Electronic Countermeasures 

GENERAL DESCRIPTION 
The AD9028 and AD9038 are ECL-compatible 8-bit, high speed 
flash analog-to-digital converters. Both are fabricated in an ad
vanced bipolar VLSI process which ensures exceptionally wide 
analog input bandwidth (250 MHz) and encode rates up to 300 
MSPS. 

Output data for the AD9028 include Overflow and Data Ready 
signals; control pins allow the user to invert the MSB and/or 
LSBs. The AD9038 combines the features of the AD9028 with 
on-board demultiplexing circuits to provide two sets of output 
data. These ease the task of interfacing the convener by reduc
ing the data rate to half the encode rate. 

The analog input is designed for 0 to -2.0 volt operation. Sense 
pins for the + V REF and - V REF inputs allow full-scale calibra
tion of the input range; a tap at the midpoint of the reference 
ladder is available to minimize integral nonlinearity. Dynamic 
performance is enhanced by driving the ANALOG RETURN 
pins with a buffered analog input; see the Applications section. 

There are two linearity grades of each device. Commercial 
temperature ranges of 0 to + 70·C and military temperature 
ranges of - 55"C to + l25·C are available. Both components are 
offered in a ceramic 68-pin LCC, and a ceramic 68-pin leaded 
package. These packages are specially designed for low thermal 
impedance. 

The AD9028/AD9038 AID Convener is available in versions 
compliant with MIL-STD-883. Refer to the Analog lJe'IJices 
Military Products Databook or current AD9028/AD9038/883B 
data sheet for detailed specifications. 
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High Speed 8-Bit 
AID Converters 

AD9028/AD9038 I 
FUNCTIONAL BLOCK DIAGRAM 

ANALOG LSBs MBB 
RETURN INVERT INVERT .... 

.. OVEAFl.OWj oM D. ... IMsa) c ..... . ..... ~ 

47 D.... S 

.. Da.. = 
48 DUo a 
so D'A 

51 Do... (LSI) 

ANALOG-TO-DIGITAL CONVERTERS 2-753 



AD9028/AD9038 ~ SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· 
ANALOG INPUT ..................• -Vs to +0.5 V 
ANALOG RETURN ...•.•..•.•...•... 0 V to +2.0 V 
- V s to GROUND ............. +0.5 V dc to -6.0 V dc 
+VRBF' .-VREF, MIDSCALE VREP ..... -2.1 V to +0.1 V 
+VRBF to -VREP .......................... 2.1 V 
MIDSCALE V REP' + V SBNSE , -V SENSE Current ••.. ±4 rnA 
MSB INVERT, LSBs INVERT, OVERFLOW INHIBIT, 

ENCODE, ENCODE, HYSTERESIS ....... -V S to 0 V 

ENCODE to ENCODE .... , ......•....•.•..•• 4 V 
Digital Output Current ...••....•.•.......... 20 rnA 
ANALOG -,-Vs to DIGITAL-Vs ............• ±0.5 V 
Operating Temperature Range 

AD9028/AD9038KE1KZ1JElJZ .....•..•.•. 0 to +7O"C 
AD9028/AD9038TElTZlSElSZl883 .•... -WC to + 125°C 

Maximum Junction Temperarure2 ......••.•.... +175°C 
Lead Temperature (Soldering, 10sec) •.....•..••. +3000C 
Storage Temperature Range ........... -65°C to + 15O"C 

ELECTRICAL CHARACTERISTICS ~~~ ~t;~s!; n:~d) = 0 v; -VREF = -2 V; ANALOG RETURN = 0 v. 

AD9028JE1JZ AD9028KE1KZ AD9038JE1JZ AD9038KEIKZ 
SElSZI883 TElTZI883 SElSZI883 TElTZ1883 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 8 8 Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.8 1.0 0.6 0.75 0.8 1.0 0.6 0.75 LSB 

Full VI 1.0 1.2 0.8 1.0 1.0 1.2 0.8 1.0 LSB 
Integral NonLinearity +25OC I 0.8 1.0 0.6 0.75 0.8 1.0 0.6 0.75 LSB 

Full VI 1.0 1.2 0.8 1.0 1.0 1.2 0.8 1.0 LSB 
No Missing Codes Full VI GUARANTEED GUARANTEED 

ANALOG INPUT 
Input Bias Current3 +25°C I 125 250 125 250 125 250 125 250 jJ.A. 

Full VI 400 400 400 400 jJ.A. 
Input Resistance +25OC I 50 75 50 75 50 75 50 75 ill 
Input Capacitance3 +25OC III 17 21 17 21 17 21 17 21 pF 
Analog Bandwidth4 +25°C V 250 250 250 250 MHz 

REFERENCE INPUT 
Reference Ladder Resistance +25OC I 24 40 60 24 40 60 24 40 60 24 40 60 n 

Full VI 20 75 20 75 20 75 20 75 n 
Ladder Tempco Full V 0.13 0.13 0.13 0.13 nrc 
Ref. Input Bandwidth Full V 30 30 30 30 MHz 
Reference Ladder Offset4 +25OC I 32 45 32 45 32 45 32 45 mV 

(Top) Full VI 47 47 47 47 mV 
Reference Ladder Offset4 +25OC I 26 37 26 37 26 37 26 37 mV 

(Bottom) Full VI 39 39 39 39 mV 
Offset Drift Coefficient Full V 20 20 20 20 ".vrc 

SWITCHING PERFORMANCE4, 5 

Maximum Conversion Rate +25°C I 300 325 300 325 300 325 300 325 MSPS 
Aperture Delay (tA ) +25OC V 1.4 1.4 1.4 1.4 ns 
Aperture Uncertainty (Jitter) +25°C V 3 3 3 3 ps, rms 
Output Delay (toD) +25°C I 4.7 6 7.3 4.7 6 7.3 4.7 6 7.3 4.7 6 7.3 ns 
Output Rise Time +25°C I 1.0 1.6 1.0 1.6 1.0 1.6 1.0 1.6 ns 
Output Fall Time +25°C I 1.0 1.6 1.0 1.6 1.0 1.6 1.0 1.6 ns 
Output Time Skew +25°C I 0.25 0.7 0.25 0.7 0.25 0.7 0.25 0.7 ns 
Data Ready 

Output Delay (tD~ +25OC I 4.1 5.4 6.7 4.1 5.4 6.7 4.8 6.1 7.4 4.8 6.1 7.4 ns 

ENCODE INPUT 
Logic "I" Voltage Full IV -1.1 -1.1 -1.1 -1.1 V 
Logic "0" Voltage Full IV -1.5 -1.5 -1.5 -1.5 V 
Logic "I" Current Full VI 125 285 125 285 125 285 125 285 jJ.A. 
Logic "0" Current Full VI 100 285 100 285 100 285 100 285 jJ.A. 
Input Capacitance +25OC V 3.6 3.6 3.6 3.6 pF 
Pulse Width (High)" +25°C I 1 1 1 1 ns 
Pulse Width (Low)" +25OC I 2 2 2 2 ns 
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AD9028/AD9038 
AD9028JE/JZ AD9028KE1KZ AD9038JElJZ AD9038KEIKZ 

SElSZI883 TElTZI883 SElSZI883 TElTZI883 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE1 

Transient Response +25°C V 3 3 3 3 ns 
Overvoltage Recovery Time +25°C V 3 3 3 3 ns 
Effective Number of Bits (ENOB) 
Analog Input @ 9.3 MHz +25°C I 7.0 7.1 7.2 7.5 7.0 7.2 7.2 7.5 Bits 

@49MHz +25°C I 6.5 7.0 6.5 7.0 6.5 7.0 6.5 7.0 Bits 
@92MHz +25°C I 5.4 5.8 5.4 5.8 5.4 5.8 5.4 5.8 Bits 

In-Band Harmonics 
Analog Input @ 9.3 MHz +25°C I 48 53 54 56 48 53 54 56 dBc 

@49MHz +25°C I 41 48 41 48 41 48 41 48 dBc 
@92MHz +25°C I 36 40 36 40 36 40 36 40 dBc 

Signal-to-Noise Ratios 
Analog Input@ 9.3 MHz +25°C I 44 45 45.5 47 44 45 45.5 47 dB 

@49MHz +25°C I 40 43 40 43 40 43 40 43 dB 
@92MHz +25°C I 33 36 33 36 33 36 33 36 dB 

Signal-to-Noise Ratios 
(without harmonics) 

Analog Input @ 9.3 MHz +25°C I 45.5 48 45.5 48 45.5 48 45.5 48 dB 
@49MHz +25°C I 43 46 43 46 43 46 43 46 dB 
@92MHz +25°C I 38 43 38 43 38 43 38 43 dB 

Two-Tone Intermodulation +25°C I 42 49 42 49 42 49 42 49 dB 
Distortion Rejection9 

DIGITAL OUTPUTS' 
Logic "1" Voltage Full VI -1.1 -1.1 -1.1 -1.1 V 
Logic "0" Voltage Full VI -1.5 1.5 -1.5 1.5 V 

POWER SUPPLY 
Analog Return +25OC V 14.4 14.4 14.4 14.4 mA 
Negative Supply Current +25°C I 390 475 390 475 430 495 430 495 mA 
(-Vs = -5.2 V) Full VI 515 515 550 550 mA 

Power Dissipation +25OC V 2.0 2.0 2.2 2.2 W 
Ref. Ladder Dissipation +25OC V 100 100 100 100 mW 
Power Supply 

Rejection Ratio (PSRR) +25OC I 1.2 3 1.2 3 1.2 3 1.2 3 mVN 
Rejection Ratio (PSRR) +25OC I 1.2 3 1.2 3 1.2 3 1.2 3 mVN 
Rejection Ratio (PSRR) +25°C I 1.2 3 1.2 3 1.2 3 1.2 3 mVN 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances:68-pin leaded ceramic chip carrier 9],,=31"CIW, 9]c=l.loC/W; 68-pin ceramic LCC 9]A=36"CIW, 9]c=2.6"CIW. 
'Measured with analog input = 0 V. . 
4See definitions of specifications. 
'Outputs terminated through 100 n to -2.0 V; CL <4 pF 
'ENCODE command rise/fall times should be less than 2.5 ns for normal operation. 
'Measured at 250 MSPS encode rate; analog return is tied to + I V dc. (See text and diagrams.) 
'RMS signal to rms noise with analog input signal I dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 60 MHz and 70 MHz at 7 dB below full scale. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS RECOMMENDED OPERATING CONDITIONS 
Test Level 

I 
II 

IJI 
IV 

V 
VI 

REV. A 

- 100% production tested. 
- 100% production tested at +25"C, aod sample tested 

at specified temperatures. 
- Sample tested only. 
- Parameter is guaranteed by design aod characterization 

testing. 
- Parameter is a typical value only. 
- All devices are 100% production tested at + 25"C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp
erature extremes for commercialIindustrial devices. 

Input Voltage 

Parameter Min Nominal Max 

-Vs -5.46 -5.2 -4.94 
+VREF -VREF 0 +0.1 
-VREF -2.1 -2.0 +VREF 

ANALOG INPUT -VREF +VREF 
ANALOG RETURN Analog In Analog In +2.0 V 
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AD9028/AD9038 

OVERFLOW INHIBIT 

HVSTERESIS 

ANALOG RETURN 

-VsDIGITAL 

-Vs ANALOG 

GROUND 

ANALOG INPUT 

MIDSCALE V"E~ 

ANALOG RETURN 

-Vs DIGITAL 

-Va ANALOG 

ORDERING GUIDE 

Package 
Model Temperature Description Optionl 

AD9028JE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9028KE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9028JZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9028KZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9028SE/8832 - 55°C to + 125°C 68-Pin Ceramic LCC E-68A 
AD9028TE/8W -55°C to + 125°C 68-Pin Ceramic LeC E-68A 
AD9028SZ/8832 - 55°C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9028TZ/8832 - 55°C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9038JE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9038KE o to +70°C 68-Pin Ceramic LCC E-68A 
AD9038JZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9038KZ o to +70°C 68-Pin Leaded Ceramic Z-68 
AD9038SE/8832 -55°C to + 125°C 68-Pin Ceramic LCC E-68A 
AD9038TEl8832 -55°C to + 125°C 68-Pin Ceramic LCC E-68A 
AD9038SZ/8832 -55°C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9038TZ/8832 -55°C to + 125°C 68-Pin Leaded Ceramic Z-68 

NOTES 
'E = Ceramic Lead/ess Chip Carrier; Z = Ceramic Leaded Chip Carrier. For outline 
information see Package Information section. 

2For specifications, refer to Analog Devices Military Products Databook. 

GROUND MECHANICAL INFORMATION 
Die Dimensions .............. 178 x 148 x 15 (±2) mils 
Pad Dimensions ........................ .4 x 4 mils 
Metalization .............................. Gold 
Backing ................................ None 
Substrate Potential .......................... - V s 
Passivation .............................. Nitride 
Die Attach .......................... Gold Eutectic 
Bond Wire ............. 1.3 mil, Gold; Gold Ball Bonding 

GROUND 

~Fn:;iiiijijii GROUND 

Q d J J J J z 

~ 
~ 

J 
J 

~ 

~ 
9 

~ 

AD90281AD9038 Pin Designations 

-VaOIGITAl 
GROUND 
GROUND 

(Note: Chip Cavity Opening Is On Bottom of Package.) 
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AD9028/AD9038 

Pin No. 

1 

Name 
AD90281AD9038 PIN DESCRIPTIONS 

Function 

6,66 

36 
35 
44--51 
20-27 
59,60 
3, 17, 18, 29, 30, 33, 
38, 41, 42, 52, 53, 63 
8 
10 
67 

11 
43 
19 
9 

13 
57 
4,32,40,64 
5, 16, 31, 39, 54, 65 
14 
56 

ANALOG INPUT 
ANALOG RETURN 

DATA READY A 
DATA READY B 
D7A-DoA 

D7s-D os 
ENCODE, ENCODE 
GROUND 

HYSTERESIS 
LSBs INVERT 
MIDSCALE VREF 

MSBINVERT 
OVERFLOW A 
OVERFLOWB 
OVERFLOW INHIBIT 

+VREF 
-VREF 
-VsANALOG 
-Vs DIGITAL 
+VSENSE 
-VSENSE 

Analog input is nominally between 0 and -2 Volts. 
Normally grounded; supplies current to input comparator circuits. Pins can be 
tied to postive potential (+ 2.0 V max), or buffered version of analog input to 
reduce capacitance and enhance dynamic performance. (See Applications.) 
Rising edge of signal can be used to externally latch DoA-D7A• 

Rising edge of signal can be used to externally latch DoB-D7s' 
ECL digital data from Data Bank A. 
ECL digital data from Data Bank B. 
Differential ECL convert signals. 
All ground pins should be connected together. 

Nortnally grounded; hysteresis control pin. 
Normally connected to -Vs. When grounded, lower order bits are inverted. 
Normally floating; midpoint of reference resistor ladder. Can be adjusted to 
minimize integral nonlinearity. 
Normally connected to -Vs. When grounded, MSB is inverted. 
ECL-compatible output indicating ANALOG IN> +VSENSE' 
ECL-compatible output indicating ANALOG IN > + V SENSE' 
Normally floating or tied to -Vs. When grounded, OVERFLOW A and B are 
disabled; DO-D7 remain at ECL logic "1" when ANALOG IN> +VSENSE' 
Normally 0 V; sets voltage reference at top of ladder. 
Normally -2 V; sets voltage reference at bottom of ladder. 
-5.2 Volts; analog supply voltage. 
-5.2 Volts; digital supply voltage. 
Voltage sense line to most positive comparator reference input. 
Voltage sense line to most negative comparator reference input. 

DEFINITIONS OF SPECIFICATIONS 

Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 

Aperture Delay 
The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 

Aperture Uncertainty (Jitter) 
The sample-to-sample variation in aperture delay. 

Data Ready Output Delay 
The delay between the 50% point of the falling edge of the 
ENCODE command and the 50% point of the rising edge of 
DATA READY A or DATA READY B. 

Differential Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 

Effective Number of Bits (ENOB) 
ENOB is a measure of ac linearity and is calculated from a sine 
wave curve fit according to the following expression: 

ENOB = N - LOG2 [ rms error (actual)/rms error (ideal) 1 
N is the resolution (number of bits) of the converter. The 
actual rms error is the deviation from an ideal sine wave, 
calculated from the converter outputs with a sine wave 
input. 

In-Band Harmonics 
The rms value of the fundamental divided by the rms value of 
the worst harmonic. 

REV. A 

Integral Nonlinearity 
The deviation of the transfer function from a reference line mea
sured in fractions of I LSB using a "best straight line" deter
mined by a least square curve fit. 

Maximum Conversion Rate 
The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran
teed limit. 

Output Delay 
The delay between the 50% point of the rising edge of the 
ENCODE command and the 50% point of output data. 

Output Time Skew 
Bit-to-bit time variations among DO to D7 outputs. In 
the AD9028 and AD9038 specifications, time skew includes 
HIGH-to-LOW and LOW-to-HIGH transitions of the digital 
output bits. 

Overvoltage Recovery Time 
The amount of time required for the converter to recover to 
8-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full scale (0 to -2 V) range of the converter. 

Power Supply Rejection Ratio 
The ratio of a change in input offset voltage to a change in 
power supply voltage. In the AD9028 and AD9038 units, - V s 
(-5.2 V) is within ±5% of its nominal value for this test. 
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AD9028/AD9038 
DEFINITIONS OF SPECIFICATIONS (continued) 

Reference Ladder Offset 
The deviation between the top (or bottom) comparator transition 
voltage as measured at the analog input, and the voltage at the 
+VREF (or -VREF) pin. This is valuable in determining the 
accuracy and adjustment range for :!: V REF sources. 

Signal-to-Noise Ratio (SNR) 
The ratio of the rms signa! amplitude to the rms value of 
"noise," which is defmed as the. sum of all other spectral com
ponents, including harmonics but excluding dc, with an analog 
input signal 1 dB below full scale. 

THEORY OF OPERATION 
Refer to the AD9038 Block Diagram. Both units use a "flash," . 
or parallel, AID architecture. The analog input voltage range is 
determined by an external voltage reference (+ V REF and 
-VREF), nominally 0 to -2 V. An internal resistor ladder 
divides this reference into 255 levels, each representing a single 
quantization level. 

The AID conversion, triggered by the ENCODE signal, is per
formed by 255 comparators. The output of the comparators 
indicates the appropriate quantization level of the analog input 
signal. The decoding logic processes the comparator outputs and 
provides an 8-bit code to the output stage. 

Flash architecture has an advantage over other AID architectures 
because the conversion occurs in one step, and the performance 
of the converter is limited primarily by the speed and matching 
of the individual comparators. A state-of-the-art bipolar process 
and careful comparator design give the AD9028/AD9038 excel
lent ac performance. A proprietary decoding scheme minimizes 
error codes, and control pins allow the user to select among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding. 

APPLICATIONS 
Voltage References 
The AD9028!AD9038 requires that the userprovide two voltage 
references: +VREF and -VREF' as shown in Figure 1. These 
two voltages are applied across an internal resistor ladder (nomi
nally 40 il) and set the analog input voltage range of the con
verter. Each voltage reference should be driven from a stable, 
low impedance source. The reference connections should be 
capacitively coupled to ground to bypass noise. 

Applying a voltage greater than 2.1 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9028!AD9038. The 
design of the reference circuit should limit the voltage available 
to the references. 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and bottom of the ladder offsets," can be nulled by 
using the voltage sense lines, + V SENSE and. - V SENSE' to adjust 
the reference voltages. Current through the sense lines should be 
limited to 100 !lA. 
The voltage at the midpoint of the resistor ladder, MIDSCALE 
VREF, can be adjusted to improve the integral linearity of indi
vidual devices. 

A suggested application in Figure 4 shows a reference circuit 
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Transient Response 
The time required for the converter to achieve 8-bit accuracy 
when a step function is applied to the analog input. 

Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signa!. 

which nulls out the offset errors using two op amps. Feedback 
from the sense lines causes the op amps to compensate for the 
offset errors. The two transistors limit the amount of current 
drawn directly from the op amp; resistors at the base and emit
ter stabilize their operation. 

"-~ "-" r.-
I 
I 

~/2 
MIDSCALE 67 

VA .. 
R/2 

I 
I 

R 

R 

-VSENSE,56)-"\""' .... ---

. 
-"IIIIV- = WIRING RESISTANCE = <1 n 
_ = TO COMPARATORS 

Figure 1. Reference Ladder 

Analog Input Signal 
The analog input circuit of the AD9028! AD9038 consists of 255 
comparator inputs and can be represented by a single transistor 
as shown in Figure 2. 

Typically, the ANALOG INPUT has an input resistance of 
100 kil. Input capacitance is characterized in Figure 3. 

With ANALOG RETURN (collector of the input transistor) 
connected to ground, collector base capacitance. causes the ana
log input capacitance to be dependent on the analog input volt
age. This varying capacitance is typical of flash converters, and 
requires that the ANALOG INPUT be driven from a low 
impedance source. This source must be capable of driving a 
capacitive load to avoid distorting the analog input signal at high 
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frequencies. In applications where the analog source cannot ade
quately drive the input capacitance, harmonic distortion will 
increase; the effect will be greatest on the second harmonic. 

AD90281 AD9038 

-VsANALOG 

Figure 2. Preferred Analog Input Configuration 

2. 

19 

,. 
'a 17 '" , 
!l ,. 
2 
;! 

~ 
,. 

11 ,. 

ANALOG RETURN 
~ GROUNDED 

.l-r: 
ANALOG RETURN = +1.5 V 

l-

ii! 13 !: 

'2 

" 
'0 

ANAtGRjRN -I' + 1V 

-2.0 -1.5 -1.0 -0.5 
ANALOG INPUT (AINI - VOLTS 

Figure 3. Input Capacitance vs. Input Voltage 

-S.2V 

10"F~ ~O.I"F 

AD9028/AD9038 
AC performance of the AD9028/AD9038 can be improved by 
connecting the ANALOG RETURN to a dc voltage between 
ground and + 1.5 V. This reduces the analog input capacitance 
and lessens its dependence on the analog input voltage (see 
Figure 3). 

The circuits shown in Figure 2 and Figure 4 show the ANA
LOG RETURN driven by a buffered version of the signal pre
sented to the ANALOG INPUT. The de level of this signal is 
1 V higher than the analog input, and thus reduces the analog 
input capacitance as described above. In addition, the signal 
cancels the ac voltage between the ANALOG RETURN and 
ANALOG INPUT connections, which minimizes the collector
base component of the analog input capacitance. The analog 
input capacitance characteristics under this condition are also 
shown in Figure 3. 

In any of the configurations described above, the user should 
drive the analog signal from a low distortion, low noise ampli
fier. A good choice is the AD9611, a wide bandwidth opera
tional amplifier with excellent ac perfortnance. 

Selection of the buffer is also important for applications in 
which the analog input signal is applied to the ANALOG 
RETURN. The gain of the buffer should be set as close to 1 as 
possible, and the buffer should have a low phase shift at the fre
quencies of interest. It must also be able to supply the cUrtent 
required, typically 14 rnA. 

Harmonic distortion at the ANALOG RETURN is not as criti
cal as that at the ANALOG INPUT, but should remain less 
than 40 dB (out to 100 MHz) to maximize converter perfor
mance. The input impedance at this node is approximately 
6.5 k!l in parallel with 25 pF. Monolithic wideband operational 
amplifiers and closed loop buffers should be suitable for driving 
this input. 

-S.2V 

~10"F 

ANAt'bG 
ENCODE 

O.I"F~ 

-Vs 
DIGITAL 

GROUND 

ANALOG 
INPUT o---.... ~,.,.-4I>-t 

SIGNAL 
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ENCODE 

AD9038 

MIDSCALE 

Figure 4. AD9038 Typical Application 
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AD9028/AD9038 
Timing 
In the AD9028, the rising edge of the ENCODE signal triggers 
the AID conversion by latching the comparators. The falling 
edge of the ENCODE signal returns the comparators to track 
mode and triggers the Data Ready signal. 

ENCODE and ENCODE are ECL compatible and should be 
driven differentially. Jitter on the ENCODE signal will raise the 
noise floor of the converter. Differential signals, with fast clean 
edges, will reduce the jitter in the signal and allow optimum ac 
performance. In applications with a fixed, high frequency 

N N+l 

ENCODE 

encode rate, converter performance is also improved (jitter 
reduced) by using a crystal oscillator as the system clock. 

The AD9028 is designed to operate with a 50% duty cycle 
ENCODE signal; adjustment of the duty cycle may improve the 
dynamic performance of individual devices. Since the ENCODE 
signal is driven differentially, the logic levels are not critical. 
Users should remember, however, that reduced logic levels will 
reduce the slew rate of the edges, and effectively increase the 
jitter of the signal. ECL terminations for the ENCODE and 
ENCODE signals should be as close as possible to the AD9028 
package to avoid reflections. 

N+2 N+3 

'--_t--,-__ ....JX DATA FOR N X DATA FOR N+l x== 
DATA READY A 

DATA READY B 

N-l 

ANALOG --.... -
INPUT 

--I I--t. 
ENCODE __ "\,,1 __ ---. 

AD9028 Timing Diagram 

N N+l 

N 

tPD~ I 

: : 

t. - APERTURE DELAY 
too - OUTPUT DELAY 
t,.., - PIPELINE DELAY 
to. - DATA READY OUTPUT DELAY 

N+2 

~ -j;;(! ~I-----'! 

Br:.~AA =x : ! X'-____ D_A1:_A_F_O_R_N __ _ 

R~~¢A ________ ~ __ ~_·;;__ ! ,,~ __________ ~/ N 

:':..~AB __________ ~X J.p DATA FOR N-l 

R~~¢ B ,,'-_______ . N-l ,,'-_____ _ 

~ N+l 

AD9038 Timing Diagram 
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Output data of the AD9028, DOA-D7A and OVERFLOW A, as 
well as the data ready signals, are also ECL compatible, and 
should be terminated through 100 n to -2 V (or an equivalent 
load). The output data can be latched on the rising edge of the 
DATA READY A output. For the AD9028, the DATA READY 
B output is simply the complement of DATA READY A. 

Timing for the AD9038 is similar to the AD9028, except at the 
output, where the data is demultiplexed to two separate ports. 
Successive data samples alternate between the two ports, reduc
ing the output data rate at either port to one-half the encode 
rate. Data at port A (DOA-D7A and OVERFLOW A) can be 
latched externally using the rising edge of DATA READY A. 
The rising edge of DATA READY B can be used to latch the 
data at port B (DOB-D7B and OVERFLOW B). 

The data ready outputs for both the AD9028 and AD9038 are 
designed to track timing shifts over temperarure. 

Data Format 
The format of the output data is controlled by the MSB 
INVERT and LSBs INVERT pins. These inputs are de control 
inputs and should be connected to GROUND or -Vs. The 
AD9028/AD9038 Truth Table gives information to choose 
among Binary, Inverted Binary, Twos Complement and 
Inverted Twos Complement coding. 

The OVERFLOW INHIBIT pin controls how the converter 
handles overflow situations (ANALOG INPUT> + V SENSE)' 
For normal operation, the OVERFLOW INHIBIT is connected 
to -Vs, and the output data bits (DOA-D7A or DOB-D7B) will be 
at a logic LOW when ANALOG INPUT> + V SENSE (return to 
zero operation). The overflow bit (OVERFLOW A or OVER
FLOW B) will indicate this condition with a logic HIGH. When 
the ANALOG INPUT is in range « +VSENSE)' the overflow 
bit will remain at logic LOW. 

If the OVERFLOW INHIBIT pin is connected to ground, the 
overflow bit will be disabled, and the output data will remain at 
logic high for overflow conditions. The overflow bits are not 
affected by the bit invert control pins (MSB INVERT and LSBs 
INVERT). 
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AD9028/AD9038 
Layout and Power Supplies 
Proper layout of high speed circuits is always critical, but is par
ticularly important when both analog and digital signals are 
involved. 

Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 

Digital signal paths should also be kept short, and run lengths 
matched to avoid propagation delay mismatch. Proper ECL ter
minations should be located near the packages of successive 
gates. 

In high speed circuits, layout of the ground circuit is the most 
important factor. A single, low impedance ground plane, on the 
component side of the board, will reduce noise on the circuit 
ground. 

Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow 
designers to layout signal traces without interrupting the 
ground plane. 

It is especially important to maintain the continuity of the 
ground plane under and around the AD9028/AD9038. If the 
system design separates the digital and analog grounds, analog 
ground is the preferred ground point for the AID section of the 
system. 

The tops of the AD90281AD9038 packages are internally con
nected to the device substrates, and electrically connected to 
- V s. The top of the package is designed to serve as a heat sink; 
the bottom of the package is not internally connected. 

Sockets limit the dynamic performance and should be used only 
for prototypes or evaluation. 
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K-DIGITAL BITS I AND OVERFLOW 

Equivalent Digital Outputs 
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REV. A 

AD9028/AD9038 

Offset Binary Twos Complement 

Ovrfl. 
Step Range Inh. True Inverted True Inverted 

256 
256 
255 
254 

129 
128 
127 

02 
01 
00 

0= -2 V MSB INV. = "0" MSB INV. = "I" MSB INV. = "1" MSB INV. = "0" 
FS = OV LSBs INV. = "0" LSBs INV. = "1" LSBs INV. = "0" LSBs INV. = "1" 

2:0.000 "0" (1 )00000000 (l)1lI I 1lI1 (1) 1 0000000 (l)01111111 
2:0.000 "1" (0)1 II 1lI11 (0)00000000 (0)01111111 (0) 10000000 
-0.008 x 11I111l1 00000000 Olllllll 10000000 
-0.016 x 11111110 00000001 01111110 10000001 

-0.992 x 10000000 01111111 00000000 1lI11111 
-1.000 x 01ll1l11 10000000 11111111 00000000 
-1.008 x 01111110 10000001 11111110 00000001 

-1.992 x 00000010 11111101 10000010 01111101 
-2.000 x 00000001 11111110 10000001 01ll1ll0 
<-2.000 x 00000000 11111111 10000000 Olllllll 

The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, 
LSBs INVERT, and OVERFLOW INHIBIT are considered dc controls. 

0.0 V 

-2.0 V 

AD1 

AD2 

AD3 
loon 
INPUT 

RESISTORS 

-5.2V 

t 
-v. 

OVRFLA 

+VREF D,. 

VAEF D .. 

D,. 

A'N D .. 

ENCODE 0,. 
ENCODE D2A 

D,. 

D •• 

OVRFL B 

D,. 

~ 
De. 

Z D,. 
0 

S D •• .. D,. Q 
C 0,. 

D,. 

GROUND D •• 

~ 

AD90281AD9038 Truth Table 

30111 
LOAD 

RESISTORS 

::!:: ~0.1"F 
ALL RESISTORS ±5% 
ALL CAPACITORS ±20% 
ALL SUPPLY VOLTAGES ±5% 

S TATIC: AD1 = 0 V 
AD2 = ECL HIGH 
AD3 = ECL LOW 

DYNAMIC: 
____ ____ _ - 0.0 V 

AD1~ ~ --..........---_ -2.0V 

I'-- 640 .... --I 

AD3 .fl.fl.fl.flfl. = 
--/5,...f.-

HIGH 

LOW 

HIGH 

LOW 

AD90281AD9038 Burn-In Diagram 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
25 MSPS (AD9032). 20 MSPS (AD9034) 

Conversion Speeds 
On-Board T IH. References. Timing 
Low Power: 5 W 
Single 4O-Pin Package 
70 dB Spurious-Free Dynamic Range 

to 10 MHz 
Bipolar Input: :i:1.024 V 

APPLICATIONS 
Radar 
Signal Intelligence 
Digital Spectrum Analyzers 
Madicellmaging 
Electro-Optics 

GENERAL DESCRIPTION 
The AD9032 is the world's fastest (25 MSPS 
analog-to-digital converter CADC), and 
track-and-hold technology. The 
board TIH, voltage references, and 
single 4O-pin hybrid package. The com 
converter operates at word rates of 20 MSP 

This ECL-compatible ADC requires only +5 
supplies, an analog input, and a stable ECL clock to obtain the 
best dynamic performance available in a 12-bit ADC. 

ANALOG 
INPUT 

12-Bit, 25/20 MSPS 
AID Converters 

AD90321AD9034 I 
FUNCTIONAL BLOCK DIAGRAM 

1-7"--+-1'- DIGITAL 
DUTPUT 

AD9032J34 

~~~Ic~lil--------------------~~DATA 
READY 

ce has been optimized to achieve SNR of 
spurious-free dynamic range CSFDR) of 72 dB for 
. ths up to 10 MHz. All dynamic performance is 

pIe rates from dc to 25.6 MSPS. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD90321AD9034 -SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (+Vs = +5 V; -vs = -5.2 V; Encode = 25.6 MSPS. unless otberwlsa not...) 

Test AD9032AD/AZ AD903ZBDIBZ AD903Zmrrz 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION lZ 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity +25"C I 1.0 0.5 0.7 0.5 0.7 LSB 

Full VI 1.0 1.0 1.0 LSB 
Integral Nonlinearity +25"C I 0.7 0.7 0.7 LSB 

Full VI 1.0 1.0 1.0 LSB 
No Missing Codes Full VI Guaranteed Guaranteed Guaranteed 
Offset Error +25"C I 5 10 5 10 5 10 LSB 

Full VI 25 25 50 LSB 
Gain Error +25"C I ±0.5 ±1.0 ±0.5 ±1.0 ±0.5 ±1.0 LSB 

Full VI ±2.0 ±2.0 ±2.0 LSB 

ANALOG INPUT 
Input Voltage Range +25"C I ±1.024 ±1.024 ±1.024 V 
Input Bias Currentl +25"C I 100 100 ,..A 

Full VI 200 200 ,..A 
Input Resistance . +25"C VI 350 350 kG 
Input Capscitance +25"C ID 2 10 2 10 pF 
Analog Bandwidth +25"C ID 150 150 MHz 

SWITCHING PERFORMANCEz 
Conversion Rate Full 26 MSPS 
ApertUre Delay (tAJ Full 2 4 7 ns 
ApertUre Uncertainty Gitter) Full 5 10 ps, rms 
Output Delay (toD) Full 16 20 24 ns 
Data Ready Delay Full 24 28 32 ns 
Output Time Skew Full 1 2 ns 

ENCODE INPUT 
Logic "1" Voltage Full -1.1 V 
Logic "0" Voltage Full -1.5 -1.5 V 
Logic "I" Current Full 300 150 300 ,..A 
Logic "0" Current Full 300 150 300 ,..A 
Input Capscitance +25"C 5 pF 
PuJse Width (High) +25"C 10 10 10 ns 
Pulse Width (Low) +25"C 10 10 10 ns 

DYNAMIC PERFORMANCE 
Transient Response +25"C IV TBD 40 TBD 40 TBD 40 ns 
Overvoltage Recovery Time +25"C IV TBD 70 TBD 70 TBD 70 ns 
Harmonic Distortion 
Analog Input @ 1.2 MHz +25"C I TBD 80 TBD 80 TBD 80 dBc 

@1.2MHz Full VI TBD TBD TBD dBc 
@4.3MHz +25"C V 76 76 76 dBc 
@9.6MHz +25"C I TBD 74 TBD 74 TBD 74 dBc 
@9.6MHz Full VI TBD TBD TBD dBc 

Signal-ta-Noise Ratio3 

Analog Input @ 512 kHz +25"C I 66 68 66 68 66 68 dB 
@512kHz Full VI 65 65 64 dB 
@4.3MHz +25"C V TBD TBD TBD dB 
@9.6MHz +25"C I 64 TBD 64 TBD 64 TBD dBc 
@9.6MHz Full VI 63 63 62 dBc 

Twa-Tone Intermodulation +25"C V 74 77 77 dBc 
Distortion Rejection' 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD90321AD9034 
Test AD9032AD/AZ AD9032BDIBZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max 

DIGITAL OUTPUTS' 
Logic "I" Voltage Full VI -1.1 -1.1 
Logic "0" Voltage Full VI -1.5 -1.5 
Output Coding 2s Complement 2s Complement 

POWER SUPPLY 
+Vs Supply Voltage Full VI 4.75 5.0 5.25 4.75 5.0 5.25 
+ V s Supply Analog Current Full VI 250 285 250 285 
-Vs Supply Voltage Full VI -5.45 -5.2 -4.95 -5.45 -5.2 -4.95 
- V s Supply Analog Current Full VI 500 525 
- V s Supply Digital Current Full VI 310 330 
Power Dissipation Full VI 5.4 6 
Power Supply 

Rejection Ratio (PSRR)s Full VI 2.5 5.0 

NOTES 
1 Measured with analog input = 0 V. 
'Outputs terminated through 510 n to -5.2 V; CL < 4 pF. 
'RMS signa! 10 rms noise with analog input signal I dB below full scale at specified frequency. 
4lntermodulation measured with analog input frequencies of II MHz and 12 MHz at 7 dB bel 
'PSRR is sensitivity of offset error to power supply variations within the 5% limits 

Specifications subject to change without notice. 

500 525 
310 330 
5.4 6 

2.5 5.0 

AD9032TDITZ 
Min Typ Max 

-1.1 
-1.5 

2s Complement 

4.75 5.0 5.25 
250 285 

-5.45 -5.2 -4.95 
500 525 
310 330 
5.4 6 

2.5 5.0 

ABSOLUTE MAXIMUM RATINGS l TEST LEVELS 
+Vs ........................ . 
-Vs ...........•.......... production tested. 

Units 

V 
V 

mA 
mA 
mA 
mA 
mA 
W 

mVN 

Analog Input ............ . 
Digital Inputs .....•.••.. 
Digital Output Current ...... . 

roduction tested at + 25"C, and sample tested at 
temperatures. AC testing done on sample basis. 

tested only. 
Operating Temperature Range 

AD9032ADIBD/AZlBZ ...••...•... ,,- to 
AD9032TDITZ ..........•....... 'I!. 550C to + 1 

Maximum Junction Temperature' ...........•.• + 17 
Lead Temperature (Soldering, 10 seconds) ........ +300"C 
Storage Temperature Range ..........• -65°C to + I5O"C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical tbermal impedances: 8CA = 12"C/W; T,Tc = IO"C max (worst case 
die junction temperature rise). 

arameter is guaranteed by design and characterization 
testing. 
Parameter is a typical value only. 
All devices are 100% production tested at + 25"C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercia1lindustrial devices. 

ORDERING GUIDE 

Temperature Package 
Model Range Description Optionl 

AD9032AD -25°C to +85"C 4O-Pin Ceramic DIP, Industrial Temperature D-40 
AD9032AZ' -25"C to +85oC 4O-Pin Leaded Flatpack, Industrial Temperature Z-40 
AD9032BD -25"C to +85oC 4O-Pin Ceramic DIP, Industrial Temperature D-40 
AD9032BZ' -25"C to +85"C 4O-Pin Leaded Flatpack, Industrial Temperature Z-40 
AD9032TD -55°C to +125oC 4O-Pin Ceramic DIP, Military Temperature D-40 
AD9032TZ' -55"C to +125oC 4O-Pin Leaded Flatpack, Military Temperature Z-40 

NOTES 
1 D = Ceramic DIP; Z = Ceramic Leaded Chip Carrier. For outline informstion see Package Informstion section. 
'Surface mount leaded packages are tested and shipped with unfonned leads. Consult the factory for price and 
availability of packages with fonned leads. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD90321AD9034 

.~ ANALOG t. · . ... -~J\ 
ENCODE 

TIH 

DATA 
OUTPUT 

DATA 
READY 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
40 MSPS Conversion Speed 
Low Power: < 1 W 
On-Board T/H 
2 V p-p Analog Input 
Fully Characterized Dynamic Performance 

APPLICATIONS 
Medical Imaging 
Digital Oscilloscopes 
Professional Video 
Communications 
Advanced Television (MUSE Decoders) 

GENERAL DESCRIPTION 
The AD9040 is a complete lO-bit sampling analog-to-digital con
verter (ADC) with on-board track-and-hold. The unit is de
signed for low cost, high performance applications and requi 
only an encode signal to achieve 40 MSPS sample rate 
10-bit resolution. 

Digital inputs and outputs are TTL/CMOS 
analog input requires a signal of 2 V 
driven differentially. The two-ste 
AD9040 is optimized to provide t 
available while maintaining low po 

10-Bit, 40 MSPS 
AID Converter 

AD9040 I 
FUNCTIONAL BLOCK DIAGRAM 

ENCODE 

00-09 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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A09040-· SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (Yoo = Vee = +5 V; Vss = VEE = -5 V; ENCODE = 40.5 MSPS, unless otherwise noted) 

Test AD9040JN/JP AD9040KNIKP AD9040TEITQ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 10 Bits 

DC ACCURACY 
Differential Nonlinearity +25"C TBD TBD 0.5 1.0 0.5 1.0 LSB 

Full VI TBD 1.0 1.0 LSB 
Integral Nonlinearity +25"C I TBD TBD 0.5 1.0 0.5 1.0 LSB 

Full VI TBD 1.0 1.0 LSB 
No Missing Codes Full VI Guaranteed Guaranteed 
Gain Error +25"C I TBD TBD TBD TBD TBD TBD %FS 

Full VI TBD TBD TBD %FS 
Gain Tempco Full V TBD TBD TBD ppmf'C 

ANALOG INPUT 
Input Voltoge Range +25°C V 2 2 2 Vp-p 
Input Offset Voltoge +25"C I 20 20 mV 

Full VI 40 mV 
Input Bias Current +25°C I 1.0 JJA 

Full VI 2.0 fLA 
Input Resistonce +25"C III 100 100 kO 
Input Copacitonce +25"C III 10 pF 
Analog Bandwidth +25"C III 50 MHz 

BANDGAP REFERENCE 
Output Voltoge TBD 1.2 TBD V 

TBD TBD V 
Temperature Coefficient TBD ppmf'C 

SWITCHING PERFORMANCE 
Conversion Rate 40 MSPS 
Aperture Delay (tA) ns 
Aperture Uncertointy (Jitter) ps rms 
Output Delay (tooi + 25°C TBD 4 TBD TBD 4 TBD ns 

Full TBD TBD TBD TBD TBD ns 
Output Time Skew! +25"C IV 2 2 2 ns 

DYNAMIC PERFORMANCE 
Transient Response +25"C V TBD TBD TBD ns 
Overvoltage Recovery Time +25"C V TBD TBD TBD ns 
Effective Number of Bits (ENOB) 

fIN = 2.3 MHz +25"C 9.0 9.0 9.0 Bits 
fIN = 10.3 MHz +25"C 9.0 9.0 9.0 Bits 

Signal-to-Noise Ratio2 

fIN = 2.3 MHz +25°C 56 58 56 58 56 58 dB 
fIN = 10.3 MHz +25°C 56 58 56 58 56 58 dB 

Signal-to-Noise Ratio2 

(without harmonics) 
fIN = 2.3 MHz +25"C 56 58 56 58 56 58 dB 
fIN = 10.3 MHz +25"C 56 58 56 58 56 58 dB 

2nd Harmonic Distortion 
fIN = 2.3 MHz + 25°C 70 70 70 dBc 
fIN = 10.3 MHz +25°C 62 62 62 dBc 

3rd Harmonic Distortion 
fIN = 2.3 MHz +25°C 70 70 70 dBc 
fIN = 10.3 MHz +25°C I 62 62 62 dBc 

Two-Tone IntermoduIation +25°C V dBc 
Distortion Rejection' TBD TBD TBD 

Differential Phase +25"C III 0.5 0.5 0.5 Degtee 
Differential Gain +25°C III 1 % 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Test AD9040JN/JP 
Parameter (Conditions) Temp Level Min Typ Max 

ENCODE INPUT 
Logic "I" Voltage 
Logic "0" Voltage 
Logic "1" Current 
Logic "0" Current 
Input Capacitance 
Encode Pulse Width (High) (tEH)' 
Encode Pulse Width (Low) (tEL)' 

DIGITAL OUTPUTS 
Logic "I" Voltage (IOH = 2 mAl 
Logic "0" Voltage (lOL = 10 rnA) 

POWER SUPPLY 
VDD Supply Current 
V cc Supply Current 
V 55 Supply Current 
VEE Supply Current 
Power Dissipation 
Power Supply 

Rejection Ratio (PSRR)5 

NOTES 

Full VI 
Full VI 
Full VI 
Full VI 
+25°C V 
+25OC IV 
+25°C IV 

Full VI 
Full VI 

Full VI 
Full VI 
Full VI 
Full VI 
Full VI 

+25°C 

lOutput delay measured as worst-case time from 50% point of the £ 
Output skew measured as worst-case difference in OUtput delay 

'RMS signal to rms noise with analog input signal I dB 
3lntermodulation measured with analog input fi 
4For rated performance at 40 MSPS, du 
5Measured as the ratio of the worst-case 
Specifications subject to change without 

ABSOLUTE MAXIMUM RATI Sl 
+Vs (VDD and Vee) ............... . 

2.0 

TBD 
TBD 

2.4 

-Vs (Vss and VEE) ......................... -
Analog In .......................... -Vs to + s 
Digital Inputs ........................ 0 V to + V s 
Digital Output Current ...................... 20 rnA 
Operating Temperature 

AD9040JN/JP/KN/KP ................ O°C to +70°C 
AD9040TElTQ .................. - 55°C to + 125°C 

Storage Temperature ................ -65°C to + 150°C 
Maximum Junction Temperature2 •••••••••••••• + 175°C 
Lead Soldering Temp (10 sec) ................ + 300°C 

NOTES 
I Absolute maximum ratings afe limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: "N" Package (Plastic DIP): alC = 7"CIW; 
alA = 42"C1W; "P" Package (PLCC): a lC = IO"C/W; alA = 48"C1W; "E" 
Package (Ceramic LCC): 0IC = 23'CIW; alA = 69'CIW; "Q" Package (Ce· 
ramie DIP): a lC = 2S'CIW; alA = 7S"C/W. 

0.8 
10 
10 

0.4 

TBD 
TBD 
TBD 

0.9 

AD9040 
AD9040KNIKP AD9040TElTQ 

Min Typ Max Min Typ Max Units 

2.0 2.0 V 
0.8 0.8 V 
10 10 fLA 
10 10 fLA 

pF 
TBD TBD ns 
TBD TBD ns 

2.4 2.4 V 
0.4 0.4 V 

TBD TBD rnA 
TBD TBD rnA 
TBD TBD rnA 
TBD TBD rnA 
1.2 0.9 1.2 W 

TBD TBD TBD mVN 

slowest rising or falling edge of DO-D9. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
35MSPS Encode Rate 
16pF Input Capacitance 
550mW Power Dissipation 
Industry-Standard Pinouts 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Professional Video Systems 
Special Effects Generators 
Electro-Optics 
Digital Radio 
Electronic Warfare IECM, ECCM, ESM) 

GENERAL DESCRIPTION 
The AD9048 is an 8-bit, 3SMSPS flash converter, made on a 
high speed bipolar process, which is an alternate source for the 
TDC 1 048 unit but offers enhancements over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. 

Because of its wide bandwidth, it is an ideal choice for real-time 
conversion of video signals. Input bandwidth is flat with no 
missing codes. 

Clocked latching comparators, encoding logic and output buffer 
registers operating at minimum rates of 3SMSPS preclude a 
need for a sample-and-hold (SIH) or track-and-hold (T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 

Devices operating over two ambient temperature ranges and 
with two grades of linearity are available. Linearities of either 
O.SLSB or 0.7SLSB can be ordered for a commercial range of 0 
to + 70·C, or extended case temperatures of - SS"C to + l2S·C. 
Commercial versions are packaged in 28-pin DIPs; extended 
temperature versions are available in ceramic DIP and ceramic 
LCC packages. Both commerciaI units and MIL-STD-883 units 
are standard products. 

The AD9048 AID convener is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9048/883B data sheet for detailed 
specifications. 

REV. A 

Monolithic 8-Bit 
Video AID Converter 

AD9048 I 
FUNCTIONAL BLOCK DIAGRAM 
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AD9048 - SPECIFICATIONS (typical with nominal supplies unless otherwise noIIId) 

ABSOLUTE MAXIMUM RATINGS l 

Vee to DGND .... -O.5V dc to +7.0V dc 
AGND to DGND .••.•...... -O.5V dc to +O.5V dc 
VEE to AGND .. ; ........•. +O.5V dc to -7.0V dc 
VIN, VRT or VRB to AGND .•.•....... +O.5V to VEE 
VRT to VRB •••••••••••••• -2.2V dc to +2.2V dc 
CONY, NMINV or NUNV to DGND. -O.5Vdcto +5.5Vdc 
Applied Output Voltage to DGND. -O.5V dc to + 5.5V d~ 
Applied Output Current, Externally Forced 

.....•.. , •.•....... -1.0mA to +6.0mA3, 4 

Output Short-Circuit Duration . . • . . . 
Operating Temperature Range (Ambient) 

AD9048JN/KNIJJlKJ/JQIKQ ....• 
AD9048SElSQITEffQ . . . . . • . . . 

Maximum Junction Temperature (Plastic) 
Maximum Junction Temperature (Hermetic) 
Lead Temperature (Soldering, 10sec) 
Storage Temperature Range .. . . . . . . . 

... l.Osec5 

o to +70"C 
- 55"C to + 125°C 

+ lSOOC6 

..... +1750& 

. . . .. +300"C 
-65"C to + 15O"C 

ELECTRICAL CHARACTERISTICS <Vee = +5.DY; vEE= -5.2V; DiffaI8lltiaI Ralarance VoIlap=2.OV, unless oIh8IWise noIIId) 

AD9848JN!JJIJQ AD9048KNIKJIKQ AD9G48SEISQ AD9048TI!ITQ 
Toot 

Parameter(CcnuIitioaa) T_ Leve1 MIa TJp Mas MIa TJp Mas Mia TJp Mas Mia TJp Mas Vails 

RESOLUTION 8 8 8 8 Bits 

DCACCURACY 
Differential Nonlinearity +25"C I 0.4 0.75 0.3 0.5 0.4 0.75 0.3 0.5 LSB 

Full VI 1.0 0.75 1.0 0.75 LSB 
Integral Nonlinearity +25"C I 0.6 0.75 0.4 0.5 0.6 0.75 0.4 0.5 LSB 

Full VI 1.0 0.75 1.0 0.75 LSB 
NoMissiDgCodes Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 

INITlAL OFFSET BRROR 
TopofRefercm:e Ladder +25"C I 5 12 5 12 5 12 5 12 mV 

Full VI 12 12 12 12 mV 
Bottom of Ref......., Ladder +25"C I 4 8 4 8 4 8 4 8 mV 

Full VI 8 8 8 8 mV 
Offset Drift CoefIicienI Full V 20 20 20 20 .. vrc 

ANALOG INPUT 
InPUI VollIII" Ranse Full V -2.1; -2.1; -2.1; -2.1; 

+0.1 +0.1 +0.1 +0.1 V 
InPUI Bias CummI7,8·· +25"C I 36 60 36 60 36 60 36 60 ~ 

Full VI 100 100 100 100 ~ 
Inpul ResisIanc:e +25"C I 200 300 200 300 200 300 200 300 kfi 

Full VI 40 40 40 40 kfi 
InPUI CapocjllDce +25"C III 16 20 16 20 16 20 16 20 pF 
FuIIPowerBandwidthlo +25"C III 10 15 10 IS 10 IS 10 IS MHz 

REFERENCE INPUT 
Positive Refercm:e VollIII"ll Full V 0.0 0.0 0.0 0.0 V 
Neptive Reference VollIII"l I Full V -2.0 -2.0 -2.0 -2.0 V 
Differential Reference VollIII" Full V 2.0 2.0 2.0 2.0 V 
Reference Ladder ResisIlDc:e Full VI 50 90 125 50 90 125 50 90 125 50 90 125 n 
LadderTempcralUrCCoefIicienI Full V 0.22 0.22 0.22 0.22 nrc 
Reference Ladder Currenll2 Full VI 23 40 23 40 23 40 23 40 mA 
Reference IoPUI Bandwidth +25"C V 10 10 10 10 MHz 

DYNAMIC PERFORMANCE" 
Convenion Rate12• I. +25"C I 35 38 35 38 35 38 35 38 MHz 
AperIW"e Delay +25"C III 2.4 5 2.4 5 2.4 5 2.4 5 DB 

AperIW"e Uncertainty Giner) +25"C III 25 50 25 50 25 50 25 50 po 
Outpul Delay (IPO)I. IZ +25"C I 13 IS 9 IS 9 IS 9 IS DB 

Outpul Hold Time (loR)" +25"C I 5 8 5 8 5 8 5 8 DB 

Tr1IIlIienl Respoose16 +25"C I 6 20 6 20 6 20 6 20 DB 

Ovcrvoillll" Recovery Timel7 +25"C V 8 8 8 8 DB 

Rise Time +25"C I 9 9 9 9 DB 

Fall Time +25"C I 14 14 14 14 DB 

Outpul Time Slmr" +25"<: I 4.5 7 4.5 7 4.5 7 4.5 7 DB 

NMINV aodNUNV INPUTS'·IZ 
+ 0.4V InPUI Currenl Full VI 200 200 200 200 ~ 
+ 2.o4V InPUI Current Full VI 10 10 10 10 ~ 
+5.5VInpuICurrenl Full VI 10 10 10 10 ~ 

CONVI!RTINPUT 
Logic "1"VollIII" Full VI 2.0 2.0 2.0 2.0 V 
Logic "0" Voltase Full VI 0.8 0.8 0.8 0.8 V 
Logic "I" Currenl(VI = +2.4V)'·IZ Full VI IS 15 15 IS ~ 
Logic "I" Currenl (VI = +5.5V)1.l2 Full VI 15 15 15 15 ~ 
Logic"O"Cumm~·IZ PuU VI 500 500 500 SOO ~ 
Inpul CapocjllDc:e +25"C III 4 6 4 6 4 6 4 6 pF 
Convert Pulsc Width (LOW) +25"C I 18 18 18 18 DB 

Conven Pulse Width (HIGH) +25"C I 10 10 10 10 DB 
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AD9048 
AD9G4IlJN/D/JQ AD9G4IlKNIKJIKQ AD9048SElSQ AD9848TI!ITQ 

Tnt 
._(Coaditioal) Temp Level Min Tn> Max Min Typ Max Min Tn> Max Min Tn> Max Valla 

ACL1NEA1UTY 
in-BInd Harmonics 

de to 2.438MHz19 +25"<: I 47 50 49 55 47 SO 49 55 cIBc 
dcto9.35MHz'" +25"<: V 48 48 48 48 cIBc 

SipaI-to-Noise Ratio (SNR)" 
1.248MHzlnput Freq~' +25"<: I 43.5 44 4S 46 43.5 44 45 46 dB 
2.438MHzlnputF~' +25"<: I 43 44 44 46 43 44 44 46 dB 
1.248MHz Input Frequency2l +25"<: I 52.5 53 54 55 52.5 53 54 55 dB 
2.438MHz Input Frequency2l +25"<: I 52 53 53 55 52 53 53 55 dB 

Sipal-to-Noise Ratio (SNR)", 
1.248MHzlnputFreq~' +25"<: I 43.5 44 4S 46 43.5 44 45 46 dB 
9.35MHzlnputFreq~' +25"<: V 40.5 40.5 40.5 40.5 dB 

Noise Power Ratio (NPR)" +25"<: III 36.5 39 36.5 39 36.5 39 36.5 39 dB 
Differential J'Iwe'4 +25"<: III I 1 1 1 Dqp-ee 
Differential Gain24 +25"<: In 2 2 2 2 % 

DIGITAL OUTPUTS 
LoP: "I" Vol." Full VI 2.4 2.4 2.4 2.4 V 
LoP: ''0'' Vol." I. Full VI 0.5 0.5 0.5 0.5 V 
Short CircuitCurm!t' Full VI 30 30 30 30 mA 

POWER SUPPLY 
Positive Supply Curm!t ( + 5.5V) +25"<: I 34 46 34 46 34 46 34 46 mA 
(VEE = - 5.5V) Full VI 48 48 48 48 mA 
NeptiveSupplyCurm!t( - 5.5V) +25"<: I 90 110 90 110 90 110 90 110 mA 

Full VI 120 120 120 120 mA 
NomiDaI Power Dilsipstioo +25"<: V SSO 5SO 5SO 5SO mW 
IWereu<:e Ladder Dissipstion +25"<: V 45 45 45 45 mW 

NOTES: 
I Muimum .. tiop ... limilios values, to be applied individuaUy, and beyoDd wbiclI the serviteability of the deW:e may be impsiled. I'IlDctioDaI operatioD UDder my of these 
CODditioDa is DOt oecaoariIy implied. &posure to _ute maaimum .. Iios amditioos for eatmcIed periods of time may affect deW:e _ty. 

'Applied vol. mUll be cunmt-limited to specified nuse. 
'ForciDa vol. mUll be limited to specifted nuse. 
"Curmtt is specified IS DCpIive ....... fIowiDs into the deW:e. 
'Output Hip; ODe pin to powuI; ODe oa:oad dumtioa. 
'Typical tbermaI impedances (no air Row) lie IS follows: 

Ceramic DIP: alA = 49"C/W; a/c = 1S-ctW LCC: a/A = 69"C1W; a/c =21-ctW 
PlasIic:DIP: a/A = SII"CIW; 8/c = 16-ctW 'LCC: 81A = 59; 8)C= 19 

Tocs1culale junction remperatwe(T I)' use powerdisoipstioa (PD)and thermal impodanc:e: 
T/=PD(aIAl+TAMIIl!NT=PD(aJCl= +TCAS• 

'Measured with V,N = OVandCONVBRTIow(ssmplinamode). 
"Vee = +S.5V 
'V •• = -S.SV 
'''Determined by beat freq_t..au, foroo misoiDscodes. 
IIVRT ~ VuUDderaDcircumstaDCel. 
''V •• = -4.9V 
''OutpUIB termiDotod with40pF and 8100 puD-up nsiaton. 
'"Vee = +4.SV 
"lnterwl from SO% point ofleadiDsedaeCONVBRT pulse tocbaqe in output data. 
16PorfuU sc:aIc ltepinput, 8-bit accuracy attained in specified time. 
"Recoven to B-bitaccuracy in spec:ifiod _after - 3V input_III". 
"Output time skew incIudeabiab-.... Iowand Iow-.... biab _tiODa IS wen .. bit-to-bit _skewdiffemu:es. 
19Measured.I20MHzencode .. tewith ........ inpulldBbeIowfuD..,.. 
2OMeasured .. 3SMHzODCOderatewith ........ inpulldBbeIowfuDacsIc. 
21RMS IipaI tormsooise. 
''Pesksipal torDll noise. 
"DC to8MHzooise bandwidth with 1.248MHz slot; foursiptalosdins; 2OMBzencode. 
'"CIock&equeocy =4x NTSC= 14.32MHz. Measuredwith40-IREmocIulatedmmp. 
Spedficatioaaaubject todtaapwitboutoolic:e. 

EXPLANATION OF TEST LEVELS 

Test Level I 
Test Level II 

Test Level III 
Test Level IV 

REV. A 

- 100% production tested. 
- 100% production tested at + 25"C and 

sample tested at specified temperatures. 
- Sample tested only. 
- Parameter is guaranteed by design and 

characterization testing. 

Test Level V 
Test Level VI 

- Parameter is a typical value only. 
- All devices are 100% production tested at 

2S"C. 100% production tested at temperature 
extremes for military temperature devices; 
sample tested at temperature extremes for 
commercial/industrial devices. 
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AD9048 

DIP 

os 

NC=NOCONNECT 

ORDERING GUIDE 

Pac:kage 
Model linearitY Temperature Option! 

AD9048JN 0.75LSB Oto +70"<: N-28 
AD9048KN 0.5LSB Oto + 70°C N-28 
AD9048J] 0.75LSB Oto + 70°C J-28 
AD9048KJ 0.5LSB Oto + 70°C J-28 
AD9048JQ 0.75LSB Oto +70"<: Q-28 
AD9048KQ 0.5LSB Oto +700C Q-28 
AD9048SE2 0.75LSB - 55°C to + 125°C E-28A 
AD9048TE2 0.5LSB -55°Cto + 125°C E-28A 
AD9048SQ2 0.75LSB - 55°C to + 125"<: Q-28 
AD9048TQ2 0.5LSB - 55°C to + 125°C Q-28 

NOTES 
'E = LeadlessCeramicChipCarrier;J =J-LeadedCeramic;N = PlasticDlP;Q = Cerdip. 
For outline information see Package Information section. 

'Por specifications, refer to Analog DevicesMilitary Products Databook. 

MECHANICAL INFORMATION 

DGND 5 

V~ • 

V .. 7 

VEE 8 

VEE 9 

Yoo10 

DGND11 

Die Dimensions . 
Pad Dimensions 
Metalization . . . 
Backing ..... 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

PIN CONFIGURATIONS 

LCC 

iii 
OJ > 
~ !! 

a S II C I I ~ 
4 3 2 • 28 27 26 

LJ 25 AGND 

2. NC 

23 V" 
AD9048 

TDPVlEW 
22NC 

INot to SCllIe) 21 Ne 

.. NC 

,. AOND 

.. 13 14 15 18 17 1 • 

~ I! I! Il ; Ii: .. 
::J - ~ z 

l! § NC-NOCQNNECT 

Vee 

VEE 

VEE 

VEE 

Vee 

127x 140x4 (± 2) mils 
4x4 mils 

. Gold 
None 

. VEE 
. Nitride 

Gold. Eutectic 
I mil Gold; Gold Ball Bonding 

J-Leaded Ceramic: 

iii 
{ > 

~ ,; c c C 2 
Z a: 

NC 

V .. 

NC 

NC 

NC 

c ;; /; iii Ii: 
~ ~ 
t! 8 
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Pin 
Name 

01-08 

AGND 

DGND 

Vcr; 

VEE 

CONVERT 

REV. A 

AD9048 
FUNCTIONAL DESCRIPTION 

Description 

Eight digital outputs. 01 (MSB) is the most 
significant bit of the digital output word; 
08 (LSB) is the least significant bit. 

One of two analog ground returns. Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 

One of two digital ground returns. Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 

Positive supply terminals; nomina1ly + S.OV. 

Negative supply terminals; nominally -S.2V. 

Input for conversion signal; sample of analog 
input signal taken on rising edge of this pulse. 

Pin 
Name 

RB 

VIN 

NMINV 

NLINV 

-5.2V +5.0V 

;~~ 1 
I 

VEE Vex; 

1011fl IMSB)Dl 
ADl V,N 

D2 

5100 D3 

CONVERT D4 
AD2 

AD9048 D5 
-2.0V R. os 

D7 

r-- fI.r ILSB) DB 

DIGITAL ANALOG 
It 

LOAD 

Description 

Most negative reference voltage for internal 
reference ladder. 

Midpoint tap on internal reference ladder. 

Most positive reference voltage for internal 
reference ladder. 

Analog input signsl pin. 

"Not Most Significant Bit Invert." In nonnal 
operation, this pin floats high; logic LOW at 
NMINV inverts most significant bit of digital 
output word [01 (MSB)]. 

"Not Least Significant Bit Invert." In nonnal 
operation, this pin floats high; logic LOW at 
NLINV inverts the seven least significant bits of 
the digital output word. 

0.1 

GROUND GROUND RESISTORS 

1 I 
ALL RESISTOR %5% 

20% OPTION "1 ISTAnC): ALL CAPACITORS ± 
ALLSUPPLY VOLTAGES :t 5% ~ 2 DYNAMIC: OPTION" I 

ADl = -2.0V; AD2= +2AV 
) SEE WAVEFORMS 

nnnnnnnnr- V 
AD2.JUUUUUUUU IH 

-.j5~.1-- - VOL 

AD9048 Burn-In Diagram 
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AD9048 
THEORY OF OPERATION 
Refer to the block diagram of the AD9048. The AD9048 comprises 
three functional sections: a comparator array, encoding logic, 
and output latches. 

Within the array, the analog input signa1 to be digitized is compared 
with 255 reference voltages. The outputs of all comparators 
whose references are below the input signal level will be high; 
and outputs whose references are above that level will be low. 

The n-of-255 code which results from this comparison is applied 
to the encoding logic where it is converted into binary coding. 
When it is inverted with dc signals applied to the NLINV and/or 
NMINV pins, it becomes twos complement. 

After encoding, the signal is applied to the output latch circuits 
where it is held constant between updates controlled by the 
application of CONVERT .pulses. 

The AD9048 uses strobed latching comparators in which com
parator outputs are either high or low, as dictated by the analog 
input level. Data appearing at the output pins have a pipeline 
delay of one encode cycle. 

Input signal levels between the references applied to RT (Pin 18) 
and RB (pin 26) will appear at the output as binary numbers 
between 0 and 255, inclusive. Signals outside that range will 
show up as either full-scale positive or full-scale negative outputs. 
No damage will occur to the AD9048 as long as the input is 
within the voltage range of VEE to +O.5V. 

The significantly reduced input capacitance of $e AD9048 
lowers the drive requirements of the input buffer/amplifier and 
also induces much smaller phase shift in the analog input signal. 

Applications which depend on controlled phase shift at the 
converter input can benefit from using the AD9048 because of 
its inherently lower phase shift. 

The CONVERT, analog input and digital output circuits are 
shown in Figure 1, AD9048 Input/Output Circuits. 

ANALOG 
INPUT 

CONVERT 

N+1 

System timing which provides details on delays through the 
AD9048, as well as the relationships of various timing events, is 
shown in Figure 2, AD9048 Tinting Diagram. 

Dynamic performance of the AD9048, i.e., typical signa1-to-noise 
ratio, is illustrated in Figures 3 and 4. 

CONVERT 

ANALOG 
INPUT 

+s.ov 

,3k 

-S.2V -S.2V 

COMPARATOR 
CELLS 

-S.2V 

Figure 1. InputlOutputCircuits 

r.~ 
I 
I 

RI2 

... 
RI2 

I 
I 

~R' 

OUTPUT ----~~Ar-~--N-_-,------~A~~---N------~Ar=----N----
DATA +1 
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Figure 2. AD9048 Timing Diagram 
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50 

.. 
........... 

~ 

1\ 

.. 
100kHz 'MHz 10MHz 

ANALOG INPUTFREOUENCY -1e11 BELOWFULLSCALE 

Figure 3. AD9048 Dynamic Performance (20MHz Encode 
Rate) 

50 

.. 
"-

\ 

31 
100kHz 'MHz 'OMMa: 

ANAi.OGINPUT FREQUENCY _ 1dBBELOWFULLSCALE 

Figure 4. AD9048 Dynamic Performance (35MHz Encode 
Rate) 

LAYOUT SUGGESTIONS 
Designs which use the AD9048 or any other high-speed device 
must follow some basic layout rules to insure optimum 
performance. 

The first requirement is to have a large, low impedance ground 
plane under and around the convener. If the system uses separate 
analog and digital grounds, both should be connected solidly 
together and to the ground plane as close to the AD9048 as 
practical, to avoid ground loop currents. 

REV. A 

AD9048 
Ceramic O.l,...F decoupling capacitors should be placed as close 
as possible to the supply pins of the AD9048. For decoupling 
low frequency signals, use IO,...F tantalum capacitors, also con
nected as close as practical to voltage supply pins . 

Within the AD9048, reference currents may vary because of 
coupling between the clock and input signals. Because of this, it 
is imponant that the ends of the reference ladder, RT (Pin 18) 
and RB (Pin 28), be connected to low impedances (as measured 
from ground). 

If the AD9048 is being used in a circuit in which the reference 
is not varied, a bypass capacitor to ground is strongly recom
mended. In applications which use varying references, they 
must be driven from a low impedance source. 

0.1 

27 

0.1 

>-_ __�Nv--lV'. 

AD9048 

TTL 
CONVERT (011-------1 CONVERT 
SIGNAL 

Figure 5. AD9048 Typical Connections 

D1CMSBI 

I 
I 
I 

DB (LSBI 
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AD9048 
AD9048 Truth Table 

Offset Twos 
Binary Complement 

Step Ranae True Inverted True Inverted 

-2.000VFS -2.0480VFS NMINV= 1 0 0 1 
7.8431mV Step 8.000mVStep NLINV= 1 0 1 0 

000 O.OOOOV O.OOOOV 00000000 11111111 10000000 01111111 
001 -0.0078V -0.0080V 00000001 11111110 10000001 01111110 

· · · · · · · · · · · · · · · · · · · · · 127 -O.996lV -l.OI60V 01111111 10000000 11111111 00000000 
128 -1.0039V -1.0240V 10000000 01111111 00000000 11111111 
129 -1.01l8V -1.0320V 10000001 01111110 00000601 11111110 

· · · · · · · · · · · · · · · · · · · · · 
254 -1.992IV -2.0320V 11111110 00000001 01111110 10000001 
255 -2.0000V -2.0400V 11111111 00000000 01111111 10000000 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Matched ADCs on Single Chip 
50 MSPS Conversion Speed 
On-Board Voltage Reference 
Low Power «1WI 
Low Input Capacitance (10 pFI 
:i:5 V Power Supplies 
Flexible Input Range 

APPLICATIONS 
Quadrature Demodulation for Communications 
Digital Oscilloscopes 
Electronic Warfare 
Radar 

GENERAL DESCRIPTION 
The AD9058 combines two independent high performance 8-bit 
analog-to-digital converters (ADCs) on a single monolithic IC. 
Combined with an optional on-board voltage reference, the 
AD9058 provides a cost effective alternative for systems requir
ing two or more ADCs. 

Dynamic performance (SNR, ENOB) is optimized to provide up 
to 50 MSPS conversion rates. The unique architecture results in 
low input capacitance while maintaining high performance and 
low power «0.5 watt/channel). Digital inputs and outputs are 
TTL compatible. 

Performance has been optimized for an analog input of 2 V p--p 
(±l V; 0 to +2 V). Using the on-board +2 V voltage reference, 
the AD9058 can be set up for unipolar positive operation (0 to 
+ 2 V). This internal voltage reference can drive both ADCs. 

Commercial (O°C to + 70°C) and military (-55°C to + 125°C) 
temperature range parts are available. Parts are supplied in her
metic 48-pin DIP and 44-pin "J" lead packages. 

REV. A 

Dual 8-Bit, 50 MSPS 
AID Converter 

AD9058 I 
FUNCTIONAL BLOCK DIAGRAM 

AD9058 

ENCODE t-+_-:;8j1<ot.A 

ENCODE 1-+-+-:i80'4~ B 

QUADRATURE RECEIVER 

Q 

RF 

LO 0-11---..... --' 
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AD9058 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS l 

Analog Input .................... -1.5 V to +2.5 V -VREF ................ : ................. -1.5 
+Vs .................................. +6V Operating Temperature Range 
-Vs ........................... +O.S V to -6 V2 AD950SJDIJJIKD/KJ ................. O°C to + 70°C 
Digital Inputs ...................... -0.5 V to +Vs Maximum Junction Temperature3 

Digital Output Current ...................... 20 mA AD905SJD/JJ/KD/KJ .........•.......... + 1750C 
Voltage Reference Current .................... 53 rnA Storage Temperature Range ........... -65°C to + 150°C 
+VREF ............................... +2.5 V Lead Temperature (Soldering, 10 sec) ........... +300°C 

[±Ys = ±5 Y; YREF = +2 Y (internal); ENCOOE = 40 MSPS; AIM = 0 Y to +2 Y; -'YREF ELECTRICAL CHARACTERISTICS = GROUNO, unless otherwise notedJ All specifications apply to either of the two AOCs. 

Test AD9058)D/J] AD9058KDIKJ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION S S Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.25 0.65 0.25 0.5 LSB 

Full VI 0.8 0.7 LSB 
Integral Nonlinearity + 25°C I 0.5 1.3 0.5 1.0 LSB 

Full VI 1.4 1.25 LSB 
No Missing Codes Full VI GUARANTEED GUARANTEED 

ANALOG INPUT 
Input Bias Current +25°C I 75 170 75 170 J.LA 

Full VI 340 340 J.LA 
Input Resistance +25°C I 12 28 12 28 kn 
Input Capacitance +25°C IV 10 15 10 15 pF 
Analog Bandwidth +25°C V 175 175 MHz 

REFERENCE INPUT 
Reference Ladder Resistance +25°C I 120 170 220 120 170 220 n 

Full VI SO 270 80 270 n 
Ladder Tempco Full V 0.45 0.45 nrc 
Reference Ladder Offset + 25°C I 8 16 8 16 mV 

(Top) Full VI 24 24 mV 
Reference Ladder Offset +25°C I 8 23 8 23 mV 

(Bottom) Full VI 33 33 mV 
Offset Drift Coefficient Full V 50 50 ",WC 

INTERNAL VOLTAGE REFERENCE 
Reference Voltage +25°C I 1.95 2.0 2.20 1.95 2.0 2.20 V 

Full VI 1.90 2.25 1.90 2.25 V 
Temperature Coefficient Full V 150 150 ",V/oc 
Power Supply 

Rejection Ratio (PSRR) +25OC I 10 25 10 25 mVN 

SWITCHING PERFORMANCE 
MaxinlUm Conversion Rate' +25OC I 50 50 60 MSPS 
Aperture Delay (tA ) + 25°C IV 0.1 0.8 1.5 0.1 O.S 1.5 ns 
Aperture Delay Matching + 25°C IV 0.2 0.5 0.2 0.5 ns 
Aperture Uncertainty (Jitter) + 25°C V 10 10 ps, rms 
Output Delay (Valid) (ty )' + 25°C I 8 5 S ns 
Output Delay (ty ) Tempco Full V 16 16 psFC 
Propagation Delay (tpD)' + 25°C I 12 12 19 ns 
Propagation Delay (tPD) Tempco Full V -16 -16 ps/OC 
Output Time Skew + 25°C V 1 1 ns 

ENCODE INPUT 
Logic "I" Voltage Full VI 2 2 V 
Logic "0" Voltage Full VI 0.8 0.8 V 
Logic "I" Current Full VI 600 600 J.LA 
Logic "0" Current Full VI 1000 1000 J.LA 
Input Capacitance + 25°C V 5 5 pF 
Pulse Width (High) +25°C I 8 8 ns 
Pulse Width (Low) +25oC I 8 8 ns 
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AD9058 
Test AD9058JD/JJ AD9058KDIKJ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
Transient Response + 25°C V 2 2 ns 
Overvoltage Recovery Time + 25°C V 2 2 ns 
Effective Number of Bits (ENOB)s 
Analog Input @ 2.3 MHz +25°C I 7.7 7.2 7.7 Bits 

@ 10.3 MHz + 25°C I 7.4 7.1 7.4 Bits 
Signal-ta-Noise Ratios 
Analog Input @ 2.3 MHz + 25°C I 48 45 48 dB 

@ 10.3 MHz +25°C I 46 44 46 dB 
Signal-to-Noise Ratios (Without Harmonics) 

Analog Input @ 2.3 MHz + 25°C I 48 46 48 dB 
@ 10.3 MHz +25°C I 47 45 47 dB 

2nd Harmonic Distortion 
Analog Input@ 2.3 MHz +25°C I 58 48 58 dBc 

@ 10.3 MHz +25°C I 58 48 58 dBc 
3rd Harmonic Distortion 

Analog Input @ 2.3 MHz +25°C I 58 50 58 dBc 
@ 10.3 MHz + 25°C I 58 50 58 dBc 

Crosstalk Rejection6 +25°C IV 60 48 60 dBc 

DIGITAL OUTPUTS 
Logic "1" Voltage (lOH = 2 mA) Full VI 2.4 2.4 V 
Logic "0" Voltage (lOL = 2 mA) Full VI 0.4 0.4 V 

POWER SUPPL y7 
+ V s Supply Current Full VI 127 154 127 154 mA 
- V sSupply Current Full VI 27 38 27 38 mA 
Power Dissipation Full VI 770 960 770 960 mW 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'For applications in which + V s may be applied before - V S' or + V s current is not limited to SOO rnA, a reverse biased clamping diode should be inserted 
between ground and -Vs to prevent destructive latch up. See section entitled "Using the AD90S8." 

'Typical thermal impedances: 44-pin hermetic J·Leaded ceramic package: alA = 86.4'CIW; ale = 24.9'CIW; 48·pin hermetic DIP alA = 4O'CIW; 
ale = 12"OW. 

'To achieve guaru.uteed conversion rare, connect each data output to ground through a 2 Idl pull·down resistor. 
'SNR performance limits for the 48·pin DIP "D" package are 1 dB less than shown. ENOB limits are degraded by 0.3 dB. SNR and ENOB measured with 
analog input signal 1 <iB below full scale at specified frequency. 

"Crosstalk rejection measured with full·scale signals of different frequencies (2.3 MHz and 3.S MHz) applied to each channel. With both signals synchronously 
encoded at 40 MSPS, isolation of the undesired frequency is measured with an FFT. 

7 Applies to both NDs and includes internal ladder dissipation. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at tem
perature extremes for commercial/industrial devices. 

REV. A 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option· 

AD9058JJ O"C to + 70°C 44-Pin J -Leaded 1-44 
Ceramict 

AD9058Kl O°C to + 70"C 44-Pin J -Leaded J-44 
Ceramic, AC Tested 

AD9058TJ/883# - 55"C to + 125"C 44-Pin I-Leaded J-44 
Ceramic, AC Tested 

AD9058JD O°C to +70°C 48-Pin Ceramic DIP D-48 
AD9058KD O°C to + 70"C 48-Pin Ceramic DIP, D-48 

AC Tested 
AD9058TD/883# - 55"C to + 125°C 48·Pin Ceramic DIP, D-48 

AC Tested 
AD9058IPCB O"C to +70°C AD9058 Evaluation 

Board (J -Lead) 

*D = Hermetic Ceramic DIP Package; J = Leaded Ceramic Package. For 
outline information see Package Information section. 

tHermetically sealed ceramic package; footprint equivalent to PLCC. 
#For specifications, refer to Analog Devices Military Products Databook. 
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AD9058 

-v .... 
,v, 

ENCODE 

D7 (USB) 

D, 

D, 

D, 

D, 

D, 

J·Lead 
Pin Number 

ADC·A ADC·B Name 

3 43 +VREF 
4 42 GROUND 
5 41 +Vs 
6 40 AIN 
7 39 -Vs 
8 38 -VREF 
9 37 +Vs 
10 36 ENCODE 
11 35 D7 (MSB) 
12-17 34-29 D6-Dl 
18 28 DO (LSB) 
19 27 GROUND 
20 26 -Vs 
21 25 GROUND 
22 24 +Vs 
COMMON PINS 
I COMP 

2 +VINT 

NC = NO CONNECT 

AD9058JJIKJ Pinouts 

'----+<~DIGITAL 
BITS 

PIN DESCRIPTIONS 

Ceramic DIP 
Pin Number 

Function ADC·A ADC·B 

Top of internal voltage reference ladder. 14 11 
Analog ground return. 15 10 
Positive 5 V analog supply voltage. 16 9 
Analog input voltage. 17 8 
Negative 5 V supply voltage. 19 6 
Bottom of internal voltage reference ladder. 20 5 
Positive 5 V digital supply voltage. 22 3 
TTL compatible convert command. 23 2 
Most significant bit of TTL digital output. 25 48 
TTL compatible digital output bits. 26-31 47-42 
Least significant bit of TTL digital output. 32 41 
Digital ground return. 21,24,33 1,4,40 
Negative 5 V supply voltage. 
Analog ground return. 
Positive 5 V analog supply voltage. 

Connection for external (0.1 .... F) 
compensation capacitor. 
Internal + 2 V reference; can drive 
+ V REF for both ADCs. 

-vs 
-VAEF 

'v. 
ENCODE 

D7 (MSB) 

D, 

D, 

D, 

D, 

D, 

I\~UND 

+5.0V 

13kll 

+vs 

O.I~F 

34 39 
35 38 
36 37 

COMMON PINS 
12 

13 

GROUND 1 48 07 (MSB) 

ENCODE D, 
,vs D, 

GROUND D, 

-VAEF D, 
-v, D, 

NC D, 

"IN Do (LSB) 

,vs GROUND 

GROUND 

0 
-vs 

+YAEF GROUND 

COMP ,vs 
+VINT ,vs 

.VREF GROUND 

GROUND -v, 

' .. GROUND 

"IN Do (LSB) 

NC D, 
-v. D, 

-VREf D, 

GROUND D, 

'v. D, 

ENCODE D, 

GROUND 2. 2. 07 (MSB) 

Ne = NO CONNECT 

AD9058JDIKD Pinouts 

AD9058 
Do-D7 

+VINT 

+VREF 

COMP 
+vs 

GROUND 
-Vs 

+5V 

-5.2V 

'INDICATES EACH PIN IS CONNECTED THRU 2 kll 
"INDICATES EACH PIN IS CONNECTED THROUGH 100 n 

AD9058 Equivalent Digital Outputs AD9058 Equivalent Encode Circuit AD9058 Burn-In Connections 
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THEORY OF OPERATION 
The AD9058 contains two separate 8-bit analog-to-digital con
verters (ADCs) on a single silicon die. The two devices can be 
operated independently with separate analog inputs, voltage ref
erences, and clocks. 

In a traditional flash converter, 256 input comparators are re
quired to make the parallel conversion for 8-bit resolution. This 
is in marked contrast to the scheme used in the AD9058, as 
shown in Figure I. 

Unlike traditional "flash," or parallel, converters, each of the 
two ADCs in the AD9058 utilizes a patented interpolating 
architecture to reduce circuit complexity, die size, and input 
capacitance. These advantages accrue because, compared to a 
conventional flash design, only half the normal number of input 
comparator cells is required to accomplish the conversion. 

In this unit, each of the two independent ADCs uses only 128 
(27) comparators to make the conversion. The conversion for the 
seven most significant bits (MSBs) is performed by the 128 com
parators. The value of the least significant bit (LSB) is deter
mined by interpolation between adjacent comparators in the 
decoding register. A proprietary decoding scheme processes the 
comparator outputs and provides an 8-bit code to the output 
register of each ADC; the scheme also minimizes error codes. 

Analog input range is established by the voltages applied at the 
voltage reference inputs (+VREP and - VREP)' The AD9058 
can operate from 0 V to + 2 V using the internal voltage refer
ence, or anywhere between -I V and + 2 V using external refer
ences. Input range is limited to 2 V p-p when using external 
references. The internal resistor ladder divides the applied volt
age reference into 128 steps, with each step representing two 
8·bit quantization levels. 

AD9058 
ANALOG IN 

-VREF 

Figure 1. AD9058 Comparator Block Diagram 

The on-board voltage reference, + V1NT> is a bandgap reference 
which has sufficient drive capability for both reference ladders. 
It provides a + 2 V reference that can drive both ADCs in the 
AD9058 for unipolar positive operation (0 V to + 2 V). 

USING THE AD9058 
Refer to Figure 2. 

Using the internal voltage reference connected to both ADCs as 
shown reduces the number of external components required to 
create a complete data acquisition system. The input ranges of 
the ADCs are positive unipolar in this configuration, ranging 
from 0 V to + 2 V. Bipolar input signals are buffered, amplified, 
and offset into the proper input range of the ADC using a good 
low distortion amplifier such as the AD9617 or AD9618. 

ENCODE o-..... --~,.......---l 

10 36 

ENCODE ENCODE 
A B 

+sv 

18 
200 ANALOG 

IN A o-..I\I'>/Ir-+--! 
to.sv 

17 
18 

~ 15 
14 t; 

+VINT 

13 :I: 

12 ;:! 

3 +VREF A 
D7.(MSB) 11 

CLOCK 

43 .VREF B 
D •• (LSB) 

I 

28 
29 
30 
31 

COMP 32 

ANALOG O.'"F V INB 
40 to.S V AIN B D7.(MSB) 

33 
34 
35 

AD9058 -vo ~~~ -sv 

.... I;..J·_L ... EA_D.;.) ___ ......J O.I"F 

4.19.21 

1 N40Q1 (SEE TEXT) 

25.27.42 

Figure 2. AD9058 Using Internal +2 V Voltage Reference 
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AD9058 +5V 

+Vs 
5,9,22, 

+5V 
24,37,41 20k VO.1IlF 

ANALOG +VREFB RZ1 
INA Do. (lSB) 

18 • ±O.125 V .... 17 
I • 16 • ~ 

1. • t; 8 

13 • .. 
12 • i!: 
11 • 

D1A(MSB) • 
-VREFB RZ2 

D •• (lSB) 
28 • 29 

I 30 • • 
50 I 31 • ANALOG 32 

INB ±1 V 33 • 
±O.125 V AIM B • 40 34 • 

0 7• (USB) 35 • COUP 
O.1 JlFV AD9058 -V. 7,20, 

-5V 
(J.LEAD) 26,39 (SEE TEXT) 

RZ1, RZ2 = 2,0000 SIP (8/PKG) O.1IJF 1N4001 
4,19.21 
25,27,42 

Figure 3. AD9058 Using External Voltage References 

The AD9058 offers considerable flexibility in selecting the ana
log input ranges of the ADCs; the two independent ADCs can 
even have different input ranges if required. In Figure 3 above, 
the AD9058 is shown configured for ± I V operation. 

The Reference Ladder Offset shown in the specifications table 
refers to the error between the voltage applied to the + V REF 

(top) or - VREF (bottom) of the reference ladder and the actual 
voltage required at the analog input to achieve a 1111 1111 or 
0000 0000 transition. This indicates the amount of adjustment 
range which must be designed into the reference circuit for the 
AD9058. 

The diode shown between ground and - V s is normally reverse 
biased and is used to prevent latch-up. Its use is recommended 
for applications in which power supply sequencing might allow 
+ V s [0 be applied before - V s; or the + V s supply is not cur
rent limited. If the negative supply is allowed to float (the +5 V 
supply is powered up before the - 5 V supply), substantial 
+ 5 V supply current will attempt to flow through the substrate 
(V s supply contact) to ground. If this current is not limited [0 

<500 mA, the part may be destroyed. The diode prevents this 
potentially destructive condition from occurring .. 

Timing 
Refer to the AD9058 Timing Diagram. The AD9058 provides 
latched data outputs with no pipeline delay. To conserve power, 
the data outputs have relatively slow rise and fall times. When 
designing system timing, it is important to observe (I) set-up 
and hold times; and (2) the intervals when data is changing. 

Figure 3 shows 2 k!l pull-down resistors on each of the Do-D7 
output data bits. When operating at conversion rates higher than 
40 MSPS, these resistors help equalize rise and fall times and 
ease latching the output data into external latches. The 74ACT 
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logic family devices have short set-up and hold times and are the 
recommended choices for speeds of 40 MSPS or more. 

Layout 
To insure optimum performance, a single low-impedance 
ground plane is recommended. Analog and digital grounds 
should be connected together and to the ground plane at the 
AD9058 device. Analog and digital power supplies should be 
bypassed to ground through 0.1 f1F ceramic capacitors as close 
to the unit as possible. 

An evaluation board (ADI part #AD9058IPCB) is available to 
aid designers and provide a suggested layout. The use of sockets 
may limit the dynamic performance of the part and is not rec
ommended except for prototype or evaluation purposes. 

For prototyping or evaluation, surface mount sockets are avail
able from Methode (part #213-0320602) for evaluating AD9058 
surface mount packages. To evaluate the AD9058 in through
hole PCB designs, use the AD9058JD/KD with individual pin 
sockets (AMP part #6-330808-0). Alternatively, surface mount 
AD9058 units can be mounted in a through-hole socket (Circuit 
Assembly Corporation, Irvine California part #CA-44SPC-T). 

AD9058 APPLICATIONS 
Combining two ADCs in a single package is an attractive alter
native in a variety of systems when cost, reliability, and space 
are important considerations. Different systems emphasize par
ticular specifications, depending on how the part is used. 

In high density digital radio communications, a pair of high 
speed ADCs are used to digitize the in-phase (I) and quadrature 
CQ) components of a modulated signal. The signal presented to 
each ADC in this type of system consists of message-dependent 
amplitudes varying at the symbol rate, which is equal to the 
sample rates of the converters. 
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AD9058 

ANALOG INPUT 

IA = APERTURE TIME 
ENCODE IV = DATA DELAY OF 

PRECEDING ENCODE 

rrr~==""""=T7 IpO = OUTPUT PROPAGATION DELAY 

DATA 
CHANGING 

Figure 4. AD9058 Timing Diagram 

Figure 5 below shows what the analog input to the AD9058 
would look like when observed relative to the sample clock. 
Signal-to-noise ratio (SNR), transient response, and sample rate 
are all critical specifications in digitizing this "eye pattern." 

ANALOG 
INPUT 

SAMPLE 
CLOCK 

Figure 5. AD9058 I and Q Input Signals 

Receiver sensitivity is limited by the SNR of the system. For 
the ADC, SNR is measured in the frequency domain and calcu
lated with a Fast Fourier Transform (FFT). The signal-to-noise 
ratio equals the ratio of the fundamental component of the signal 
(rms amplitude) to the rms level of the noise. Noise is the sum 
of all other spectral components, including harmonic distortion, 
but excluding dc. 

Although the signal being sampled does not have a significant 
slew rate at the instant it is encoded, dynamic performance of 
the ADC and the system is still critical. Transient response is the 
time required for the AD9058 to achieve full accuracy when a 
step function input is applied. Overvoltage recovery time is the 
interval required for the AD9058 to recover to full accuracy 
after an overdriven analog input signal is reduced to its input 
range. 

Time domain performance of the ADC is also extremely impor
tant in digital oscilloscopes. When a track (sample)-and-hold is 
used ahead of the ADC, its operation becomes similar to that 
described above for receivers. 

The dynamic response to high-frequency inputs can be de
scribed by the effective number of bits (ENOB). The effective 
number of bits is calculated with a sine wave curve fit and is ex
pressed as: 

ENOB = N - LOG2 [Error (measured)/Error (ideal)] 

where N is the resolution (number of bits) and measured error 

REV. A 

is actual rms error calculated from the converter's outputs with 
a pure sine wave applied as the input. 

Maximum conversion rate is defined as the encode (sample) rate 
at which SNR of the lowest frequency analog test signal drops 
no more than 3 dB below the guaranteed limit. 

ID ... 
I 

Z 
0 ., 
II: 

l2 
~ 
~ 
0 
:IE 
II: 
C :z: 

60 

55 

50 

45 

40 

35 

30 
0.1 

+2s.lc ::\. 
+125°C 

-SS'C '\~ 

10 

INPUT FREQUENCY - MHz 

~ 

1\ 

100 

Figure 6. Harmonic Distortion vs. Analog Input Frequency 
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II: 
W 
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~ 

S5 

50 

4S 

40 

3S 

30 
0.1 

r.J, ~ ~ND l125! C 

I 

) 
-SS'C 

10 

INPUT FREQUENCY - MHz 

, 
\ 

CD 
S.o 0 z 

~ 

1!l 
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:!i 
6.4 i 
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~ w 
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IL 
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Figure 7. AD9058 Dynamic Performance vs. Analog Input 
Frequency 
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·AD9058 
MECHANICAL INFORMATION 

w I 111 
0 

Die Dimensions ............. 106 x 108 x 15 (±2) mils :§' a: 8 
~ 

Pad Dimensions ........................ 4 x 4 mils I 'T i5 0 rt o~ r! ,r ,r Q 

MetaIization ............................... Gold 
Backing ................................ None A,. 
Substrate Potential ......................... -Vs 'VB 

Passivation ............................. Nitride GROUND 

Die Attach .................. Gold Eutectic (Ceramic) +VREF 

Bond Wire .......... 1-1.3 mil, Gold; Gold Ball Bonding 
COMP 

+VINT 

+VREF 

GROUND .v. 
A,. 

:§' III :: w ii . o~ 0" G ,r Q 
I a: 0 I 

0 

't 0 

!i! ~ 
w 0 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic 1G-Bit/75 MSPS Converter 
EClOutputs 
Bipolar (±1.75 VI Analog Input 
57 dB SNR @ 2.3 MHz Input 
Low (45 pFI Input Capacitance 
Mll-STD-883 Compliant Versions Available 

APPLICATIONS 
Digital Oscilloscopes 
Medical Imaging 
Professional Video 
Radar Warning/Guidanca Systems 
Infrared Systems 

GENERAL DESCRIPTION 
The AD9060 AID converter is a 10-bit monolithic converter ca
pable of word rates of 75 MSPS and above. Innovative architec
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 

Inputs and outputs are ECL-compatible, which makes the 
AD9060 the recommended choice for systems with conversion 
rates >30 MSPS, to minimize system noise. An overflow bit is 
provided to indicate analog input signals greater than + V SENSE' 

Voltage sense lines are provided to insure accurate driving of the 
± V REP voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 

Either 68-pin ceramic leaded (gUll wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to + 7O"C and - 55"C to + l25"C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy
namic performance is fully characterized and production tested 
at + 25°C. MlL-STD-883 units are available. 

The AD9060 AID convener is available in versions compliant 
with MlL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD9060/883B data sheet for de
tailed specifications. 
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lO-Bit, 75 MSPS 
AID Converter 

AD9060 I 
FUNCTIONAL BLOCK DIAGRAM 
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AD9060 "-SPECIFICATIONS 
ABSOLUTE MAXIMUMRATINGS1 

+Vs ..... '. '.' .c •• , , •••••••••••••••••••••• +6V 
-Vs ..........•..........••......•.•..... -6 V 
ANALOG IN' , . '" ......•............ -2 V to +2 V 
+VREP' -VR~p;;31~BP' 1I2RBP' I/~p ..... -2 V to +2 V 
+VRBp to -VRBP ' •. - ...•................... 4.0 V 
ENCODE, ENCODE .•....••........•.. 0 V to -V s 

3/4RBP' 1I2RBF, 1/4aBP Current ................. ±10 mA 
Digital Output Current ..•.•.... .' ..•.... ' .•..• iO:mA 
Operating Temperature " 

AD9060JElKElJZlKZ .................. 0 to + 700C 
Storage Temperature ........•....... -65OC to + 1500C 
Maximum Junction Temperature2 •••••••••••••• + 1750C 
Lead Soldering Temp (10 sec) ....•........•.. +300OC 

ELECTRICAL CHARACTERISTICS ~~:~ =o:.~~e-n~;)3-5.2 v; ±VSENSE = ±t.75 v; ENCODE = 60 MSPS 

Test AD9060JElJZ AD906Ol<I;IKZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 Bits 

DC ACCURACY' 
Differential Nonlinearity +25OC I 1.0 1.25 0.75 1.0 LSB 

Full VI 1.5 1.25 LSB 
Integral Nonlinearity +25OC I 1.25 2.0 1.0 I.S LSB 

Full VI 2.5 2.0 LSB 
No Missing Codes Full VI Guaranteed 

ANALOG INPUT 
Input Bias Current4 + 25°C I 0.4 1.0 0.4 1.0 mA 

Full VI 2.0 2.0 mA 
Input Resistance +25OC I 2.0 7.0 2.0 7.0 kn 
Input Capacitance4 +25°C V 45 45 pF 
Analog Bandwidth +25OC V 175 175 MHz 

REFERENCE INPUT. 
Reference Ladder Resistance +25OC I 22 37 56 22 37 56 n 

Full VI 14 66 14 66 n 
Ladder Tempco Full V 0.1 0.1 nrc 
Reference Ladder Offset 

Top of Ladder +25°C I 45 90 45 90 mV 
Full VI 90 90 mV 

Bottom of Ladder +25°C I 45 90 45 90 mV 
Full VI 90 90 mY. 

Offset Drift Coefficient Full V 50 50 ."VIOC 

SWITCHING PERFORM1).NCE 
Conversion Rate +25°C I 75 75 MSPS 
Aperture Delay(tA ) +25°C V 1 1 ns 
Aperture Uncertainty (Jitter) + 25°C V 5 5 PS, rms 
Output Delay (toD)' +25°C I 2 4 9 2 4 9 ns 
Output Rise Time +25OC I 1 3 1 3 ns 
Output Fall Time +25OC I 1 3 1 3 ns 
Output Time Skew' +25OC I 1.5 3 1.5 3 ns 

DYNAMIC PERFORMANCE 
Transient Response + 25°C V 10 10 ns 
Overvoltage Recovery Time + 25°C V 10 10 ns 
Effective Number of Bits (ENOB) 

fIN = 2.3 MHz + 25°C I 8.7 9.1 8.7 9.1 Bits 
fIN = 10.3 MHz +25°C IV 8.0 8.6 8.0 8.6 Bits 
fIN = 29.3 MHz +25°C IV 7.0 7.4 7.0 7.4 Bits 

Signal-ta-Noise Rati06 

fIN = 2.3 MHz +25°C I 54 56 54 56 dB 
fIN = 10.3 MHz + 25°C I 51 54 51 54 dB 
fIN = 29.3 MHz +25°C I 44 47 44 47 dB 

2-790 ANALOG-TO-OIGITAL CONVERTERS REV. A 



AD9060 
Test AD9060JElJZ AD9060KEIKZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
(CONTINUED) 
Signal-to-Noise Ratio· 

(Without Harmonics) 
fIN = 2.3 MHz +25°C I 54 56 54 58 dB 
fIN = 10.3 MHz +25OC I 51 55 51 55 dB 
fIN = 29.3 MHz +25OC I 46 48 46 48 dB 

Harmonic Distortion 
fIN = 2.3 MHz +25°C I 61 65 61 65 dBc 
fIN = 10.3 MHz +25OC I 55 58 55 58 dBc 
fIN = 29.3 MHz +2SoC I 47 SO 47 SO dBc 

Two-Tone Intermodulation 
Distortion Rejection7 +2SoC V 70 70 dBc 

Differential Phase +25OC V 0.5 0.5 Degree 
Differential Gain +2SOC V I I % 

ENCODE INPUT 
Logic "I" Voltage Full VI -1.1 -1.1 V 
Logic "0" Voltage Full VI -1.5 -1.5 V 
Logic "I" Current Full VI ISO 300 ISO 300 ,..A 
Logic "0" Current Full VI ISO 300 ISO 300 ,..A 
Input Capacitance +2SOC V 5 5 pF 
Pulse Width (High) +2SoC I 6 6 ns 
Pulse Width (Low) +2SOC I 6 6 ns 

DIGITAL OUTPUTS 
Logic "I" Voltage Full VI -1.1 -1.1 V 
Logic "0" Voltage Full VI -1.5 -1.5 V 

POWER SUPPLY 
+ V s Supply Current +2SoC VI 420 500 420 500 mA 

Full VI 500 500 mA 
- V s Supply Current +2SOC VI ISO 180 ISO . 180 mA 

Full VI 190 190 mA 
Power Dissipation +2SOC VI 2.8 3.3 2.8 3.3 W 

Full VI 3.5 3.5 W 
Power Supply Rejection 

Ratio (PSRR)8 Full VI 6 10 6 10 mVN 

NOTES 
'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: a lc = IOCIW; alA = 17"CIW (no air flow); aJA = 15°CIW 
(air flow = 500 LFM). 68-pin ceramic LCC: alc = 2.6°CIW; alA = 15"CIW (no air flow); alA = 130CIW (air flow = 500 LFM). 

'3/""-EF' 112REF, and II""-EF reference ladder taps are driven from de sources at +0.875 V, 0 V, and -0.875 V, respectively. Outputs terminated through 100 n 
to -2.0 V; CL < 4 pF. Accuracy of the overflow comparator is not tested and not included in linearity specifications. 

'Measured with ANALOG IN = +VSENSE' 
'Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of Do-D,. Output 
skew measured as worst-case difference in output delay among Do-D9' 

'RMS signal to rms noise with analog input signal I dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
8 Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in + V s or - V s. 
Specifications subject to change without notice. 
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AD9060 
EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 
II - 100% production tested at + 25"C, and sample tested at 

specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 2S·C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper
ature extremes for commercialJindustrial devices. 

ORDERING GUIDE 

Temperature Package 
Device Range Option! 

AD9060JZ o to +70"C Z-68 
AD9060JE o to +7O"C E-68A 
AD9060KZ o to +7O"C Z-68 
AD9060KE o to +7O"C E-68A 
AD9060SZ2 -SS"C to + 12S"C Z-68 
AD9060SE2 -5S"C to +l2S"C E-68A 
AD906OTZ2 -SS"C to + 12S"C Z-68 
AD906OTE2 -SS"C to + 12S"C E-68A 
AD9060IPCB o to +7O"C Evaluation Board 

NOTES 
. 'E '" Cermiic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 

Por outline information see Package Information section. 
'Por specifications, refer to Analog Devices Military Produas Databook. 
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GROUNO 

0. 
Do 
0, 
II, 

Do(LSB) 

GROUND 
GROUND 

-v" 
.v" 

ENCODE 
EiiCCi5E 

.v.." 
.v.. ... 

GROUND 

D, 
Do 
0, 
Do 
Do (MSB) 

OVERFLOW 
GROUND 
GROUND 
-v" 

-V"EF 
-v".,... 
LSBslNVERT 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions ............. 206 x 140 x 15 (±2) mils 
Pad Dimensions ........................ 4 x 4 mils 
Meta1ization .......................... . . . . Gold 
Backing ................................ None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . - V s 
Passivation ............................. Nitride 
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Pin No. 

1 

2, 16, 28, 29, 35, 
41, 42, 54, 64 

3, 6, 15, 30, 33, 34, 
37,40,65, 68 

4, 5, 17, 18, 25, 27, 
31, 32, 36, 38, 39,43, 
45, 52, 53, 66, 67 

7 

8,9 

11 

12 

13 

14 

19-23, 46-50 

51 

56 

57 

59 

61 

63 

NC 
+VSENSE 
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AD9060 Pin Designations 

AD9060 PIN DESCRIPTIONS 

Name 

+VS 

GROUND 

3/4REF 

ANALOG IN 

+VSENSE 

ENCODE 

ENCODE 

Do-D. 

OVERFLOW 

-VSENSE 

LSBsINVERT 

MSBINVERT 

Function 

Midpoint of internal reference ladder. 

Negative supply voltage; nominally -5.2 V ±5%. 

Positive supply voltage; nominally +S V ±S%. 

All ground pins should be connected together and to low
impedance ground plane. 

Three-quarter point of internal reference ladder. 

Analog input; nominally between ± 1. 7S V. 

Voltage sense line to most positive point on internal resistor 
ladder. Normally + 1.75 V. 

Voltage force connection for top of internal reference ladder. 
Normally driven to provide +1.75 V at +VSENSS. 

Differential ECL convert signal which starts digitizing process. 

ECL-compatible convert command used to begin digitizing 
process. 

ECL-compatible digital output data. 

ECL-compatible output indicating ANALOG IN > 
+VSENSE· 

Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 V at -VSENSE. 
Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 V. 

Normally grounded. When connected to + V s, lower order 
bits (Do-DR) are inverted. Not ECL'compatible. 

Normally grounded. When connected to + V s' most 
significant bit (MSB;D.) is inverted. Not ECL-compatible. 

One-quarter point of internal reference ladder. 
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AD9060 
MIL-STD·883 Compliance InfolJJlation 
The AD9060 devices are classified within Microcircuits Group 
57, Technology Group D (bipolar AID converters) and are con
structed in accordance with MIL-STD-883. The AD9060 is 
electrostatic sensitive and falls within electrostatic sensitivity 
classification Class 1. Percent Defective Allowance (PDA) is 
computed based on Subgroup 1 of the specified Group A test 
list. Quality Assurance (QA) screening is in accordance with 
Alternate Method A of Method 5005. 
The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes TA = Tc = TJ.) MIL-STD-883-compliant devices are 
marked with "c" to indicate compliance. 

THEORY OF OPERATION 
Refer to the AD9060 block diagram. As shown, the AD9060 
uses a modified "flash," or parallel, AID architecture. The ana
log input range is determined by an external voltage reference 
(+VREP and -VREP), nominally ±1.75 V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization levels. Taps along the resistor ladder (lI~EP' 
1I2REP and 3/4REP) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 114, 1/2 and 
3/4, respectively, of the voltage reference range. 

The AID conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. The value of the least significant 
bit (LSB) is determined by a unique interpolation scheme 
between adjacent comparators. The decoding logic processes the 
comparator outputs and provides a lO-bit code to the output 
stage of the converter. 

Flash architecture has an advantage over other AID architectures 
because conversion occurs in one step. This means the perfor
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. In the AD9060, an 
innovative interpolation scheme takes advantage of flash archi
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 

These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9060 Truth Table). 
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ADZ 

AD3 

.2V()----{ 

-2V()----{ 

STATIC: ADI = -2V; AD 2 = ECl HIGH 
AD3 = ECl lOW . 

DYNAMIC: ADI = f2V TRIANGLE WAVE 
ADZ.AD3 = ECl PULSE TRAIN 

+S.OV 

AD9060 Burn-In Connections 

APPLICATIONS 

5100 

5100 

Many of the specifications used to describe analog/digital con
verters have evolved from system performance requirements in 
these applications. Different systems emphasize particular speci
fications, depending on how the part is used. The following 
applications highlight sOme of the specifications and features 
that make the AD9060 attractive in these systems. 

Wideband Receivers 
Radar and communication receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog-to-digital converters (ADes). Frequency domain char
acterization of the AD9060 provides signal-ta-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 

Receiver sensitivity is limited by the Signal-to-Noise Ratio 
(SNR) of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). The SNR equals the ratio of the fundamental compo
nent of the signal (rms amplitude) to the rms value of the 
"noise." The noise is the sum of all other spectral components, 
including harmonic distortion, but excluding dc. 

Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non
Iinearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonic Distortion. 
Harmonic Distortion is also measured with an FFT and is speci

. fied as the ratio of the fundamental component of the signa1 
(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 
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Two-Tone Intermodulation Distortion (IMD) is a frequently cited 
specification in receiver design. In narrow-band receivers, third
order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac
terized with two, equal-amplitude, pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order IMD signal. 
Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 

Performance graphs provide typical harmonic and SNR data for 
the AD9060 for increasing analog input frequencies. In choosing 
an ND convener, always look at the dynamic range for the ana
log input frequency of interest. The AD9060 specifications pro
vide guaranteed minimum limits at three analog test frequencies. 

Aperture Delay is the delay between the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper
ture delay is not as critical as the matching between devices. 

Aperture Uncertainty, or jitter, is the sample-to-sample variation 
in apenure delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynamic perfor
mance as the analog input frequency is increased. 

Digitizing Oscilloscopes 
Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 

One figure of merit for the ADC in these applications is Effec
tive Number of Bits (ENOBs). ENOB is calculated with a sine 
wave curve fit and equals: 

ENOB = N - LOG, [Error (measured)/Error (ideal)] 

N is the resolution (number of bits) of the ADC. The measured 
error is the actual rms error calculated from the converter out
puts with a pure sine wave input. 

The Analog Bandwidth of the converter is the analog input fre
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band
width is a good indicator of a converter's slewing capabilities. 

The Maximum Conversion Rate is defined as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 
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AD9060 
Imaging 
Visible and infrared imaging systems both require similar char
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion to 
the intensity of the radiation detected at the sensor. These vary
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 

+FS -~ 1 

-FS - -----.J ! ""'!' 
f ! I 
: I I 

ENCOOE~ 
Imaging Application Using A09060 

The actual resolution of the converter is limited by the thermal 
and quantization noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9060. 
At this frequency, the static errors in the ADC determine the 
useful dynamic range of the ADC. 

Although the signal being sampled does not have a significant 
slew rate, this does not imply dynamic performance is not 
important. The Transient Response and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 

Transient Response is the time required for the AD9060 to 
achieve full accuracy when a step function is' applied. Overvolt
age Recovery Time is the time required for the AD9060 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 

Professional Video 
Digital Signal Processing (DSP) is now common in television 
production. Modem studios rely on digitized video to create 
state-of-the-art special effects. Video instrumentation also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 

The AD9060 provides sufficient resolution for these demanding 
applications. Conversion speed, dynamic performance and ana
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 
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AD9060 
USING THE AD9060 
Voltage References 
The AD9060 requires that the user provide two voltage refer
ences: + V REF and -V REF' These two voltages are applied 
across an internal resistor ladder (nominally 37 !l) and set the 
analog input voltage range of the converter. The voltage refer
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (1I4REF, 1I2REF, 3/4REF) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
perfortnance. (AC and dc specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer characteristic of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 

1111111111 ,-----,---"""T---,-----:: .. 

1100000000 

w g 
0 

!; 1000000000 

§ 
0100000000 

Effect of Reference Taps on Linearity 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and bottom of the ladder offsets," can be nulled by 
using the voltage sense lines, + V SENSE and - V SENSE' to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 ",A. Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 

The next page shows a reference circuit which nulls out the off
set errors using two op amps and provides appropriate voltage 
references to the quarter-point taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 
The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. The 10 k!l resistors (RI-R4) between the volt
age sense lines fortn an external resistor ladder; the qUarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The actual values of resistors RI-R4 are not critical, 
but they should match well and be large enough (2: 10 kn) to 
limit the amount of current drawn from the voltage sense lines. 
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The select resistors (Rs) shown in the schematic (each pair can 
be a potentiometer) are chosen to adjust the qUarter-point volt
age references, but are not necessary if RI-R4 match within 
0.05%. 
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AD9060 SNR and ENOS vs. Reference Voltage 

An alternative approach for defining the quarter-point references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the qUarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 

Perfortnance of the AD9060 has been optimized with an analog 
input voltage of ± 1. 75 V (as measured at ± V SENSE)' If the ana
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, perfortnance of the 
converter is a function of ± V SENSE' 

Applying a voltage greater than 4 V across the internal i:esistor 
ladder will cause current densities to exceed rated values, and 
may cause pertnanent damage to the AD9060. The design of 
the reference circuit should limit the voltage available to the 
references. 

Analog Input Signal 
The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Analog Input figure). 
This connection typically has an input resistance of 7 k!l, and 
input capacitance of 45 pF. The input capacitance is nearly con
stant over the analog input voltage range, as shown in the graph 
which illustrates that characteristic. 

The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band
width, monolithic operational amplifier with excellent ae and de 
performance. The input capacitance should be isolated by a 
small series resistor (24 !l for the AD9617) to improve the ac 
perfonnance of the amplifier (see AD9060IPCB Evaluation 
Board Block Diagram). 
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A09060 
ANI~~~~ ___ N_ 
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N 

ENCODE 
..... ______ j '-__ ..J 

-..J 100 r-
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t. - Aperture Delay 
too - Output Delay 

AD9060 Timing Diagram 

Timing 
In the AD9060, the rising edge of the ENCODE signal triggers 
the AID conversion by latching the comparators. (See the 
AD9060 Timing Diagram.) These ENCODE and ENCODE 
signals are ECL compatible and should be driven differentially. 
Jitter on the ENCODE signal will raise the noise floor of the 
converter. Differential signals, with fast clean edges, will reduce 
the jitter in the signal, and allow optimum ac performance. In 
applications with a fIxed, high frequency encode rate, convener 
perfonnance is also improved (jitter reduced) by using a crystal 
oscillator as the system clock. 

The AD9060 units are designed to operate with a 50% duty cy
cle encode signal; adjustment of the duty cycle may improve the 
dynamic perfonnance of individual devices. Since the ENCODE 
and ENCODE signals are differential, the logic levels are not 
critical. Users should remember, however, that reduced logic 
levels will reduce the slew rate of the edges, and effectively in
crease the jitter of the signal. ECL tenninations for the EN
CODE and ENCODE signals should be as close as possible to 
the AD9060 package to avoid reflections. 

In systems where only single-ended signals are available, the use 
of a high speed comparator (such as the AD96685) is recom
mended to convert to differential signals. An alternative is to 
connect + 1.3 V (ECL midpoint) to ENCODE and drive the 
ENCODE connection single ended. In such applications, clean, 
fast edges are necessary to minimize jitter in the signal. 

Output data of the AD9060, Do-D. and OVERFLOW, are also 
ECL compatible, and should be terminated through 100 n to 
-2 V (or an equivalent load). 

Data Format 
The fonnat of the output data (Do-D.) is controlled by the 
MSB INVERT and LSBs INVERT pins. These inputs are dc 
control inputs, and should be connected to GROUND or +Vs. 
The AD9060 Truth Table gives infonnation to choose from 
among Binary, Inverted Binary, Twos Complement and In
verted Twos Complement coding. 

The OVERFLOW output is an indication that the analog input 
signal has exceeded the voltage at + V SENSE. The accuracy of 
the overflow transition voltage and output delay are not tested 
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or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en
code signal. The operation of this function does not affect the 
other data bits (Do-D.). It is not recommended for applications 
requiring a critical measure of analog input voltage. 

Layout and Power Supplies 
Proper layout of high speed circuits is always critical but is par
ticularly important when both analog and digital signals are 
involved. 

Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 

Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. Termi
nations for ECL signals should be as close as possible to the re
ceiving gate. 

In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de
signers to layout signal traces without interrupting the ground 
plane and provide low impedance power planes. 

It is especially imponant to maintain the continuity of the 
ground plane under and around the AD9060. In systems with 
dedicated digital and analog grounds, all grounds of the AD9060 
should be connected to the analog ground plane. 

The power supplies (+ V s and - V s) of the AD9060 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the AID con
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation - PCK Elastomerics 
Part No. CCS-68-55 is recommended for the LCC package. 
(Tel. 215-672-0787) 

An evaluation board is available to aid designers and provide a 
suggested layout. 
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Offset Binary Twos Complement 

Step Range True Inverted True Inverted 

0=-1-75V MSBINV = "0" MSBINV = "I" MSBINV = "I" MSBINV = "0" 
FS = +1.75 V LSBs INV = "0" LSBs INV = "I" LSBs INV = "0" LSBs INV = "I" 

1024 >+1.7500 (1)11 III 1I111 (1 )0000000000 (1)0 lllllllll (1) 1 000000000 
1023 + 1.7466 1111111111 0000000000 0111111111 1000000000 
1022 + 1.7432 1111111110 0000000001 Olll III 110 1000000001 

'. 

512 +0.0034 1000000000 0111111111 0000000000 1111111111 
511 0.000 0111111111 1000000000 1111111111 0000000000 
510 -0.0034 0111111110 1000000001 1111111110 0000000001 

02 -1.7432 0000000010 1111111101 1000000010 0111111101 
01 -1.7466 0000000001 1111111110 1000000001 0111111110 
00 <-1.7466 0000000000 1111111111 1000000000 0111111111 

The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT and LSBs INVERT are considered dc controls. 

AD9060 Truth Table 
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AD9060/PCB Evaluation Board Block Diagram 

AD90601PCB EVALUATION BOARD 
The AD9060IPCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from -I 
to -15. 
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On-board reconstruction of the digital data is provided through 
the AD9712, a 12-bit monolithic DAC. The analog and recon
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9060 and the effects of 
the quarter-point voltages. The digital data and an adjustable 
Data Ready sigual are available via a 37-pin edge connector. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 16-Bit Converter With Reference 

and Clock 
%0.003% Maximum Nonlinearity 
No Missing Codes to 14 Bits 
Fast Conversion - 35 ..... (14 Bitl 
Short Cycle Capability 
Parallel and Serial Logic Outputs 
Low Power: 645mW Typical 
Industry Standard Pin Out 

PRODUCT DESCRIPTION 
The AD ADC71 and AD ADC72 are high resolution 16-bit 
hybrid IC analog-to-digital converters including reference, clock, 
and laser-trimmed thin-ftlm components. The package is a compact 
32-pin hermetic ceramic DIP. The thin-film scaling resistors 
allow analog input ranges of ±2.5V, ±5V, ± lOY, 0 to +5V, 0 
to + lOY, and 0 to + 20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC71K, AD ADC72K 
and B), and maximum conversion time of 50""s. This performance 
is due to innovative design and the use of proprietary monolithic 
Df A converter chips. Laser-trimmed thin-ftlm resistors provide 
the linearity and wide temperature range for no missing codes. 

The AD ADC71 and AD ADC72 provide data in parallel form 
with corresponding clock and status outputs. The AD ADC71 
also provides data in serial form. All digital inputs and outputs 
are TTL compatible. 

APPLICATIONS 
The AD ADC71 and AD ADC72 are excellent for use in appli
cations requiring 14-bit accuracy over extended temperature 
ranges. Typical applications include medical and analytic in
strumentation, precision measurement for industrial robots, 
automatic test equipment (ATE), multichannel data acquisition 
systems, servo control systems and anywhere that excellent 
stability and wide dynamic range in the smallest space is 
required. 

Complete, High Resolution 
16-Bit AID Converters 

AD ADC7l/AD ADC72 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD ADC71 and AD ADC72 provide 16-bit resolution 

with maximum linearity error less than ± 0.003% (± 0.006% 
for] and A grades) at 25°C. 

2. Conversion time is 35""s typical to 14 bits with short cycle 
capability. 

3. Two binary codes are available on the AD ADC71 I\Ild AD 
ADC72 output. They are complementary straight binary 
(CSB) for unipolar input voltage ranges and complementary 
offset binary (COB) for bipolar input ranges. Complementary 
two's complement (CTC) coding may be obtained by inverting 
Pin I (MSB). 

4. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 

ORDERING GUIDE 

Linearity Error Spe<:ific:ation 
Model (Max) Temp Range Package Option· 

ADADC71]D ±O.OO6%ofFSR Oto + 70°C Ceramic (DH-32E) 
ADADC71KD ±0.003%ofFSR Oto +700c Ceramic (DH-32E) 
ADADC72]D ±0.006%ofFSR Oto +70OC Ceramic (DH-32E) 
ADADC72KD ± 0.003% ofFSR Oto +70OC Ceramic (DH-32E) 
ADADC72AD ± 0.006% ofFSR - 25°C to + 850C Ceramic (DH-32E) 
ADADC72BD ±0.003%ofFSR - 250C to + 85°C Ceramic (DH-32E) 

*DH-32E = Bottom Brazed Ceramic DIP. See outline information see Package Information section. 

This is an abridgecl venion of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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AD ADC71/AD ADC72 -SPECIFICATIONS ~~~:Io:e~~e ::!~~' Vs = ±15, +5 vofts 

Model AD ADC71JDIKD ADADC7ZJDIKD ADADC7ZAD1BD 

RESOLUTION 16 (max) · · ANALOG INPUTS 
Voltage Ranges 

Bipolar .:t2.5, ± 5, ::t; 10 · · Unipolar Oto +S,Oto +IO,Oto +20 · · Impedance (Direct Input) 
Oto +5V, ±2.SV 1.88 · · 010 +IOV, ,,=S.OV 3.75 · · Oto +20V, "= 10V 7.S0 · · 

DIGITAL INPUTS' 
Convert Command Positive Pulse So.. Wide (min) Trailing Edge InitiatesConversion 
Logic Lnading I (max) · · 

TRANSFER CHARACTERISTICS 
ACCURACY 

Gain Error ,,=0.I'(,,=0.2max) · · Offset Error 
Unipolar ±0.05'(,,=0.lmax) · · Bipolar ,,=0.I'(,,=0.2max) · · Linearity Error (max) ,,=0.006(1) "=0.006(1) "= 0.006 (A) 

,,=0.003(K) ,,=0.003(K) ,,=0.003 (B) 
Inherent Quantization Error "= 112 · · Differential Linearity Error ,,=0.003 · · NoMissinsCode>@2S'C' To 14 Bits (K Grade) · To 14 Bits (B Grade) 

POWER SUPPLY SENSITIVITY 
,,=ISVde 0.003 · · +5Vde 0.001 · · 

CONVERSION TIME '(14BITS) 35 (SO max) · · 
WARM-UPTIME S(min) · · 
DRIFT 

Gain ,,=IS(max) ,,=IO(,,=20max) +7(,,= IS max) 
Offsel 

Unipolar ±2(±4max) ±2(±4max) ±2(±4max) 
Bipolar ,,=IO(max) ±8(±IOmax) ±5(,,= lOmax) 

Linearity ±2(3max) ± 1.5 (2 max) ±1.0(2max) 
Guaranteed No Mi.sing Code 
Temperature Range' 

711D, 721D, 72AD(13Bits) Ot070 · · 7IKD, 72KD, 72BD(14Bi .. ) 

DIGITAL OUTPUT' 
(All Code. Complementary) 

Parallel and Serial 
OutputCodes6 

Unipolar CSB · · Bipolar COB,CTC' · · Output Drive 5 · · Status Logic "I" During Conversion 
Status Output Drive 5 (max) · · Inlernal Clock 
Clock Output Drive S(max) · · Frequency 400 · · INTERNAL REFERENCE VOLTAGE 6.3 * · Error :!: 5 max · · Max External Current Drain 

With no Degradation of Specs ± 200 max * · Temperature Coefficient ±lOmax · ±Smax 

POWER SUPPLY REQUIREMENTS 
Power Consumption 64S(850max) * · Rated Voltage, Analog ± 15 ±O.Smax * · Rated Voltage, Digital +S ,,=0.25 max · · Supply Drain + 15V de +16 · · Supply Drain - ISV de -21 · · Supply Drain + 5V de +18 · · 

TEMPERATURE RANGE 
Specification Oto +70 · -25to+8S 
Operating (Derated Specs) -25,0+85 * -25to+ 125 
SIOtage -55to+ 125 · · 

NOTES 
I Loaic"o" "" O.8V.max.Logic"1":: 2.()V,minforinputs. Fordigital outputsLogic "0" = + O.4V max. Logic"l" = 2.4Vmin. 
2Adjustabletoz:ero. 
'FuU Scale Range. 
"For defmition ol"No Missing Codes," refer to Theory of Operation (full data sheet.) 
~Ccmversion time may be shortened. with "Short Cycle" set for lower resolution. 
'CSB-Complc:mentary Straight Binary. COB-ComplementaryOffset Binary. CTC-CompiementaryTwos Complement. 
'CTCoodinsobtained byinvcrdngMSB (PIn 1). 

*SpecifaricmssameasADAOC7ljD,KD. 
SpecifICations subject to change: without notice:. 
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11IIIIIIII ANALOG 
WDEVICES 

12-Bit Successive Approximation 
Integrated Circuit AID Converter 

FEATURES 
True 12-Bit Operation: Max Nonlinearity ±O_012% 
Low Gain T.C.: ±3OppmfC max 
Low Power: 800mW 
Fast Conversion Time: 251-1s 
Precision 6.3V Reference for External Application 
Short-Cycle Capability 
Serial or Parallel Data Outputs 
Monolithic OAC with Scaling Resistors for Stability 
Low Chip Count-High Reliability 
Industry Standard Pinout 

AD ADC80 I 
FUNCTIONAL BLOCK DIAGRAM 

BIT7 

BITS 

BIT9 

BIT 10 

BIT 11 

BIT 12 LSB "z" Models for ±12V Supplies 
+5VANALOG SERIAL OUT SUPPLY 

-15VOR-12V 

+5VDIGITAL REF OUT 
SUPPLY (6.3V) 

DIGITAL GND CLOCK OUT 

COMPARATOR 
STATUS IN 

BIPOLAR SHORT OFFSET CYCLE OUT 

10VSPAN IN CLOCK 
INHIBIT 

20VSPAN IN EXTERNAL 
CLOCK IN 

ANALOG GND CONVERT 
START 

GAIN ADJUST +15VOR +12V 

PRODUCT DESCRIPTION 
The AD ADC80 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit mono
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 

Important performance characteristics of the AD ADC80 in
clude a maximum linearity error at +2SoC of ±0.012%, max 
gain T.C. of 30ppm/oC, typical power dissipation of 800mW 
and max conversion time of 2Sl-Is. Monotonic operation of the 
feedback DI A converter guarantees no missing codes over the 
temperature range of -25°C to +8SoC. 

The design of the AD ADC80 includes scaling resistors that 
provide analog signal ranges of ±2.S, ±S.O, ±10, 0 to +S or 0 
to + 10 volts. The 6.3V precision reference may be used for ex
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par
allel form. 

The AD ADC80 is available in two performance grades, the 
AD ADC80-12 (0.012% of FSR max) and the AD ADC80-10 
(0.048% of FSR max). Both grades are specified for use over 
the -25°C to +8So C temperature range and both are available 
in a 32-pin ceramic DIP. 

REV. A 

PRODUCT HIGHLIGHTS 
1. The AD ADC80 is a complete 12-bit AID converter. No 

external components are required to perform a conversion. 

2. A monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 

3. The internal buried zener reference is laser trimmed to 6.3 
volts. The reference voltage is available externally and can 
supply up to 1.SmA beyond that required for the reference 
and bipolar offset current. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

S. The AD ADC80 directly replaces other devices of this type 
with significant increases in performance. 

6. The fast conversion rate of the AD ADC80 makes it an 
excellent choice for applications requiring high system 
throughput rates. 

7. The short cycle and external clock options are provided for 
applications requiring faster conversion speeds or lower 
resolutions. 
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AD ADC80 -SPECIFICATIONS (typical @ + 25°C, ±15V and +5V unless otherwise specified) 

MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
Unipolar 

Impedance (Direct Input) 
OV to +SV. ±2.SV 
OV to +IOV, ±5V 
±IOV 

DIGITAL INPUTS' 
Convert Command 

Logic Loading 
External Clock 

TRANSFER CHARACTERISTICS ERROR 

ADADC80-12 ADADCSo-lO 

12 Bits 10 Bits 

±2.SV,±5V,±lOV 
OV to +'V, OV to ... IOV 

2_SkU 
SkU 
lOkU 

Positive Pulse: lOOns Wide (min) 
("0" to "I" Initiates Conversion) 

tTTL Load 
ITTL Load 

Gain Error1 ±O.l% of FSR3 

Offset Error2 

Unipolar 
Bipolar 

Linearity Error (max)4 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes Temperature Range 
Power Supply Sensitivity 

±lSV 
+SV 

DRIFT 
Specification Temperature Range 
Gain (max) 
Offset 

Unipolar 
Bipolar (max) 

Linearity (max) 
Monotonicity 

CONVERSION SPEED' 

DIGITAL OUTPUT 
(all codes complementary) 

ParaUel 
Output Codes6 

Unipolar 
Bipolar 

Output Drive 
Serial Data Codes (NRZ) 

Output Drive 
Status 

Status Output Drive 
Internal Clock 

Clock Ou~ut Drive 
Frequency 

INTERNAL REFERENCE VOLTAGE 
Max. External CUrrent (with no 

degradation of specifications) 
Tempco of Drift 

POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
ZModels8 

Supply Drain +lSV 
-ISV 
+SV 

TEMPERATURE RANGE 
Specification 
Operating (Derated Specs) 
Storage 

PACKAGE OPTION" 
DH-32D AD ADC80-12 

NOTES 

±O.OS% of FSR 
±O.l%of FSR 
±O.012% of FSR 
±1/2LSB 
±1/2LSB 
- 2SoC to +SSoC 

±O.048% of FSR . 
±O.OO30% of FSRi% Vs • 
±O.OO15% of FSR/% Vs • 

-25°C to +85Q C 
±30ppmtC 

±3ppm of FSRtC 
±ISppm of FSRfC 
±3ppm of FSRtC 
GUARANTEED 

22#JS typ, 2Sps max 

CSB 
COB,CTC 
2TTL Loads 
CSB, COB 
2TTLLoads 

211015 max 

Logic "I" During Conversion 
2TTLLoads 

21TLLoads 
575kHz 

6.3V±lOmV 

1.SmA 
±IOppmtC typ, ±20ppmtc max 

±1SV,+SV 
4.7SV to S.2SV and ±14.0V to ±16.0V 
4.7SV to 5.25V and ±U.4V to ±16.0V 

+lOmA 
-20mA 
+70mA 

-25°C to +8SoC 
-SSoC to +IOOoC 
-SSoC to +12SOC 

ADADC80-10 

I~::~~m:!~ ~~·~:~~O=~~::!:'=2.0V min for cUgital inputs. 

I Adjustable to zero with extemal trimpots. 
I FSR DlCllDS FuB Scale Raage-for example, unit coODeCted for :tlOV raoge bas 20V FSR. 
4Brror shown is lite same as ±1I2LSB max for resolution of AID converter. 
"Conversion time widl inu:raaI clock. 
'SccTablel. CSD - ComplementaryStraightBirwy 

COB - ComplemeDt:ary Offset Binary 
CTC - Complementary Two's Complement 

, For conversion speeds specified. 
'Por Z models order AD ADCSOZ-12 or AD ADC80Z-10. 
'For packqe oudine infonnation see Pac:kIge Infonnation section. 

·Specifications same as AD ADC80-12. 
Specifications subject to chaDJC withoutnoltice. 

SpecifICations subject to manse without notice. 
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Applying the AD ADC80 

THEORY OF OPERATION Bl is reset and B2 -B12 are set unconditionally. At tl the Bit 1 
decision is made (keep) and Bit 2 is unconditionally reset. At 
t2, the Bit 2 decision is made (keep) and Bit 3 is reset uncon
ditionally. This sequence continues until the Bit 12 (LSB) de
cision (keep) is made at t 12. After a 40ns delay period, the 
STATUS flag is reset, indicating that the conversion is com
plete and that the parallel output data is valid. Resetting the 
STATUS flag restores the gated clock inhibit signal, forcing the 
clock output to the Logic "0" state. 

On receipt of a CONVERT START command, the AD ADC80 
converts the voltage at its analog input into an equivalent 12-
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the device bit ou tput pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 5). 

TIMING 
The timing diagram is shown in Figure S. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All 
SAR" parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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1-1 ........ ------ MAXIMUM THROUGHPUT TIME --------

1-------- CONVERSION TIME (2) --------'l~ 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT2 

BIT3 

BIT4 

BIT5 

BIT6 

BIT7 

BITS 

BIT9 

BIT 10 

BIT 11 

LSB 

SERIAL 
DATA 
OUT 

IT3 IT7 

* * * :::1 "0" I I I TI2 

---r-Lj"1" i I iii 1 1 :::J L-Jr. .. ~1'~·~1~1~~1--~1--~1--+1--+----+--+------
:::J I "0" r-
;_;_:_-} _____ I_I_ .. o--, .. I~ I I r-

r- LM I i 
Lj"1"1 I I 

:::jr----------,L...J .. 1" I I I ---1 I "0" --- -
n_ Lj"1" i 

L.J~"~1'~' t------:::J :::J "0" r
:::l?~ 2 I 3 14: 5 I 6 I 7 :"8 L.!...I10 ; 11 L1t'ff$~ 1:°" "1" "1" "0" "0" "1" "1" "1" "0" "1" "1" "0: I 

NOTES: 
1. THE CONVERT START PULSE WIDTH IS 100n5 MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "RISING EDGE" OF THE 
CONVERT COMMAND. 

2. 25/l5 FOR 12 BITS AND 21jlS FOR 10 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40n5 PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 

Figure 5. Timing Diagram (Binary Code 011001110110) 
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AD ADC80 Connect Short Maximum Status Flag 
Cycle Pin 21 to Resolution Conversion Reset 

DIGITAL OUTPUT DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB; Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to Logic "0", 
permitting parallel data transfer to be clocked on the "1 " to 
"0" transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on these 
edges as shown in Figure 5. There are 13 negative-going clock 
edges in the complete 12-bit conversion cycle, as shown in Fig
ure 5. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. All 
serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 

Short Cycle Input. A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 5 to be terminated after any 
number of desired bits has been converted, permitting some
what shorter conversion times in applications not requiring full 
12-bit resolution. When 10-bit resolution is desired, pin 21 is 
connected to Bit 11 output pin 28. The conversion cycle then 
terminates, and the STATUS flag resets after the Bit 10 de
cision (tl0 +40ns in timing diagram of Figure 5). Short 
Cycle pin connections and associated maximum 12-, 10- and 
8-bit conversion times are summarized in Table I. When 12-
bit resolution is required, pin 21 is connected to +5V (pin 9). 

Pin. Bits (%FSR) Time (ps) 

9 12 0.024 25 

28 10 0.100 21 

30 8 0.390 17 

Table I. Short Cycle Connections 

INPUT SCAUNG 

tl2 +40ns 
tlO +40ns 
t8 +40ns 

The AD ADC80 input should be scaled as close to the maxi
mum input signal range as possible in order to utilize the 
maximum signal resolution of the AID converter. Connect the 
input signal as shown in Table II. See Figure 6 for circuit 
details. 

10V RANGE 13 0-----, 
R25kll 

20V RANGE 14 o-~\M~. 

COMP IN 11 o--~---t 
TOSAR 

BIPOLAR 12 ~~~ _ 
OFFSET -.~ - VREF 

ANALOG 15-
COMMON - V 

Figure 6. AD ADC80 Input Scaling Circuit 

Connect 
Input Connect Connect Input 
Signal Output Pin 12 Pin 14 Signal 
Range Code To Pin To To 

±10V COBorCTC 11 Input Signal 14 

±5V COBorCTC 11 Open 13 

±2.5V COBorCTC 11 Pin 11 13 

OVto +5V CSB 15 Pin 11 13 

OVto +10V CSB 15 Open 13 

Table II. AD ADC80 Input Scaling Connections 

Binary (BIN) 
INPUT VOLTAGRRANGE AND LSB VALUES Output 

Analog Input 
Voltage Range Defined As: ±10V ±SV 

Code COB* COB' 
Designation or CTC" or CTC" 

One Least FSR ZOV lOV 
Significant 2n zn 2D 
Bit (LSB) n=8 78.13mV 39.06mV 

n= 10 19.53mV 9.77mV 
n= 12 4.88mV 2.44mV 

Transition Values 
MSB LSB 

000 ... 000···· +Full Scale +lOV -3/2LSB +SV -3/2LSB 
011 ... 111 Mid Scale 0 0 
111 ... 110 -Full Scale -lOY +l/ZLSB -SV +l/ZLSB 

NOTES: 
·COB = Complementary Offset Binary 
··CTC = Complementary Two's complement-obtained by using the complement 

of the most significant bit (MSB). MSB is available po pin 8 . 
•• ·CSB = Complementary Straight Binary . 
•• ··Voltages given are the nominal value for transition to the code specified. 

±2.SV 

COB' 
or CTC" 
SV zn 
19.53mV 
4.88mV 
1.22mV 

+2.SV -3/ZLSB 
0 

-Z.SV +l/ZLSB 

Tabls III. Input Voltages and Code Definitions 
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OV to +10V OV to +SV 

CSB'" CSB'" 
lOV SV 
2D Zn 

39.06mV 19.53mV 
9.77mV 4.88mV 
2.44mV 1.22mV 

+lOV -3/2LSB +SV -3I2LSB 
+SV +Z.SV 

0+ 1/2LSB o +1/2LSB 
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OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 1.8Mn resistor 
to ·Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppmt C tempco contributes 
a worst-case offset tempco of 8X 244X 10-6 X 1200ppmtC = 
2.3ppmtC of FSR, if the OFFSET AD] potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con
tributes no more than IppmtC of FSR offset tempco. 

+16V 

IOkU 1.8MU 11 
TO 

l00kU 

-15V 

Figure 7. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco <100 
ppmt C) are used, is shown in Figure 8. 

+15V 

OFFSET '~~U s.._'8OkJVI",M~.F_ ..... _'80JVlk,.,M,....F_. -4' ).'-1 AD ADC80 

ADJ l00kU 

-15V 

Figure 8. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short (Comparator Input pin 11 is quite 
sensitive to external noise pick-up). 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mn resistor 
to the gain adjust pin 16 as shown in Figure 9. 

+15V 

'~~U ~_''\j0M..,U __ '06--1 AD ADC80 

l00kU O.OIPFt 

-15V 

Figure 9. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppmtC) are 
used is shown in Figure 10. 

+15V 

'~~U s._"I27",0k1\r---4~-"I27",0kI\r---cH 
100kU 

-15V 

Figure 10. Low Tempco Gain Adjustment Circuit 
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AD ADC8D 
CALIBRATION 
External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures 11 and 12, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

o to +10V Range: Set analog input to +lLSB = +0.0024V. • 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.99S2V. 
Adjust Gain for 000000000001 digital output code; full-
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +S.OOOOV; digital output code should be 
011111111111. 

-10V to +10V Range: Set analog input to -9.99S1V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +SV, -2.SV to +2.SV and -SV to 
+SV ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10Vranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes," D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 

+15V 

-15V 

.... 
-15V +1SV 

10M 
ANALOG 

O.01"F~ INPUT 

Figure 11. Analog and Power Connections for 
Unipolar G-10V Input Range 
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AD ADC80 

'Ok~ ...... 'OMM,.-+ 
"5V 

O.OlIlFV 
ANALOG 

INPUT 

Figure 12. Analog and Power Connections for Bipolar 
±10V Input Range 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC80. Therefore, separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. In 
this way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where 
they would cause measurement errors. 

Each of the AD ADC80's supply terminals should be capaci
tively decoupled as close to the AD ADC80 as possible. A 
large value capacitor such as Ij.lF in parallel with a O.lj.lF 
capacitor is usually sufficient. Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by
passed to the Logic Power Return pin. 

-IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P .s. COMMON 

Figure 13. Basic Grounding Practice 
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CONTROL MODES 
The timing sequence of the AD ADC80 allows the device to 
be easily operated in a variety of systems with different con
trol modes. The most common control modes are illustrated in 
Figures 14-16. 

11 
CONVERT 
COMMAND 

AD ADC80 
18 =V BIT" 28 

SHORT 
CYCLE 
CLOCK 

INHIBIT 
EXTERNAL '9 

CLOCK 

Figure 14. Internal Clock-Normal Operating Mode. 
Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 

..nnn. 
EXTERNAL 

CLOCK 
19 ~~~:NAl 8IT,' 28 

AD ADC80 
SHORT 21 
CYCLE 
CLOCK 20 

INHIBIT 
18 CONV. 

COM. 
DIGiTAL '-____ .J 

COMMON 

'()..BIT 
/OPERATION 

I 12.BIT 
:/ OPERATION 

-~+6V 

":' DIGITAL 
COMMON 

Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 

..nnn. 
: EXTERNAL 
,CLOCK 
I 
I 
I 
I 
I 
I 

..... ------'2298TATUS 

I 18 CONY. CLOCK 20 
Jl--------~~COM. INHIBIT 

:~~~1 

1000IT 
OPERATION 

DIGITAL 
COMMON 

Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command. The Convert Command 
must be Synchronized with Clock. 
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~ANALOG 
L..IIII DEVICES 

FEATURES 

Performance 

Complete 12-8it AID Converter with Reference and Clock 
Fast Successive Approximation Conversion: 10JJS or 5JJS 
Buried Zener Reference for Long Term Stability and Low 

Gain T.C.: 10ppmfC 
Max Nonlinearity: <±O.012% 
Low Power: 880mW Typical 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"z" Models for ±12V Operation Available 
MIL-STD-8838 Processing Available 

Versatility 

Negative·True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference for External Applications 

PRODUCT DESCRIPTION 
The AD ADC84/AD ADC8SIADS240 series devices are high
speed, low-cost 10- and 12-bit successive approximation 
analog-to-digital converters that include internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit 
monolithic DAC to provide modular performance and versa
tility with IC size, price and reliability. 

Important performance characteristics of the AD ADC841 
AD ADC8S1 ADS 240 series include a maximum linearity error 
at +2SoC of ±0.012%, gain T.C. below lSppm/oC, typical 
power dissipation of 880mW, and conversion time of less than 
10JJS for the 12-bit versions. Of considerable significance in 
severe and aerosgace applications is the guaranteed perfor
mance from -SS C to +12SoC of the AD ADC8SS which is 
also available with environmental screening. Moriotonic 
operation of the feedback DI A converter guarantees no 
missinlf, codes over temperature ranges of 0 to +70oC, -2SoC 
to +8S C, and -SSoC to +12SoC. 

The design of the AD ADC84/AD ADC8SIADS240 includes 
scaling resistors that provide analog input signal ranges of 
±2.S, ±S, ±10, 0 to +S, or 0 to +10 volts. Adding flexibility 
and value are the +6.3V precision reference, which also can 
be used for external applications, and the input buffer ampli
fier. All digital signals are fully DTL and TTL compatible, 
and the data output is negative-true and available in either 
serial or parallel form. 

The AD ADC84/AD ADC8SIADS240 series devices are avail
able in two different performance grades. The devices are 
specified for either 10-bit accuracy (±0.048% FSR max) or 
12-bit accuracy (±0.012% FSR max) with 8.4JJS, 10JJS 
(AD ADC84/AD ADC8S) and 4.1JJS, SJJS (ADS240) max 
conversion times respectively. 
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Fast, Complete 
12-Bit AID Converters 

AD ADC84/AD ADC85/AD5240 I 

81T12 
(LSB FOR 12 BITSI 

81Tl0 
(lSB FOR 10 8ITS) 3 

FUNCTIONAL BLOCK DIAGRAM 

The AD ADC84 and AD ADC8SC specified for operation over 
the 0 to +70oC temperature range. The AD ADC8S and 
AD ADC8SS are specified for the - 2SoC to +8SoC, -SSoC to 
+12SoC ranges respectively. 

PRODUCT HIGHLIGHTS 
1. The AD AOC84/AD ADC8SIADS240 series devices are 

complete 12-bit AID converters. No external components 
are required to perform a conversion. 

2. The AD AOC84/AD ADC8SIADS240 directly replaces 
other devices of this type with significant increases in 
performance. 

3. The fast conversion rates ofthe AD ADC84/AD ADC8S 
(lOJJS) and ADS240 (SI-Is) make them an excellent choice 
for applications requiring high system throughput rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±O.l % and ±lOppmfC typical T.C. The reference 
is available externally and can provide up to lmA. 

S. The integrated package construction provides high quality 
and reliability with smaIl size and weight. 

6. The monolithic l2-bit feedback DAC is used for reduced 
chip count and higher reliability. 

7. The AD ADC8SS/883B and ADS240SD/883B come 
processed to MIL-STD-883, Class B requirements (see 
ADI Military Products Databook). 
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AD5240KD/ 
MODEL ADADCB4 ADADCB5C ADADCB5 ADADCB5S AD5240SD UNITS 

RESOLUTION 10/12 10/12 10/12 10112 12 Bits 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±2.5. ±5. ±IO Volts 
Unipolar o to -tS, 0 to +10 Volts 

lmpedance (Direct Input) 
OV to +SV, ±2.SV 2.S(t20%) kG 
OV to +IOV. ±SV S(±20%) kG 
±IOV 10(±20%) kO 

Buffer Amplifier l 

Impedance (min) 100 Mn 
Bias Current SO nA 
Settling Time 

To 0.01% for 20V Step /.IS 

DIGITAL INPUTS' 
Convert Command Positive Pulse lOOns min Trailing 

Edge Initiates Conversion 
Logic Loading I TTL Load 

TRANSFER CHARACTERISTICS ERROR 
Gain Error' ±a.I(±0.2S% max) ±0.2 % 
Offset Error' Adjustable to Zero 

Unipolar ±0.OS(±0.2% max) ±O.I %ofFSR4 
Bipol .... ±0.1(±0.2S% max) ±a.2 %of FSR 

Linearity Error (max)' ±O.04B/±O.012 ±a.0I2 %ofFSR 
Inherent Quantization Error ±a.s LSB 
Differential Linearity Error ±a.s LSB 
No Missing Codes Temperature Range o to +70 o to +70 -25 to +85 -SS to +12S o to +70/-55 to +125 ·C 
Power Supply Sensitivity 

±lSV ±0.004 %ofFSRI%V 
+SV ±O.OOI % of FSR/%V 

DRIFT 
Specification Temperature Range o to +70 -2S to +8S -SS to +125 o to +70/-55 to +125 ·C 
Gain (max) ±30 ±40/±2S ±20/±IS ±2S ±30/±2S ppmtC 
Offset 

Unipolar ±3 ±Smax ppmtC 
Bipolar (max)s ±IS ±20/±12 ±10t±7 ±IO ±ISI±7 ppmtC 

Linearity (max) ±3 t3/t2 ±2 ppmtC 
Monotonicity GUARANTEED GUARANTEED 

CONVERSION SPEED (MAX) 8.4/10 5 /.IS 

DIGITAL OUTPUT 
(all codes complementary) 

Parallel 
Output Codes 7 

Unipolar CSB 
Bipolar COB.CTC 

Output Drive 2 TTL Loads 
Serial Data Codes (NRZ) CSB. COB 

Output D~ve 2 TTL Loads 
Status Logic" 1" during Conversion 

Status Output Drive 2 TTL Loads 
Internal aock 

Clock Output Drive 2 TTL Loads 
Frequency 1.9/1.22 2.6 MHz 

INTERNAL REFERENCE VOLTAGE 6.3/±15mV max Volts 
Max. External Current (with no 

degradation of specifications) 1.0 mA 
Tempco of Drift. (max) t20/max flO typ tS typ t5 typ ±10 ppmtC 

POWER REQUIREMENTS 
Rated Voltages +'5. ±15 Volts 
Range for Rated Accuracy 4.7S to 5.2S and tU.S ro t16.S . Volts 
Z Model,' 4.75 to S.25 and tll.4 to ±16.S . Volts 
Supply Drain +ISV 25 max 15 max mA 

-15V 35 max 35 max mA 
+SV 140 max 100 max rnA 

Total Power Dissipation 1500 max 1100 max mW 

TEMPERATURE RANGE 
Specification o to +70 -25 to +85 -55 to +125 o to +70/-55 to +125 ·C 
Operating (Derated Specs) -25 to +85 -55 to +125 -55 to +125 -55 to +125 ·C 
Storage -55 to +125 -65 to +150 ·C 

PACKAGE OPTION' 
DII-32F Ceramic Ceramic Ceramic Ceramic Ceramic 

NOTES 
I Buffer Settling time adds to conversion speed when buffer is CODDected to input. 'See Table I. 
tDTLITI'L compatible Logic "0" = D.8V max, Logic "I" = 2.0V miD for 'For ±12V operation add .. z" to model number. Input raage limited to a 

diptal output, LoJic "0" = D.4V max. Logic "I" = 2.4V min. maximumof:t5V. 
, Adjustable to zero. 'For package outline information see Package Information section . 
.. FSR means Full Scale Ranp. 
'Guaranteed at VIN = 0 volts. ·Specifications same as AD ADeM. 
'Error shown is the same as :t 1/2LSB max error in '" of FSR. Specifications subject to cbanp without notice. 
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Typical Performance Curves - AD ADC84/AD ADC85/AD5240 
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Figure 1a. Linearity Error vs. Conversion Speed 
(AD ADC841AD ADC85) 
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Figure lb. Linearity Error vs. Conversion Speed (AD5240) 
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Figure 2a. Change in Differential Linearity vs. Conversion 
Speed (AD ADC841AD ADC85) 
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Figure 2b. Change in Differential Linearity vs. Conversion 
Speed (AD5240) 
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Figure 3a. Gain Drift Error (% FSR) vs. Temperature 
(AD ADC841AD ADC85) 
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Figure 3b. Gain Drift Error (% FSR) vs. Temperature 
(AD5240) 
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Figure 4a. Conversion Speed vs. Control Voltage 
(AD ADC841AD ADC85) 
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Figure 4b. Conversion Speed vs. Control Voltage 
(AD5240) 
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AD ADC84/AD ADC85/AD5240 
OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer connected 
across iVs with its slider connected through a 1.8Mn resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
5 the tolerance of this fixed resistor is not critical, and a car
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppml C tempco contributes 
a worst-case offsettempco of 8X 244X 10-6 X 1200ppmtC = 
2.3ppmlC of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con
tributes no more than Ippm/oC of FSR offset tempco. 

+15V 

10k!l 1.BM!l 
TO 

10Ok!l 

-15V 

ADADC84I 
ADADC851 

AD5240 

Figure 5. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure S. 

ADADC84I 
ADADC851 

AD5240 

Figure 6. Low Tempco Zero Adjustment Circuit 

In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 

2-812 ANALOG-TO-DIGITAL CONVERTERS 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mn resistor 
to the gain adjust pin 27 as shown in Figure 7. 

ADADC84I 
ADADC851 

AD5240 

Figure 7. Gain Adjustment Circuit 

An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco < 100ppmf C) 
are used is shown in Figure 8. 

ADADC84I 
ADADC851 

AD5240 

Figure 8. Low Tempco Gain Adjustment Circuit 
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Applying the AD ADC84/AD ADC85/AD5240 
THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD ADC841 
AD ADC8S/ADS240 converts the voltage as its analog input 
into an equivalent 12-bit binary number. This conversion is 
accomplished as follows: the 12-bit successive-approximation 
register (SAR) has its 12-bit outputs connected both to the 
device bit output pins and to the corresponding bit inputs of 
the feedback DAC. The analog input is successively compared 
to the feedback DAC output, one bit at a time (MSB first, 
LSB last). The decision to keep or reject each bit is then 

B12 are set unconditionally. At tl the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t2, the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at t12' After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re
stores the gated clock inhibit signal, forcing the clock output 
to the L9gic "0" state. 

made at the completion of each bit comparison period, 
depending on the state of the comparator at that time. 

Corresponding serial and parallel data bits become valid on 
the same positive1!oing clock edge. Serial data does not change 
and is guaranteed valid on negative1!oing clock edges, however; 
serial data can be transferred quite simply by clocking into a 
receiving shift register on these edges (see Figure 9). 

TIMING 
The timing diagram is shown in Figure 9. Receipt of a CON
VERT START signal sets the STATUS flag, indicating conver
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to, Bl is reset and B2 -

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting-parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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CONVERT' 
START 

INTERNAL 
CLOCK 

STATUS 

MSB 

BIT2 

BIT3 

BIT4 

BIT5 

BIT6 

BIT7 

BIT8 

BIT9 

BIT '0 

BIT 11 

LSB 

SERIAL 
DATA OUT 

.... 1-------- MAXIMUM THROUGHPUT TIME ------_~ 

fooIf--------- CONVERSION TIME (2) ------~ 

'~'). • 1T
4 1T5 1T7 !T8 

:::1 "0" I I I I I I 
n_r-Lj .. , .. i I I I i I 
:::J LJi-:: .. ~' .. :-+-1 -!,--+,-+,-+,-!-,---'!--.+-----'---:::J I "0" r-
:::J~-----=:fl .. ::..o .. il ~I=IF=F:I ~==!:~=~.--_ 
~~;Jr-_____ U----.'zv1 i I 

J U .. , .. I I 
::J~-----~---==~L-J~ .. ~' .. ~I-~~-+----
:::J I "0" r-
:::J L.J .,.. I 
:::J L-Jr,..,,,,,, .. -+-,---
:::J "0" .--

:.:-':.~ 2 : 3 I 4 : 5 I 6 : 7 : 8 u.J'0 : " ~ff$~ 
I~" .. ,.. ..,.. "0" "0" .. ,.. ..,.. ..,.. "0" .. ,.. ..,.. "0';;' I 

NOTES 
,. THE CONVERT START PULSE WIDTH IS 'OO"S MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INmATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 'O",sFOR '2 BITS AND 8.4",s FOR '0 BITS (AD ADC84/AD ADC8S) OR S",s FOR'2 BITS 
AND4.,,,,sFOR'OBITS(AD5240). 

3. MSB DECISION. 
4. LSB DECISION 20"s PRIOR TOTHE STATUS GOING LOW. 

OBIT DECISIONS. 

Figure 9. Timing Diagram (Binarv Code 0 1 1 00 1 1 1 0 1 1 0) 
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AD ADC84/AD ADC85/AD5240 
DlGITAL·OUTPUT DATA ADADCMI 

ADADC8S 
Connect Short Connect Clock (ADS240) 

Cycle Pin 14 To Rate Control Resolution Conversion Status Flag 
Pin: Pin 17 To Bits (%FSR) Time Va) Reset 

16 IS 12 0.024 10 (5) tl2 +4005 
2 16 10 0.100 8.5 (4.1) tJO +40ns 
4 28 8 0.390 6.8 (3.3) t. +40ns 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen
tary binary for unipolar ranges and either complementary off
set binary or complementary two's complement binary, de
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx
imately 40ns before the STATUS flag returns to. Logic "0", 
permitting parallel data transfer to be clocked on the "1" to 
"0" transition of the STATUS flag. 

Table I. Short Cycle Connections 

INPUT SCAUNG Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 9. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 9. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

The AD ADC84/AD ADC85/AD5240 inputs should be scaled 
as close to the maximum input signal range as possible in 
order to utilize the maximum signal resolution of the AID 
converter. Connect the input signal as shown in Table II. See 
Figure 10 for circuit detail. 

Short Cycle Input. A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 9 to be terminated. after any 

~r-
29 --I 

3D + L. 

COMPIN 

24 10V SPAN 

R25kn 25i}--.,.,...-. 
20VSPAN 

TOSAR 

COMPARATOR 

. number of desired bits has been converted, permitting some
whatshorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When lO-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (t1O +40ns in timing diagram of Figure 9). 
Short Cycle pin connections and asSociated maximum 12-, 

Figure 10. Input Scaling Circuit 

For Direct For Buffered 
Input Input Pin 30 

Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 

10- and 8-bit conversion times are summarized in Table l. ±10V COB or CTC 22 Input Signal 25 25 

±SV COB orCTC 22 Open 24 24 
±2.SV COB or CTC 22 Pin 22 24 24 
OV to +SV CSB 26 Pin 22 24 24 
OV to +10V CSB 26 Open 24 24 

Table II. Input Scaling Connections 

INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 
Voltase Range ±lOV ±SV 
Code COB' COB' 
Designation or CTC" or CTC" 
One Least FSR 20V 10V 
Significant 2D 2D zn 
Bit (LSB) n=8 78.13mV 39.06mV 

n= 10 19.53mV 9.77mV 
n= 12 4.88mV 2.44mV 

Transition Values 
MSB LSB 

000 ... 000···· +Full Scale + 10V -3/2LSB +SV -3/2LSB 
011 ... 111 Mid Scale 0 0 
111 ... 110 -Full Scale -lOY +1/2LSB -SV +1I2LSB 

NOTES, 
·COB = Complementary Offset Binary 
"CTC = Complementary Two's co~ent--obtained by using the complement 

of the most significant bit (MSB). MSB is available to pin 13. 
···eSB = Complementary Straight Binary. 
····Voltages given are the nominal value for transition to the code specified. 

±2.SV 
COB' 
or eTC"* 
SV zn 
19.53mV 
4.88mV 
1.22mV 

+2.SV -3/2LSB 
0 

-2.SV + 1I2LSB 

Table III. Input Voltages and Code Definition 

2-814 ANALOG-TO-DIGITAL CONVERTERS 

OV to +lOV OV to +5V 

CSB'" CSB'" 
10V SV zn 2n 
39.06mV 19.53mV 
9.77mV 4.88mV 
2.44mV 1.22mV 

+ 10V -3/2LSB +SV -3/2LSB 
+SV +2.SV 

0+ l/2LSB o +1I2LSB 
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CALIBRATION 
External ZERO AD] and GAIN AD] potentiometers, con
nected as shown in Figures 11 and 12, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

NOTE: ANALOG '~n AND DIGITAL I*J GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST 'BE 
CONNECTED EXTEANALLY. 

Figure 11. Analog and Power Connections for Unipolar 
o to + 10V Input Range with Buffer Follower 

NOTE: ANALOG ("$', AND DIGITAL I.' GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 12. Analog and Power Connections for Bipolar 
- 10V to + 10V Input Range with Buffer Follower 

o to +10V Range: Set analog input to +lLSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 

-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary offset binary) code should be 
0111111111111. 
Other Ranges: Representative digital coding for 0 to +10V and 
-10V to + 1 OV ranges is given above. Coding relationships and 
calibration points for 0 to +SV, -2.SV to +2.SV and -SV to 
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AD ADC84/AD ADC85/AD5240 
+SV ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -IOV to +IOV ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre
cision of approximately ±1I4LSB using the static adjustment 
procedure described above. By summing a small sine or tri
angular-wave voltage with the signal applied to the analog in
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or • 
end points) of each discrete quantization level. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC84/AD ADC85/ADS240. 
Separate ground returns should be provided to minimize the 
current flow in the path from sensitive points to the system 
ground point. In this way supply currents arid logic-gate 
return currents are not summed into the same return path 
as analog signals where they would cause measurement errors. 

Each of the AD ADC84/AD ADC8SIADS240's supply term
inals should be capacitively decoupled as close to the device 
as possible. A large value capacitor such as IJlF in parallel 
with a O.IJlF capacitor is usually sufficient. Analog supplies 
are bypassed to the Analog Power Return pin and the logic 
supply is bypassed to the Logic Power Return pin. 

CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con
version speeds, the CLOCK RATE CONTROL may be con
nected to an external multi-turn trim potentiomer with a 
TCR of ±100ppmtC orless as shown in Figures 13 and 14. 
If the potentiometer is connected to -ISV, conversion time 
can be increased as shown in Figures 4a and 4b. If these adjust
ments are used, delete the connections shown in Table I for 
pin 17. See Figures la and Ib for nonlinearity error vs. con
version speed and Figures 4a and 4b for the effect of the 
control voltage on clock speed. 

+5V 

CLOCK I 
CON~~~~ @---- - ~2kU 

(12.f1IT RESOLUTION) 

CLOCK 
FREOUENCY 
ADJUST 

Figure 13. 12-Bit Clock Rate Control Optional Fine Adjust 

+15V 

CLOCK i CLOCK 
RATE @----- 5kU FREQUENCY 

CONTROL ADJUST 

(8· OR 10·BIT RESOLUTION) 

Figure 14. 8-Bit Clock Rate Control Optional Fine Adjust 
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AD ADC84/AD ADC85/AD5240 
MICROPROCESSOR INTERFACING 
The fast conversion times of the AD ADCS41 AD ADCSS and 
ADS240 suggest several different methods of interface to 
microprocessors. In systems where the ADC is used for high 
sampling rates on a single signal which is to be digitally pro
cessed, CPU-controlled conversion may be inefficient due to 
the slow cycle times of most microprocessors. It is generally 
preferable to perform conversions independently, inserting 
the resultant digital data directly into memory. This can be 
done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hard
ware is facilitated by the guaranteed data validity on the fall
ing edge of the EOC signal. 

Clearly, 12 bits of data must be broken up for interface to an 
S-bit wide data bus. There are two possible formats: right
justified and left-justified. In a right-justified system, the 
least-significant S bits occupy one byte and the four MSB's 
reside in the low nybble of another byte. This format is use
ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup
plies the eight most-significant bits in one byte and the 
4LSB's in the high nybble of another byte. The data now re
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 

Figure 15 shows a typical connection of an SOSS-type bus, 
using a left-justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4 LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD ADCS4/AD ADCSSIADS240 should be reversed, 

HIGHBVTE 
ADDRESS 

(ACTIVE LOW) 

LOW BYTE 
ADDRESS 

!ACTIVE LOW) 

+15V-15V 

AD ADC84I 
ADADC8SJ 

AD5240 

74LS244 

10 

18 

,. 

12 

,. 
,. 
14 

I 
I 

! : , 
I 
I 
I 
I 
I 

L---+--1-1>-r4~12--~ i 
I 
I 

3 1 
- - -(o;;.iONALi 

AD7 

AD. 

AD4 

AD> 

AD. 

AD' 

ADO 

Figure 15. AD ADC841AD ADC851AD5240 - 8085A Interface 
Connections 

as well as the connections to the data bus high and low byte 
address signals. 

When dealing with bipolar inputs (±SV, ±lOV ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two's complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 

ORDERING GUIDE 

Temperature Gain Conversion 
Modell Linearity Range T.C.-ppmfC Time 

ADADCS4-l0 ±O.04S% o to +70oC ±30 lOllS 
ADADCS4-l2 ±0.012% o to +70oC ±30 lOllS 
AD ADCSSC-lO ±0.04S% o to +70oC ±40 lOllS 
AD ADC8SC-12 ±0.012% o to +70oC ±2S lOllS 
ADADCSS-lO ±O.04S% -2SoC to +SSoC ±20 lOllS 
AD ADCSS-12 ±0.012% -25°C to +SSoC ±lS lOllS 
AD ADCSSS-IO ±O.04S% _55°C to +12SoC ±2S lOllS 
AD ADCSSS-12 ±0.012% -SSoC to +12SoC ±2S lOllS 
ADS240KJ) ±0.012% o to +70oC ±30 Slls 
AD ADCSSS-12lSS3B ±0.012% -55°C to +12SoC ±2S lOllS 
ADS240SD/SS3B ±0.012% -SSoC to +12SoC ±2S Slls 

I For complete model number suffixes must be added "Model Number Typical Part Numbers 
for .. z .. option (±12V operation), linearity. The • ·"Z" Version Design~tor ADADC84-12 
following guide shows the proper suff'1X order. ···Linearity AD ADC8SSZ-12 
AD ADC (0)(00)-(000) ADS240ZKD 
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WDEVICES 

FEATURES 
S-Pin Mini-DIP Package 
Fast Conversion Time-5.6 jJ.s 
Low Power-135 mW typical 
Internal Low Drift Bandgap Reference 
o to +5 V Analog Input Range 
3-Wire Signal Interface 

APPLICATIONS 
Data Acquisition Systems 
Medical Diagnostics 
Avionic and Navigation Systems 
Process Control Equipment 
Multichannel Analog 1/0 
Isolated Industrial Data Acquisition 

GENERAL DESCRIPTION 
The ADC-170 is a complete, serial-output, l2-bit anal 
digital converter witb voltage reference, all in a 
8-pin mini-DIP or l6-pin surface mount SO 
ing from an external 2.5 MHz (max) c 
to 5 V are digitized at a 5.6 jLS ra 
wire serial interface transfers tbe 
tbe seria1 port of tbe host processor 
opto isolators or transformers for high volt 

Fabricated in a complementary bipolar CMOS BCMOS) p 
cess, tbe ADC-170 utilizes a successive approximation architec
ture witb a high speed DAC and low noise PNP-input 
comparator to achieve botb high speed and low power operation. 
Operating from + 5 V and -12 V to -15 V supplies, power 
consumption is only 135 mW. The internal voltage reference is a 
low drift bandgap which maintains guaranteed accuracy over the 
full operating temperature range of tbe device. 

Following a start of conversion pulse, the MSB of the new digi
tal word is available at tbe serial data output after 2 clock cycles, 
during which tbe new conversion results are read witb tbe re
maining 12 clock cycles. The ADC-170 can be configured for 
single conversion or continuous operation. 

Complete, Serial-Out 
5.6 J1s, 12-8it AID Converter 

ADC-170 I 
FUNCTIONAL BLOCK DIAGRAM 

VDD 

1 

soo 

the most complete l2-bit ADC solution 
mpact package. When combined witb tbe serial-
3 in tbe 8-pin mini-DIP package, tbe result is an 
, high performance analog input/output port. 

available in 8-pin plastic and Cerdip packages, 
-16 addresses surface mount applications. All 

ered in tbe extended industrial temperature range 
to +85°C). For -55°C to + l25°C applications, contact 

your local Analog Devices sales office to obtain tbe ADC-
170/883 data sheet. 

ISOLATED DC 

OTO+5V 

START 
CONVERSION 

CLOCK IN 

SERIAL 
DATA OUT 

Figure 1. ADC-170 High Voltage Isolation Application 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADC-170~SPECIFICATIONS 
--

ELECTRICAL CHARACTERISTICS (Yoo = +5Y ~ 5%, Yss = -11.4Yto -15.75 Y;fCLK =2.5 MHz; -:-400C s; TA s; +115·C 
'.' . . . . '. '. unless otherwise noted.) • . .. 

Parameter Symbol Conditions Min Typ Max Units 

ACCURACY 
Resolution N 12 Bits 
Integral Nonlinearity INL TA = +2s'C ADCI70E ±1I2 LSB 

ADCI70F ±I LSB 
Differential Nonlinearity DNL . Guaranteed Monotonic over Temp ±I LSB 
Offset Error VZSE ADCI70E ±3 LSB 

ADCI70F ±S LSB 
FuU-Scaie Error VPSB TA = +2S'C ±1O LSB 
FuU-Scale Tempco' TCVps ADCI70E ±2S ppm/'C 

ADCI70F ±45 ppml"C 
Conversion Time !coNV 14 Clock Cycles 5.6 fl.s 

ANALOG INPUT 
Input Voltage Range AIN 0 +S V 
Input Current lIN AIN = 0 V to +5 V 3.S mA 

INTERNAL REFERENCE 
V REF Output Voltage VREP TA = 2S'C -S.2 -S.2S -5.3 V 
VREP Output Tempco' TCVREF ±20 ppml"C 

±40 ppm/'C 
Output Current Sink Capability lREF mA 

POWER SUPPLY REJECTION 
Positive Supply Rejection Voo ±1I2 LSB 

Negative Supply Rejection Vss ±lIS LSI! 
±lIS LSB 

LOGIC INPUTS 
Input Low Voltage V,L o.s V 
Input High Voltage Vm 2.4 V 
Input Capacitance' CIN 10 pF 
Input Current IINL ±IO f1.A 

±200 ±SOO f1.A 

LOGIC OUTPUT 
Output Low Voltage VOL SDO ISINK = 1.6 mA 0.4 V 

SDO ISINK = 6.0 rnA 0.3 1.5 V 
Ourput High Voltage VOH SDO IsoURCE = 200f1.A 4 V 

POWER REQUIREMENTS 
Positive Supply Voltage Voo ±S% for Specified Performance V 
Negative Supply Voltage' Vss ±S% for Specified Performance -lsto-12 V 
Positive Supply Current 100 SC/EOC = Voo, AIN = 0 V 5 mA 
Negative Supply Current Iss SC/EOC = Voo, AIN = 0 V -6 -II mA 
Power Dissipation POISS Voo = +5 V, Vss = -IS V l3S 205 niw 

TIMING CHARACTERISTICS3(Voo = +5 Y, Yss = -12 Y or -15 Y; -40·C s; TA s; +85·C) 

CLOCK Pulse Width IcH ~LKHIGH 40 ns 

IcL CLKLOW 60 ns 
SC/EOC Pulse Width tSH SC/EOC HIGH 40 ns 

tSL SC/EOCLOW 60 ns 
SC/EOC to CLK Skew tsco LeadingCLK 40 ns 

tSCI Leading CLK + I 200 ns 
CLK to SDO Delay tpo 25 SO ns 

NOTES 
'Guaranteed by design, not subject to test. 
'Specified performance with -12 V supply is guaranteed by testing offset and full-scale errors. 
~iming specifications are sample tested at +2S0C to ensure compliance. All input control signals are specified with tR = tF = 5 ns (10% to 90% of +5 V) and 
timed from a voltage level of + 1.6 V. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
• Includes Clock, Reference, 3-State Buffered Outputs 
• Fast Conversion Time ............................ 61'S 
• FourlnputRanges .. +/-2.5V,+/-5.0V,+5.0Vand+10.0V 
• 1/2 LSB INL 
• No Missing Codes Over Temperature 
• Low ESD Sensitivity Due to Rugged Bipolar Processing 
• Software Programmable Unipolar/Bipolar 
• Easily Interfaced to 8 and 16-Bit I'P Bus 
• Available In Ole Form 

ORDERING INFORMATIONt 
PMI MODEL NO. 

ADC910AT' 
ADC910Br 
ADC910ET 
ADC910FT 
ADC910GT 
ADC910HT 

TEMPERATURE RANGE 

-SS·C/+12S·C 

-2S·C/+8S·C 

O·C/+70·C 

For devices processed in total compliance to MIL-STD-883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parIS in 
CerOIP. plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The ADC-910 is a 10-bit A/Dconverter designed specifically 
for interfacing with microprocessors. 3-state data outputs 

SIMPLIFIED SCHEMATIC 

JLP-Compatible 10-Bit High-Speed 
AID Converter 

ADC-910 I 
allow direct connection to an 8-bit data bus in an MSB byte of 
8 bits and an LSB byte of 2 bits. A command register with 
read/write inputs and 3 Chip Select inputs to control the 10 
data lines is included. Interrupt enable, start conversion and 
bipolar/unipolar mode selection are controlled by the data 
bus. The use of high-speed Linear Differential Logic results 
in fast (61'S) conversion time and low power diSSipation. 

PIN CONNECTIONS 

DIGITAL 
GND 

(LSB)BO 5 

21 ~~~LOG 

18 ~~:ET 
17 VREFOUT 

16 V REF ADJUST 

28-PIN HERMETIC DIP 
(T-Sufflx) 

MSB LSB 

REV.B 

START 

UNI/BiP 

~o--I--""'" 

Cl!20--1r-----4---f---/ 
Ci1O--+------..... -~ 

CLOCK IN 0-+----+1 

CCLK o-+------l 

VREFOUT o--I----~ 

B9 B8 87 B6 B5 84 B3 B2 81 80 

v.-
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ADC-910 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 

ADC-910AT/BT .....•................ -SsoC to +12SoC 
ADC-910ET/FT ••.••.•.•..•...•...•..• -2SoC to +8SoC 
ADC-910GT/HT •..........•.....•.....• O°C to +70°C 

Maximum Junction Temperature (lj) .............. 17SoC 
Storage Temperature Range ••.•.•.••••• -6SoC to +1S0°C 
Lead Temperature (Soldering, 60 sec) ...•..•...... 300°C 
Supply Voltage (V+) •.................•.............. 6V 
Supply Voltage (V-) •.................••........•..•.. 6V 
V+ to V- ......•..••........•........................ 12V 
Logic Inputs ....•........••..•.........•.... +6V, -0.3V 

Logic Outputs (in 3-state) ..........•....•.... +6V, -0.3V 
VINA ......•.•............•......................••. 1SV 
VIN B •••••••••••••••••••••••••••••••••••••••••••••• 7.SV 
Reference Inputs .•.•.•.....................•.•.... 3.0V 
Digital Ground to Analog Ground Voltage ........... O.SV 

PACKAGE TYPE UNITS 

2B-Pin Hermetic DIP (T) 50 7 

NOTE: 
t. 8 1A Is specified lor worst case mounting conditions. I.e •• ~A Is specified lor 

deVice In socket lor CerDIP packege. 

ELECTRICAL CHARACTERISTICS at V+ = SV. V- = -SV. VREF = 2.SV. fCLK = O.SMHz; TA = -SsoC to +12SoC apply for 
ADC-910AT/BT. unless otherwise noted. 

ADC-910AT ADC-910BT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity 
INL 

TA=25°C 1/2 
LSB 

(Note 3) TA = Full Temp. Range 3/4 

Gain Drift 
TCG,s 

External Reference 25 30 
ppm FS/oC 

(Notet) Internal Reference 40 50 

Reference Line Regulation 4.75V < V+ < 5.25V 500 600 I'VIV 

Positive Supply Current 1+ 30 40 30 40 mA 

Negative Supply Current 1- 50 60 50 60 mA 

ELECTRICAL CHARACTERISTICS at V+ = SV. V- = -SV. VREF = 2.SV. fCLK = O.SMHz; TA = -2SoC to +8SoC apply for 
ADC-910ET/FT. unless otherwise noted. 

ADC-910ET ADC-910FT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity 
INL 

TA = 25°C 112 
LSB 

(Note 3) TA = Full Temp. Range 1/2 

Gain Drift 
TCG,s 

External Reference 20 25 
ppm FS/oC 

(Note 1) Internal Reference 35 45 

Reference Line Regulation 4.75V < V+ < 5.25V 500 600 "VIV 

Positive Supply Current 1+ 30 40 30 40 mA 

Negative Supply Current 1- 50 60 50 60 mA 

ELECTRICAL CHARACTERISTICS at V+ = SV. V- = -SV. VREF = 2.SV. fCLK = O.SMHz; TA = O°C to +70°C apply for 
ADC-910GT/HT, unless otherwise noted. 

ADC-910GT ADC-91OHT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity 
INL 

TA=2SoC 1/2 
LSB 

(Note 3) TA = Full Temp. Range 3/4 

Gain Drift 
TCG,s 

External Reference 10 10 
ppm FS/oC 

(Note 1) Internal Reference 25 25 

Reference Line Regulation 4.75V < V+ < 5.25V 300 300 "VIV 

Positive Supply Current 1+ 30 30 mA 

Negative Supply Current 1- 50 50 mA 
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ADC-910 
ELECTRICAL CHARACTERISTICS at v+ SV, v-= -sv, VREF= 2.SV, fCLK= O.SMHz; TA = 2SoC, unless otherwise noted. 

ADC-910AT/ET/GT ADC-910BT 1FT IHT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Resolution N TA = Full Temp. Range 10 10 Bits 

Resolution for which 
TA = Full Temp. Range (Notes 2.3) 10 10 Bits 

No Missing Codes Guaranteed 

Gain Error GF• E VREF = 2.500V (Notes 2. 3) 4 6 LSB 

Unipolar Mode 
VZSE TA = Full Temp. Range 1/2 LSB 

Offset Error 

Bipolar Mode 
VOSE 1.5 LSB 

Offset Error 

Bipolar Mode Zero-
TCVzs TA = Full Temp. Range (Note 1) 1.5 LSB 

Scale Offset Drift 

Analog Input Impedance R'NA Pin 20 3.5 3.5 8 k!! 

Analog Input Impedance R'NB Pin 19 1.75 2.5 1.75 2.5 4 k!! 

Reference I "put Resistance RREF Pin 22 1.75 2.5 3.5 1.75 2.5 3.5 k!l 

Reference Voltage Output VREFOUT Pin 17, Untrimmed 2.45 2.50 2.55 2.45 2.50 2.55 V 

Reference Voltage 
RT= 10k!! ±40 ±40 mV 

Trim Range 

Reference Output lmA< I <SmA, 
1.5 1.5 mV/mA 

Load Regulation TA = Full Temp. Range 

Positive Power 
+Pss 4.75V to 5.25V 

Supply Sensitivity 
1/2 1/2 LSB 

Negative Power 
-Pss -4.75V to -5.25V 1/2 1/2 LSB 

Supply Sensitivity 

Conversion Time Tc fClK = lMHz (Note 4) 6 6 ~s 

Conversion Time Tc fClK = 0.5MHz (Note 5) 12 12 "s 

Digitallnput High V'NH TA = Full Temp. Range 2.0 2.0 V 

Digital Input Low V1Nl TA = Full Temp. Range 0.8 0.8 V 

Digital Input Current IINH TA = Full Temp. Range 0.4 0.4 )<A 

Digital Input CUrrent IINL TA = Full Temp. Range 10 20 10 20 "A 

Digital Output High VOH 
10H = -400~A, 
TA = Full Temp. Range 

2.4 3.7 2.4 3.7 V 

Digital Output Low VOL 
10l= 1.6mA, 

0.1 0.4 0.1 0.4 V 
TA = Full Temp. Range 

Digital Output Current 10H VOH = 2.4V -400 -400 ~A 

Digital Output Current 10l VOL = O.4V 1.6 1.6 mA 

Three-State 
loz TA = Full Temp. Range 

Output Leakage 
10 5 10 "A 

NOTES: 
1. Change in 25°C value from 25°C to TMin or TMax. 
2. Tested in the 5V unipolar mode at 6ps conversion time. 
3. Tested in the ±5V bipolar mode at 12",5 conversion time. 
4. Applies to 5V input unipolar operation; see Figure 1 for connections. 
5. Applies to 10V input unipolar operation, and ±5V/±10V input bipolar 

operation; see Figure 1 for connections. 
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ADC-910 

DICE CHARACTERISTICS 

1. FiD 
2. WR 
3. CS3 
4. DIGITAL GND 
5. BO (LSB) 
6. Bl 
7. B2 

DIE SIZE 0.131 X 0.221 inch, 28,951 sq. mils 
(3.33 X 5.61 mm, 18.68 sq. mm) 

8. B3 
9. B4 

10. B5 
11. B6 
12. B7 
13. B8 
14. B9 (MSB) 

15. V+ 
16. VREF ADJUST 
17. VREFOUT 
18.COMP OFFSET 
19. VIN B 

20. VINA 
21. ANALOG GND 

2-822 ANALOG~TO-DIGITAL CONVERTERS 

22. VREFIN 
23. V-
24. INT 
25. CCLK 

26. CLOCK INPUT 
27. CS2 
28. CSl 
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WAFER TEST LIMITS at V+ = 5V, V- = -5V, VREF = 2.5V, and TA = 25°C. 

PARAMETER 

Integral Nonlinearity 

Differential Nonlinearity 

Gain Error 

Unipolar Mode 

Offset Error 

Analog Input 
Impedance 

Reference Input 
Resistance 

Reference Voltage 
Output 

Positive Power Supply 
Sensitivity 

Negative Power Supply 
Sensitivity 

Digital Input 

High 

Digital Input 
Low 

Digital Input 
Current 

Digital Output 

High 

Digital Output 

Low 

Digital Output 
Current 

Three-State 
Output Leakage 

Positive Supply 
Current 

Negative Supply 

Current 

NOTE: 

SYMBOL 

INL 

DNL 

GFSE 

VZSE 

RINA 

RREF 

VREFOUT 

+Pss 

-Pss 

V,NH 

V1NL 

I'NH 
'INL 

VOH 

VOL 

10H 
10L 

loz 

1+ 

1-

CONDITIONS 

Pin 20 

Pin 22 

Pin 17, Untrimmed 

4.5Vto 5.5V 

-4.5V to -5.5V 

10L = 1.6mA 

VOH=2.4V 
VOL =O.4V 

ADC-910 

ADC-910G 
LIMIT UNITS 

LSB MAX 

LSB MAX 

6 LSB MAX 

LSB MAX 

3.5/8 kflMIN/MAX 

1.7514 kflMIN/MAX 

2.4512.55 V MINIMAX 

1/2 LSB MAX 

1/2 LSB MAX 

2.0 VMIN 

0.8 V MAX 

1 

20 
~AMAX 

2.4 VMIN 

0.4 V MAX 

-400 ~AMIN 

1.6 mAMAX 

10 ~AMAX 

40 mAMAX 

60 mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = 5V, V- = -5V, VREF = 2.5V, and TA = 25°C. 

PARAMETER 

Conversion Time 

REV. B 

SYMBOL CONDITIONS 

fCLK = lMHz, 5V Unipolar Mode 
fCLK = 0.5MHz ±5V Bipolar Mode 

ADC-910G 
TYPICAL UNITS 

12 
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ADC-910· 
BURN-IN CIRCUIT 

Rl • 

C3 

ADC-910 

R13 

19 N.C. 

1. 
17 

16 N.C. 

1. 

APPLICATIONS INFORMATION 

Rl ... Rl'-5kn 
R12, R13 -100 
C1.c22OOpF 
C2, C3 '" O.lJ1F 
C4,CS" 10"F 

CIRCUIT OPERATION (Refer to the Simplified Schematic) 
TheADC-910 uses a successive approximation type AID 
conversion routine. When a start command is received by the 
command register, the SAR, DAC and comparator begin a 
bit-by-bit trial against the analog input voltage. When all ten 
bits have been tried, the ten data outputs of the SAR will 
contain a 10-bit digital representation of the analog input 
voltage. 

When the conversion is complete, a read command and a 
chip selection will output the data through the 3-state output 
buffers. Selecting CS1 will output the eight MSBs (the high 
byte) and selecting CS2 will output the two LSBs (the low 
byte). Selecting both CS1 and the CS2 will cause all ten data 
bits to be output through the 3-state output buffers. 

When the conversion is complete, the SAR sends an end of 
conversion (EOC) signal to the command register, which 

2-824 ANALOG-TO-DIGITAL CONVERTERS 

turns on the interrupt output open-collector NPN transistor 
(INT), providing the interrupt disable bit (lNE) is set to "0". 
The EOC signal is also multiplexed into the input of the 
3-state buffer for bit 9 (B9). Also, at this time, the overrange 
signal appears at the SAR output and is multiplexed into the 
input of the 3-state buffer for bit 8 (B8). These two bits of 
information comprise the status register, which is multi
plexed to the data bus with a read command and a selection 
of CS3. 

Unipolar/bipolar mode selection and the enabling/disabling 
of the interrupt output is done when the start of conversion 
command is entered. In the unipolar mode, the IMSBcurrent 
source is turned off. For bipolar mode operation, the IMSB 
current source is applied to the summing mode of the 
comparator. This provides the proper offset of IMSB to do a 
bipolar convers.ion. 

BASIC CONNECTIONS (Refer to Figure 1) 
Power Supply Connections: The ADC-910 is operated on ±5 
volt power supplies. +5 volts is applied to pin 15 and -5 volts is 
applied to pin 23. These lines should be bypassed near the 
device with a 0.1pF capacitor in parallel with a large value 
capacitor such as 10pF. 

Analog and Digital Ground: Separate analog and digital 
grounds are provided to maintain optimum noise rejection. 
Care should be maintained to insure that digital switching 
noise is not introduced into the analog ground line. This can 
be accomplished by making the final ground point as close 
(physically and electrically) as possible to the analog ground 
pin of the ADC-910. 

Analog Inputs: There are two analog voltage inputs to the 
ADC-910. VIN A (pin 20) accepts input signals between 0 volts 
and + 10 volts in the unipolar mode and between -5 volts and 
+5 volts in the bipolar mode. VIN B (pin 19) accepts input 
signal levels between 0 volts and +5 volts in the unipolar 
mode and between -2.5 volts and +2.5 volts in the bipolar 
mode. The Input resistance is nominally 5kO forVINAand 2.5kO 
forVIN B. The comparator offset pin (pin 18) is left open when 
using VIN A, and is tied to analog ground when using VIN B. 
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FIGURE 1: Basic Connections 
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FIGURE 2: Start Conversion and Operating Mode Selection 
(Write Mode WR = "Low", CS3 = "Low") 
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FIGURE 3: Reading Data and Status 
(Read Mode RD = "Low") 
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FIGURE 4: ADC-910 Timing Diagrams 

(a) Write Cycle 

(b) Read Cycle 

(c) Stand-Alone 
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Voltage Reference:,The voltage reference for the ADC-910 is 
nominally +2.5 volts. To use this internal reference. the 
reference output pin (pin 17) should be tied to the reference 
input pin (pin 22). Adjustment olthe reference voltage may be 
done by applying a10kO trimmer between the reference 

output and analog ground with the center tap wiper tied to the 
reference adjust pin (pin 16). 

2-826 ANALOG-TO-DIGITAL CONVERTERS 

To use an external reference with the ADC-910. simply apply 
it to the VREF input pin (pin 22). This voltage should be 
bypassed to analog ground with a O.01/LF capacitor. 
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Clock: For internal clock operation, the external capacitor 
(CCLK) sets the conversion rate. The conversion rate graph 
provides the relationship of CCLK and temperature to con
version rate. The CCLK capacitor is connected between CCLK 
(pin 25) and the V- supply (pin 23), see Figure 1. The clock 
input (pin 26) is connected to the V+ supply (pin 15). Internal 
clock operation exhibits a conversion time variation from 
device to device for a given CCLK, due to capacitor and 
internal resistor tolerances of the basic R-C oscillator. For 
operation at the upper frequencies of 0.5 and 1 MHz, an 
external clock input is recommended. 

For external clock operation, no clock capacitor is required. 
The CCLKpin (pin 25) should be tied to the-5 volt supply and 
the external clock is applied to the clock input (pin 26). 
100M Hz clock maximum may be used. This will result in a 6"s 
conversion time. Slower clock rates will result in slower 
conversion speeds. 

Conversion time ~ 6 x -f 1 
CLK 

Conversion time (Tc) also depends on user supplied timing 
relationship between positive WR edge and negative clock 
edge used to reset the SAR. See Figure 4(a) twc parameter. 
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CHIP SELECT, READ AND WRITE INPUTS 
(Refer to Figure 2) 
Start Commands: To start a conversion the WR input (pin 2) 
must be held "low" while CS3 (pin 3) is held "low" and a logic 
"high" is applied to bit 2 (pin 7). Another way to start a 
conversion is to hold CS1 (pin 28) and WR (pin 2) "low" for a 
complete clock cycle. 

Operating mode selection is done when the start command is 
applied. As with the start command, WR and CS3 are held 
"low". A logic "high" applied to bit 4 (pin 9) disables the 
interrupt and a logic "low" enables the interrupt. A logic 
"high" applied to bit 3 (pin 8) selects unipolar mode and a 
logic "low" selects bipolar-mode operation. 

READING DATA AND CONVERSION STATUS 
(Refer to Figure 3) 
Data can be read in two ways: a single 10-bit word or in a 8-bit 
"high byte" with a 2-bit "low byte". When interfacing to a 

REV.S 

ADC-910 
16-bit bus, single 10-bit word reading is possible. When using 
an 8-bit data bus, the "high byte" and "low byte" can be 
multiplexed onto a single 8-bit bus as indicated in Figure 5. 

To read all 10 bits at once, the RD (pin 1), CS1 (pin 28) and CS2 
(pin 27) are all held "low". This turns on 3-state output buffers 
and all data bits can be read. 

To read the 8-bit "high byte", the RD (pin 1) and CS1 (pin 28) 
lines are held "low". 

To read the 2-bit "low byte", the RD and CS2 lines are held 
"low". 

Included on the ADC-910 is a 2-bit status register which is 
multiplexed onto the data bus on lines B9 and B8. 

To read the status register, RD (pin 1) and CS3are held "low". 
End of conversion (EOC) is indicated by a "low" bit 9 (pin 14) 
and overrange (OR) is indicated by a "high" in bit 8 (pin 13). 

FIGURE 5: Calibration Circuit 

V 1N A ",20:..0 --'2D"'"I'r-..... --O ~NALOG 

AOC-910 
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VREF ADJUST 16 

ANALOG 21 
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'Ok" 

CALIBRATION (Refer to Figure 5) 
Unipolar Mode: To adjust out gain error, a trimmer may be 
inserted in series with the analog input voltage input. Assum
ing a 2.500 volt reference is applied at the reference input, 
gain error trimming is accomplished by adjusting the input 
trimmer so that the final digital output code transition occurs 
for an input voltage of VA = 9.985 volts (this is the transition 
from 1111111110 to 1111111111). When using the internal ref
erence or an adjustable external reference, gain error trim
ming may be accomplished by adjusting the reference 
voltage until the final digital output code transition occurs at 
VA = 9.985 volts. 

Bipolar Mode: To trim out offset error, set series trimmer (if 
used) to 00 and tie VINAtO analog ground. AdjustVREFto just 
beyond the major carry transition (that point where the dig
ital output code changes from 0111 1111 11 to 1000000000). 

To trim out gain error, tie VIN A to voltage source. Adjust the 
series trimmer so that the final digital output code transition 
(from 1111 1111 10 to 11111111 11) occurs at an input voltage of 
+4.9902V. 
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DRIVING THE ANAL·OG INPUT 
To insure 10-bitaccuracy the input to the ADC-910 must be 
driven by a source which has an output impedance of less 
than 0.5 ohms at 1MHz. 

INTERFACING THE ADC-910 TO THE MC68000 
(Refer to Fig ure 6) 
An example of a direct connection to a 16-bit data bus is 
shown in Figure 6. The 10-bit output of the ADC-910 is con
nected directly to the 10 least significant bits of the MC68000 
data bus. In this example, a Motorola MC68000 Computer 
Board supports the 68000!,P. A flow chart and assembly lan
guage program is shown below for a simplified 10-bit wide 
conversion. 

FIGURE 6: ADC-910 Interface to MC68000 Computer Board 
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INTERFACING THE ADC-910 TO THE 6502!,P 
(Refer to Figure 7) 
An example of direct connection to an 8-bit data bus is shown 
in Figure 7. Notice that the two least significant bits are con
nected to data bits B3 and B4. This allows a 10-bit data 
transfer over an 8-bit bus. In this example, a Synertek Sys
tems SYM-1 Educational Computer Board supports the 
6502!,P. The flow charts and op codes for a variety of conver
sion exercises are shown below. 
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ADC-910 
ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 16-BITI'P (MC68000 COMPUTER BOARD) 

(a) Minimum Software Using Fixed Delay 

PC MNEMONIC COMMENT 

1000 MOVEa #12, DO Select Mode' 
1002 MOVE DO, $50000 Start Conversion 
1008 NOP 
100A NOP Delay 
100C NOP 
100E MOVE $20000, 01 Read Data 
1014 ANDI #1023, 01 Mask out B15-B10 

leaving B9-BO 
1018 JMP $1000 Jump to 1000 

• Loading a decimal 12 into DO will apply the following binary word to the 
command register at the start of the conversion: 
B9 B8 B7 B6 B5 B4 B3 B2 Bl BO 
o 0 0 0 0 0 1 100 
This results in unipolar mode selection with the interrupt disabled. 

(b) Polling Status Register for End of Conversion and Overrange 

REV.B 

PC MNEMONIC COMMENT 

1000 MOVEa #X,OO Select Mode' 
1002 MOVE DO, $50000 Start Conversion 
1008 MOVE $50000,01 Read Status Register into 01 
100E AND #512,01 Mask for EOC Bit (1000000000 = 

512 Decimal) 
1012 BNE.L $1008 Loop Until EOC 
1016 MOVE $50000,02 Read Status Register 
101C AND #256,02 Mask for OR Bit (0100000000 = 

256 Decimal) 
1020 BEa.L $102E Branch to $102E Unless OR 
1024 MOVE 03,$40000 Light OR Indicator 
102A JMP $1000 Start Over 
102E MOVE $20000,04 Read and Store 1O-Bit Data 
1032 AND #1023,04 Mask Unwanted 6 LSBs 
1036 JMP $1000 Start Over 

'For Bipolar Mode with Interrupt Enabled: X = 4 Decimal 
For Unipolar Mode with Interrupt Enabled: X = 12 Decimal 
For Bipolar Mode, Interrupt Disabled: X = 20 Decimal 
For Unipolar Mode, Interrupt Disabled: X = 28 Decimal 
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FIGURE 7: AOC-910 Interface to 6502~P on SYM-1 Board 
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ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 6502~P (SYM-1) 
Interrupt-Driven Conversion 

PC MNEMONIC 

0200 LOA#$02 
INTERRUPT SERVICE ROUTINE: 

0202 STA$A679 
0205 LOA#$12 
0207 STA$A678 
020A LOA#$03 

020C. STA$1803 
020F JMP$20A 

OPCODE 

A902 
8079 A6 
A912 
8078 A6 
A903 

800318 
4C OA02 

Interrupt Service Routine 

0212 LOA$1801 A00118 
0215 STA$024E 80 4E 02 
0218 LOA$1802 AO 0218 
021B AN 0#$03 2903 
0210 STA$024F 80 4F 02 
0220 LOA#$03 A903 
0222 STA$1803 800318 
0225 RTI 40 

2-830 ANALOG-TO-DIGITAL CONVERTERS 

COMMENT 

Set I nterrupt Vector 

Select Mode (Unipolar, 
Interrupt Enabled) 
Start Conversion 
Jump to 20A 
(Loop Until Interrupt) 

Read High Byte 
Store High Byte at 024E 
Read Low Byte 
Mask Out Bits 9-4 
Store Low Byte at 024F 
Select Mode 
Start Conversion 
Return from Interrupt 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Low Transition Noise Between Codes 
12-Bit Accurate 

±1/2 LSB Nonlinearity Error Over Temperature 
No Missing Codes at All Temperatures 

10 Microsecond Conversion Time 
Internal or External Clock 
8- or 16-Bit Data Bus Compatible 
Improved ESD Resistant Design 
Latchup Resistant Epi-CMOS Processing 
Low 95 mW Power Consumption 
Space Saving 24-Pin 0.3" DIP, or 24-Lead SOIC 

APPLICATIONS 
Data Acquisition Systems 
DSP System Front End 
Process Control Systems 
Portable Instrumentation 

GENERAL DESCRIPTION 
The ADC-912A is a monolithic 12-bit accurate CMOS AJD con· 
verter. It contains a complete successive approximation AJD 
converter built with a high accuracy DI A converter, a precision 
bipolar transistor high-speed comparator, and successive approx
imation logic including three-state bus interface for logic com
patibility. The accuracy of the ADC-912A results from the 
addition of precision bipolar transistors to Analog Device's 
advanced-oxide isolated silicon-gate CMOS process. Particular 
attention was paid to the reduction of transition noise between 
adjacent codes achieving a 116 LSB uncertainty. The low noise 
design produces the same digital output for dc analog inputs not 
located at a transition voltage, see the Code Repetition and 
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21 SUClESS,L 
CONVERSIONS WITH 

A IN " 4.99756V 

2045 2046 2047 2048 2049 

OUTPUT CODE - Decimal 

Code Repetition 

CMOS Microprocessor-Compatible 
12-Bit AID Converter 

ADC-912A I 
FUNCTIONAL BLOCK DIAGRAM 

Transition Noise plots below. NPN digital output transistors 
provide excellent bus interface timing, 125 ns access and bus 
disconnect time which results in faster data transfer without the 
need for wait states. An external 1.25 MHz clock provides a 
10 flS conversion time. 

In stand alone applications an internal clock can be used with 
external crystal. 

An external negative five-volt reference sets the 0 to + 10 V in
put range. Plus five and minus 12 volt power supplies result in 
95 mW of total power consumption. 

For military operating temperature range (-55°C to + 125°C) 
versions contact your local Analog Devices sales office. 

ANALOG INPUT 

Transition Noise Crossplot 
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(Yuu = +5 V ± 5%, Vss = -11.4 V to -15.75 V, VREFIN = -5 V, Analog 

ADC 912A SPEC·IFICA'JIONS Input 0 to +10 V; External.feLl( = 1.25 MHz; -40·C to +85"1: apply for. 
• -". " . ADC912AEIF, unless othelWlse noted) 

Parameter Symbol Conditions Min 

STATIC ACCURACY 
Integral Nonlinearity INL ADC912AE -112 

ADC912AF -1 
Differential Nonlinearity DNL -1 
Offset Error VZSB Voo = +5 V, Vss= -12 V '-5 
Gain Error GFSB Voo = +5 V, Vss= -12 V -6 
Full-Scale TetDpco2 TCGFs 

ANALOG INPUT 
Input Voltage Range VIN 0 
Input Current Range liN 0 

POWER SUPPLIES 
Positive Supply Current 100 Voo = +5 VI 
Negative Supply Current Iss Vss = -12 Vi 
Power Consumption PDISS Von = +5 V, Vss = -12 Vi 
Power Supply PSRR+ I!;'voo = ±5%, AIN = 10 V 

Rejection Ratio PSRR- avss = ±5%, AIN = 10 V 

DIGITAL INPUTS 
Logic Input High Voltage VINH CS,RD, HBEN 2.4 
Logic Input Low Voltage VINL CS,RD, HBEN 
Logic Input Current liN CS, RD,HBEN 
Digital Input Capacitance CIN Digital Inputs, CS, RD, HBEN, CLKIN 

DIGITAL OUTPUTS 
Logic Output High Voltage VOH 
Logic Output Low Voltage VOL 
Three-State Output Leakage Ioz 
Digital Output Capacitance CoUT 

DYNAMIC PERFORMANCE 
Conversion Time TC 

NOTES 
'Converter inactive; CS, RD = High, AIN = + 10 V. 
'Guaranteed by design. 

IsouRcB = 0.2 rnA 
ISINK = 1.6 rnA 
Dll-DO/8 
Dll-oo/82 

fCLK = 1.25 MHz' 
Synchronous Clock 
Asynchronous Clock 

'See Syncbronizing Start Conversion information in Converter Operation Details. 

4 

)0.4 

Typicals (typ) are median values meas~ at +25"C. See Typical Performances Characteristics for additional information. 

Specifications subject to change witbout notice. 
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Typ Max Units 

+112 LSB 
+1 LSB 
+1 LSB 
+5 LSB 
+6 LSB 

5 15 ppml"C 

+10 V 
+3 rnA 

5 7 rnA 
3 5 rnA 
70 95 mW 
112 4 LSB 
112 4 LSB 
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±1 !LA 

7 10 pF 

V 
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10 !LA 
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10.4 J.LS 
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~::D 
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Figure 1. Load Circuits for Access Time Figure 2. Load Circuits for Output Float Delay 
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(VDD = +5 Y ± 5%, Yss = -11.4 Y to -15.75 Y, YREFIN = -5 y, Analog Input 0 to 

TIMING CHARACTERISTICS1, 2 +10 Y; Exte,:"al fell( = 1.25 MHz; -40·C to +85·C apply for ADC912AEIF, unless otherwise 
noted. See Figures 3 to 6.l 

Parameter Symbol Conditions Min Typ Max Units 

CS to RD Setup Time tl 0 ns 
RD to BUSY Propagation Delay t2 ISO ns 
Data Access Time After READ t/ CL = 100 pF 65 125 ns 
Read Pulse Width t.' 90 ns 
CS to RD Hold Time ts 0 ns 
New Data Valid After BUSY t/ CL = 100 pF -30 0 ns 
Bus Disconnect Time t! 20 60 90 ns 
HBEN to RD Setup Time ts 0 ns 
HBEN to RD Hold Time ~ 0 ns 
Delay between Successive 

Read Operations tlO 350 250 ns 

NOTES 
'Guaranteed by design. 
'All input control signals are specified with t, = t, = S ns (10% to 90% of +S V) and timed from a voltage level of 1.6 V. 
't" 4, and t.. are measured with the load circuits of Figure I and timed for and outpUt to cross 0.8 V or 2.4 V. 
"t,is the time required for the dota lines to change 0.5 V when loaded with the circuits of Figure 2. 

TIMING DIAGRAMS 

Figure 3. Parallel Read Timing Diagram, Slow-Memory 
Mode (HBEN = LOW) 
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Figure 4. Two-Byte Read Timing Diagram, Slow-Memory 
Mode 
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Figure 5. Parallel Read Timing Diagram, ROM Mode 
(HBEN = LOW) 
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Figure 6. Two-Byte Read Timing Diagram, ROM Mode 
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ADC .. 912A 
ABSOLUTE MAXIMUM RATINGS 
('fA = +2S"C, unless otherwise noted) 

VDD to DGND .................... -0.3 V to +7 V 
Vss to DGND .................... +0.3 V to -17 V 
VREF1N to DGND ..................... Vss to VDD 

AGND to DGND .............. -0.3 V to VDD +0.3 V 
Am to AGND •.................... -IS V to +15 V 
Digital Input Voltage to DGND, 

Pins 17, 19-21 ............... -0.3 V to VDD +0.3 V 
Digital Output Voltage to DGND, 

Model 

ADC912AEW 
ADC912AFP 
ADC912AFW 
ADC912AFS 
ADC912AGBC 

ORDERING GUIDE 

Temperature INL Package 
Range (LSB) Options· 

-40°C to +85°C ±1/2 Cerdip 
-40°C to +85°C ±I Plastic DIP 
-40°C to +85°C ±1 Cerdip 
-40OC to +85°C ±I SOIC-24 
+25°C ±I Dice 

Pins 4-11, 13-16, 18,22 ......•. -0.3 V to VDD +0.3 V 
Operating Temperature Range 

For devices processed in total compliance to MIL-STO-883, con
tact our local sales office. 

Extended Industrial: ADC912AElF ...... -40°C to +85°C 
Storage Temperature ..............•. -65OC to + 150°C 
Lead Temperature (Soldering, 10 seconds) .......... 3000C 
Maximum Junction Temperature (TJ max) .......... 150°C 
Package Power Dissipation ........... :. (TJ max-TA)/aJA 
Thermal Resistance aJA 

Cerdip ............ , •................. 64°CI.W 
Plastic DIP ........................... 57°C/W 
SOIC-24 ............................. 70°C/W 

Table I. Analog Input to Digital Output Code Conversion 

Analog Input Voltage Output Code· 

Oto+l0V -10 V to +10 V DBu (MSB) DB. (LSB) 

+FS - 1 LSB 9.9976 V 9.99951 V I I 1 1 1.1 I I 
+FS - I 112 LSB 9.9964 9.9927 1 I I 1 1 I I 1 

Mid Scale + 112 LSB 5.0012 0.0024 1000 0000 
Mid Scale 5.0000 0.0000 1000 0000 

-FS + 112 LSB 0.0012 -9.9976 0000 0000 
-FS 0.0000 -10.000 0000 0000 

-The symbol "cf>" indicates a 0 or 1 with equal probability; 

CAUTION ________________________________________________ _ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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WAFER TEST LIMITS (@ Yoo = +5 Y, Yss = -12 Y or -15 Y, YREF = -5 Y, AIM = 0 Y to +10 Y, and TA = 25°C, 
unless otherwise noted) 

ADC-912AG 
Parameter Symbol Conditions Limit Units 

Integral Nonlinearity INL ±l LSB max 
Differential Nonlinearity DNL ±l LSB max 
Offset Error VZSE Guaranteed by Design ±8 LSB max 
Gain Error GFSE ±8 LSB max 
Analog Input Resistance RAIN 4/6 kO minimax 
Logic Input High Voltage VINH CS,RD, HBEN 2.4 V min 
Logic Input Low Voltage VINL CS,RD, HBEN 0.8 V max 
Logic Input Current lIN CS, RD,HBEN ±1 .,.A max 
Logic Output High Voltage VOH IsouRcE = 0.2 rnA 4 V min 
Logic Output ~ow Voltage VOL ISINK = 1.6 rnA 0.4 V max 
Positive Supply Current Inn Vnn = +5V,CS=RD=Vnn,AIN = +10V 7 rnA max 
Negative Supply Curmt Iss Vss = -12 V, CS = RD = Vnn, AIN = +10 V 5 rnA max 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

DICE CHARACTERISTICS 

Die Size 0.122 x 0.148 inch, 18,056 sq. mils 
(3.098 x 3.759 mm, 11.65 sq. mm) 

1. A,N 13. 0 3 /11 

2. VREFIN 14. 0'"0 
3. AGND 15. 0". 
4. 0 11 16. DOl. 
5.0,. 17. ClKIN 
6. D. 18. ClKOUT 
7. D. 19. HBEN 
8.07 20. RD 
9. D. 21. CS 

10. D. 22. BUSY 
11. D. 23. Vss 
12. DGND 24. V DD (Substrate) 

REV. A 

R 
.'ovo-....... ....JVVn 

R='IID 
C, = O.OI.F 
Co =4.7.F 
NC = NO CONNECT 

POWER SUPPLY SEQUENCE: 
+$V, -t&V. -av, +1OV 

R 

I2iI--'Wlr-4~ .... -o-'5V 

R 

Burn-In Circuit 
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Pin 

1 

2 
3 

4 ... 11 

13 ... 16 

12 

17 

18 

19 

20 

21 

22 

23 

24 

PIN DESCRIPTION 

Mnemonic Description 

AIN Analog Input. 0 to + 10 volts. 

VRBFIN Voltage Reference Input. Requires external -5 V reference. 

AGND Analog Ground. 

On ... 0_ Three state data outputs become active when CS and RD are brought low. 

0 3/11 ••• 00/. Individual pin function is dependent upon High Byte Enable (HBEN) input. 

DATA BUS OUTPUT, CS & RD = LOW 

Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 Pin 9 Pin 10 Pin 11 Pin 13 Pin 14 Pin 15 Pin 16 

Mnemonic* 0 11 DlO 0 9 D. 0, 0 6 0 5 0_ 03/11 D2IlO 0'19 DOl. 

HBEN = LOW DB1I DBlO DB9 DB. DB, DB6 DBs DB_ DB3 DB2 DB, DBo 

HBEN = HIGH DB1I DB,o DB9 DB. Low Low Low Low DB 11 DB,o DB9 DB. 

NOTES 
*D11 ••• DO/a are the ADC data output pins. 
DB" ... DB. are the 12-bit conversion results. DB" is the MSB. 

DGND Digital Ground. 

CLKIN Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively a crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT (Pin 18). 

CLKOUT Clock Output pin. An inverted CLK IN signal appears at CLK OUT when an external clock is used. See 
CLK IN (Pin 17) description for crystal (resonator). 

HBEN High Byte Enable input. Its primary function is to multiplex the 12-bits of conversion data onto the lower 
0, ... 00/. outputs (4.MSBs or 8 LSBs). See pin description 4 ... 11 and 13 ... 16. Also disables 
conversion start when HBEN is high. 

RD READ input. This active LOW signal,in conjunction with CS, is used to enable the output data three-
state drivers and initiates a conversion if CS and HBEN are low. 

CS CHIP SELECT input. This active LOW signal, in conjunction with RD, is used to enable the output data 
three-state drivers and initiates a conversion if RD and HBEN are low. 

BUSY BUSY output indicates converter status. BUSY is LOW during conversion. 

Vss Negative Supply, -12 V or -15 V. 

Voo Positive Supply, +5 V. 

PIN CONFIGURATION 

A,. 

AGND 

ADC-912A 

TOP VIEW 
(Not to Scale) 

0 7 

D. 

D. 

D. 

DGND 

VDD 

Ifss 

BUsY 
cs 
RD 
HBEN 

ClKOUT 

ClKIN 

Doia 

0./9 

Dlil0 

D.!ill 

WTO+1OV 
ANALOG INPUT 

~v 

REFERENCE 
SOURCE 

8 OR 16-BIT .p DATA BUS 

XTAl = lMHz Cl = O.I~F C2 = 10~F 
C3. C4 = 30 TO l00pF DEPENDING ON XTAl CHOSEN 

Figure 7. Basic Connection Diagram 
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ADC-912A· 
CIRCUIT CHARACTERISTICS 
The characteristic curves provide more complete static and dy
namic accuracy information necessary for repetitive sampling 
applications often used in DSP processing. One of the important 
characteristic curves provided displays integral nonlinearity error 
(INL) versus output code with a typical value of ± 114 LSB. An
other very important characteristic associated with INL is the 
transition noise shown in the transition noise cross plot. The 
ADC-912A offers extremely small, ± 116 LSB, transition noise 
which maintains the system signal-to-noise ratio in DSP process
ing applications. Code repetition plots show the precision inter
nal comparator of the ADC-912A making the same decision 
every time for dc input voltages. Code repetition along with no 
missing codes assures proper performance when the ADC-912A 
is used in servo-control systems. 

CONVERTER OPERATION DETAILS 
The CS, RD and HBEN digital inputs control the start of con
version. A high-to-low on both CS and RD initiate a conversion 
sequence. The HBEN high-byte-enable input must be low or 
coincident with the read RD input edge. The start of conversion 
resets the internal successive approximation register (SAR) and 
enables the three-state outputs. See Figure 8. The busy line is 
active low during the conversion process. 

Sic&! OVTO+1OV 
A,.o----..Jv'Vv----.., 

VREFIN 

AGNDo----4------~ 

COMPARATOR 

Figure 8. Simplified Analog Input Circuitry of ADC-912A 

During conversion, the SAR sequences the internal voltage out
put DAC from the most significant bit (MSB) to the least signif
icant bit (LSB). The analog input connects to the comparator 
via a 5 k!l resistor. The DAC which has a 2.5 kG output resis
tance connects to the same comparator input. The comparator, 
performing a zero crossing detection, tests the addition of suc
cessively weighted bits from the DAC output versus the analog 
input signal. The MSB decision occurs 200 nsec after the second 
positive edge of the CLK IN following conversion initiation. 
The remaining 11-bit trials occur after the next 11 positive CLK 
IN edges. Once a conversion cycle is started it cannot be 
stopped or restarted, without upsetting the remaining bit deci
sions. Every conversion cycle must have 13 negative and positive 
CLK IN edges. At the end of conversion the comparator input 
voltage is zero. The SAR contains the 12-bit data word repre
senting the analog input voltage. The BUSY line returns to logic 
high, signaling end of conversion. The SAR transfers the new 
data to the 12-bit latch. 

2-838 ANALOG-TO-DIGITAL CONVERTERS 

SYNCHRONIZING START CONVERSION 
Aligning the negative edge of RD with the rising edge of CLK 
IN provides synchronization of the internal start conversion sig
nal to other system devices for sampling applications. 

When the negative edge of RD is aligned with the positive edge 
ofCLK IN, the conversion will take 10.4 microseconds. The 
minimum setup time between the negative edge of CLK IN and 
the negative edge of RD is 180 nanoseconds. Without synchro
nization the conversion time will vary from 12.5 to 13.5 clock 
cycles. See Figure 9. 

:~--r 
ClKIN ••• ~ 

t t t t 
DBn DB10 DBg DBo 
(MSB) 

BIT DECISION 
MADE 

Figure 9. External Clock Input Synchronization 

POWER ON INITIALIZATION 
During system power-up the ADC-912A comes up in a random 
state. Once the clock is operating or an external clock is applied, 
the first valid conversion begins with the application of a higb
to-low transition on both CS and RD. The next 13 negative 
clock edges complete the first conversion producing valid data at 
the digital outputs. This is important in battery operated systems 
where power supplies are shut down between measurement times. 

DRIVING THE ANALOG INPUT 
During conversion, the internal DAC output current modulates 
the analog input current at the CLK IN frequency of 1.25 MHz. 
The analog input to the ADC-912A must not change during the 
conversion process. This requires an external buffer with low 
output impedance at 1.25 MHz. Suitable devices meeting this 
requirement include the OP-27, OP-42, and the SMP-ll. 

>++-_INTERNAl 
CLOCK 

• CRYSTAL OR CERAMIC RESONATOR 

Figure 10. ADC-912A Simplified Internal Clock Circuit 

INTERNAL CLOCK OSCILLATOR 
Figure 10 shows the ADC-912A internal clock circuit. The clock 
oscillates at the external crystal or ceramic resonator frequency. 
The 1.25 MHz crystal or ceramic resonator connects between 
the CLK IN (Pin 17) and the CLK OUT (pin 18). Capacitance 
values (Cl, C2) depend on the crystal or ceramic resonator man
ufacturer. The crystal vendors should be qualified due to varia
tions in C1 and C2 values required from vendor to vendor. 
Typical values range from 30 pF to 100 pF. 
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EXTERNAL CLOCK INPUT 
A TIL compatible signal connected to CLK IN provides proper 
converter clock operation. No connection is necessary to the 
CLK OUT pin. The duty cycle of the external clock input 
can vary from 45% to 55%. Figure 9 shows the important 
waveforms. 

EXTERNAL REFERENCE 
A low output resistance, negative five volt reference is neces
sary. The external reference should be able to supply 3 mA of 
reference current. A bypass capacitor is necessary on the refer
ence input lead to minimize system noise as the internal DAC 
switches. The reference input to the internal DAC is code de
pendent requiring anywhere from zero to 3 mAo The reference 
voltage tolerance has a direct influence on AID converter full
scale voltage, and the maximum input full-scale voltage equals 
2 x -VREP• The ADC-912A is designed for ratiometric opera
tion, but operation using reference voltages between - 5.00 V 
and 0 V will result in degmded linearity performance. Integral 
linearity is fully tested and guaranteed for references of - 5 V. 
Figure 11 provides a good negative five volt reference that does 
not require precision resistors. 

+5VTO +15V 

O.OI~F 

INPUT 10CKl 

VOUT"'6'--....... W'lr-<~ 
REF-G2 

TRIM 5 

:>--JVltIr .... -o -5V 

10kQ 

-12VTO-15V 

TRIM IS OPTIONAL. ONLY NECESSARY 
FOR ABSOLUTE ACCURACY CIRCUITS 

Figure 11. Negative Five Volt Reference 

UNIPOLAR ANALOG INPUT OPERATION 

OUTPUT 

Figure 12 shows the ideal input/output characteristic for the 0 V 
to 10 V input range of the ADC-912A. The designed output
code transitions occur midway between successive integer LSB 
values (i.e., 0.5 LSB, 1.5 LSBs, 2.5 LSBs ... FS - 1.5 LSBs). 
The output code is natural binary with 1 LSB = FS/4096 = 
(10/4096) V = 2.44 mY. The maximum full-scale input voltage 
is (10 x 4095/4096) V = 9.9976 V. 

~j~t rr, 
51 J ' 
§f :~/ ~~~tB 
~~ 52 1 
Q 

o 0.5 1 2 S FS.2 FS-l FS 

AIN - ANALOG INPUT IN LSB 

Figure 12. Ideal ADC-912A Input/Output Transfer 
Characteristic 
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OFFSET AND FULL-SCALE ERROR ADJUSTMENT, 
UNIPOLAR OPERATION 
For applications where absolute accuracy is important offset and 
full-scale errors can be adjusted to zero. Figure 13 shows the 
extra components required for full-scale error adjustment. Zero 
offset is achieved by adjusting the null offset of the op amp 
driving AIN. 

+12V 

VIN 
OVTO +10V ~6 __ ... __ ... 100"""_~AIN 

5 

-12V FULL-SCALE 
'--____ ~ ADJUST 

200Q 

20kQ 

AI: OP·27 - LOWEST NOISE (TRIMMER CONNECTS 
BETWEEN PINS 1 & 8, WIPER TO +12V) 

OP-42 - BEST BANDWIDTH 
'EXTRA PINS OMmED FOR CLARITY 

ADC-912A* 

Figure 13. Unipolar 0 V to + 10 V Operation 

Adjust the zero scale first by applying 1.22 mV (equivalent to 
0.5 LSB input) to VIN' Adjust the op amp offset control until 
the digital output toggles between 0000 0000 0000 and 0000 
0000 0001. The next step is adjustment of full scale. Apply 
9.9963 V (equivalent to FS -1.5 LSB) to VIN and adjust Rl 
until the digital output toggles between 1111 1111 1110 and 
1111 1111 1111. 

BIPOLAR ANALOG INPUT OPERATION 
Bipolar analog input operation is achieved with an external am
plifier providing an analog offset. Figures 14 and 15 show two 
circuit topologies that result in different digital-output coding. 
In Figure 14, offset binary coding is produced when the external 
amplifier is connected in the inverting mode. Figure 16 shows 
the ideal transfer characteristics for both the inverting and non
inverting configumtions given in Figures 14 and 15. 

tVIN o-_R",3.-., 

-5V 0-.... --411----1 

AGND 

Rl=R2 =2OkQ 
SEE TABLE II FOR VALUES OF R30 R4, Rz, RFS 
AI: OP-27 LOWEST NOISE, OP-42 BEST BANDWIDTH 
*EXTRA PINS OMmED FOR CLARITY 

Figure 14. Noninverting Bipolar Analog Input Operation 

The scaling resistors chosen in bipolar input applications should 
be from the same manufacturer to obtain good resistor tmcking 
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performance over temperature. When potentiometers are used 
for absolute adjustment, 0.1 % tolerance resistors should- still be 
used as shown in Figures 14 and 15 to minimize temperature 
coefficient errors~ 

R3 

~ o-..... - .. -----...;;2"1VREFIN 

F-.... ~3:.jAGND 

SEE TABLE III FOR VALUES OF Rio R2, R3, R", Rz. R FS 
Al: OP-27 LOWEST NOISE, OP-42 BEST BANDWIDTH 
*EXTRA PINS OMmED FOR CLARITY 

Figure 15. Inverting Bipolar Analog Input 

Calibration of the bipolar analog input circuits (Figures 14 and 
15) should begin with zero adjustment first. Apply a + 112 LSB 
analog input to Am, (see Tables II and III) and adjust Rz until 
the successive digital output codes flicker between the following 
codes: 

For noninverting, Figure 14 

For inverting, Figure 15 

1000 0000 0000 
1000 0000 0001 

0111 1111 1111 
Olll llli 1110 

Next, adjust full scale by applying a FS-3/2 LSB analog input 
to A1N, (see Tables II and III) and adjust RFS until the succes
sive digital output codes flicker between the following codes: 

For noninverting, Figure 14 

For inverting, Figure 15 

1111 Illl 1110 
11111111 1111 

0000 0000 0001 
0000 0000 0000 

Table II. Resistor and Potentiometer Values Required for 
Figure 14 

VIN Range R3 It.. Rz RFS 112 LSB FS/2-3/2 LSB 
Volts kfi kfi kfi kfi mV Volts 

±2.5 0 40.2 0.5 0.5 0.61 2.49817 
±5.0 20.0 19.8 0.5 1.0 1.22 4.99634 
±10.0 29.8 10.0 0.5 0.5 2.44 9.99268 

Table 111. Resistor and Potentiometer Values Required for 
Figure 15 

VIN Range Rl R, R3 Rz RFS 1/2 LSB FS/2-3/2 LSB 
Volts kfi kfi kfi kfi kfi mV Volts 

±2.5 20.0 41.2 40.2 2 1 0.61 2.49817 
±5.0 20.0 20.5 20.0 1 1 1.22 4.99634 
±10.0 20.0 10.5 10.2 0.5 1 2.44 9.99268 

MUCROPROCESSORINTERFACING 
The ADC-912A has self-contained logic for both 8-bit and 16-bit 
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DIGITAL OUTPUT 

111 ••• 111 r IIM5IITWQ 

111 ••• 1101 L1 .F1GURE,. 

::::::l--~~-' 
011 ••• 111 

011 ... 110 

000 ••• 0011 J 
000 ••• 000 L:s---I.-~ 

FS IN 
-2 

VIN -INPUT VOLTAGE 

Figure 16. Ideal Input/Output Transfer Characteristics for 
Bipolar Input Circuits 

data bus interfacing. The output data can be formatted into 
either a 12-bit parallel word for a 16-bit data bus or an 8-bit 
data word pair for an 8-bit data bus. Data is always right justi
fied, i.e., LSB is the most right-hand bit in a 16-bit woni. For a 
two-byte read, only data outputs D7 ... D0J8 are used. Byte 
selection is governed by the HBEN input which controls an in
ternal digital multiplexer. This multiplexes the 12-bits of con
version data onto the lower D7 ... DO/s outputs (4 MSBs or 8 
LSBs) where it can be read in two read cycles. The 4 MSBs al
ways appear on D11 ... Ds whenever the three-state output 
drivers are turned on. See Figure 17. 

Two AID conversion modes of operation are available for both 
data bus sizes: the ROM mode and the Slow-Memory mode. 

HBEN 

CONVERSION START 
(POSITIVE EDGE 
TRIGGER) 

ENABLE THREE-BTATE 
OUTPUTS '--= ___ PINS: 0" ... Do.. 
DATA BITS: os" ..• 0110 

ENABLE THREE-STATE 
OUTPUTS 

...... ___ PINS: Ott ••• q, 
(HBEN. '1') DATA BITS: os" ... DIIa 

PINS: 0 7 ••• 0. 
DATA BITS: LOGICLOW 

PINS: D3/t, ..• 0018 
DATA BITS: os" •.. DIIa 

Figure 17. Internal Logic for control Inputs CS, RD, & HBEN 

In the ROM mode each READ instruction obtains new, valid 
data assuming the minimum timing requirements are satisfied. 
However, since the data output from a current READ instruc
tion was generated from a conversion initiated by a previous 
READ operation, the current data may be out-of-date. To be 
sure of obtaining up-to-date data, READ instructions may be 
coded in pairs (with- some NOPs between them); use only the 
data from the second READ in each pair. The first READ 
starts the conversion, the second READ gets the results. 
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The Slow-Memory mode is the simplest mode. It is the method 
of choice where compact coding is essential, or where software 
bugs are a hazard. In this mode, a single READ instruction will 
initiate a data conversion, interrupt the microprocessor until 
completion (WAIT states are introduced), then read the results. 
If the system throughput tolerates WAIT states, and the hard
ware is correct, then the Slow-Memory mode is virtually im
mune to subsequent software modifications. Placing the 
microprocessor in the WAIT state has an additional advantage 
of quieting the digital system to reduce noise pickup in the ana
log conversion circuitry. The 12-bit parallel Slow-Memory mode 
provides the fastest analog sampling rate combined with digital 
data transfer rate for sampled-data systems. 

PARALLEL READ, SLOW~MEMORY MODE (HBEN = 
LOW) 
Figure 3 shows the timing diagram and data bus status for Par
allel Read, Slow-Memory Mode. CS and RD going low triggers 
a conversion and the ADC-912A acknowledges by taking BUSY 
low. Data from the previous conversion appears on the three
state data outputs. BUSY returns high at the end of conversion, 
when the output latches have been updated, and the conversion 
result is placed on data outputs DII ... DOIs ' 

TWO-BYTE READ, SLOW-MEMORY' MODE 
For a two-byte read only the 8 data outputs D7 ... Do/s are 
used. Conversion start procedure and data output status for the 
first read operation is identical to Parallel Read, Slow-Memory 
Mode. See Figure 4, Timing Diagram and Data Bus Status. At 
the end of conversion, the low data byte (DB7 ... DBO) is read 
from the AID converter. A second READ operation with HBEN 
high places the high byte on data outputs D3I1l ... DO/8 and 
disables conversion start. Note the 4 MSBs also appear on data 
outputs DII ... Ds during these two READ operations. 

PARALLEL READ, ROM MODE (HBEN = LOW) 
A conversion is started with a READ operation. The 12 bits of 
data from the previous conversion are available on data outputs 
DII ... DOIs (see Figure 5). This data may be disregarded if 
not required. A second READ operation reads the new data 
(DBII ... DBo) and starts another conversion. A delay at least 
as long as the ADC-912A conversion time must be allowed be
tween READ operations. If a READ takes place prior to the 
end of 13 CLKS of the ADC conversion, the remaining bits not 
yet tested will be invalid. 

TWO-BYTE READ, ROM MODE 
For a two-byte read only the data outputs D7 ... Do/s are used. 
Conversion is started in the same way with a READ operation 
and the data output status is the same as the Parallel Read, 
ROM Mode. See Figure 6, Two-Byte Read Timing Diagram. 
Two more READ operations are required to obtain the new 
conversion result. A delay equal to the ADC-912A conversion 
time must be allowed between conversion start and places the 
high byte (4 MSBs) on data outputs D3I1l ... DOIs' A third 
READ operation accesses the low data byte (DB7 ... DBO) and 
starts another conversion. The 4 MSBs also appear on data out
puts DII ... Ds during all three read operations above. 

CIRCUIT LAYOUT GUIDELINES 
As with any high speed AID converters good circuit layout prac
tice is essential. Wire-wrap boards are not recommended due to 
stray pickup of the high frequency digital noise. A PC board 
offers the best results. Digital and analog grounds should be 
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separated even if they are ground planes instead of ground 
traces. Don't lay digital traces adjacent to high impedance ana
log traces. Avoid digital layouts that radiate high frequency 
clock signals, i.e., don't layout digital signal lines and ground 
returns in the shape of a loop antenna. Shield the analog input if 
it comes from a different PC board source. Set up a single point 
ground at AGND (Pin 3) of the ADC-912A; tie all other analog 
grounds to this point. Also tie the logic power supply ground, 
but no other digital grounds, to this point (see Figure 18). Low 
impedance analog and digital power supply common returns are 
essential to low noise operation of the ADC. Their trace widths 
should be as wide as possible. Good power supply bypass capac
itors located near the ADC package insures quiet operation. 
Place a 10 /LF capacitor in parallel with a 0.01 /LF ceramic ca
pacitor across V nn to ground and V ss to ground (near Pin 3). 

Figure 18. Power Supply Grounding 

In applications where the ADC-912A data outputs and control 
signals are connected to a continuously active microprocessor 
bus, it is possible to get LSB level errors in conversion results. 
These errors are due to a feedthrough from the microprocessor 
to the internal comparator. The problem can be minimized by 
forcing the microprocessor into a WAIT state during conversion 
(see Slow-Memory microprocessor interfacing). An alternate 
method is isolation of the data bus with three-state buffers, such 
as the 74HCS41. 

INTERFACING TO THE TMS32010 DSP PROCESSOR 
Figure 19 shows an ADC-912A to TMS32010 interface. The 
ADC-912A is operating in the ROM mode. The interface is de
signed for the maximum TMS32010 clock frequency of 20 
MHz. 

ADDRESS BUS 

PAc. Plio 
14---\DEii 

ADC-912A* TIIS32010" 

~1~ ___ -=~~=-___ ~~5 
0010 ~ ___ .....;;DA,TA BrU;:,S ____ 1A Do 

HBEN 

'ESSENTIAL INTERFACE CIRCUITRY SHOWN FOR CLARITY 

Figure 19. ADC-912A to TMS32010DSPProcessorinteriace 
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ADC-912A 
The ADC-912A is mapped at a user-selected port address (PA). 
The following 1/0 instruction starts a conversion and reads the 
previous conversion into the data memory: 

IN DATA, PA PA = Port Address 

DATA = Data Memory Location 

When conversion is complete, a second I/O instruction reads the 
new data into the data memory and starts another conversion. 
Sufficient AID conversion time must be allowed between I/O 
instructions. The very first data read after system power-up 
should be discarded. 

USING WAIT STATES 
The TMS32020 DSP processor has the added capability of 
WAIT states. This feature simplifies the hardware required for 
slow memory devices by extending the microprocessor bus ac
cess time. Figure 20 shows an ADC-912A to TMS32020 inter
face using one WAIT state to guarantee data interface at the full 
20 MHz clock frequency. This WAIT state extends the bus ac
cess time by 200 ns. In this circuit the ADC-912A operated in 
the ROM mode where each input instruction (IN DATA, PA) 
takes the previous conversion result and stores it in memory. 
The next input instruction must be delayed for the length of the 
AID conversion time so that a new conversion result can be 
read. 

SLOW-MEMORY MODE OPERATION USING WAIT 
STATES 
The WAIT state feature of the TMS32020 can also be used to 
operate the ADC-912A in the Slow-Memory mode. This is ac
complished by driving the clock input of the 7474 flip-flop in 
Figure 20, from the BUSY output of the ADC-912A, instead of 
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the CLK OUT 1 of the TMS32020. Once a conversion has 
started the READY input of the TMS32020 is not released until 
the ADC-912A completes its 12-bit AID conversion. This stops 
the TMS32020 during Ihe conversion process reducing micro
processor system noise generation. Another advantage for the 
system software is the single instruction IN MEM, PA used to 
start; process, and read the results of the AID conversion. This 
makes the software code more transportable between systems 
operating at different clock speeds. The disadvantage is some 
loss in instruction processing time. 

_ .Ao 11,. 
IS 

iii) Rfii 

READY 

ADC-912A* 
TMS32020 

X2/CLKIN 

iWsY CLKOUT, 

D" D,. 

Dote Do HBEN 

'ESSENTIAL INTERFACE CIRCUITRY SHOWN FOR CLARITY 

Figure 20. ADC-912A to TMS32020 Interface Using Wait 
States 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Guaranteed Nonlinearity: ±0.003% FSR max 
351'S Maximum Conversion Time 
Small Size 2" X 2" X 0;4" 
Wide Power Supply Operation: ±12V to ±17V 

APPLICATIONS 
Process Control Data Acquisition 
Seismic Date Acquisition 
Nudear Instrumentation 
Medical Instrumentation 
Pulse Code Modulation Telemetry 
Industrial Scales 
Robotics 

GENERAL DESCRIPTION 
The ADCll40 is a low cost l6-bit successive-approximation 
analog-to-digital converter having a 3SJ,ts maximum conversion 
time. This converter provides high accuracy, hjflh stability and 
low power consumption all in a 2" X 2" X 0.4 module. 

High accuracy performance such as integral and differential 
nonlinearity of ±0.OO3% FSR max are both guaranteed. Guar
anteed stability such as differential nonlinearity TC of ±2ppml 
° C maximum, offset TC of ±30J,tV 1° C maximum, gain TC of 
±l2ppm/oC maximum and power supply sensitivity of 
±0.002% of FSR/% Vs are also provided by the ADC1140. 
The ADCll40 makes extensive use of both integrated circuit 
and thin-film components to obtain excellent performance, 
small size and low cost. The internall6-bit DAC incorporates 
Analog Devices' proprietary thin-fihn resistor technology and 
. proprietary CMOS current-steering switches. A low noise ref
erence,low power comparator and low power successive-ap
proximation register are also used to optimize the ADCll40's 
design (shown in Figure l). 
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Low Cost, 16-Bit 
Analog-to-Digital Converter 

~~~~~~ 27 

DIGITAL 
GROUND 

ADCl140 I 
FUNCTIONAL BLOCK DIAGRAM 

ADCl140 

16-BITCMOS 
DIGITAL-TO-ANALOG 

CONVERTER 

19 LSB 
18 BIT 15 
17 BIT 14 
16 BIT 13 
15 BIT 12 
14 BIT l' 
13 BIT 10 
12 BIT9 
11 BIT8 
10 BIT7 
9 BIT6 

BIT5 
BIT4 
BIT3 

~~~:~ 211}-----------~~ 
L-___ J 

Figure 1. 

The ADCll40 can operate with power supplies ranging from 
±l2V to ±l7V and has provisions for a user supplied ex-
ternal reference. Four analog input voltage ranges are selectable 
via pin programming: ±SV, ±lOV, 0 to +SV and 0 to +lOV. 
Bipolar coding is provided in the offset binary and two's com
plement formats with unipolar coding displayed in true binary • 
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ADCl14D.-SPECIFICATIONS ~:!~!: +25·C = ±15V, Vee = +5V, VREF = +10.~ unless otherwise 

Model 

RESOLUTION 

CONVERSION TI.ME 

ACCURACY· 
Nonlinearity Error 
Differential Nonlinearity Error 

STABILITY 
Differential Nonlinearity 
Gain (with internal reference) 

(without internal reference) 
Unipolar .offset 
Bipolar Offset 

POWER SUPPLY SENSITIVITY 

ANALOG INPUT 
Voltage Ranges 

Bipolar 
Unipolar 

Input Resistance 
o to +SV 
o to + 10V, ±SV 
±10V 

External Reference Inpur 
Voltage Range 
Input Resistance 

DIGITAL INPUT 
Convert Command 

Logic Loading 

DIGITAL OUTPUT 
Parallel Output Data 

Unipolar 
Bipolar 
Output Drive 

Status 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
External Load Current 

(Rated Performance) 
Temperature Stability 

POWER REQUlREMENTS4 

Voltage (Rated Performance) 
Voltage (Operating) 
Supply Current Drain ±lSV 

+SV 

TEMPERATURE RANGE 
Specified 
Operating 
Storage 

SIZE 
Weight 

NOTES 

ADCl140 

16 Bits 

3SIlsmax 

±O.003% FSR2 max 
±0.003% FSR2 max 

±2ppmfCmax 
±12ppmfC max 
±4ppmfCmax 
±301lVfc max 
±7ppm/oCmax 

±o.002% FSR/% Vs 

±SV, ±10V 
o to +SV, 0 to +10V 

2.Skn 
S.Okn 
10.0kn 

Oto +12V 
2.Skn 

Positive Pulse, lOOns Width min 
Negative Edge Triggered 
ITTL Load 

Binary (BIN) 
Offset Binary (OBIN) Two's Complement 
ITTL Load 
Logic "'1" During Conversion 
ITTLLoad 

+10V, ±0.3% 

2mAmax 
±8.SppmfC max 

±lSV ±3%, +SV ±3% 
±12V to ±17V, +4.7SV to +S.2SV 
±2SmA 
lSOmA 

o to +70·C 
-2SoC to +8SoC 
-SS·C to +8S·C 

2" X 2" X 0.4" (Sl X Sl X 10.4mm) 
1.2 oz (Hg) 

1 Offset and gain error are adjustable to zel'O by means of external 
potentiometers. See Figure 3 for proper connection. 

• FSR means FuU Scale Range. 
I Rated performance is specified with + lO.OV reference. 

o'Recommended Power Supply. Analog Devices Model 923. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

1-"-2.0' (5',!} MAx----L . ..i 

L '= I J o.., 

D 0,019 (OASI DIA =-T 

16 " 1 
24 2.0' 

(5',!} 

:j 
BOTTOM VIEW ...J J-- 0.1 12.6) GRID 

TERMINAL PINS INSTALLED ONLY 
IN SHADED HOLE LOCATIONS. 

MATING CONNECTORS 
AC1577 (2 REQUIRED) 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 
1 +5V 32 +15V 
2 DIGITAL GROUND 31 -15V 
3 MSB 30 ANALOG GROUND 
" MSB Z9 ANALOG IN 1 
5 BIT 2 28 ANALOG IN 2 
8 BIT 3 27 ANALOG IN 3 
7 BIT" 28 +lDV REF OUT 
8 BIT 5 25 REFERENCE IN 
9 BIT 6 24 OFFSET ADJUST 
10 BIT 7 23 NOT USED 
11 BIT 8 22 STATUS 
12 BIT 9 21 CONVERT COMMAND 
.13 BIT 10 20 NOT useD 
14 BIT 11 19 LSB 
15 aIT 12 18 BIT 15 
ll1i BIT 13 17 BIT 14 
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OPERATION 
For operation, the only connections to the ADCll40 that are 
necessary are the powe.r supplies, internal or external reference, 
input voltage pin programming, convert command and digital 
output. Refer to Table I for input pin programming and 
Figure 3 for offset and gain calibration. 

Figure 2. Analog Input Block Diagram 

ANALOG INPUT PROGRAMMING 
The analog input section consists of three analog input termi
nals. Analog input range selection is accomplished by pin pro
gramming as shown in Table I. 

In the unipolar mode, a 0 to + 10V or a 0 to +5V input signal 
develops a 0 to + 2mA current that is compared to the 0 to 
-2mA (shown in Figure 2) current output of the DAC. 

In the bipolar mode, a + 1mA offset current from the reference 
is applied to the comparator input via pin programming con
nections. The ADC1140 can then accept either ±5V or ±10V 
inpu ts. These inputs again will be converted to current and 
compared with the DAC's 0 to -2mA current output. 

Table I. Analog Input Voltage Pin Programming 

Connect Input COJUlect Connect 
Input Signal Signal To Pin 26 To Pin 30 To 
Range Coding Pin(s) Pin· Pin(s) 

±10V OBIN. Two's Comp 28 27 29,2 
±5V OBIN, Two's Comp 29 27 28,2 
o to +5V BIN 27,28,29 Open 2 
o to +10V BIN 27,28 Open 29,2 

-If Internal Reference IS used, Pins 25 and 26 must be connected together through 
a son potentiometer or 24.90 fixed resistor (see Figure 3 and the gain calibration 
section). 

OPTION OFFSET & GAIN CALIBRATION 
Initial offset and gain errors can be adjusted to zero by po ten
tiometersasshown in Figure 3. Proper offset and gain calibra
tion requires great care and the use of an accurate and stable 
voltage reference. The voltage standard used as a signal 
source must be very stable. It should be capable of being set 
to within 1/AV of the desired value at both ends of its range. 
The potentiometers selected should be of the good quality 
Cermet type. Multi-turn potentiometers having ten to fifteen 
turns and 100ppmtC temperature coefficients will be 
adequate. The temperature coefficients contributed by these 
Cermet potentiometers will be less than O.lppmtC. 

By adjusting the offset first, gain and offset adjustments will 
remain independent of each other. 
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Applying the ADC1140 

ADC1140 

"SEE TABLE 1 FOR BIPOLAR CONNECTION 

ANALOG INPUT #3 27 

Figure 3. Offset and Gain Calibration 

OFFSET CALIBRATION 
For 0 to +lOV range, set the input voltage precisely to +76/AV; 
for 0 to +5V range, set it at +38/AV. Adjust the zero potentio
meter until the binary coded converter is just on the verge 
of switching from 000 ... 00 to 000 ... 01. 

For ±5V range, set the input voltage precisely to -4.999924V; 
for ±10V range, set it at -9.999847V. Adjust the zero poten
tiometer until the offset binary coded units are just on the 
verge of switching from 000 ... 00 to 000 ... 01 and the 
two's compo coded units are just on the verge of switching 
from 100 ... 0 to 100 ... 1. 

GAIN CALIBRATION 
Set the input voltage precisely at +9.99977V for 0 to +10V 
input range, +4.99977V for ±5V input range, +9.99954V for 
±10V input range, or +4.99988V for 0 to +5V input range, 
adjust the gain potentiometer until binary and offset binary 
coded units are just on the verge of switching from 111 ... 0 
to 111 ... 1 and two's compo coded units are just on the verge 
of switching from 011 ... 10 to 011 ... 11. Note that these 
values are 1 112 LSBs less than nominal full scale. 

POWER SUPPLY AND GROUNDING CONNECTIONS 
The analog power ground (pin 30) and digital ground (pin 2) 
are not connected internally. The connection must be made 
externally. The choice of an optimum "star" point is an 
important consideration in avoiding ground loops and to 
minimize coupling between the analog and digital sections. 
One suggested approach is shown in Figure 4. 

Because the ADCl140 contains high quality tantalum capaci
tors on each of the power supply inputs to ground, external 
bypass capacitors are not required. 

:t15V 
SUPPLY 

Figure 4. Power Supply and Grounding Techniques 

ADC1140 TIMING 
Conversion is initiated with the negative going edge of the 
Convert Command pulse as shown in Figure 5. The Convert 
Command pulse width must be a minimum of lOOns. Once the 
conversion process is initiated, it cannot be retriggered until 
after the end of conversion. 

With the negative edge of the Convert Command pulse, all 
internal logic is reset. The MSB is set low with the remaining 
digitial outputs set to logic high state, and the status line is 
set high and remains high thru the fuJI conversion cycle. 

ANALOG-TO-DIGITAL CONVERTERS 2-845 

• 



ADCll40 
During conversion each bit, starting with the MSB, is sequen
tially switched low at the rising edge of the internal clock. The 
DAC output is then compared to the analog input and the bit 
decision is made. Each comparison lasts one clock cycle with 
the complete 16-bit conversion taking 3 Sils maximum. At this 
time, the STATUS line goes low signifying that the low con
version is complete. 

-l I-- 'DOn,'mln) 
CONVERT rI+ COMMAND ---l 1-'--______ -

INTERNAL nnnn nnn 
CLOCK ---.-J L-J L..J L..J 4.-J L-J L..J L-

r:=====::~::~U~======l STATUS ~rt 35,Li max • L-
,II 

BIT2:==~n 51 
~o 

BIT3===~~' 

LSB ===] 
'~, 

'~o 
MSB ----n 

II 

~ OUTPUT DATA VALID 

~o 

Figure 5. ADC1140 Timing Diagram 

ANALOG INPUT/OUTPUT RELATIONSHIPS 
The ADC1140 produces a true binary coded output when 
configured as a unipolar device. Configured as a bipolar device, 
it can produce either offset binary or two's complement out
put codes. The most significant bit (MSB) is displayed on pin 
4 for the binary and offset binary codes or on pin 3 for the 
two's complement code. Table II shows the unipolar analog 
input/digital output relationships. Table III shows the bipolar 
analog input/digital output relationships for offset binary 
code and two's co,mplement codes. . 

Tab/e II. Unipolar InputlOutput Relationships 

Table 11/ Bipolar Input/Output Relationships 
Analog Input Digital Output 

±SV Range ±lQV Range Offset Binary Code 2', Complement Code 

+4.9998SV +9.9997QV 1111111111111111 0,111111111111111 

+2.5QQQQV +5.QQQQQV 110,0, 0,0,0,0, 0,0,0,0, 000,0, 0,10,0, 000,0, 0,0,0,0, 0,0,0,0, 

+Q.QQQI53V +Q.QQQ3Q5V 100,0, 0,0,0,0, 000,0, 0,00 1 0,0,0,0, 000,0, 0,000, 0,0,0,1 

+Q.QQQQQV +Q.QQQQQV 100,0, 0,000, 0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,0, 000,0, 

-S.QQQQQV -IO.QQQQQV 000,0, 0,0,00 0,0,0,0, 0,0,0,0, 100,0, 0,0,0,0, 0,0,0,0, 0,0,0,0, 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 
Shown in Figure 6 is a high resolution data acquisition system. 
Here the SHA1144, a high resolution sample-hold amplifier, 
is used to drive the ADC1140. Conversion is initiated by the 
negative edge of the convert command pulse. At this time the 
STATUS pulse goes low causing the SHA1144 to go from the 
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sample mode to the hold mode. When the conversion is com
plete, 3SIls later, the STATUS pulse goes low, thus placing 
the SHA1144 in the sample mode. 

ANALOG 
INPUT 

Jl! 
CONVERT =-'-------------' 

"B·B'TS 

Figure 6. High Resolution Data Acquisition System 

EXTERNAL REFERENCE 
The ADC1140 is capable of operating with an external +10.0V 
reference. Simply disconnect the gain trim potentiometer from 
pin 26 and connect it to the external reference as shown in 
Figure 7. The external reference output must appear as a low 
impedance and must remain very stable during conversion 
to insure that accuracy is maintained. Gain error is adjusted 
as previously discussed in the gain calibration section. 

K = 0.5 FOR nov RANGE 
K = 1 FOR ±5V, ANDOTO +10V RANGES 
K .. 2 FOR 0 TO +5V RANGES 

Figure 7. External Reference 
The ADC1140 is factory tested and calibrated with the in
ternal + 10.0V reference voltage but nonstandard external 
voltages can be used with the digital output coding being 
determined by the formula shown in Figure 7. 

PIA INTERFACE 
The ADC1140 can be used with a PIA to interface directly to 
a microprocessor. As shown in Figure 8 the 16-bit output of 
the ADC1140 is split into two 8-bit bytes. Part A of the PIA 
is programmed to read the eight most-significant-bits while 
Part B reads the eight least-significant.bits. Output CB2 is used 
to start the ADC1140 conversion process. CB1, of the PIA, is 
used to sense the STATUS of the ADC1140 so that the end of 
conversions can be determined. The control bus, address bus, 
and data bus are t.hen connected directly to the microprocessor. 

With the use of PIAs, control of one or more ADC 1140s can 
be accomplished in many different configurations. 

MCll821 
PERIPHERAL 
INTERFACE 
ADAPTER 

{PIA) 

Figure 8. ADC1140 Interface to PIA 
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Voltage-to-Frequency 

H Pulse Output I 
AD652 (Synchronous/2 MHz FS) 
AD650 (1 MHz FS) 
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Square Wave Output I 

I 

AD654 (Single Supply/500 kHz FS) 
AD537 (150 kHz FS) 

I 
Frequency-to-Voltage 

H Complete Mod.~le I 
451 (10 kHz FS) 
453 (100 kHz FS) 

Integrated Circuit I 
AD650 (Up to 1 MHz FS) 
ADVFC32 (Up to 500 kHz FS) 
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Selection Guide 
V/F and FN Converters 
Voltage-to-Frequency Converters 

FS 
Calib 

Full-Scale Linearity Error 
Frequency % % Output 

Model MHz max typ Format 

AD652 2 0.005-6.05 0.25-6.5 Pulse Train 

AD650 0.005-6.1 5-10 Pulse Train 

AD654 0.5 0.Hl.4 10 Square Wave 
ADVFC32 0.5 0.01-{).2 5 Pulse Train 
AD537 0.15 0.07-{).25 5 Square Wave 

Frequency-to-Voltage Converters 
Response 

Input Linearity TinIe 
Range % ms 

Model kHz max typ 

451 o to 10 0.03-{).00S 4 
453 o to 100 O.03-{).OOS O.S 
AD650 o to 1000 0.005-6.1 
ADVFC32 o to 500 0.01-{).2 

Input 
Range 
V 

o to 10, ±5 
o to -10 
o to 10, ±5 
o to -10 
o to (Vs) 
o to 10 
-Vsto(+Vs-4) 

Package 
Options l 

Module 
Module 
1,2,5 
2,7 

Temp 
Range' 

C,I,M 
C,I,M 

Package Temp 
Optionsl Range2 

3,4,5 C,I,M 

1,2,5 C,I,M 

2,6 C 
2,7 C,I,M 
1,7 C,M 

Page 

C I 11-4, C II 12-4 
C I 11-4, C II 12-4 
C II 3-15 
C II 3-51 

Page Comments 

C II 3-27 Synchronous, Multiple Input Ranges, 
Low Linearity, Single Supply 

C II 3-15 Low Nonlinearity, Multiple Input Ranges 

C II 3-43 Single Supply, Low Cost 
C II 3-51 Industry Standard 
C II 3-7 Single Supply, Military Grade 

Comments 

Complete, No External Components 
Complete, No External Components 
Low Nonlinearity 
Industry Standard 

'Package Options: 1 ~ Hennetic DIP, Cerantic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Cerantic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOlC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Cerantic Flatpack; 10 ~ Plastic Quad Flatpack; 11 ~ Single-In-Line "SIP" Package; 12 ~ Cerantic Leaded Chip Carrier; 13 ~ Nonhennetic Cerantid 
Glass DIP; 14 ~ J-Leaded Cerantic Package; IS ~ Cerantic Pin Grid Array; 16 ~ TO-92. 

'Temperature Ranges: C ~ Commercial, 0 to +70"C; I ~ Industrial, -40·C to +85·C (Some older products -25·C to +85·C); M ~ Military, -S5·C to + 12S·C. 
Boldface Type: Product recommended for new design. 
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Orientation 
V/F & F/V Converters 
VOLTAGE-TO-FREQUENCY CONVERTERS 
Voltage-to-frequency converters (VFCs) convert analog voltage 
or current levels to pulse trains or square waves in a logic
compatible form (usually TTL) at frequencies that are accu
rately proportional to the analog quantity. The output 
continuously tracks the input signal, responding directly to 
changes in the input signal; external clock synchronization is not 
required. V IF converters find applications in analog-to-digital 
converters with high resolution, long-term high-precision inte
grators, two-wire high-noise-immunity digital transmission and 
digital voltmeters. 

FREQUENCY-TO-VOLTAGE CONVERTERS 
Frequency-to-voltage converters (FVCs) perform the inverse 
operation; they accept a wide variety of periodic waveforms and 
produce an analog output proportional to frequency. Combining 
adjustable threshold, gain and output offset with low linearity 
error, FN converters offer economical solutions to a wide vari
ety of applications where it is required to convert frequency to 
an analog voltage. Examples are motor-speed controllers, power
line frequency monitors and VCO stabilization circuits. In 
analog-to-analog data transmission, they convert serially trans
mitted data in the form of pulse streams back to analog voltage. 

Applications of both forms of conversion, as appropriate to spe
cific device types, are illustrated with varying degrees of detail 
on the individual data sheets. 

FACTORS IN CHOOSING VFCs AND FVCs 
The charge-balance and the astable-multivibrator type architec
tures are two design techniques used to implement the voltage
to-frequency function. The output of a charge balance VFC is a 
train of pulses of constant width and height, with very low duty 
cycles for small analog inputs. An astable-multivibrator VFC 
produces a square wave for its output. 

The charge-balance converter architecture used for the AD650 is 
shown in Figure 1. It comprises a summing integrator, a current 
source and steering switch, a comparator, a one-shot, and an 
output transistor. The input signal current may be provided di
rectly by a current source or be generated by an input voltage 
across RIN• This current is exactly balanced by an internal feed
back current delivered in the form of precision pulses from the 
switched I rnA internal current source. These current pulses can 
be thought of as precisely defined packets of charge. The re
quired number of charge packets, each producing one pulse at 
the output transistor, depends upon the amplitude of the input 
current signal. Since the number of charge packets delivered per 
unit time to the summing junction is related to the input signal 
current amplitude by a linear function, the voltage-to-frequency 
transformation is achieved. 
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Figure 1. Block Diagram of the AD650 

This architecture allows for a full-scale frequency up to IMHz 
and can achieve linearity errors as low as 0.005%. Excellent 
noise rejection is achieved since the charge balance architecture 
is performing a continuous integration on the input signal. Also, 
it has a dynamic range of up to six decades allowing for ex
tremely high resolution measurements. A F-V conversion may 
be easily implemented with this architecture. Full-scale fre
quency, gain error, and linearity are significantly determined by 
the stability, accuracy, and proper selection of the one-shot 
capacitor and R1N• 

A variation of this architecture known as a synchronous voltage
to-frequency converter is used on the AD652 shown in Figure 2. 
This modified charge-balance type architecture uses an external 
clock to define the full-scale output frequency, rather than de
pend on the stability of an external one-shot capacitor, there
fore improving upon the temperature drift specifications. It is 
capable of producing a 2 MHz full-scale output and can achieve 
linearity errors as low as 0.002%. Also, by referencing the com
parator and analog input to an on-chip 5 volt reference, the de
vice may operate single supply. 

C,'" 

-v, 

CLOCK 
IN 

Figure 2. Block Diagram of the AD652 



The astable-multivibrator architecture used on the AD654 and 
the AD537 is shown in Figure 3. It uses a current controlled 
precision multivibrator as the primary timing element. An oper
ational amplifier converts the input voltage into a proportional 
unipolar current which drives the multivibrator circuit and tim
ing capacitor through n-p-n transistors. This current determines 
the charging and discharging rate of the timing capacitor which 
in turn detertnines the frequency of operation of the multivibra
tor circuit. The frequency output is a square wave delivered via 
an open-collector n-p-n transistor whose etnitter is returned to 
digital ground for high noise immunity against digital spikes. 

,,,,VfK r------- 2 -----------------

VTEMP 6 

1,DOV 
VREF 7 

Figure 3. Block Diagram of the AD537 

The power consumption of a multivibrator VFC can be very 
low: for example, the AD654 can operate on single supply volt
ages as low as 4.5 volts and consume a maximum of 3.0 rnA 
quiescent current. The device can operate with a full-scale fre
quency up to 500 kHz and achieve voltage-to-frequency nonlin
earity as low as 0.03%. Also, the square wave output allows it to 
be ac coupled without introducing dc level shifts with a change 
in frequency. 

The frequency-to-voltage conversion may be easily implemented 
with the charge-balance VFCs such as the AD650 by reconfigur
ing it and by adding a simple logic biasing network. The device 
may convert frequencies up to I MHz to full-scale output volt
ages up to 10 volts. The AD652 synchronous VFC may also be 
configured for this function when an application requires a 
higher degree of linearity. The AD537 and AD654 may also be 
used in a F-V converter application as the oscillator in a phase 
locked loop when used in conjunction with a quad nand gate 
which serves as a phase comparator. 

SPECIFICATIONS 
The salient specifications for VFCs are (non)linearity, as a per
centage of full-scale frequency; frequency range, the greater the 
frequency range, the greater the resolution for a given counting 
period; full-scale-calibration error; gain-temperature coefficient, in 
ppm of signal per °C, where "gain" is the ratio of full-scale fre
quency to full-scale voltage; input-offSet temperature coefficient; 
overrange capability, within rated specifications, and step response, 
the worst -case time interval required for the frequency to re
spond to a full-scale-step input change. 

For FVCs, important specs, in addition to accuracy specs corre
sponding to the above, include output ripple (for specified input 
frequencies), threshold (for recognition that another cycle has 
been initiated and for versatility in interfacing various types of 
sensors directly), hysteresis (to provide a degree of insensitivity to 
noise superimposed on a slowly-varying input waveform) and 
dynamic response (important in motor control). 

Definitions of some critical specifications, and the conditions for 
adjusting or measuring them, are detailed on individual data 
sheets. 
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FEATURES 
Low Cost A-D Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance. Low Drift 

Single Supply. 5 to 36 Volts 
Linearity: ±0_05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1 mV IK) 
F-V Applications 
F-V Applications 
MIL-6TD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS37 is a monolithic V-F converter consisting of an in
put amplifier, a precision oscillator system, an accurate inter
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F.S. input vol
tage up to ±30V. Linearity error is as low as ±O.OS% for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ±30ppm/C. The ADS37 
operates from a single supply of S to 36V and consumes only 
1.2mA quiescent current. 

A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as OoC or OaF can be 
generated. 

The low drift (1j.1V/C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (2S0Mn) input resistance. Unlike most 
V-F converters, the ADS37 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 

The excellent temperature characteristics and long-term stabil
ity of the ADS37 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 

The device is available in either a TO-116 ceramic DIP or a 
TO-100 metal can; both are hermetically sealed packages. 

The ADS 3 7 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
o to +70oC range while the ADS37S is specified for o,reration 
over the extended temperature range, -SSoC to +125 C. 

°Protec:l3ed by Pa1leDt NOl. 3,887,963 and RE 30,586. 
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Integrated Circuit 
Voltage-to-Frequency Converter 

AD537* I 
PIN CONFIGURATIONS 

"D" Package - TO-116 "H" Package - TO-100 

-v, (CONNECTED TO CASEI 

PRODUCT HIGHLIGHTS 
1. The ADS 37 is a complete V -F converter requiring oniy an 

external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open
collector output stage. Any full-scale input voltage range 
from 100m V to 10 volts (or greater, depending on + V s) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = VIlORC. 

2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.S to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+ V S - 4) volts. Negative inputs can 
easily be connected for below ground operation. 

3. F-V converters with excellent characteristic are also easy to 
build by connecting the ADS37 in a phase-locked loop. Ap
plication particulars are shown in Figure 6. 

4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be
tween ground (or -Vs) and 4 volts below +Vs. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 

S. The ADS37 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Product Databook 
or current ADS37/883B data sheet for detailed specifications. 
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AD537 - SPECIFICATIONS (typical @ +25°C with Ys (total) = 5 to 36Y, unless otherwise noted,) 

MODEL 

CURRENT:TO-FREQUENCY CONVERTER 
Frequency Range 
Nonlinearity' .. 

fmox = 10kHz 
fmox = 100kHz 

Full Scale Calibration Error 

AD537JH 

o to lSOkHz 

O.lS% max (0.1% typ) 
0.2S% max (O.lS% typ) 

±lO%max 

AD537JD 

±7%max 

AD537KD 
AD537KH 

0.07% max 
0.1% max 

±S%max 

I AD537SD' 
AJ>5~1SH' 

C = O.Oll'F. IJN = 1.000mA 
vs. Supply (t;nax < 100kHz) 
vs. Temp. (T",in to TmlX ) 

±O.l%N max (0.01% typ) 
±lSOppmfC max (SOppm typ) SOppm/·C max (30ppm typ)2 lSOppmfC max 

ANALOG INPUT AMPLIFIER 
(Voltage-to·Current Converter) 
Voltage Input Range 

Single Supply 
Dual Supply 

Input Bias Current 
(Either Input) 

Input ~esistance (Non·Invening) 
Input Offset Voltage 

(Trimmable in "D" Package Only) 
vs. Supply 
vs.ITemp. (Tmin to Tmax> 

Safe Input Voltage' 

REFERENCE OUTPUTS 
Voltage Reference 

Absolu te Value 
vs. Temp. (Tmin to Tmax) 
vs. Supply 
Output Resistance4 

Absolute Temperature References 
Nominal Output Level 
Initial Calibration @+2S·C 
Slope Ertorfrom 1.00mV/K 
stope Nonlinearity 
Output ResistanceS 

OUTp·UT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "0" 
VOUT = 0.4V max, Tmin to Tmox) 

Output Leakage Current in Logic "I" 
(Tmin to Tmax) 

Logic Common Level Range 
Rise/Fall Times (~ = O.Oll'F) 

IJN = lmA 
lIN = lIlA 

POWER SUPPLY 
Voltage, Rated Performance 

Single Supply 
OualSupply 

Quiescent Current 

TEMPERATURE RANGE 
Rated Perfonnance 
Storage 

o to (+VS - 4) Volts (min) 
-Vs to (+VS - 4) Volts (min) 

lOOnA 
2S0MO 

SmVmax 
200l'V/Vmax 
SI'vfc 
±VS 

1.00 Volt ±S% max 
SOppmfC 
±0.03%/V max 
3800 

1.00mV/K 
298mV (±SmV) 
±0.02mV/K 
±O.lK 
9000 

20mAmin 

200nA max 
-Vs to (+Vs - 4) Volts 

0.21's 
lps 

4.SV to 36V 
tS to±18V 
1.2mA (2.SmA max) 

o to +70·C 
-6S·C to +lSO·C 

lOOpVNmax . 

20mAmin 

2mVmax 
100l'VIV max 
ll'VfC 

100ppmfc max . 
;98mv (±SmV max) 

20mAmin 

.. 

lOjtvfc max 

lOmAmin 

2J.LAmax . 

-SS·C to +12S·C 

PACKAGE OPTIONS.' 7 

TO-116 Ceramic DIP (0-14) 
TO-1OO Header (H-10A) A0537JH 

A0537JD AD537KO 
AD537KH 

A0537SD 
AD537SH 

NOTES 
,~Spedf"'cations same 15 AD537JH. 

··Specifications same as ADS37K. 

Specifications subject to change withoUt notice. 

I Nonlinearity is specified for a current input level (lIN) to the 
converter from 0.1 to I~A. Converter has 100% overrange 
capability up to liN" 2000I'A with slighdy reduced linearity. 
Nonlinearity is defined as deviation from a straight line from 
zero to full scale, expressed as a percentage of full S4i:ale. 

2 Guaranteed not tested. 

~8 VlF & FN CONVERTERS 

I Maximum volt. input level is equal to the supply on either 
input terminal. However,large neptive voltasc levels cao be 
applied to the negative terminal if the input is scaled to a -oolJlioal 
ImA full scale through an appropriate value resistor (sec FiFre 2). 

4 Loading the 1:0 volt or ImV/K outputs can cause. sipificant change 
in overall circuit performance, as indicated in the applicatioos section. 
To maintain normal operation, t~ outputs should be oJ'Cfl:ted 
into the external buffer or an external ampUflCl'. 

'Temperature reference output performance is specified from 0 to +7<fC 
for uJ" and UK" devices, -SSoC to +12'oC for US" model. 

'0 = Cerunic DIP; H = Hennetic Metal Can. For oudine information 
see Package lofonnation section. 

7 For AD' 3 7/8838 specifications, refer to Aoalog Devices MDitary 
Products Databook. 
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CIRCUIT OPERATION 
Block diagrams of the A0537 are shown above. A versatile 
operational amplifier (BUF) serves as the input stage; its 
purpose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance is 
achieved when, at the full scale input voltage, a ImA drive cur
rent is delivered to the current-to-frequency converter. The 
drive current to the current-to-frequency converter (an astable 
multivibrator) provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
"adaptive" bias scheme allows the oscillator to provide low 
nonlinearity over the entire current input range of 0.1 to 
2000IlA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -Vs. The "SYNC" input 
("0" package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 

The reference generator uses a band-gap circuit (this allows 
single-supply operation to 4.5 volts which is not possible with 
low T.C. zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.C. 1.00 volt output and the 
VTEMP output which tracks absolute temperature at ImV/K 

V-F CONNECTION FOR POSITIVE INPUT VOLTAGES 
The positive voltage input range is from -v s (ground in single 
supply operation) to 4 volts below the positive supply. The 
connection shown in Figure 1 provides a very high (250MU) 
input impedance. The input voltage is converted to the proper 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is ImA, so, for example a 10 volt range would 
require a nominall0kU resistor. The trim range required will 
depend on capacitor tolerance. Full scale currents other than 
ImA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. 

Figure 1. Standard V-F Connection for Positive Input Voltages 
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As indicated by the scaling relationship in Figure I, a O.OIIlF 
timing capacitor will give a 10kHz full scale frequency, and 
O.OOlilF will give 100kHz with a ImA drive current. The maxi
mum frequency is 150kHz. Polystyrene or NPO ceramic capa
citors are preferred for T .C. and dielectric absorption; poly
carbonate or mica are acceptable; other types will degrade line
arity. The capacitor should be wired very close to the A0537. 

V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2. This connection, unlike the buffered positive con-
nection, is not high impedance since the ImA F.S. drive cur- • 
rent must be supplied by the signal source .. However, very large 
negative voltages beyond the supply can .be handled easily; just 
modify the scaling resistors appropriately. Oiode CRI (HP5082-
2811) is necessary for overload and latchup protection for cur-
rent or voltage inputs. 

If the input signal is a true current source, Rl and Rz are not 
used. Full scale calibration can be accomplished by connecting 
a 200kU pot in series with a fixed 27kU from pin 7 to -Vs 
(see calibration section, below). 

Figure 2. V-F Connections for Negative Input Voltage or 
Current 
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CALIBRATION 
There are two independent adjustments: scale and offset. The 
first is trimmed by adjustment of the scaling reSistor R and the 
second by the (optional) potentiometer connected to +Vs and 
the Vos pins ("0" package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of linearity requires the avail
ability of a switchable voltage source (or a OAC) having a lin
earity error below ±O.OOS%, and the use of long measurement 
intervals to minimize count uncertainties. Ellery ADS] 7 is 
automatically tested for linearity, and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 

Although drifts are small it is good practice to allow the op
erating environment to attain stable temperature and to en
sure that the supply, source and load conditions are proper. 
Begin by setting the input voltage to 1110,000 of full scale. 
Adjust the offset pot until the output frequency is 1110,000 
of full scale (for example 1Hz for FS of 10kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjustment will very slightly 
affect the offset voltage, due to the input bias current of the 
buffer amplifier. A change of 1kD in R will affect the input 
by approximately 1 OOIlV, which is as much as 0.1% of a 
100mV FS range. Therefore, it may be necessary to repeat 
the offset and scale adjustments for the highest accuracy. The 
design of the input amplifier is such that the input voltage 
drift after offset nulling is typically below lIlV f C. 
In some cases the signal may be in the form of a negative cur
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiometer connected from 
the VR output to -VS will alter the internal operating con
ditions in a predictable way, providing the necessary adjust
ment range. With the values shown, a range of ±4% is available; 
a larger range can be attained by reducing Rl. This technique 
does not degrade the temperature-coefficient of the converter, 
and the linearity will be as for negative input voltages. The 
minimum supply voltage may be used. 
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Unless it is required to set the input node at exactly ground 
potential, no offset adjustment is needed. The capacitor C is 
selected to be 5% below the nominal value; with R2 in its mid
position the output frequency is given by 

f= I 
10.5 X C 

where f is in kHz, I is in rnA and C is in IlF. For example, for 
a FS frequency of 10kHz at a FS input of 1mA, C = 9S00pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the cortect reading. 

This alternative adjustm'ent scheme may also be used when it 
is desired to present an exact input resistance.in the negative
voltage mode. The scaling relationship is then 

f = _--.:.V __ • __ 1_ 
Rexa.:t 10.5 C 

The c,alibration procedure is then similar to that used for posi
tive input voltages, except that the scale adjustment is by 
means of R2. 

VLOGtc 

f"~ ,ac 

Figure 3. Scale Adjustment for Current Inputs 

REV. A 



INPUT PROTECTION 
The ADS37 was designed to be used with a minimum of ad
ditional hardware. However, the successful application of a 
precision IC involves a good understanding of possible pitfalls 
and the use of suitable precautions. 

The -VIN' +VIN and lIN pins should not be driven more than 
300mV below -Vs. This would cause internal junctions to con
duct. possibly damaging the Ie. The AD S 3 7 can be protected 
from "below -Vs" inputs by a Schottky diode. CRI (HPS082-
2811) as shown in Figure 3. It is also desirable not to drive 
+VIN' -VIN and lIN above +VS' In operation, the converter 
will become very nonlinear for inputs above (+VS -3.SV). 
Control currents above 2mA will also cause nonlinearity. 

The 80dB dynamic range of the ADS 3 7 guarantees opera-
tion from a control current of lmA (nominal FS) down to 
100nA (equivalent to lmV to 10V FS). Below 100nA im
proper operation of the oscillator may result, causing a false 
indication of input amplitude. In many cases this might be 
due to short-lived noise spikes which become added to the 
input. For example, when scaled to accept a FS input of IV, 
the -SOdB level is only loopV, so when the mean input is 
only 60dB below FS (lmV), noise spikes of 0.9mV are·suf
ficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass 
filter abead of the converter and a guard ring around the 
lIN or -VIN pins. For a FS of 10kHz a single-pole filter with 
a time-constant of lOOms (Figure 2) will be suitable, but the 
optimum configuration will depend on the application and 
type of signal processing. Noise spikes are only likely to be a 
cause of error when the input current remains near its mini
mum value for long periods of time; above loonA (lmV) 
full integration of additive input noise occurs. 

The ADS37 is somewhat susceptible to interference from 
other signals. The most sensitive nodes (besides the inputs) 
are the capacitor terminals and the SYNC pin. The timing 
capacitor should be located as close as possible to the 
ADS37 to minimize signal pickUp in the leads. In some 
cases, guard rings or shielding may be required. The SYNC 
pin should be decoupled through a O.OOSpF (or larger) ca
pacitor to pin 13 (+Vs). This minimizes the possibility that 
the AD S 3 7 will attempt to synchronize to a spurious signal. 
This precaution is unnecessary on the metal can package since 
the SYNC function is not brought out to a package pin 
and is thus not susceptible to pickup. 
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DECOUPLING 
It is good engineering practice to use bypass capacitors on 
the supply-voltage pins and to insert small-valued resistors 
(10 to 100(2) in the supply lines to provide a measure of 
decoupling between the various circuits in a system. Ceramic 
capacitors of O.lpF to 1.OpF should be applied between the 
supply-voltage pins and analog signal ground for proper by
passing on the ADS37. 

A decoupling capacitor may also be useful from +Vs to SYNC 
in those applications where very low cycle-to-cycle period vari
ation (jitter) is demanded. By placing a capacitor across +Vs 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8pF capacitor reduces the jitter to one in 20,000 which is 
adequate for most applications. A tantalum capacitor should 
be used to avoid errors due to dc leakage. 

NONLINEARITY SPECIFICATION 
The preferred method for specifying linearity error is in terms 
of the maximum deviation from the ideal relationship after 
calibrating the converter at full scale and "zero". This error 
will vary with the full scale frequency and the mode of opera
tion. The ADS 37 operates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within 
±O.OS%. Operating at higher frequencies or with positive inputs 
will degrade the linearity as indicates in the Specifications 
table. The shape of a typical linearity plot is given in Figure 4. 

OUTPUT FREQUENCY _ Hz 

Figure 48. Typical Nonlinearity Error Envelopes with 10kHz 
F.S. Output 

.... 

... " f- i .... ci,N~I~'J.., 1 I. 
+Vs·+15VOLTS 1 r- -Vs"OVOLTS 

j 
+0.14 

~ 
~ 

f-- Cr-o.oo1"F 
ii~-RT-l0kn 

f- ~~~~:~~-FIG.3 
f-- NEGATIVE INPUT - FIG. 4 

/ l~ 

~ ..... 
i ..... 

....... 
~l\ 

./ 
lii"'I-

..... 
I I 

" 100 , .... 
OUTPUT fREQUENCY - Hz 

Figure 4b. Typical Nonlinearity Error with 100kHz F.S. Output 
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OUTPUT INTERFACING CONSIDERATIONS 
The design of the output stage allows easy interfacing to all 
digital logic families. The collector and emitter of the output 
NPN transistor are both uncommitted; the emitter can be tied 
to any voltage between -VS and 4 volts below +Vs. The open 
collector can be pulled up to a voltage 36 volts above the emit
ter regardless of +VS. The high power output stage can supply 
up to 20rnA (tOmAfor "H" package) at a maximum satura
tion voltage of 0.4 volts. The stage limits the output current 
at 2SmA; it can handle this limit indefinitely without dam
aging the device. 
Figure S shows the ADS37 with a standard 0 to +10 volt input 
connection and the output stage connections. The values for 
the logic common voltage, pull-up resistor, positive logic level, 
and -v s supply are given in the accompanying chart for several 
logic forms. 

r-__________ -o~:ICCOM 

,--..=-T"--~fOUT 

LOGIC Vee 

=--.,.~ 'V, 
(+16V! 

'Ok Vre V" RL ·V, 
TTl/OTL >S GND 51< GND 

OS 
IL ., 'k D v,. 'OL ,uk I" I'" I:';," 

ECL2,5k +1.3 
M~ • 

Figure 5. Interfacing Standard Logic Families 

APPUCATIONS 

-2 .. .. ., . lUll: -16 

The diagrams and descriptions of the following applications 
are provided to stimulate the discerning engineer wi th alter
native circuit design ideas. "Applications of the AD S 3 7 IC 
Voltage-to-Frequency Converter", available from Analog 
Devices on request, covers a wider range of topics and con
cepts in data conversion and data transmission using voltage-
to-frequency converters. . 

TRUE 1WO-WIRE DATA TRANSMISSION 
Figure 6 shows the ADS 3 7 in a true two-wire data transmission 
scheme. The twisted-pair transmission lines serves the dual pur
pose of supplying power to the device and also carrying fre
quency data in the form of current modulation. The PNP cir
cuit at the receiving end represents a fairly simple way for 
converting the current modulation back into a voltage square 
wave which will drive digital logic directly. The 0.6 volt square 
wave which will appear on the supply line at the device ter
minals does not affect the performance of the ADS 37 because 
of its excellent supply rejection. Also, note that the circuit 
operates at nearly constant average power regardless of 
frequency. 
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VON 
+ 

Figure 6. True Two-Wire Operation 

F-V CONVERTERS 
The ADS 37 can be used as a high Iineariry VCO in a phase
locked loop to accomplish frequency-to-voltage conversion. 

'V, 

By operating the loop without a low-pass filter in the feedback 
path (first-order system), it can lock to any frequency from 
zero to an upper limit determined by the design, responding 
in three or four cycles to a step change of input frequency. In 
practice, the overall response time is determined by the charac
teristics of the averaging filter which follows the PLL. 

Figure 7 shows a connection using a low-power TTL quad 
open-collector nand gate which serves as the phase comparator. 
The input signal should be a pulse train or square wave with 
characteristics similar to TTL or 5-volt CMOS outputs. Any 
dury cycle is acceptable, but the minimum pulse width is 40/.1s. 
The output voltage is one volt for a 10kHz input frequency. 
The output as shown here is at a fairly high impedance level; 
for many situations an additional buffer may be required. 

Trimming is similar to V-F application trimming. First set the 
Vos trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kn potentiometer for 1.00 volts out. Then apply a 
10Hz waveform and trim the VOS for 1mV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate scaling of timing· components. 

>Sv 

Figure 7. 10kHz F-V Converter 
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TEMPERATURE-TO-FREQUENCY CONVERSION 
The linear temperature-proportional output of the ADS 37 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency conversion functions; it can also be 
used with other external connections in a temperature sensing 
or compensation scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor ou tpu t as well 
as in the main V-F converter circuitry. 

An absolute temperature (Kelvin)-to-frequency converter 
is very easily accomplished, as shown in Figure 8. The 1mV 
per K output serves as the input to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 2981lA at 
+2SoC (298K). Use of a 1000pF capacitor results in a corres
ponding frequency of 2.98kHz. Setting the single 2kn trimmer 
for the correct frequency at a well-defined temperature near 
+2S o C will normally result in an accuracy of ±2°C from -55°C 
to +12SoC (using an AD537S). An NPO ceramic capacitor is 
recommended to minimize nonlineariry due to capacitance 
drift. 

}--1 ...... --O f= 10Hz/K 

v 

+ 

-Vs (CONNECTED TO eASEl 

Figure 8. Absolute Temperature to Frequency Converter 

OFFSET TEMPERATURE SCALES 
Many other temperature scales can be set up by offsetting the 
temperature output with the voltage reference output. Such a 
scheme is shown by the Celsius-to-frequency converter in 
Figure 9. Corresponding component values for a Fahrenheit
to-frequency converter which give 10Hz/OF are given in paren
theses. 

A simple calibration procedure which will provide ±2°C accu
racy requires substitution of a 7.27k resistor for the series 
combination of the 6.04k with the 2k trimmer; then simply 
set the soon trimmer to give 2S0~z at +2S oC. 

High accuracy calibration procedure: 

1. Measure room temperature in K. 
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2. Measure temperature output at pin 6 at that temperature. 
3. Calculate offset adjustment as follows: 

Offset Voltage (mV) = VTEMP (pin 6) (mV) x 273.2 
Room temp (K) 

4. Temporarily disconnect 49n resistor (or SOOn pot) and 
trim 2kn pot to give the offset voltage at the indicated 
node. Reconnect 49n resistor. 

5. Adjust slope trimmer to give proper frequency at room 
temperature (+2S o C = 250Hz). 
Adjust~ent for OF or any other scale is analogous. 

soon 

2.74k 
(4.02k) 

49n 
(205U1 

. .... 
(10k) 

~-1---O ~c::.rc 
10k 110HzfF) 

3900pF 
(1500pF) 

'5V 

Figure 9. Offset Temperature Scale Converters-Centigrade 
and (Fahrenheit) to Frequency 

SYNCHRONOUS OPERATION 
The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running ADS37 to a master oscillator, either 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection is shown in Figure 10. The diodes are 
used to produce the proper drive magnitude from high level 
signals. The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +VS will stop the oscillator, 
and the output will go high (output NPN off). 

tOUT 

NOTE"'; if Vsv~"> 2V ~ i 
USE THIS LIMITER I 6 

VSVNC Cs I 

o VA f i 1f-@1,,7.---..:..::...._--, 10k I ...., 

IN4148 : 

-= -= I 

Figure 10. Connection for Synchronous Operation 
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Figure 11 shows the maximum pull-in range available ata given 
signalleve1; the optimum signal is a O.S to 1.0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
pop will disable the oscillator. The ADS 37 can normally be 
synchronized to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, it can 
only be brought down about 1-2%. 

FREQUENCY 
LOCK·IN 20% 
RANGE 

, ... 
0.2 0.4 0.6 0.8 1.0 

VSYNC SQUARE·WAVE INPUT VOLTS p-p 

Figure ". Maximum Frequency Lock-In Range Versus Sync. 
Signal 

UNEAR PHASE LOCKED WOP 
The phase-locked-loop F N circuit described earlier operates 
from an essentially noise-free binary input. PLL's are also used 
to extract frequency information from a noisy analog signal. 
To do this, the digital phase-comparator must be replaced by a 
linear multiplier. In the implementation shown in Figure 12, 
the triangular waveform appearing across the timing capacitor 
is used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi
plier output is zero when the two signals are in quadrature. In 
this condition, the ripple in the error signal is also quite small. 
Thus, the voltage at pin 5 is essentially zero, and the frequency 
is determined primarily by the current in the timing resistor, 
controlled either manually or by a control voltage. 

Figure 12. Linear Phase·Locked Loop 

Noise on the input signal affects the loop operation only 
slighdy; it appears.as noise in the timing current, but this 
is averaged out by the timing capacitor. On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exacdy the same frequency as the input signal. The 
effectiveness of this circuit can be judged from Figure 13 
which shows. the response to an input of IV rms 1 kHz sinu-· 
soid plus IV rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode range of the 
AD534. 
Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter characteristics can be found in the standard texts on 
the subject. 
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04-- 1V RMS SIGNAL 
+ 1V RMS NOISE 

...-OUTPUT 

Figure 13. Performance of AD537 Linear Phase
Locked Loop 

By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high
resistance frequency-control input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 

TRANSDUCER INTERFACE 
The AD537 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (unlike many V-F converters which re
quire signal pre-conditioning). The 1.00V stable reference ou t
put is also useful in interfacing situations, and the high input 
resistance allows non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 

THERMOCOUPLE INPUT 
The output of a Chromel-Constantan (Type E) thermocouple, 
using a reference junction at OoC, varies from 0 to 53.14mV 
over the temperature range 0 to +7000 C with a slope of 
SO.67Sj.lV/degree over most of its range and some nonlineariry 
over the range 0 to +200oC; For this example, we assume that 
it is desired to indicate temperature in Degrees Celsius using a 
counter/display with a lOOms gate width. Thus, the V-F con
verter must deliver an output of 7kHz for an input of 53 .14m V. 
If very precise operation down to 0° C is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices' 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 

The circuit shown in Figure 14 provides good accuracy from 
+3000 C to +7000 C. The extrapolation of the temperature
voltage curve back to oOe shows that an offset of -3.34mV is 
required to fit the curve most exacdy. This small amount of 
voltage can be introduced without an additional calibration 
step using the +1.00V output of the AD537. To adjust the 
scale, the thermocouple should be raised to a known refer
ence temperature near 500u e and the frequency adjusted to 
value usin§ Rl. The oerror should be within ±0.2% over the 
range 400 C to 700 e. 

,--li!l-4 ..... 10HV"C 

Figure 14. Thermocouple Interface with First·Order 
Linearization 
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11IIIIIIII ANALOG 
L.IIII DEVICES 

FEATURES 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002"10 typ at 10kHz 
0.005"10 typ at 100kHz 
0.07"10 typ at 1MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
VlF or FN Conversion 
Available in Surface Mount 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD650 V/FIV (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic fortn. 
The inherent monotonicity of the V IF transfer function makes 
the AD650 useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 

The linearity error of the AD650 is typically 20ppm (0.002% of 
full scale) and 50ppm (0.005%) maximum at 10kHz full scale. 
This corresponds to approximately l4-bit linearity in an analog-to
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD650 has a useful dynamic range of six decades allowing 
extremely high resolution measurements. Even at IMHz full 
scale, linearity is guaranteed less than 1000ppm (0.1%) on the 
AD650KN, KP, BD and SD grades. 

In addition to analog-to-digital conversion, the AD650 can be 
used in isolated analog signal transmission applications, phased
locked-loop circuits, and precision stepper motor speed controllers. 
In the FIV mode, the AD650 can be used in precision tachometer 
and FM demodulator circuits. 

The input signal range and full-scale output frequency are user
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 

The AD650JN and AD650KN are offered in a plastic 14-pin 
DIP package. The AD650JP and AD650KP are available in a 
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Voltage-to-Frequencyand 
Frequency-to-Voltage Converter 

AD650 I 
PIN CONFIGURATION 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 

CAPACITOR 

11 ~~~lOG 

COMPARATOR 
INPUT 

20-pin plastic leaded chip carrier (PLCC). Both plastic packaged 
versions of the AD650 are specified for the commerical (0 to 
+ 70°C) temperature range. For industrial temperature range 
( - 25°C to + 85°C) applications, the AD650AD and AD650BD 
are offered in a ceramic package. The AD650SD is specified for 
the full - 55°C to + 125°C extended temperature range. 

PRODUCT HIGHLIGHTS 
1. In addition to very high linearity, the AD650 can operate at 

full scale output frequency up to IMHz. The combination of 
these two features makes the AD6S0 an inexpensive solution 
for applications requiring high resolution monotonic AID 
conversion. 

2. The AD6S0 has a very versatile architecture that can be 
configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 

3. TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + 15V or + 5V for conventional 
CMOS or TTL logic levels. 

4. The same components used for VIF conversion can also be 
used for FIV conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 

5. The AD650 provides separate analog and digital grounds. 
This feature allows prevention of ground loops in real-world 
applications. 

6. The AD650 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD650/883B data sheet for detailed specifications. 
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AD656-SPECIFICATIONS (@ +25"1: with Vs= :t15Y unless CIIh8IWise IIIIIId) 

AD65tJ/AD650A AD65IItIAD65111 AD65IS 
Model Mia Typ Mu Mia Typ Mu Mia Typ Mu 

DYNAMIC PERFORMANCE 
FuD Scale Frequency Range I I I 
Nonlinearit~' f_ = 10kHz 0.002 0.005 0.002 0.005 0.002 0.005 

100kHz 0.005 '.n 0.005 0·02 0.005 '.02 
500kHz 0.02 O.OS 0.02 0.05 0.02 0.05 
IMHz 0.1 O.OS '.1 0.05 0.1 

Full Scale Calibration Error', 100kHz =5 =5 =5 
IMHz =10 =10 =5 

VS. Supply3 -0.015 +0.015 -0.015 +0.015 -0.015 +0.015 
VS. Temperature 

A, B,and S Grades 
allOkHz =75 =75 :75 
at 100kHz =ISO = 150 : ISO 

J and K Grades 
at 10kHz =75 =75 
'tl00kHz =150 =150 

BIPOLAR OFFSET CURRENT 
Activated by 1.24kO between pins 4 and 5 0.45 0.5 0.55 0.45 0.5 0.55 0.45 0.5 0.55 

DYNAMIC RESPONSE 
Maximum Senling Time for Full Scale 

Step Inpu{ I Pulse of New Frequency Plus I"" I PulseofNewFrequencyPius I"" I Pulse of New Frequeru:y Plus I"" 
Overload Recovery Time 

SteplnpUl 1 Pulse of New Frequency Plus IJlos 1 Pulse of New Frequency Plus 1",,5 I PulseofNew Frequency Plu.I". 

ANALOG INPUT AMPLIFIER (VIFConversioD) 
Current Input Range (Figure 1) 0 
VolUlgC Input Range (Figure S) -10 
Differential Impedance 

Common Mode Impedance 
Input Bias Current 

Noninverting Input 
Inverting Input 

Input Offset Voltage 
(Trimmable to Zero) 
Vs. Temperature (T min to T 1110) 

Safe Input Voltage 

COMPARATOR (FN Conversion) 
Logic "0" Level -Vs 
Logic "I" Level 0 
Pulse Width Ranse' 0.1 
Input Impedance 

OPEN COLLECTOR OUTPUT (VIFConversion) 
Output Voltage in Logic"O" 

ISINK ::s;8mA, TmintoTIIIQ 
Output LeakageCurrent in Logic "I" 

Voltase Ranse' 0 

AMPLIFIER OUTPUT (FN Conversion) 
Volt'lle Ranse (150011 min load resistance) 0 
Source Current (7500 max load resUl8DCe) 10 
Capacitive Load (Without Oscillation) 

POWER SUPPLY 
Voltage, Rated Performance =9 
Quiescent Current 

TEMPERATURE RANGE 
Rated Performance- N Paekase 0 

DPaekase -25 
Storage -NPaekage -25 

DPaekage -65 

PACKAGE OPTIONS' 
PLCC (P·20A) 
Plastic D1P(N.14) 
Ceramic DIP(D.14) 

NOTES 
I Nonlinearity is defined as deviation from a straight line from zero 
to full scale, ex.pressed. as a fraction of full Icale. 

2FuU scale calibration error adjustable to zero. 
'Mea.uredatfuU seale outpUt (requeney of 100kHz. 
4Referto FN conversion sec:tionoftbe text. 
'Refem:d todigitalground. 

+0.6 0 +0.6 0 
0 -10 0 -10 

2MIljllOpF ZMOlllOpF 2MIIIIIOpF 
IOOOMOIlIOpF IOOOMOIlIOpF IOOOMIII110pF 

40 100 40 100 40 
:8 :20 =8 :20 =8 

:4 :4 
=30 =30 
:tVs ±Vs ±Vs 

-I -Vs -I -;-Vs 
+Vs 0 +Vs 0 
(0.3 x tos) 0.1 (0.3 xtos) 0.1 

2SO 250 250 

0.4 0.4 
100 100 
+36 0 +36 0 

+10 0 + 10 0 
10 10 

100 100 

.,18 =9 .,IS =9 
8 8 

+70 0 +70 
+85 -25 +85 -55 

+85 -25 +85 
+ISO -65 + ISO -65 

AD650JP AD6SOKP 
AD6SOJN AD650KN 
AD650AD AD650BD AD650SD 

SpecifICations sbown in boldface are tested on all production units at final elc<:ui
cal test. llesulR from those tests are used to cak:ulate ouraoial quality levels. All 
miD and max spccifkations are JUU'IIlteed, althouab only those shown in 
boldface are tested oa all production units. 

'D = CersmicDIP;N - Plastic DIP; P - Plastic LeadedCbipCarrier. 
For outline information see Packaae Information sedion. 

Specifications subject to cbauae without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + V s to - V S • • • • • •• 36V 
Storage Temperature Ceramic . . . - 55'C to + l65'C 

Plastic - 25'C to + 12S'C 
Differential Input Voltage (Pins 2 & 3) . . . . .. ± lOY 
Maximum Input Voltage ....... . ...... ±Vs 
Open Collector Output Voltage Above Digital GND .. 36V 

Current SOmA 
Amplifier Short Ckt to Ground . . Indefinite 
Comparator Input Voltage (Pin 9) . . .. ± Vs 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 

CAPACITOR 

AD650 Pin Configuration 

CIRCUIT OPERATION 

UNIPOLAR CONFIGURATION 

COMPARATOR 
INPUT 

The AD650 is a charge balance voltage-ta-frequency converter. 
In the connection diagram shown in Figure I, or the block 
diagram of Figure 2a, the input signal is converted into an 
equivalent current by the input resistance RIN• This current is 
exactly balanced by an internal feedback current delivered in 
short, timed bursts from the switched lmA interttal current 
source. These bursts of current may be thought of as precisely 
defined packets of charge. The required number of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent on the 
input signal amplitude, a linear voltage-to-frequency transforma
tion will be accomplished. The frequency output is furnished 
via an open collector transistor. 

A more rigorous analysis demonstrates how the charge balance 
voltage-to-frequency conversion takes place. 

A block diagram of the device arranged as a V to F converter is 
shown in Figure 2a. The unit is comprised of an input integrator, 
a current source and steering switch, a comparator and a one-shot. 
When the output of the one-shot is low, the current steering 
switch Sl diverts all the current to the output of the op amp; 
this is called the Integration Period. When the one-shot has 
been triggered and its output is high, the switch S'l diverts all 
the current to the SwDmmg junction of the op amp; this is 
called the Reset Period. The two different states are shown in 
Figure 2 along with the various branch currents. It should be 
noted that the output current from the op amp is the same for 
either state, thus minimizing transients. 

REV. A 

Unipolar Operation - AD650 
ORDERING GUIDE 

Gain 
Tempco Specified 
ppmI"C IMHz Temperature 

Modell 100kHz Linearity RanpoC Package 

AD650JN 150typ O.I%typ Oto +70 Plastic DIP 
AD6S0KN IS0typ 0.1% max Oto +70 Plastic DIP 
AD650JP 150typ O.I%typ Oto +70 PLCC 
AD650KP IS0typ 0.1% max Oto +70 PLCC 
AD650AD 150 max O.I%typ -25to +85 Ceramic 
AD650BD 150 max O.I%max -25to +85 Ceramic 
AD650SD 150 max O.I%max -55to +125 Ceramic 

NOTE 
I For detail. on grade and package offeriqs screened in accordance with 
MIL-STD-883, refer to the AnsIog Device. Military Products Databook or 
current AD650/883B dsta .heet. 

'J-t-.... -+--<l +lSY 

-15Vo---~--{9-

')---....... _-c ,~. 

Figure 1. Connection Diagram for VlF Conversion, Positive 
Input Voltage 

INTEGRATOR 

+ o-"W ..... -t-.-i 
v,. 
0--....... -+-+-1 

-v, 
Figure 2a. Block Diagram 
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AD650 

I,. 
+ O-'W'o-+--i V,. 

-V, 

+<>-'W'r ....... --I 
VON ... 

-~ 

-I,. 

-V. 

Figure 2b. Reset Mode Figure 2c. Integrate Mode 

: RESET I INTEGRATE 

Figure 2d. Voltage Across CINT 

The positive input voltage develops a current (lIN = V INIRIN) 
which charges the integrator capacitor CINT• As charge builds 
up on CINT, the output voltage of the integrator ramps downward 
towards ground. When the integrator output voltage (pin I) 
crosses the comparator threshold ( - 0.6 volt) the comparator 
triggerS the one shot, whose time period, tos is determined by 
the one shot capacitor Cos. 
Specifically, the one shot time period is: 

tas = Cos x 6.S X 103 secJP + 3.0x 10-7sec 

The Reset Period is initiated as soon as the integrator output 
voltage crosses the comparator threshold, and the integrator 
ramps upward by an amount: 

After the Reset Period has ended, the device starts another 
Integration Period, as shown in Figure 2, and starts ramping 
downward again. The amount of time required to reach the 
comparator threshold is given ,as: 

TI !~ tasl~~C: - lIN) = tas (1~ -I) 
_ IN IN 
dt 

The output frequency is now given as: 

(I) 

(2) 

(3) 

f. _ I ,lIN " FoHz VINIRIN 
OUT-los +TI = tasX llIIA = O.IS ---x-- Cos +4.4 X IO-uP (4) 

Note that CINT, the integration capacitor has no effect on the 
transfer relation, but merely determines the amplitude of the 
sawtooth signal out of the integrator. 

One Shot TIIIIiq 
A key part of the preceding analysis is the one shot time period 
that was given in equation (1). This time period can, be broken 
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down into approximately 300ns of propagation delay, and a 
second time segment dependent linearly on timing capacitor 
Cos. When the one shot is triggered, a voltage switch that holds 
pin 6 at analog ground is opened allowing that voltage to change. 
An internal O.SmA current source connected to pin 6 then draws 
its current out of Cos, causing the voltage at pin 6 to decrease 
linearly. At approximately - 3.4V, the one shot resets itself, 
thereby ending the timed period and starting the V IF conversion 
cycle over ,again. The total one shot time period can be written 
mathematically as: 

~VCos 
tas IDiSCHARGE + T GATE DELAY (S) 

substituting actual values quoted above, 

-3.4VxCos 300 10-9 
tas _ 0.5 x lo-3A + x sec (6) 

This simplifies into the timed period equation given above. 

COMPONENT SELECTION 
Only four component values must be selected by the user. These 
are input resistance RIN, timing capacitor Cos, logic resistor R2, 

and integration capacitor C1NT• The first two determine the 
input voltage and full sca1e frequency, while the last two are 
determined by other circuit considerations. 

Of the four components to be selected, R2 is the easiest to defme. 
As a pull up resistor, it should be chosen to limit the current 
through the output transistor to SmA if a TTL maximum VOL 
of O.4V is desired. For example, if a SV logic supply is used, R2 
should be no smaller than SV/SmA or 62S0. A larger value can 
be used if desired. 

RIN and Cos are the only two parameters available to set the full 
scale frequency to accommodate the given signal range. The 
"swing" variable that is affected by the choice of RIN and Cos is 
nonlinearity. The selection guide of Figure 3 shows this quite 
graphically. In general, larger values of Cos and lower full scale 
input currents (higher values of RIN) provide better linearity. In 
Figure 3, the implications of four different choices of RIN are 
shown. Although the selection guide'is set up for a unipolar 
configuration with a zero to 10V input signal range, the results 
can be extended to other configurations and input signal ranges. 
For a full scale frequency of 100kHz (corresponding to 10V 
input), you can see that among the avai1able choices, RIN = 20k 
and Cos = 620pF gives the lowest nonlinearity, 0.003S%. Also, 
if you wish to use the highest frequency that will give the 20ppm 
minimum nonlinearity, it is approximately 33kHz (40.2kO and 
lOOOpF). 

For input signal spans other than 10V, the input resistance 
must be scaled proportionately. For example, if lOOkO is called 
out for a O-IOV span, 10k would be used with a O-IV span, or 
200kO with a j; 10V bipolar connection. 

The last component to be selected is the integration capacitor 
CINT• In almost all cases, the best valuefor C1NT can be calculated 
using the equation: 

(7) 

When the proper value for C1NT is used, the charge balance 
architecture of the AD6S0 provides continuous integration of 
the input signal, hence large amounts of noise and interference 
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Figure 3a. Full Scale Frequency vs. Cos 
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Figure 3b. Typical Nonlinearity vs. Cos 

Cos 

can be rejected. If the output frequency is measured by counting 
pulses during a constant gate period, the integration provides 
infmite normal mode rejection for frequencies corresponding to 
the gate period and its harmonics. However, if the integrator 
stage becomes saturated by an excessively large noise pulse, the 
continuous integration of the signal will be interrupted, allowing 
the noise to appear at the output. If the approximate amount of 
noise that will appear on C1NT is known (VNOISW, the value of 
CINT can be checked using the following inequality: 

tosX 1 X 10-3 A 
CINT > -c-i..----,,.-,-,,--

+ Vs 3V VNOISE 
(8) 

For example, consider an application calling for a maximum 
frequency of 75kHz, a 0-1 volt signal range, and supply voltages 
of only :!: 9 volts. The component selection guide of Figure 3 is 
used to select 2.0kO for RIN and lOOOpF for Cos. This results 
in a one shot time period of approximately 71-'-s. Substituting 
75kHz into equation 7 yields a value of I300pF for C1NT• When 
the input signal is near zero, lmA flows through the integration 
capacitor to the switched current sink during the reset phase, 
causing the voltage across C1NT to increase by approximately 5.5 
volts. Since the integrator output stage requires approximately 3 
volts head room for proper operation, only 0.5 volt margin 
remains for integrating extraneous noise on the signal line. A 
negative noise pulse at this time might saturate the integrator, 
causing an error in signal integration. Increasing C1NT to 1500 
or 2000pF will provide much more noise margin, thereby elimi
nating this potential trouble spot. 
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Bipolar Operation -AD650 
BIPOLAR V/F 
Figure 4 shows how the internal bipolar current sink is used to 
provide a half-scale offset for a :!: 5V signal range, while providing 
a 100kHz maximum output frequency. The nominally O.5mA 
(:!: 10%) offset current sink is enabled when a 1.24kO resistor is 
connected between pins 4 and 5. Thus, with the grounded 
10kO nominal resistance shown, a - 5V offset is developed at 
pin 2. Since pin 3 must also be at - 5V, the current through 
RIN is 10V/40kO= +0.25mA at VIN = +5V, and OmA at 
V1N = -5V. 

Components are selected using the same guidelines outlined for 
the unipolar configuration with one alteration. The voltage 
across the total signal range must be equated to the maximum 

-16V 

., 
SkU 

"'"' 1000pF 

~f--t-",,""'--o+15V 

+5V 

~---""--oFOI.n 

Figure 4. Connections for ± 5V Bipolar VIF with 0 to 100kHz 
TTL Output 

input voltage in the unipolar configuration. In other words, the 
value of the input resistor RIN is determined by the input voltage 
span, not the maximum input voltage. A diode from pin 1 to 
ground is also recommended. This is discussed further under 
"Other Circuit Conditions". 

As in the unipolar circuit, RIN and Cos must have low temperature 
coefficients to miuimize the overall gain drift. The 1.24kO 
resistor used to activate the 0.5mA offset current should also 
have a low temperature coefficient. The bipolar offset current 
has a temperature coefficient of approximately - 200ppm/"C. 

UNIPOLAR VIF, NEGATIVE INPUT VOLTAGE 
Figure 5 shows the connection diagram for V IF conversion of 
negative input voltages. In this confIguration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 

A very high impedance signal source may be used since it only 
drives the noninverting integrator input. Typical input impedance 
at this terminal is lGO or higher. For VIF conversion of positive 
input signals using the connection diagram of Figure I, the 
signal generator must be able to source the integration current 
to drive the AD650. For the negative V/F conversion circuit of 
Figure 5, the integration current is drawn from ground through 
R 1 and R3, and the active input is high impedance. 

Circuit operation for negative input voltages is very sintilar to 
positive input unipolar conversion described in a previous section. 
For best operating results use component equations listed in 
that section. 
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Figure 5. Connection Diagram for VIF Conversion, Negative 
Input Voltage 

FN CONVERSION 
The AD650 also makes a very linear frequency-to-voltage con
verter. Figure 6 shows the connection diagram for FN conversion 
with TTL input logic levels. Each time the input signal crosses 
the comparator threshhold going negative, the one shot is activated 
and switches lmA into the integrator input for a measured time 
period (determined by Cos). As the frequency increases, the 
amount of charge injected into the integration capacitor increases 
proportionately. The voltage across the integration capacitor is 
stabilized when the leakage current through RI and R3 equals 
the average current being switched into the integrator. The net 
result of these two effects is an average output voltage which is 
proportional to the input frequency. Optimum performance can 
be' obtained by selecting components using the same guidelines 
and equations listed in the V IF conversion section. 

The circuit of Figure 6 can be biased to accommodate almost 
any input signal waveform. With a TTL input, the lOOOpF 
coupling capacitor and 2.2kn resistor creates a clean negative 
spike that triggers the one shot on negative going edges. For 
input signals with slower edges, a larger capacitor andlor resistor 
may be used as long as the comparator is never exposed to a 
voltage lower than -0.6V for longer than the one shot time 
period. If this happens, the one shot will trigger itself more 
than once per cycle, creating discontinuities in the FN transfer 
function. An input pulse greater than lOOns but less than 0.3 x tos' 
is recommended (tos is defined by equation I in the circuit 
operation section, unipolar confJglll'lltion). 

,)--+-.-w. ...... """'--O+ 5V 

Figure 6. Connection Diagram for FIV Conversion 
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HIGH FREQUENCY OPERATION 
Proper RF techniques must be observed when operating the 
AD650 at or near its maximum frequency of IMHz. Lead lengths 
must be kept as short as possible, especially on the one shot and 
integration capacitors, and at the integrator summing junction. 
In addition, at maximl1lil. output frequencies above 500kHz, a 
3.6kn pulldown resistor from pin I to - V s is required (see 
Figure 7). The additional current drawn through the pulldown , 
resistor reduces the op amp's output impedance and improves 
its transient response. 

GAIN 
ADJUST 
.... ,UIoO 

~ToC>'OV~~-"iiii4-+--""::::'6l--lf7---+ 

-1SV 

(i2)..--~0--0 +15V 

1Yf'---"",,-:=: ....... 

Figure 7. 1MHz VIF Connection Diagram 

DECOUPLING AND GROUNDING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
loon) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.Ij.t.F to 1.0,...F should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD650. 

In addition, a larger board level decoupling capacitor of I j.t.F to 
lOj.t.F should be located relatively close to the AD650 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD650. Although 
some types of circuits may operate satisfactorily with power 
supply decoupling at only one location on each circuit board, 
such practice is strongly discouraged in high accuracy analog 
design. 

Separate digital and analog grounds are provided on the AD650. 
The emitter of the open collector frequency output transistor is 
the only node returned to the digital ground. All other signals 
are referred to analog ground. The purpose of the two separate 
grounds is to allow isolation between the high precision analog 
signals and the digital section of the circuitry. As much as several 
hundred millivolts of noise can be tolerated on the digital ground 
without affecting the accuracy of the VFC. Such ground noise is 
inevitable when switching the large currents associated with the 
frequency output signal. 

At IMHz full scale, it is necessary to use a pull-up resistor of 
about soon in order to get the rise time fast enough to provide 
well defmed output pulses. This means that from a 5 volt logic 
supply, for example,the open collector output will draw 10mA. 
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This much current being switched will surely cause ringing on 
long ground runs due to the self inductance of the wires. For 
instance, *20 gauge wire has an inductance of about 20nH per 
inch; a current of lOrnA being switched in SOns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of SOm V. 
The separate digital ground of the AD6S0 will easily handle 
these types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD6S0 package. A 
I",F to IO",F tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground 
- pin 10. The pull-up resistor should be connected directly to 
the frequency output - pin 8. The lead lengths on the bypass 
capacitor and the pull up resistor should be as short as possible. 
The capacitor will supply (or absorb) the current transients, and 
large ac signals will flow in a physically small loop through the 
capacitor, pull up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
flrst, there is less self-inductance if the wires are short, and 
second, the loop will not radiate RFI efficiently. 

The digital ground (pin 10) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current and cannot radiate 
RFI. There may also be a dc ground drop due to the difference 
in currents returned on the analog and digital grounds. This 
will not cause any problem. In fact, the AD650 will tolerate as 
much as 0.2S volt dc potential difference between the analog 
and digital grounds. These features greatly ease power distribution 
and ground management in large systems. Proper techuique for 
grounding requires separate digital and analog ground returns to 
the power supply. Also, the signa1 ground must be referred 
directly to analog ground (pin II) at the package. All of the 
signal grounds should be tied directly to pin II, especially the 
one-shot capacitor. More information on proper grounding and 
reduction of interference can be found in reference 1. 

TEMPERATURE COEFFICIENTS 
The drift speciflcations of the AD650 do not include temperature 
effects of any of the supporting resistors or capacitors. The drift 
of the input resistors RI and R3 and the timing capacitor Cos 
directly affect the overall temperature stability. In the application 
of Figure 2, a IOppml"C input resistor used with a 100ppmf'C 
capacitor may result in a maximum overall circuit gain drift of: 

150ppml'C (AD650A)+ 100ppml'C (Cos) + 10ppml'C (RIN) = 260ppml"C 

In bipolar conflguration, the drift of the 1.24kO resistor used to 
activate the internal bipolar offset current source will directly 
affect the value of this current. This resistor should be matched 
to the resistor connected to the op amp noninverting input (pin 
2), see Figure 4. That is, the temperature coeffIcients of these 
two resistors should be equal. If this is the case, then the effects 
of the temperature coefficients of the resistors cancel each other, 

'''Noise Reduction Techniques in Electronic Systems", by H. W. OTT, 
Gohn Wiley, 1976). 
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and the drift of the offset voltage developed at the op amp non
inverting input will be determined solely by the AD6S0. Under 
these conditions the TC of the bipolar offset voltage is typically 
- 20Oppml"C and is a maximum of - 300ppml"C. The offset 
voltage always decreases in magnitude as temperature is 
increased. 

Other circuit components do not directly influence the accuracy 
of the VFC over temperature changes as long as Llteir actual 
values are not so different from the nominal value as to preclude 
operation. This includes the integration capacitor, CINT• A 
change in the capacitance value of CINT simply results in a 
different rate of voltage change across the capacitor. During the 
Integration Phase (refer to Figure 2), the rate of voltage change 3 
across Cmr has the opposite effect that it does during the Reset 
Phase. The result is that the conversion accuracy is unchanged 
by either drift or tolerance of C1NT• The net effect of a change 
in the integrator capacitor is simply to change the peak to peak 
amplitude of the sawtooth waveform at the output of the 
integrator. 

The gain temperature coefficient of the AD6S0 is not a constant 
value. Rather the gain TC is a function of both the full scale 
frequency and the ambient temperature. At a low full scale 
frequency, the gain TC is determined primarily by the stability 
of the internal reference-a buried zener reference. This low 
speed gain TC can be quite good; at 10kHz full scale, the gain 
TC near 2S"C is typically 0 ± SOppml"C. Although the gain TC 
changes with ambient temperature (tending to be more positive 
at higher temperatures), the drift remains within a ± 7SppmI"C 
window over the entire military temperature range. At full scale 
frequencies higher than 10kHz dynamic errors become much 
more important than the static drift of the dc reference. At a 
full scale frequency of 100kHz and above, these timing errors 
dominate the gain TC. For example, at 100kHz full scale frequency 
(RIN=40k and Cos = 330pF) the gain TC near room temperature 
is typically - 80 ± SOppml"C, but at an ambient temperature 
near + 125°C, the gain TC tends to be more positive and is 
typically + IS ± SOppml"C. This information is presented in a 
graphical form in Figure 8. The gain TC always tends to become 
more positive at higher temperatures. Therefore it is possible to 
adjust the gain TC of the AD6S0 by using a one-shot capacitor 
with an appropriate TC to cancel the drift of the circuit. For 
example, consider the 100kHz full scale frequency. An average 
drift of -100ppm/"C means that as temperature is increased, 
the circuit will produce a lower frequency in reponse to a given 
input voltage. This means that the one-shot capacitor must 
decrease in value as temperature increases in order to compensate 
the gain TC of the AD6S0; that is, the capacitor must have a 
TC of -100ppml"C. Now consider the IMHz full sca1efrequency. 
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Figure 8. Gain TC vs. Temperature 
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AD650 
It is not possible to achieve very much improvement in performance 
unless the expected ambient temperature range is known. For 
example, in a constant low temperature application such as 
gathering data in an Arctic climate (approximately - 20°C), a 
Cos with a drift of- 310PfmlloC is called for in order to compensate 
the gain drift of the AD650. However, if that circuit should see 
an ambient temperature of + 75°C, the Cos cap would change 
the gain TC from approximately Oppm to + 31OppmJ"C. 

The temperature effects of the components described above are 
the same when the AD650 is configured for negative or bipolar 
input voltages, and for FN conversion as well. 

NONLINEARITY SPECIFICATION 
The linearity error of the AD650 is specified by the end point 
method'. That is, the error is expressed in terms of the deviation 
from the ideal voltage to frequency transfer relation after calibrating 
the converter at full scale and "zero". The nonlinearity will vary 
with the choice of one-shot capacitor and input resistor (see 
Figure 3). Verification of the linearity specification requires the 
availability of a switchable voltage source (or a DAC) having a 
linearity error below 2Oppm, and the use of very long measurement 
intervals to minimize count uncertainties. Every AD650 is auto
matically tested for linearity, and it will not usually be necessary 
to perfo~m this verification, which is both tedious and time 
consuming. If it is required to perform a nonlinearity test either 
as part of an incoming quality screening or as a fina1 product 
evaluation, an automated "bench-top" tester would prove useful. 
Such a system based on the Analog Devices' LTS-2010 is described 
in Reference 2. 

The voltage-ta-frequency transfer relation is shown in Figure 9 
with the nonlinearity exaggerated for clarity. The first step in 
determining nonlinearity is to connect the end points of the 
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Figure 9a. Exaggerated Nonlinearity at 100kHz Full Scale 
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Figure 9b. Exaggerated Nonlinearity at 1MHz Full Scale 

2"V.F Conveners Demand Accurate Linearity Testing", by L. DeVito, 
(Electronic Design, March 4, 1982) 
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operating range (typically at 10m V and 10V) with a straight 
line. This straight ~e is then the ideal relationship which is 
desired from the circuit. The second step is to find the difference 
between this line and the actual response of the circuit at a few 
points between the end points - typically ten intermediate points 
will suffice. The difference between the actual and the ideal 
response is a frequency error measured in hertz. Finally, these 
frequency errors are normalized to the full scale frequency and 
expressed either as parts per million of full-scale (ppm) or parts 
per hundred of full scale (%). For example, on a 100kHz full 
scale, if the maximum frequency error is 5Hz, the nonlinearity 
would be specified as SOppm or 0.005%. Typically on the 100kHz 
scale, the nonlinearity is positive and the maximum value occurs 
at about midscale (Figure' 9a). At higher full scale frequencies, 
(500kHz to IMHz), the nonlinearity becomes "S" shaped and 
the maximum value may be either positive or negative. Typically, 
on the IMHz scale (RIN= 16.9k, Cos=5IpF) the nonlinearity is 
positive below about 2/3 scale and is negative above this point. 
This is shown graphically in Figure 9b. 

PSRR 
The power supply rejection ratio is a specification of the change 
in gain of the AD6S0 as the power supply voltage is changed. 
The PSRR is expressed in units of parts-per-million change of 
the gain per percent change of the power supply - ppm/%. For 
example, consider a VFC with a 10 volt input applied and an 
output frequency of exactly 100kHz when the power supply 
potential is ± IS volts. Changing the power supply to ± 12.5 
volts is a 5 volt change out of 30 volts, or 16.7%. If the output 
frequency changes to 99.9kHz, the gain has changed 0.1% or 
lOOOppm. The PSRR is 1000ppm divided by 16.7% which 
equals 60ppm/%. 

The PSRR of the AD650 is a function of the full scale operating 
frequency. At low full scale frequencies the PSRR is determined 
by the stability of the reference circuits in the device and can be 
very good. At higher frequencies there are dynamic errors which 
become more important than the static reference signals, and 
consequently the PSRR is not quite as good. The values of 
PSRR are typically 0 ± 20ppm/% at 10kHz full scale frequency 
(RIN = 4Ok, Cos = 33OOpF). At 100kHz (R1N =40k, Cos = 33OpF) 
the PSRR is typically + 80 ± 40ppm/%, and at IMHz 
(RIN= 16.9kn, Cos=5IpF) the PSRR is +350 ±50ppm/%. 
This information is summarized graphically in Figure 10. 
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Figure 10. PSRR VS. Full Scale Frequency 
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OTHER CIRCUIT CONSIDERATIONS 
The input amplifier connected to pins I, 2 and 3 is not a standard 
operational amplifier. Rather, the design has been optimized for 
simplicity and high speed. The single largest difference between 
this amplifier and a normal op amp is the lack of an integrator 
(or level shift) stage. Consequently the voltage on the output 
(pin I) must always be more positive than 2 volts below the 
inputs (pins 2 and 3). For example, in the F to V conversion 
mode, see Figure 6, the noninverting input of the op amp (pin 
2) is grounded, which means that the output (pin I) will not be 
able to go below - 2 volts. Normal operation of the circuit as 
shown in the figure will never call for a negative voltage at the 
output but one may imagine an arrangement caI1ing for a bipolar 
output voltage (say ± 10 volts) by connecting an extra resistor 
from pin 3 to a positive voltage. This will not work. 

Care should be taken under conditions where a high positive 
input voltage exists at or before power up. These situations can 
cause a latch up at the integrator output (pin I). This is a non
destructive latch and, as such, normal operation can be restored 
by cycling the power supply. Latch up can be prevented by 
connecting two diodes (e.g., IN914 or IN4148) as shown in 
Figure 4 thereby preventing pin I from swinging below pin 2. 

A second major difference is that the output will only sink lmA 
to the negative supply. There is no pulldown stage at the output 
other than the lmA current source used for the V to F conversion. 
The op amp will source a great deal of current from the positive 
supply, and it is interna1Iy protected by current limiting. The 
output of the op amp may be driven to within 3 volts of the 
positive supply when it is not sourcing external current. When 
sourcing 10mA the output voltage may be driven to within 6 
volts of the positive supply. 

A third difference between this op amp and a normal device is 
that the inverting input, pin 3, is bias current compensated and 
the noninverting input is not bias current compensated. The 
bias current at the inverting input is nominally zero, but may be 
as much as 20nA in either direction. The noninverting input 
typically has a bias current of 40nA that always flows into the 
node (an npn input transistor). Therefore, it is not possible to 
match input voltage drops due to bias currents by matching 
input resistors. 

The op amp has provisions for trimming the input offset voltage. 
A potentiometer of 20k!} is connected to pins 13 and 14 and the 
wiper is connected to the positive supply through a 2S0k!} resistor. 
A potential of about 0.6 volt is established across the 2S0k!} 
resistor, and the 3jW\ current is injected into the null pins. It is 
also possible to null the op amp offset voltage by using only one 
of the null pins and use a bipolar current either into or out of 
the null pin. The amount of current required will be very small 
- typically less than 3 ... A. This technique is shown in the appli
cations section of this data sheet: the auto-zero circuit uses this 
technique. 

The bipolar offset current is activated by connecting a 1.24k!} 
resistor between pin 4 and the negative supply. The resultant 
current delivered to the op amp noninverting input is nominally 
O.SmA and has a tolerance of ± 10%. This current is then used 
to provide an offset voltage when pin 2 is tied to ground through 
a resistor. The O.SmA which appears at pin 2 is also flowing 
through the 1.24kO resistor and this current may be measured 
by observing the voltage across the 1.24kO resistor. An external 
resistor is used to activate the bipolar offset current source to 
provide the lowest tolerance and temperature drift of the resultant 
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offset voltage. It is possible to use other values of resistance 
between pin 4 and - V s to obtain a bipolar offset current different 
than O.SmA. Figure II is a graph of the relationship between 
the bipolar offset current and the value of the resistor used to 
activate the source. 
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Figure ". Bipolar Offset Current vs. External Resistor 

APPLICATIONS 
DIFFERENTIAL VOLTAGE-TO-FREQUENCY 
CONVERSION 
The circuit of Figure 12 accepts a true floating differential input 
signal. The common mode input, VcM" may be in the range 
+ IS to - 5 volts with respect to analog ground. The signa1 
input, VIN, may be ± 5 volts with respect to the common mode 
input. Both inputs are low impedance: the source which drives 
the common mode input must supply the {);SmA drawn by the 
bipolar offset current source and the source which drives the 
signal input must supply the integtation current. 

If less common mode voltage range is required, a lower voltage 
zener may be used. For example, if a 5 volt zener is used, the 
V CM input may be in the range + 10 to - 5 volt. If the zener is 
not used at all, the common mode range will be ± 5 volts with 
repect to analog ground. If no zener is used, the 10k pulldown 
resistor is not needed and the integrator output (pin I) is connected 
directly to the comparator input (pin 9). 

VCM IS THE COMMON MODE INPUT_+15V to -5VWrTH RESPECT TO ANALOG GROUND 
VIN IS THE SIGNAL INPUT __ :!:5V WITH RESPECT TO VCM 

FREQUENCY 

OT~~~~~! 0--+ ............ 4---<> 

Figure 12. AD650 Differential Input 

VIF & FN CONVERTERS :f-23 

• 



AD650 
AUTO ZERO CIRCUIT 
In order to exploit the full dynamic range of the AD650 VFC, 
very small input voltages will need to be converted .. ·For example, 
a six decade dynamic range based on a full scale of 10 volls will 
require accurate measurement of signals down to 10 .... V. In these 
situations a well-controlled input offset voltage is imperative. A 
constant offset voltage will not affect dynamic range but simply 
shift all of the frequency readings by a few hertz. However, if 
the offset should change, then it will not be possible to distinguish 
between a small change in a small input voltage and a drift of 
the offset voltage. Hence, the useable dynamic range is less. 
The circuit shown in Figure 13 provides automatic adjustment 
of the op amp offset voltage. The circuit uses an AD582 sample 
and hold amplifier to control the offset and the input voltage to 
the VFC is switched between ground and the signal to be measured 
via an AD7512DI analog switch. The offset of the AD650 is 
adjusted by injecting a current into or drawing a current out of 
pin 13. Note that only one of the offset null pins is used. During 
the "VFC Norm" mode, the SHA is in the hold mode and the 
hold capacitor is very large, O.I .... F, to hold the AD650 offset 
constant for a long period of time. 

CONTROL 
INPUT 

{' svo~~:= :~~=L 

Figure 13. Auto-Zero Circuit for AD650 Voltage-to
Frequency Converter 

When the circuit is in the "Auto Zero" mode the SHA is in 
sample mode and behaves like an op amp. The circuit is a variation 
of the classical two amplifier servo loop, where the output of the 
Device Under Test (DUT) - here the DUT is the AD650 op 
amp - is forced to ground by the feedback action of the control 
amplifier - the SHA. Since the input of the VFC circuit is 
connected to ground during the auto zero mode, the input current 
which can flow is determined by the offset voltage of the AD650 
op amp. Since the output of the integrator stage is forced to 
ground it is known that the voltage is not changing (it is equal 
to ground potential). Hence if the output of the integrator is 
constant, its input current must be zero, so the offset voltage 
has been forced to be zero. Note that the output of the DUT 
could have been forced to any convenient voltage other than 
ground. All that is required is that the output voltage be known 
to be constant. Note also that the effect of the bias current at 
the inverting input of the AD650 op amp is also nulled in this 
circuit. The lOOOpF capacitor shunting the 200kn resistor is 
compensation for the two amplifier servo loop. Two integrators 

'''Phase lock Techniques", by F.M. Gardner, 2nd Edition, 1979, John Wiley 
and Sons. 
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in a loop requires a single zero for compensation. Note that the 
3.6kn resistor from pin I of the AD650 to the negative supply 
is not part of the auto-zero circuit, but rather it is required for 
VFC operation at lMHz. 

PHASE LOCKED LOOP FN CONVERSION 
Although the FN conversion technique shown.in Figure 6 is . 
quite accurate and uses only a few extra components, it is very 
limited in terms of signal frequency response and carrier feed
through. If the carrier (or input) frequency changes instantane
ously, the output cannot change very rapidly due to the integrator 
time constant formed by CINT and RIN• While it is possible to 
decrease the integrator time constant to provide faster settling of 
the F to V output voltage, the carrier feedthrough will then be 
larger. For signal frequency response in excess of 2kHz, a phase 
locked FN conversion technique such as the one shown in 
Figure 14 is recommended. . 

Figure 14. Phase Locked Loop FIV Conversion 

In a phase locked loop circuit, the oscillator is driven to a frequency 
and phase eqnal to an input reference signal. In applications 
such as a synthesizer, the oscillator output frequency is first 
processed through a programmable "divide by N" before being 
applied to the phase detector as feedhack. Here the oscillator 
frequency is forced to be equal to "N times" the reference 
frequency and it is this frequency output which is the desired 
output signal and not a voltage. In this case, the AD650 offers 
compact size and wide dynamic range. 

In signal recovery applications of a PLL, the desired output 
signal is the voltage applied to the oscillator. In these situations 
a linear relationship between the input frequency and the output 
voltage is desired; the AD650 makes a superb oscillator for FM 
demodulation. The wide dynamic range and outstanding linearity 
of the AD650 VFC allow simple embodiment of high performance 
analog signal isolation or telemetry systems. The circuit shown 
in Figure 14 uses a digital phase detector which also provides 
proper feedback in the event of unequal frequencies. Such phase
frequency detectors (PFD's) are available in integrated form. 
For a full discussion of phase lock loop circuits see Reference 3. 

An analysis of this circuit must begin at the 7474 dual D flip 
flop. When the input carrier matches the output carrier in both 
phase and frequency, the Q outputs of the flip flops will rise at 
exactly the same time. With two zero's, then two one's on the 
inputs of the exclusive or (XOR) gate, the output will remain 
low keeping the DMOS FET switched off. Also, the NAND 
gate will go low resetting the flip-flops to zero. Throughout the 
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entire cycle just described, the DMOS integrator gate remained 
off, allowing the voltage at the integrator output to remain un
changed from the previous cycle. However, if the input carrier 
leads the output carrier by a few degrees, the XOR gate will be 
turned on for the small time span that the two signals are mis
matched. Since Q2 will be low during the mismatch time, a 
negative current will be fed into the integrator, causing its output 
voltage to rise. This in tum will increase the frequency of the 
AD650 slightly, driving the system towards synchronization. In 
a similar manner, if the input .carrier lags the output carrier, the 
integrator will be forced down slightly to synchronize the two 
signals. 

Using a mathematical approach, the ± 25 ... A pulses from the 
phase detector are incorporated into the phase detector 
gain, K d • 

amperes/radian 

Also, the V/F converter is configured to produce IMHz in 
response to a 10 volt input, so its gain Ko is: 

(9) 

Ko 21T x I x I()6Hz = 6.3 x 105 radians (10) 
10V volt· sec 

The dynamics of the phase relationship between the input and 
output signals can be characterized as a second order system 
with natural frequency <olo: 

and damping factor 

,=R~ 
2 

(11) 

(12) 

For the values shown in Figure 14, these relations simplify to a 
natural frequency of 35kHz with a damping factor of 0.8. 

CARRIER FREQUENCY CONTROL 
o TO 10V GIVES 0 TO 1MHz 

VOL TAGE-lO·FREOUENCY 
CONVERTER 

Ukn 
F=---.... - .... --.., -15V 

-15V +15V GOO 

Applications-AD650 
For those desiring a simple approach to determining component 
values for other PLL frequencies and VFC full scale voltage, 
the following cookbook steps can be used: 

I. Determine Ko (in units of radians per volt second) from the 
·maximum input carrier frequency Fmax (in hertz) and the 
maximum output voltage V max. 

K = 21T X FOWl (13) 
o VOWI 

2. Calculate a value for C based upon the desired loop bandwidth, 
fo. Note that this is the desired frequency range of the output 
signal. The loop bandwidth (fo) is not the maximum carrier 
frequency (fmax): the signal may be very narrow even though 
it is transmitted over a IMHz carrier. 

C units FARADS 
fn units HERTZ (14) 
Ko units RADNOLT·SEC 

3. Calculate R to yield a damping factor of approximately 0.8 
using this equation: 

R units OHMS 
fn units HERTZ (15) 
Ko units RADNOLT·SEC 

If in actual operation the PLL overshoots or hunts excessively 
before reaching a final value, the damping factor may be raised 
by increasing the value ofR. Conversely, if the PLL is overdamped, 
a smaller value of R should be used. 

PLL PERFORMANCE 
The performance of the PLL circuit is demonstrated by the 
system shown in Figure 15 j an analog signal is converted into a 
frequency, and then this frequency is converted back into an 
analog voltage by the PLL. 

The source of the frequency input signal used to drive the PLL 
is an AD650 with two separate inputs: one for de to set the 
carrier frequency, and one for ac to establish a modulation. 
Note how the summing junction input to the AD650 allows 
such flexibility. The output frequency is then relayed to the 
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Figure 15. 
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AD650 
PLL via a jumper cable. The signal at this point is a 5 volt 
digital pulse train and lis such may be transmitted in any fashion 
suitable to the application at hand. For example, galvanic isolation 
is achieved with a simple transformer or opto-isolator; extremely 
high voltage isolation or transmission through severe RF envi
ronments can be accomplished with a fiber-optic link; telemetry 
can be accomplished with a radio link. The actual method of 
conveying the pulses is not crucial to the system performance. 
The PLL is the circuit shown in Figure 14, and the filter shown 
on the output signal is simply to attenuate carrier feedthrough 
to allow easy interpretation of the signal with an oscilloscope 
and spectrum analyzer. 

The step response of the system is shown in Figure 16a. The 
signal output is swinging between 5 volts and 10 volts, for an 
input step of 500kHz to lMHz. Note that the AD650 is actually 
overshooting to 1.1MHz and the response remains well controlled. 
Note the slight irregularity during the transition: this is caused 
by cycleslipping during the slew where feedback is lost temporarily 

Figure 16a. Step Response 

Figure 16c. Noise Output from PLL 

"See page 13 of reference 3. 
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and the PLL actually loses phase lock. The frequency response 
of the system when driven with sinewave excitation is shown in 
Figure 16b. Here the output level is set to 2 volts peak to peak, 
and the carrier is SOOkHz. Note that the - 3dB bandwidth is 
about 70kHz, which is consistent with a damping factor of O.S 
and a natural frequency of 35kHz4 • When an unmodulated 
carrier is applied to the PLL, the noise that appears at the 
output determines the dynamic range of the system. The spectrum 
of the noise at the output of the PLL is shown in Figure 16c. 
By comparing this with Figure 16b, the dynamic range of the 
system is seen to be SOdB. The harmonic distortion of the system 
is shown in Figure 16d. The output is a 2V Pop sinewave at 
5kHz, and the amplitude of the first harmonic is seen to be 
4SdB below the fundamental. The harmonic distortion can be 
improved to the level of 60dB by reducing the amplitude of the 
modulation, but this is at the expense of dynamic range since 
the intensity of the noise floor remains constant. 

Figure 16b. Frequency Response 

Figure 16d. Harmonic Distortion of PLL System 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full-Scale Frequency (Up to 2MHzI Set by External 

System Clock 
Extremely Low Linearity Error (0.005% max at 1MHz 

FS. 0.02% max at 2MHz FSI 
No Critical External Components Required 
Accurate 5V Reference Voltage 
Low Drift (25ppmi"C maxi 
Dual or Single Supply Operation 
Voltage or Current Input 
MIL-STO-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD6S2 Synchronous Voltage-to-Frequency Converter (SVFC) 
is a powerful building block for precision analog-to-digital con
version, offering typical nonlinearity of 0.002% (O.OOS% 
maximum) at a 100kHz output frequency. The inherent 
monotonicity of the transfer function and wide range of clock 
frequencies allows the conversion time and resolution to be 
optimized for specific applications. 

The AD6S2 uses a variation of the popular charge-balancing 
technique to perform the conversion function. The AD6S2 uses 
an external clock to defme the full-scale output frequency, rather 
than relying on the stability of an external capacitor. The result 
is a more stable, more linear transfer function, with significant 
application benefits in both single- and multi-channel systems. 

Gain drift is minimized using a precision low-drift reference and 
low-TC on-chip thin-fllm scaling resistors. Furthermore, the 
initial gain error is reduced to less than O.S% by the use of 
laser-wafer-trimming. 

The analog and digital sections of the AD6S2 have been designed 
to allow operation from a single-ended power source, simplifying 
its use with isolated power supplies. 

The AD6S2 is available in five performance grades. The 20-pin 
PLCC packaged JP and KP grades are specified for operation 
over the 0 to + 70·C commercial temperature range. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the - 4O"C to + 8S·C industrial temperature range, and the 
AD6S2SQ is available for operation over the full - SS·C to 
+ 12S"C extended temperature range. 

REV. A 

Monolithic Synchronous 
Voltage-to-Frequency Converter 

AD652 I 
FUNCTIONAL BLOCK DIAGRAM 

c,., 

-v. 

PRODUCT HIGHLIGHTS 

CLOCK 
IN 

1. The use of an external clock to set the full-scale frequency 
allows the AD6S2 to achieve linearity and stability far superior 
to other monolithic VFCs. By using the same clock to drive 
the AD652 and (through a suitable divider) also set the counting 
period, conversion accuracy is maintained independent of 
variations in clock frequency. 

2. The AD6S2 Synchronous VFC requires only a single external 
component (a noncritical integrator capacitor) for operation. 

3. The AD6S2 includes a buffered, accurate 5V reference which 
is available to the user. 

4. The clock input of the AD6S2 is TTL and CMOS compatible 
and can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
sufficient current sinking capability for TTL and CMOS 
logic, as well as for optical couplers and pulse transformers. 
A capacitor-prograinmable one-shot is provided for selection 
of optimum output pulse width for power reduction. 

S. The AD6S2 can also be configured for use as a synchronous 
FN converter for isolated analog signal transmission. 

6. The AD6S2 is available iii versions compliant with MlL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD6S2/883B data sheet for detaijed specifications. 
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AD652 -SPECIFICATIONS (typical @TA = +25OC. Vs = ±15V. unless otherwise noted) 

AD652jP/AQ/SQ AD652KPIBQ 

Pariuneter Min Typ Max Min Typ Mail Units 

VOLTAGE-TO-FREQUENCY MODE 
Gain Emir 

fCLOCK = 200kHz ±O.S ±1 ±0.25 ±O.S % 
fcux:K = IMHz ±O.S ±1 ±0.25 ±O.S % 
fCLOCK = 4MHz ±O.S ±l.S ±0.2S ±0.7S % 

Gain Temperature Coefficient 
fCLOCK = 200kHz ±25 ±50 ± 15 ±25 ppm?C 
fCLOCK = IMHz ±25 ±SO ± IS ±2S ppmf'C 

±10 ±SO ±IO ±30 ppm?CI 
fcux:K = 4MHz ±25 ±7S ± IS ±50 ppmf'C 

Pow~r Supply Rejection Ratio 0.001 0.01 0.001 0.01 %N 
Linearity Error 

faOCK = 200kHz ±0.002 ±0.02 ±0.002 ±0.005 % 
fcLOCK = IMHz ±0.002 ±0.02 ±0.002 ±O.OOS % 
fcLOCK = 2MHz ±0.01 ±0.02 ±0.002 ±0.005 % 
fcLOCK = 4MHz ±0.02 ±O.OS ±0.01 :0.02 % 

Offset (Transfer Function, RTI) ±I ±3 ±1 :2 mV 
Offset Temperature Coefficient ±IO ±SO ±IO :25 ... vrc 
Response Time One Period of New Output Frequency Plus One Clock Period. 

FREQUENCY-TO-VOLTAGE MODE 
Gain Error 

fIN = 100kHz FS ±0.5 ±I ±0.25 ±O.S % 
Linearity Error. 

fIN = lOOkHzFS ±0.002 ±0.02 ±0.002 ±0.01 % 

INPUT RESISTORS 
Cerdip(Figure la.)(Oto + 10VFS Range) 19.8 20 20.2 19.8 20 20.2 kO 
PLCC(Figurelb.) 

Pin8toPin7 9.9 10 10.1 9.9 10 10.1 kO 
Pin 7 to Pin 5 (0 to + SV FS Range) 9.9 10 10.1 9.9 10 10.1 kO 
Pin 8to Pin 5 (0 to + 10V FS Range) 19.8 20 20.2 19.8 20 20.2 kO 
Pin9toPinS(Oto + 8V FS Range) 15.8 16 16.2 15.8 16 16.2 kO 
Pin 10 to Pin 5 (Auxiliary Input) 19.8 20 20.2 19.8 20 20.2 kO 

Temperature Coefficient (All) ±SO :100 ±SO ±100 ppmI"C 

INTEGRATOROP AMP 
Input Bias Current 

Inverting Input (Pin 5) ±S ±20 ±S ±20 nA 
Noninverting Input (Pin 6) 20 SO 20 SO nA 

Input Offset Current 20 70 20 70 nA 
Input Offset Current Drift I 3 I 2 nArC 
Input Offset Voltage ±I ±3 ±I ±2 mV 
Input Offset Voltage Drift ± 10 ±2S ±IO ±IS ... vrc 
Open Loop Gain 86 86 dB 
Common-Mode Input Range ~Vs+S +Vs ~S ~Vs +5 +Vs ~S V 
CMRR 80 80 dB 
Bandwidth 14 95 14 95 MHz 
OutputVoltagc;Range ~1 (+Vs~4) ~1 (+Vs~4) V 

(Referred to Pin 6, RI> = Sk) 

COMPARATOR 
Input Bias Current 0.5 5 0.5 5 tJ.A 
Common-Mode Voltage ~Vs+4 +Vs~4 ~Vs+4 +Vs-4 V 

CLOCK INPUT 
. Maximum Frequency 4 5 4 5 MHz 
Threshold Voltage (Referred to Pin 12) 1.2 1.2 V 

Tmin-Tmax 0.8 2.0 0.8 2.0 V 
Input Current 

(-VS<VCLK<+VS) 5 20 5 20 tJ.A 
Voltage Range -Vs +Vs -VS +VS V 
Rise Time 2 2 fJ.S 
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AD652 
AD652JP/AQISQ AD652KPIBQ 

Parameter Min Typ Max Min Typ Max Units 

OUTPUT STAGE 
Vodlour= 10mA) 0.4 0.4 V 
IOL 

VoL<0.8V 15 15 mA 
VOL <0.4V, T .... -T .... 8 8 mA 

IOH (Off Leakage) 0.01 10 0.01 10 !LA 
Delay Time, Positive Clock Edge to 150 200 250 150 200 250 ns 

Output Pulse 
Fall Time (Load = 500pF and ISINK = SmA) 100 100 ns 
Output Capacitance 5 5 pF 

OUTPUT ONE-SHOT 
Pulse Width 

Cos=300pF 1 1.5 2 1 1.5 2 ... & 
Cos=IOOOpF 4 5 6 4 5 6 ... S 

REFERENCE OUTPUT 
Voltage 4.950 5.0 5.050 4.975 5.0 5.025 V 
Drift 100 SO ppml"C 
Output Current 

Source 10 10 rnA 
Sink 100 500 100 500 !LA 

Power Supply Rejection 
(Supply Range = :to 12.5Vto:to 17.5V) 0.015 0.015 %N 

Output Impedance (Sourcing Current) 0.3 2 0.3 2 n 
POWER SUPPLY 

Rated Voltage ±15 :to 15 V 
Operating Range 

Dual Supplies ±6 ± IS ±18 ±6 ±15 ±18 V 
Single Supply ( - V s = 0) +12 +36 +12 +36 V 

Quiescent Current ±ll ±IS ±ll ±IS rnA 
Digital Common -Vs +Vs-4 -Vs +Vs-4 V 
Analog Common -Vs +Vs -Vs +Vs V 

TEMPERATURE RANGE 
Specified Performance 

JP,KPGrade 0 +70 0 +70 'c 
AQ,BQGrade -40 +85 -40 -t85 'c 
SQGrade -55 +125 'c 

NOTES 
'Referred 10 inlernal V REF. In PLCC packqe, I .. Ied on IOV inpul ranse only. 
Speciflcalion. in bo1df ... are 100% lested al 6na1 teS! and are used 10 measure oUlJOing quality levels. 
Speciflcalions .ubjec:I lochanJewithoul notice. 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage + Vs to - Vs ........ . . 36V 

• 36V 
SOmA 

Maximum Input Voltage (Figure 6) ........ . 
Maximum Output Current (Open Collector Output) 
Amplifier Short Circuit to Ground . 
Storage Temperature Range: Cerdip 

PLCC 

REV. A 

Indefinite 
-65'C to + 1500C 
-6S'C to + ISOOC 

DEFINITIONS OF SPECIFICATIONS 
GAIN ERROR - The gain of a voltage-to-frequency converter 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. IMHz full scale. The "gain error" is the dif
ference in slope between the actual and ideal transfer functions 
for the V-F converter. 

UNEARITY ERROR - The "linearity error" of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 

GAIN TEMPERATURE COEFFICIENT - The gain temperature 
coefficient is the rate of change in full-scale frequency as a function 
of the temperature from +2SOC to T .... or Tmax. 
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AD.652 
ORDERING GUIDE 

Gain 
Drift Specified 

Part ppml"C I MHz Temperature Package 
Number! 100 kHz Linearity % RangeOC Options2 

AD652JP 50 max 0.02 max o to +70 PLCC (P-20A) 
AD652KP 25 inax 0.005 max o to +70 PLCC (P-20A) 
AD652AQ 50 max 0.02 max -40 to +85 Cerdip (Q-16) 
AD652BQ 25 max 0.005 max -40 to +85 Cerdip (Q-16) 
AD652SQ 50 max 0.02 max -55 to + 125 Cerdip (Q-16) 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-~83, 
refer to the Analog Devices Military Products Databook or current AD652/883 
data sheet. 

2p = Plastic Leaded Chip Carrier; Q = Cerdip; E = Leadless Ceramic Chip Carrier. 
For outline information see Package Information section. 

THEORY OF OPERATION 
A synchronous VFC is similar to other voltage-to-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal reference current. However, 
rather than using a one-shot as the primary timing element 
which requires a hlghquality and low drift capacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to determine the system stability and 
drift based upon the external clock selected. A crystal oscillator 
may also be used if desired. 

The SVFC architecture provides other system advantages besides 
low drift. If the output frequency is measured by counting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution. 
AID. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifres this signal acquisition. Also, if the clock signal is 
provided by a "PC, then the output frequency of the SVFC 
will· be proportional to the product of the two input voltages. 
Hence, multiplication and A-to-D conversion on two signals .are 
performed simultaneously. . . . 

The pinouts of .the AD652 SVFC are shown in Figure I. A 
block diagram of the device configured as a SVFC, along with 
various system wavefortDS, is shown in Figure 2. 
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PIN CONFIGURATIONS 

PIN "O"CERDIP "P"PLCC 

1 +Vs NC 
2 TRIM +Vs 
3 TRIM NC 
4 OP AMP OUT OPAMPOUT 
5 OPAMP"-" OPAMP"-" 
6 OPAMP"+" OPAMP"+" 
7 10VOLTINPUT 5VOLTINPUT 
8 -Vs 10 VOLT INPUT 
9 Cos 8 VOLT INPUT 

10 CLOCK INPUT OPTIONAL 10VINPUT 
11 FREOOUT -Vs 
12 DIGITALGND Cos 
13 ANALOGGND CLOCK INPUT 
14 COMP"- " FREOOUT 
15 COMP"+" DIGITAL GROUND 
16 COMPREF ANALOGGND 
17 COMP"-" 
18 COMP"+" 
19 NC 
20 COMPREF 

Figure 1 a. AD652 Cerdip Pin Configuration 

Ne +v. NC COMPREF Ne 

BV OPTIONAL -Va eLOCl< 
INPUT INPUT 10V 

INPUT 

Figure 1 b. AD652 PLCC Pin Configuration 
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Figure 2 shows the typical up-and-down ramp integrator output 
of a charge-balance VFC. After the integrator output has crossed 
the comparator threshold and the output of the AND gate has 
gone high, nothing happens until a negative edge of the clock 
comes along to transfer the information to the output of the D
FLOP. At this point, the clock level is low, so the latch does 
not change state. When the clock returns high, the latch output 
goes high and drives the switch to reset the integrator. At the 
same time the latch drives the AND gate to a low output state. 
On the very next negative edge of the clock the low output state 
of the AND gate is transferred to the output of the D-FLOP 
and then when the clock returns high, the latch output goes low 
and drives the switch back into the Integrate Mode. At the 
same time the latch drives the AND gate to a mode where it 
will truthfully relay the information presented to it by the 
comparator. 

INTEg~~~~ 
I I THRESHOlD I I 
I I I I 
I i I I 

CLOCK 

1, I " I II II' 
II I I II III 

COMPARAJe~ 

I I I I I I 
AND~ 
OUT I i I ,. I I 

I I I I I I 
D~ 

I I I r I r 
LATCH~ 

OUT I i I I I i 
I I I I I I 

FREQ --'-l~""'&"'--' 
OUT I~ta.. I~tos 

Figure 2. AD652 Block Diagram and System Waveforms 

Since the reset pulses applied to the integrator are exactly one 
clock period long, the only place where drift can occur is in a 
variation of the symmetry of the switching speed with temperature. 
Since each reset pulse is identical to every other, the AD652 
SVFC produces a very linear voltage to frequency transfer relation. 
Also, since all of the reset pulses are gated by the clock, there 
are no problems with dielectric absorption causing the duration 
of a reset pulse to be influenced by the length of time since the 
last reset. 

Referring to Figure 2, it can be seen that the period between 
output pulses is constrained to be an exact multiple of the clock 
period. Consider an input current of exactly one quarter of the 
value of the reference current. In order to achieve a charge 
balance, the output frequency will equal the clock frequency 
divided by four; one clock period for reset and three clock 
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AD652 
periods of integrate. This is shown in Figure 3. If the input 
current is increased by a very small amount, the output frequency 
should also increase by a very small amount. Initially, however, 
no output change is observed for a very small increase in the 
input current. The output frequency continues to run at one 
quarter of the clock, delivering an average of 250..,A to the 
sumtning junction. Since the input current is slightly larger than 
this, charge accumulates in the integrator and the sawtooth 
siguai starts to drift downward. As the integrator sawtooth drifts 
down, the comparator threshold is crossed earlier and earlier in 
each successive cycle, until ftnally, a whole cycle is lost. When 
the cycle is lost, the Integrate Phase lasts for two periods of the 
clock instead of the usual three periods. Thus, among a long 
string of divide-by-four's an occasioual divide-by-three occurs; • 
the average of the output frequency is very close to one quarter 
of the clock, but the instantaneous frequency can be very different. 

Figure 3. Integrator Output for lIN = 250pA 

Because of this, it is very difficult to observe the waveform on 
an oscilloscope. During all of this time, the sigual at the output 
of the integrator is a sawtooth wave with an envelope which is 
also a sawtooth. This is shown in Figure 4. 

Figure 4. Integrator Output for lIN Slightly Greater 
than 250pA 

Another way to view this is that the output is a frequency of 
approximately one quarter of the clock that has been phase 
modulated. A constant frequency can be thought of as ac
cumulating phase linearly with time at a rate equal to 21Tf radians 
per second. Hence, the average output frequency which is slightly 
in excess of a quarter of the clock will require phase accumulation 
at a certain rate. However, since the SVFC is running at exactly 
one quarter of the clock, it will not accumulate enough phase 
(see Figure 5). When the difference between the required phase 
(average frequency) and the actual phase equals 21T, a step in 
phase is taken where the deftcit is made up instantaneously. 
The output frequency is then a steady carrier which has been 
phase modulated by a sawtooth siguai (see Figure 5). The period 
of the sawtooth phase modulation is the time required to ac
cumulate a 21T difference in phase between the required average 
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AD652 
frequency and one quarter of the clock frequency. The amplitude 
of the sawtooth phase modulation is 27r. 

VOUT It) '" cos (21T'fAV~'t + <l>MOD It)) • • AVERAGE PHASE 
CARRIER MODULATION 
FREQUENCV 

Figure 5. Phase Modulation 

The result of this synchronism is that the rate at which data 
may be extracted from the series bit stream produced by the 
SVFC is limited. The output pulses are typically counted during 
a fIxed gate interval and the result is interpreted as an average 
frequency. The resolution of such a measurement is determined 
by the clock frequency and the gate time. For example, if the 
clock frequency is 4MHz and the gate time is 4.096ms, then a 
maximum count of 8,192 is produced by a full-scale frequency 
of 2MHz. Thus, the resolution is 13 bits. 

OVERRANGE 
Since each reset pulse is only one clock period in length, the 
full-scale output frequency is equal to one-half the clock frequency. 
At full scale the current steering switch spends half of the time 
on the summing junction; thus, an input current of 0.5mA can 
be balanced. In the case of an overrange, the output of the 
integrator op amp will drift in the negative direction and the 
output of the comparator will remain high. The logic circuits 
will then simply settle into a "divide-by-two" of the clock state. 

SVFC CONNECTION FOR DUAL SUPPLY, POSITIVE 
INPUT VOLTAGES 
Figure 6 shows the AD652 connection scheme for the traditional 
?ual supply, positive input mode of operation. The :!:: V s range 
IS from :!::6 to :!:: 18 volts. When + Vs is lower than 9.0 volts, 
Figure 6 requires three additional connections. The fIrst connection 
is to short pin 13 to pin 8 (Analog Ground to - V s) and add a 
pull-up resistor to + Vs (as shown in Figure IS). The pull-up 
resistor is determined by the following equation: 

R _ 2 Vs - 5V 
PULLUP - 500",A 

These connections will ensure proper operation of the 5V refer
ence. Tie pin 16 to pin 6 (as shown in Figure IS) to ensure that 
the integrator output ramps down far enough to trip the 
comparator. 

The cerdip packaged AD652 accepts either a 0 to IOV or 0 to 
O.5mA full-scale input signal. The temperature drift of the 
AD652 is specified for a 0 to lOY input range using the internal 
20kO resistor. If a current input is used, the gain drift will be 
degraded by a maximum of IOOppml°C (the TC Qf the 20kO 
resistor). If an external resistor is connected to pin 5 to establish 
a different input voltage range, drift will be induced to the 
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extent that the external resistor's TC differs from the TC of the 
internal resistor. The external resistor used to establish a different 
input voltage range should be selected as to provide a full-scale 
current of 0.5mA (Le., IOkO for 0 to 5V). 

Figure 6. Standard VIF Connection for Positive Input Voltage 
with Dual Supply 

SVFC CONNECTIONS FOR NEGATIVE INPUT 
VOLTAGES 
Voltages which are negative with respect to ground may be used 
as the input to the AD652 SVFC. In this case, pin 7 is grounded 
and the input voltage is applied to pin 6 (see Figure 7). In this 
mode the input voltage can go as low as 4 volts above - V s. In 
this confIguration the input is a high impedance, and only the 
20nA (typical) input bias current of the op amp need be supplied 
by the input signal. This is contrasted with the more usual 
positive input voltage configuration, which has a 20kO input 
impedance and requires O.5mA from the signal source. 

+v, 

-v, 

Figure 7. Negative Voltage Input 

SVFC CONNECTION FOR BIPOLAR INPUT VOLTAGES 
A bipolar input voltage of :!:: 5V can be accommodated by injecting 
a 250",A current into pin 5. This is shown in Figure 8a. A -5V 
signal will then provide a zero sum current at the integrator 
summing junction which will result in a zero output frequency, 
while a + 5V signal will provide a O.5mA (full-scale) sum current 
which will result in the full-scale output frequency. 

The use of an external resistor to inject the offset current will 
have some effect on the bipolar offset temperature coefficient. 
The ideal transfer curve with bipolar inputs is shown in Figure 
8b. The user actually has four options to use in injecting the 
bipolar offset current into the inverting input of the op amp: 
I) use an external resistor for Ras and the internal 20k resistor 
for RIN (as shown in Figure 8a); 2) use the internal 20k resistor 
as Ras and an external R1N; 3) use two external resistors; 4) use 
two internal resistors for RIN and Ros (available on PLCe version 
only). 
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Option #4 provides the closest to the ideal transfer function as 
diagrammed in Figure 8b. Figure 8c shows the effects on the 
transfer relation of the other three options. In the first case, the 
slope of the transfer function is unchanged with temperature. 
However, VZERO ( the input voltage required to produce an 
output frequency of OHz) and FzERo (the output frequency 
when V IN = OV) changes as the transfer function is displaced 
parallel to the voltage axis with temperature. In the second case, 
FzERo remains constant, but V ZERO changes as the transfer 
function rotates about FzERo with temperature changes. In the 
third case, with two external resistors, the V ZERO point remains 
invariant while the slope and offset of the transfer function 
change with temperature. If selecting this third option, the user 
should select low drift, matched resistors. .v. 

±5v_---...:.J 

-v. 
Figure8a. BipolarOffset 

~""---t----i--v,. 

Figure 8b. Ideal Bipolar Input TransverCurve Over 
Temperature 

CASE' 

RtN .... INTERNAL 
Ros - EXTERNAL 

CASU 

RIN - EXTfRNAL 
Hos -INTERNAL 

-~~~-~--------.vw 

CASE 3 
RIIW - EXTERNAL 
R08 .... EXTERNAL 

----~~--~----------------.vw 

Figure Be. Actual Bipolar Input Transfer Over Temperature 

REV. A 

AD652 
PLCC CONNECTIONS 
The PLCC packaged AD6S2 offers additional input resistors not 
found on the cerdip-packaged device. These resistors provide 
the user with additional input voltage ranges. Besides the 10V 
range available using the on-chip resistor in the cerdip part, the 
PLCC device also offers 8V and SV ranges. Figures 9a-9c show 
the proper connections for these ranges with positive input 
voltages. For negative input voltages, the appropriate resistor 
should be tied to analog ground and the input voltage should be 
applied to pin 6, the "+" input of the op amp. 

Bipolar input voltages can be accommodated by injecting a 
2S0,..A into pin 5 with the use of the SV reference and the input 
resistors. For ± SV or ± 2.SV range the reference output, pin 
20, should be tied to pin 10. The input signal should then be 
applied to pin 8 for a ± SV signal and pin 7 for a ± 2.SV signal. 
The input connections for a ± SV range are shown in Figure 
9d. For a ± 4V range, the input signal should be applied to pin 
9, and pin 20 should be connected to pin 8. 

a. PLCCOto + 10Vlnput b. PLCCOto +8Vlnput 

c. PLCCOto +5Vlnput d. PLCC ± 5V Input 

Figure 9. 

GAIN AND OFFSET CALIBRATION 
The gain error of the AD6S2 is laser trimmed to within ±O.S%. 
If higher accuracy is required, the internal 20kn resistor must 
be shunted with a 2Mn resistor to produce a parallel equivalent 
which is 1% lower in value than the nominal20kn. Full scale 
adjustment is then accomplished using a soon series trimmer. 
See Figures lOa and lOb. When negative input voltages are 
used, this 5000 trimmer will be tied to ground and pin 6 will 
be the input pin. 

This gain trim should be done with an input voltage of 9V, and 
the output frequency should be adjusted to exactly 45% of the 
clock frequency. Since the device settles into a divide-by-two 
mode for an input overrange condition, adjusting the gain with 
a 10V input is impractical; the output frequency would be exactly 
one-half the clock frequency if the gain were too high and would 
not change with adjustment until the exact proper scale factor 
was achieved. Hence, the gain adjustment should be done with 
a 9Vinput. 
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AD652 
The offset of the op amp may be trimmed to zero with the trim 
scheme shown in Figures lOa for the cerdip packaged device 
and Figure lOb for the PLCC packaged device. One way of 
trimming the offset is by grounding pin 7 (8) of the cerdip 
(PLCC) packaged device and observing the waveform at pin 4. 
If the offset voltage of the op amp is positive, then the integrator 
will have saturated and the voltage will be at the positive rail. If 
the offset voltage is negative, then there will be a small effective 
input current that will cause the AD652 to oscillate and a sawtooth 
waveform will be observed at pin 4. The trimpot should be 
adjusted until the downward slope of this sawtooth becomes 
very slow, down to a frequency of 1Hz or less. In an analog-to-digit
al conversion application, an easier way to trim the offset is to 
apply a small input voltage, such as 0.01% of the full-scale 
voltage, and adjust the trimpot until the correct digital output is 
reached. 

Figure 10a. Cerdip Gain and Offset Trim 

350kU 

::t:3.5mV 500n 
OFFSET 

TRIM 

soon 
v~ -""'i".,....I----i 

Figure 10b. PLCCGainandOffsetTrim 

GAIN PERFORMANCE 
The AD652 gain error is specified as the difference in slope 
between the actual and the ideal transfer function over the full-scale 
frequency range. Figure II shows a plot of the typical gain 
error changes vs. the clock input frequency, normalized to 
100kHz. If after using the AD652 with a full-scale·clock frequency 
of 100kHz it is decided to reduce the necessary gating time by 
increasing the clock frequency, this plot shows the typical gain 
changes normalized to the original 100kHz gain. 
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Figure ". Gain vs. Clock Input 

REFERENCE NOISE 
The AD652 has on board a precision buffered 5V reference 
which is available to the user. Besides being used to offset the 
noninverting comparator input in the voltage-to-frequency mode, 
this reference can be used for other applications such as offsetting 
the input to handle bipolar signals and providing bridge excitation. 
It can source lOrnA and sink lOOj.iA, and is short circuit protected. 
Heavy loading of the reference will not change the gain of the 
VFC, although it will affect the external reference voltage. For 
example, a lOrnA load interacting with a 0.30 typical output 
impedance will change the reference voltage by 0.06%. 

DIGITAL INTERFACING CONSIDERATIONS 
The AD652 clock input is a high impedance input with a threshold 
voltage of two diode voltages with respect to Digital Ground at 
pin 12 (approximately 1.2 volts at room temp). When the clock 
input is low, 5-10j.iA flows out of this pin. When the clock 
input is high, no current flows. 

The frequency output is an open collector pull-down and is 
capable of sinking lOrnA with a maximum voltage of 0.4 volts. 
This will drive 6 standard TIL inputs. The open collector pull 
up voltage can be as high as 36 volts above digital ground. 

COMPONENT SELECTION 
The AD652 integrating capacitor should be 0.02jJ.F. If a large 
amount of nortnal mode interference is expected (more than 0.1 
volts) and the clock frequency is less than 500kHz, an integrating 
capacitor ofO.ljJ.F should be used. Mylar, polypropylene, or 
polystyrene capacitors should be used. 

The open collector pull-up resistor should be chosen to give 
adequately fast rise times. At low clock frequencies (100kHz) 
larger resistor values (several kn) and slower rise times may be 
tolerated. However, at higher clock frequencies (IMHz) a lower 
value resistor should be used. The loading of the logic input 
which is being driven must .also be taken into consideration. For 
example, if 2 standard TIL loads are to be driven then a 3.2mA 
current must be sunk, leaving 6.8mA for the pull-up resistor if 
the maximum low level voltage is to be maintained at 0.4 volts. 
A 6800 resistor would thus be selected «~.4)V/6.8mA) = 
6800. 

The one-shot capacitor controls the pulse width of the frequency 
output. The pulse is initiated by the rising edge of the clock 
signal. The delay time between the rising edge of the clock and 
the fa1ling edge of the frequency output is typically 200ns. The 
width of the pulse is 5ns1pF and the minimum width is about 
200ns with pin 9 floating. If the one-shot period is accidentally 
chosen longer than the clock period, the width of the pulse will 
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default to equal the clock period. The one-shot can be disabled 
by connecting pin 9 to + V s (Figure 12); the output pulse width 
will then be equal to the clock period. The one-shot is activated 
(Figure 13) by connecting a capacitor from pin 9 to + V s, - V s, 
or Digital Ground( + V s is preferred). 

+v. 

Figure 12. OneShbt 
Disabled 

DIGITAL GROUND 

ANY AC GND 
I+Vs. -Vs. OR DIG GNDI 

Figure 13. OneShot 
Enabled 

Digital Ground can be at any potential between - V s and ( + V s 
- 4 volts). This can be very useful in a system with derived 
grounds rather than stiff supplies. For example, in a sma1l isolated 
power circuit, often only a single supply is generated and the 
"ground" is set by a divider tap. Such a ground cannot handle 
the large currents associated with digital signals. With the AD6S2 
SVFC, it is possible to connect the DIG GND to - Vs for a 
solid logic reference, as shown in Figure 14. 

+v. 

v,. 
+--"'-"-f~.-

-v. 

Figure 14. Digital GNDat - Vs 

SINGLE SUPPLY OPERATION 

..EO 
OUT 

In addition to the Digital Ground being connected to - V s, it is 
a1ao possible to connect Analog Ground to - Vs of the AD6S2. 
Hence, the device is truly operating from a single supply voltage 
that can range from + 12V to + 36V. This is shown in 
Figure IS for a positive voltage input and Figure 16 for a negative 
voltage input. 

In Figure IS, the comparator reference is used as a derived 
ground, and the input voltage is referred to this point as well as 
the op amp common mode (pin 6 is tied to pin 16). Since the 
input signal source must drive O.SmA of full-scale signal current 
into pin 7, it must a1ao draw the exact same current from the 
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input reference potential. This current will thus be provided by 
the SV reference. 

+v, 

Figure 15. Single Supply Positive Voltage Input 

In the single supply operation mode, an external resistor, 
RPULLUP' is necessary between the power supply, + V s, and the 
SV reference output. This resistor should be selected such that a 
current of approximately SOO",A flows during operation. For 
example, with a power supply voltage of + ISV, a 20k{} resistor 
would be selected ((ISV - SV)/SOO",A = 20kO). 

Figure 16 shows the negative voltage input confIguration for use 
of the AD6S2 in the single supply mode. In this mode the signal 
source is driving the "+" input of the op amp which requires 
only 20nA (typical), rather than the O.SmA required in the 
positive input voltage confIguration. The voltage at pin 6 may 
go as low as 4 volts above ground ( - V s, pin 8). Since the input 
reference is 5.0 volts above ground, this leaves a IV window for 
the input signal. In order to drive the integrating capacitor with 
a O.SmA full-scale current, it is necessary to provide an external 
2k{} resistor. This results in a 2k{} resistor and a I V input 
range. The external 2k{} resistor should be a 1011'1-TC metal-flim 
type for lowest drift degradation. 

SIGNAL 
SOURCE 
1 VOLT 
FUll SCALE 

+v, 

Figure 16. Single Supply Negative Voltage Input 

FREQUENCY-TO-VOLTAGE CONVERTER 

DIG 
GND 

The AD6S2 SVFC also works as a frequency-to-voltage converter. 
Figure 17 shows the connection diagram for FN conversion. In 
this case the "-" input of the comparator is fed the input 
pulses. Either compatator input may be used so that an input 
pulse of either polarity may be applied to the FN. In Figure 17 
the "+" input is tied to a 1.2V reference and low level TTL 
pulses are used as the frequency input. The pulse must be low 
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AD652· 
on the falling edge of the clock. On the subsequent rising edge 
the lmA current source is switched to the integrator summing 
junction and ramps up the voltage at pin 4. Due to the action of 
the AND gate, the lmA current is switched off after only one 
clock period. The average current delivered to the summing 
junction varies from 0 to 0.5mA; using the internal 20kfl resistor 
this results in a full-scale output voltage of lOY at pin 4. 

-yo 

CLOC'~ 
~ 
~':i 

I I I 
FREQ "! IN I I I , 

~i:! , I 

vg:;~ ~ 
~ 

" , 
LOADSONFAWNGEDGEOFCK 
SHIFTSOUTONRISINGEDGEOFCK 
FREQUENCY TO VOLTS CONVERTER 

FREQ 
IN +5V 

5k 

1N4148 

Figure 17. Frequency-to-Voltage Converter 

The frequency response of the circuit is determined by the 
capacitor; ·the - 3dB frequency is simply the RC time constant. 
A tradeoff exists between ripple and response. If low ripple is 
desired, a large value capacitor must be used (I ... F), if fast 
response is needed, a small capacitor is used (lnF minimum). 

The op amp can drive a 5kO resistor load to lOY, using a 15V 
positive power supply. If a large load capacitance (0.01.,.F) must 
be driven, then it is necessary to isolate the load with a 500 
resistor as shown. Since the 500 resistor is 0.25% of the full 
scale, and the specified gain error with the 20kfl resistor is 
± 0.5%, this extra resistor will only increase the total gain error 
to +0.75% max. 

The circuit shown is unipolar and only a 0 to + 10V output is 
. allowed. The integrator op amp is not a general purpose op 
amp, rather it has been optimized for simplicity and high speed. 
The most significant difference between this amplifier and II 
general purpose op amp is the lack of an integrator (or level 
shift) stage. Consequently, the voltage on the output (pin 4) 
must always be more positive than 1 volt below the inputs 
(pins 6 and 7). For example, in the F-to-V conversion mode, 
the noninverting input of the op amp (pin 6) is grounded which 
means that the output (pin 4) cannot go below - 1 volt. Normal 
operation of the circuit as shown will never call for a negative 
voltage at the output. 

A second difference between this op amp and a general purpose 
amplifier is that the output will only sink 1.5mA to the negative 
supply. The only pulldown other than the lmA current used for 
voltage-to-frequency conversion is a 0.5mA source. The op amp 
will source a great deal of cuiTent from the positive supply, and 
it is internally protected by current limiting. The output of the 
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op amp may be driven to within 4 volts of the positive supply 
when not sourcing externaI current. When sourcing lOrnA, the 
output voltage may be driven to within 6 volts of the positive 
supply. 

DECOUPLING AND GROUNDING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
1000) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.I ... F to 1.0 ... F should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD6S2. 

In addition, a larger board level decoupling capacitor of 1.,.F to 
IO ... F should be located relatively close to the AD6S2 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD6S2. 

Separate digital and analog grounds are provided on the AD652. 
The emitter of the open collector frequency output transistor 
and the clock input threshold only are returned to the digital 
ground. Only the SV reference is connected to analog ground. 
The purpose of the two separate grounds is to allow isolation 
between the high precision analog signals and the digital section 
of the circuitry. Much noise can be tolerated on the digital 
ground without affecting the accuracy of the VFC. Such ground 
noise is inevitable when switching the large currents associated 
with the frequency output signal. 

At high full-scale frequencies, it is necessary to use a pull-up 
resistor of about 5000 in order to get the rise time fast enough 
to provide well defined output pulses. This means that from a 5 
volt logic supply, for example, the open collector output will 
draw lOrnA. This much current being switched will cause ringing 
on long ground runs due to the self inductance of the wires. For 
instance, #20 gauge wire has an inductance of about 20nH per 
inch; a current of lOrnA being switched in sOns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of sOrnV. 
The separate digital ground of the AD652 will easily handle 
these types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD652 package. A 
1.,.F to IO ... F tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground, 
pin 12." The pull-up resistor should be connected directly to the 
frequency output, pin 11. The lead lengths on the bypass capacitor 
and the ptill-up resistor should be as short as possible. The 
capacitor will supply (or absorb) the current transients,and 
large ac signa1s will flow in a physically small loop through the 
capacitor, pull-up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less inductance if the wires are short, lllidsecond, 
the loop will not radiate RFI efficiently. 

The digital ground (pin 12) should be separately conp.ected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying de current. There may be a dc 
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ground drop due to the difference in currents returned on the 
analog and digital grounds. This will not cause a problem. These 
features greatly ease power distribution and ground management 
in 1arge systems. Proper technique for grounding requires separate 
digital and analog ground returns to the power supply. Also, the 
signal ground must be referred directly to analog ground (pin 6) 
at the package. More information on proper grounding and 
reduction of interference can be found in reference I. 

FREQUENCY OUTPUT MULTIPLIER 
The AD652 can serve as a frequency output multiplier when 
used in conjunction with a standard voltage-to-frequency con
verter. Figure 18 shows the low cost AD654 VFC being used as 
the clock input to the AD652. Also shown is a second AD652 in 
the FN mode. The AD654 is set up to produce an output frequency 
of0-5OOkHz for an input voltage (VI) range ofO-IOV. The use 
of R4, Cl, and the XOR gate doubles this output frequency 
from 0-5OOkHz to O-IMHz. 

R, ...... 
V, 

0-10V 

+5V 

V04Ji....,-~-E1-' 

Figure 18. Frequency Output Multiplier 

)"Noise Reduction Techniques in Electronic Systems," by H.W. Ott, 
(John Wiley, \976). 
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Applications - AD652 
This IMHz full-scale frequency is then used as the clock input 
to the AD652 SVFC. Since the AD652 full-scale output frequency 
is one-half the clock frequency, the IMHz FS clock frequency 
establishes a 500kHz maximum output frequency for the AD652 
when its input voltage (V 2) is + IOV. The user thus has an 
output frequency range from 0-500kHz which is proportional to 
the product of VI and V2• 

This can be shown in equation form, where fc is the AD654 
output frequency and four is the AD652 output frequency: 

IMHz 
fc = VI 10V 

four = VIV2 (2(1;~~tOv)) 
four = VI • V2 • 5kHzN2 

The scope photo in Figure 19 shows VI and V2 (top two traces) 
and the output of the F-V (bottom trace). 

VOUT 

Figure 19. Multiplier Waveforms 

SINGLE-LINE MULTIPLEXED DATA TRANSMISSION 
It.is often necessary to measure several different signals and 
relay the information to some remote location using a minimum 
amount of cable. Multiple AD652 SVFC devices may be used 
with a multiphase clock to combine these measurements for 
serial transmission and demultiplexing. Figure 20 shows a block 
diagram of a single-line multiplexed data transmission system 
with high noise immunity. Figures 21, 22 and 23 show the 
SVFC multiplexer, a representative means of data transmission, 
and an SVFC demultiplexer respectively. 

Multiplexer 
Figure 21 shows the SVFC multiplexer. The clock inputs for 
the several. SVFC channels are generated by a TIM9904A four 
phase clock driver, and the frequency outputs are combined by 
strapping all the frequency output pins together (a "wire or" 
connection). The one-shot in the AD652 sets the pulse width of 
the frequency output pulses to be slightly shorter than one 
quarter of the clock period. Synchronization is achieved by 
applying one of the four available phases to a fixed TTL one-shot 
(,121) and combining the output with an external transistor. 
The width of this sync pulse is shorter than the width of the 
frequency output pulses to facilitate decoding the signal. The 
RC lag network on the input of the one-shot provides a slight 
delay between the rising edge of the clock and the sync pulse in 
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AD652 
order to match the 150ns delay of the AD652 between the rising 
edge of the clock and the outpUt pulse. 

v,,, 

DEMULTIPLEXER FREQUENCY TO 
VOLTAGE CONVERSION 
(SEE FIGURE 28) 

Figure 20. Single Line Multiplexed Data Transmission 
Block Diagram 

' ... 

MULnPlEX 
OUT 

Figure21. SVFCMultiplexer 

Transmitter 
The multiplex signal can be transmitted in any manner suitable 
to the task at hand. A pulse transformer or an opta-isolator can 
provide galvanic isolation; extremely high voltage isolation or 
transmission through severe RF environments can be accomplished 
with a fiber-optic link; telemetry can be accomplished with a 
radio link. The circuit shown in Figure 22 uses an EIA RS-422 
standard for digital data transmission over a balanced line. 
Figure 24 shows the waveforms of the four clock phases and the 
multiplex output signal. Note that the sync pulse is present 
every clock cycle, but the data pulses are no more frequent than 
every other clock cycle since the maximum outpUt frequency 
from the SVFC is half the clock frequency. The clock frequency 
used in this circuit is 819 .2 kHz and will provide more than 
16 bits of resolution if 100 millisecond gate time is allowed for 
counting pulses of the decoded output frequencies. 
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SVFC Demultiplexer 
The demultiplexer needed to separate the combined signals is 
shown in Figure 23. A phase locked loop drives another four 
phase clock chip to lock onto the reconstructed clock signal. 
The sync pulses are distinguished from the data pulses by their 
shorter duration. Each falling edge on the multiplex input signal 
triggers the one-shot, and at the end of this one-shot pulse the 
multiplex input signal is sampled by a D-type flip-flop. If the 
signal is high, then the pulse was short (a sync pulse) and the Q 
output of the D-flop goes low. The D-flop is clesred a short 
time (two gate delays) later, and the clock is reconstructed as a 
stream of short, low-going pulses. If the Multiplex input is a 
data pulse, then when the D-flop samples at the end of the one
shot period, the signal will still be low and no pulse will appear 
at the reconstructed clock output. These wavefortns ire shown 
in Figure 25. 
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If it is desired to recover the individual frequency signals, then 
the multiplex input is sampled with a D-flop at the appropriate 
time as determined by the rising edge of the various phases 
generated by the clock chip. These frequency signals can be 

........ , 
QUAD HIGH SPEED DlFF!RENTlAL LINe DRIVER 

FROM 

ENCO:~ o--"';:':="""i 
INPUT .-___ -; 

+6V 

MPX OUTPUT 
TO DECODER 

........ , 
QUAD DiffERENTIAL UNE RECEIVER 

Figure 22. RS-422 Standard Data Transmission 
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AD652 
counted as a ratio relative to the reconstructed clock, so it is not 
even necessary for the transmitter to be crystal controlled as 
shown here. 

SYNC DATA 

Figure 24. Multiplexer Waveforms 

MULTIPLEX INPUT 

ONE SHOT 

RECONSTRUCTED 
CLOCK .' (PHASE LOCKED TO 
RECONSTRUCTED 
CLOCK) 

Figure 25. Demultiplexer Waveforms 

Figure 23. SVFC Demultiplexers 
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AD652 
ADalog SigJIaI Reconstruction 
If it is desired to reconstruct the analog voltages from the multiplex 
signal, then three more AD6S2 SVFC devices are used as fre
quency-ta-voltage converters, as shown in Figure 26. The com
parator inputs of all the devices are strapped together, and the 
"+" inputs are held at a 1.2 volt TIL threshOld, while the 

.5V 

.. 
1N41~ 

"-" inputs are driven by the multiplex input; The three clock 
inputs are driven by the ij) outputs of the clock chip. Remember 
that data at the comparator input of the SVFC is loaded on the 
falling edge of the clock signal and shifted out on the next rising 
edge. Note that the frequency signals for each data channel are 
available at the frequency output pin of each PVC. 

MPX INPUT 

i2. i3 . • 4 ARE PINS 15. 7, I of TIM9904A FROM DEMUX FIGURE 23 

Figure 26. Demultiplexer Frequency-to-Voltage Conversion 

ISOLATED FRONT ~ND 
In some applications it may be necessary to have complete galvanic 
isolation between the analog signals being measured and the 
digital portions of the circuit. The circuit shown in Figure 27 
runs off a singleS volt power supply and provides a self-contained, 
completely isolated analog measurement system. The power for 
the AD652 SVFC is provided by a chopper and a transformer, 
and is regulated to ± 15 volts. 

Both the chopper frequency and the AD652 clock frequency are 
125kHz, with the clock signal being relayed to the SVFC through 
the transformer. The frequency output signal is relayed through 
an opta-isolator and latched into a D-flop. The chopper frequency 
is generated from an AD654 VFC and is frequency divided by 
two to develop differential drive for the chopper transistors, and 

CUlCK 
FREQUENCY 

+f5V __ lF~~~~~~~::~--~====~r;----~~~--JL---+;-----~--------~--------oFREQUENCY T I, OUTPUT 

+5V 1.66k , •• n 

j~~!-____ ~::::::::::~~ MTUMm l~MftR TSO-3 MlCAOMETALS 10pH PICO 3101D : __________________ ~_: __ ~ _______ ~~ ____ J 
ISOlATION BARRtER 

"15 

~o-------~--------------------------~~~~ 

Hlo-------~----------------------------~_{ 

,., 

Figure 27. Isolated Synchronous VFC 
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to ensure an accurate 50 percent duty cycle. The pull-up resistors 
on the D-flop outputs provide a well defined high level voltage 
to the choppers to equalize the drive in each direction. The 
10Jili inductor in the + 5V lead of the transformer primary is 
necessary to equalize any residual imbalance in the drive on 
each half-cycle and thus prevent saturation of the core. The 
capacitor across the primary resonates the system so that under 
light loading conditions on the secondary the wave shape will be 
sinusoidal and the clock frequency will be relayed to the SVFC. 
To adjust the chopper frequency, disconnect any load on the 
secondary and tune the AD654 for a minimum in the supply 
current drawn from the 5 volt supply. 

A-TO-D CONVERSION 
In performing an A-to-D conversion, the output pulses of a 
VFC are counted for a fixed gate interval. To achieve maximum 
performance with the AD652, the fixed gate interval should be 
generated using a multiple of the SVFC clock input. Counting 
in this manner will eliminate any errors due to the clock (whether 
it be jitter, drift with time or temperature, etc.) since it is 
the ratio of the clock and output frequencies that is being 
measured. 

The resolution of the A-to-D conversion measurement is deter
mined by the clock frequency and the gate time. If, for instance, 
a resolution of 12 bits is desired and the clock frequency is 
IMHz (resulting in an AD652 FS frequency of 500kHz) the 
gate time will be: 

( FS Freq)-I = (1 Clock Freq)-I = ( IMHZ.)-I 
N 2 N 2(4096) 

8192 
= ----:;;; sec = 8.192ms 

1 x lu-
Where N is the 
total number of 
codes for a given 
resolution. 

Figure 28 shows the AD652 SVFC as an A-to-D convener in 
block diagram form. 

v,. TO JlP 

Figure 28. Block Diagram ofSVFCA-to-D Converter 

To provide the + 2N block a single chip counter such as the 
4020B can be used. The 4020B is a 14-stage binary ripple counter 
which has a clock and master reset for inputs, and buffered 
outputs from the first stage and the last eleven stages. The 
output of the first stage is fct.ocK + 21 = fcux:Jd2, while the 
output of the last stage is fcLOCK + 214 = fcLOCK/16384. Hence 
using this single chip counter as the + 2N block, 13-bit resolution 
can be achieved. Higher resolution can be achieved by cascading 
D-type flip-flops or another 4020B with the counter. 

Table I shows the relationship between clock frequency and 
gate time for various degrees of resolution. Note that if the 
variables are chosen such that the gate times are multiples of 50, 
60 or 400Hz, normal-mode rejection (NMR) of those line fre
quencies will occur. 
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Table I. 

Conversion 
or 

Resolution N Clock Gate Time TypUn Comments 

12 BilS 4096 81.92kHz lOOms o.o02%" 50,60,4OOHzNMR 
12 Bits 4096 2MHz 4.096ms 0.01% 
12 Bits 4096 4MHz 2.048ms 0.02% 
4 DisilS 10000 200kHz lOOms 0.002% 50, 60, 400Hz NMR 
14 BilS 16384 327.68kHz lOOms· 0.002% 50, 60, 400Hz NMR 
14 Bits 16384 l.966MHz 16.66ms 0.01% 60HzNMR 
14 Bits 16384 1.638MHz 20m. 0.01% 50HzNMR 
4 1/2 DigilS 20000 400kHz lOOms 0.002% 50, 60, 400Hz NMR 
16BilS 65536 655.36kHz 200ms 0.002% 50, 60, 400Hz NMR 
16BilS 65536 4MHz 32.77ms 0.02% 

DELTA MODULATOR 
The circuit of Figure 29 shows the AD652 configured as a delta 
modulator. A reference voltage is applied to the input of the 
integrator (pin 7), which sets the steady state output frequency 
at one-half of the AD652 full-scale frequency (114 of the clock 
frequency). As a 0 to lOY input signal is applied to the comparator 
(pin 15), the output of the integrator attempts to track this 
signal. For an input in an idling condition (dc) the output frequency 
will be one-half full scale. For positive going signals the output 
frequency will be between one-half full scale and full scale, and 
for negative going signals the output frequency will be between 
zero and one-half full scale. The output frequency will correspond 
to the slope of the comparator input signal. 

Figure 29. Delta Modulator 

Since the output frequency corresponds to the slope of the input 
signal, the delta modulator acts as a differentiator. A delta mod
ulator is thus a direct way of fmding the derivative of a signal. 
This is useful in systems where, for example, a signal corresponding 
to velocity exists and it is desired to determine acceleration. 

Figure 30 is a scope photo showing a 20kHz, 0 to lOY sine 
wave used as the input to the comparator and its ramp-wise 
approximation at the integrator output. The clock frequency 
used as 2MHz and the integrating capacitor was 36OpF. Figure 
31 shows the same input signal and its ramp-wise approximation, 
along with the output frequency corresponding to the derivative 
of the input signal. In this case the clock frequency was 
850kHz. 

The choice of an integrating capacitor is primarily dictated by 
the input signal bandwidth. Figure 32 shows this relationship. 
It should be noted that as the value of CINT is lowered, the 
ramp size of the integrator approximation becomes 1arger. This 
can be compensated for by increasing the clock frequency. The 
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AD652 
effect of the clock frequency on the ramp size is demonstrated 
in Figures 30 and 31. 

Figure 30. Delta Modulator Input Signal and Ramp-Wise 
Approximation 

Figure 31. Delta Modulator Input Signal, Ramp-Wise 
Approximation and Output Frequency 
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Figure 32. Maximum Integrating Cap Value vs. Input Signal 
Bandwidth 

NOTES 
1. RF SHOULD BE BETWEEN 

10k AND 20k. ' 
2. Rpu NEEDED IF.RBRIDGE 

600n. 
3. 51 IN POSITION 1 FOR 

UNIPOLAR SIGNALS AND 
posmON 2 FOR BIPOLAR 
SIGNALS. 

R~ 

BRIDGE TRANSDUCER INTERFACE 
The circuit of Figure 33 illustrates a simple interface between 
the AD652 and a bridge-type transducer. The AD652 is an ideal 
choice because its buffered 5 volt reference can be used as the 
bridge excitation thereby ratiometrically eliminating the gain 
drift related errors. This reference will provide a minimum of 
10mA of external current, which is adequate for bridge resistance 
of 6000 and above. If, for example, the bridge resistance is 
1200 or 3500, an external pull-up resistor (Rpu) is required 
and can be calculated using the formula: 

+Vs "'-5V 
Rpu (max) = --=5=-=V,..-::.---

---10mA 
RBRIDGE 

An instrumentation amplifier is used to condition the bridge 
signal before presenting it to the SVFC. The AD625, with its 
high CMRR, minimizes common-mode errors and also can be 
set to arbitrary gains between I and 10,000 via three resistors, 
simplifying the scaling for the AD652's calibrated 10 volt input 
range. These resistors should be selected such that the following 
equation holds: 

10V = VBRlDGE (~ + I) 

where 10kO s RF S 20kO, and VBRlDGE is the maximum output 
voltage of the bridge. 

The bridge output may be unipolar, as is the case for most 
pressure transducers, or it may be bipolar as in some strain 
measurements. If the signal is unipolar, tIle reference input of 
the AD625 (pin 7) is simply grounded. If the bridge has a bipolar 
output, however, the AD652 reference can be tied to pin 7, 
thereby converting a :t 5 volt signal (after gain) into a 0 to + 10 
volt input for the SVFC. 

+15V 

FREQ 
OUT 

Figure 33. Bridge Transducer Interface 
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~ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Single or Dual Supply. 5 to 36 Volts. :!:5V to :!:18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance. Low Drift 

Low Power: 2.0mA Quiescent Current 
Low Offset: 1 mV 

PRODUCT DESCRIPTION 
The AD654 is a monolithic V/F converter consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage. A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to 500kHz and any F.S. input 
voltage up to ±3'OV. Linearity error is only '0.'03% for a 25'OkHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ± 5'OppmI"C. The AD654 
operates from a single supply of 5 to 36V and consumes only 
2.0mA quiescent current. 

The low drift (4 .... Vrc typ) input amplifier allows operation 
directly from small signals such as thermocouples or strain 
gauges while offering a high (25'OMO) input resistance. Unlike 
most V/F converters, the AD654 provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, long cables, 
or similar loads. 

REV. A 

Low Cost Monolithic 
Voltage-to-Frequency Converter 

AD654 I 
FUNCTIONAL BLOCK DIAGRAM 

+Vs 

LOGIC 
COMMON 

PRODUCT HIGHLIGHTS 

-Vs 

I. Packaged in both an 8-pin mini-DIP and an.8-pin SOIC 
package, the AD654 is a complete VIF converter requiring 
only an RC timing network to set the desired full scale frequency 
and a selectable pull-up resistor for the open-collector output 
stage. Any full scale input voltage range from l00mV to 1'0 
volts (or greater, depending on + Vs) can be accommodated 
by proper selection of the timing resistor. The full scale 
frequency is then set by the timing capacitor from the simple 
relationship, f = V/I'ORC. 

2. A miuimum number of low cost external components are 
necessary. A single RC network is all that is required to set 
up any full scale frequency up to 500kHz and any full scale 
input voltage up to ± 3'OV. 

3. Plastic packaging allows low cost implementation of the 
standard VFC applications: AID conversion, isolated signal 
transmission, FN conversion, phase-locked loops, and tuning 
switched-capacitor ftIters. 

4. Power supply requirements are miuimal; only 2.'OmA of 
quiescent current is drawn from the single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from '0 volts (ground) to ( + V s - 4) volts. Negative inputs 
can easily be connected for below ground operation. 

5. The versatile open-collector output stage can sink more. than 
l'OmA with a saturation voltage less than '0.4 volts. The. Logic 
Common terminal can be connected to any level between 
ground (or - Vs) and 4 volts below + Vs. This allows easy 
direct interface to any logic family with either positive or 
negative logic levels. 
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AD654 -SPEC I FICATIONS (t_= +25"1: and Vs (1DtaI) = 5tu 16.5V, IIIIess DIbBJWisa specified • 
.. ' . .' . All tasting dona @ Vs = + 5V). 

AD654JN/JR 
Moclel Min Typ Max Units 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 0 500 kHz 
Nonlinearityl 

t;.,." = 250kHz 0.06 0.1 % 
fmax = 500kHz 0.20 0.4 % 

Full Scale Calibration Error 
C = 39OpF;IIN = 1.000mA -10 10 % 
vs. Supply (t;.,." $ 250kHz) 

Vs = +4.75 to +5.25V 0.20 0.40 %IV 
Vs = +5.25to + 16.5V 0.05 0.10 %N 

vs. Temp(Ot070"C) 50 ppml"C 

ANALOG INPUT AMPLIFIER 
(V oltage-to-Currimt Converter) 
Voltage Input Range 

Single Supply 0 (+Vs -4) V 
Dual Supply -Vs (+Vs -4) V 

Input Bias Current 
(Either Input) 30 50 nA 

Input Offset Current 5 nA 
Input Resistance (Non-Inverting) 250 Mfl 
Input Offset Voltage 0.5 1.0 mV 

vs.Supply 
Vs = +4.75 to +5.25V 0.1 0.25 mVN 
Vs= +5.25to +16.5V 0.03 0.1 mVN 

vs. Temp (0 to 70DC) 4 ",VI"C 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic "0,,2 

Vour= 0.4Vmax,25DC 10 20 mA 
Your = O.4V max, 0 to 70DC 5 10 mA 

Output Leakage Current in Logic "I" 10 100 nA 
Ot070"C 50 500 nA 

Logic Common Level Range -Vs (+Vs -4) V 
Rise/FaIl Times (Cr = O.01/LF) 

lIN = lmA 0.2 ",s 
lIN = I",A I ",s 

POWER SUPPLY 
Voltage, Rated Performance 4.5 16.5 V 
Voltage, Operating Range 

Single Supply 4.5 36 V 
DUal Supply ±5 ±18 V 

Quiescent Current 
Vs(Total) '" 5V 1.5 2.5 mA 
Vs(Total) = 30V 2.0 3.0 mA 

TEMPERATURE RANGE 
Operating Range -40 85 DC 

PACKAGEOPTIONs3 
SOlC AD654JR 
Plastic DIP AD654JN 

NOTES 
'Atf_ = 2S0kHz;RT = IIdl,Cr = 39OpF,IIN = O-lmA. 

f.,.. = SOOkHz;RT = lkn,CT = 200pF,IIN = O-lmA. 
2The sink current is the amount of current that cantlow into Pin 1 of the AD6S4 while maintaining a maximum voltage ofO.4V between Pin 1 and Logic Common. 
3N = PlasticDIP;R = SOIC. For outline information see Packageloformation section. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + Vs to - Vs 
Maximum Input Voltage 

(Pins 3, 4) to - Vs ...... . 

CIRCUIT OPERATION 

....... 36V 

-300mVto +Vs 

The AD654's block diagram appears in Figure I. A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive current in 
the NPN follower. Optimum performance is achieved when, at 
the full scale input voltage, a lmA drive current is delivered to 
the current-to-frequency converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging 
current to the externally connected timing capacitor. This "adap
tive" bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of loonA to 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than -Vs. 

+v. 
I+SVTO -Vs +30) 

v,. 

-v. 
loY TO -15VI 

Figure 1. Standard V-F Connection for Positive Input 
Voltages 

VIF CONNECTION FOR POSITIVE INPUT VOLTAGES 
In the connection scheme of Figure 1, the input amplifier presents 
a very high (250MO) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors Rl and R2 are selected to provide a lmA full 
scale current with enough trim range to accommodate the AD654's 
10% FS error and the components' tolerances. Full scale currents 
other than lmA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD654's positive 
input voltage range spans from - V s (ground in single supply 
operation) to four volts below the positive supply. Power supply 

*Teflon is • trademark of E. I. Du Pont de Nemours & Co. 
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Maximum Output Current 
Instantaneous . . . . 
Sustained •....... 

Logic Common to - V s . • 
Storage Temperature Range . 

AD654 

· .....••. 50mA 
· ........ 25mA 
-5OOmV to (+Vs -4) 

· .. - 65·C to + I50·C 

rejection degrades as the input exceeds (+ Vs - 3.75V) and at 
(+ V s - 3.5V) the output frequency goes to zero. 

As indicated by the sca1ing relationship in Figure I, a O.OI",F 
timing capacitor will give a 10kHz full scale frequency, and 
O.ool",F will give 100kHz with a ImA drive cum:nt. Good VIF 
linearity requires the use of a capacitor with low dielectric ab
sorption (DA), while the most stable operation over temperature 
calls for a component having a sma1I tempco. Polystyrene, poly
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure 1, 
Schottky diode CRI (MBDIOI) prevents logic common from 
dropping more than SoomV below - Vs. This diode is not 
required if - V s is equal to logic common. 

VIF CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
The AD654 can accommodate a wide range of negative input 
voltages with proper selection of the scaling resistor, as indicated 
in Figure 2. This connection, unlike the buffered positive con
nection, is not high impedance because the signal source must 
supply the lmA F.S. drive current. However, large negative 
voltages beyond the supply can be handled easily by modifying 
the scaling resistors appropriately. If the input is a true current 
source, RI and R2 are not used. Again, diode CRI prevents 
latch-up by insuring Logic Common does not drop more than 
SOOmv below - Vs. The clamp diode (MBDIOI) protects the 
AD654 input from "below - V s" inputs. 

+v, 
'+5V TO -Vs +301 

., 

-v. 
(GYTO -1SVI 

Figure 2. V-F Connections for Negative Input Voltages or 
Current 
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AD654 
OFFSET CALlBRATION 
In theory, two a!ijustments calibrate a VIF: scale and offset. In 
practice, most applications find the AD6S4's 1mV max voltage 
offset sufficiendy low to forgo offset calibration. However, the 
input amplifier's 30nA (typ) bias currents will generate an offset 
due to the difference in DC source resistance between the input 
terminals. This offset can be substantial for large values of 
RT = RI + Rz and will vary as the bias currents drift over 
temperature. Therefore, to maintain the AD6S4's low offset, the 
application may require balancing the DC source resistances at 
the inputs (pins 3 and 4). 

For positive inputs, this is accomplished by adding a compensation 
resistor nominally equal to RT in series with the input as shown 
in Figure 3a. This limits the offset to the prOduct of the 30nA 
bias current and the mismatch between the source resistance RT 
and RcoMP. A second, smaller offset arises from the inputs' SnA 
offset current flowing through the'source resistance RT or RcoMP. 
For negative input voltage and current connections, the com
pensation resistor is added at' pin 4 as shown in Figure 3b in 
lieu of grounding the pin direcdy. For both positive and negative 
inputs, the use of RcoMP may lead to noise coupling at pin 4 
and should therefore be bypassed for lOwest noise operation. 

Figure 3a. Bias Current Compensation - Positive Inputs 

VON O-.JYVY-.... .,.,.-{ } ..... -----' 

Figure 3b. Bias Current Compensation - Negative Inputs 

If the AD654's 1mV offset voltage must be trimmed, the trim 
must be performed external to the device. Figure 3c shows an 
optional connection for positive inputs in which.RoFFI and 
RoFF2 add a variable resistance in series with RT. A variable 
source of ±0.6Vapplied to RoFFI then adjusts the offset ± 1mV. 
Similarly, a ±0.6V variable source is applied to RoFF in 
Figure 3d to trim offset for negative inputs. The ±0.6V bipolar 
source could simply be an AD589 reference connected as shown 
in Figure 3e. 

ROFF1 
10k 

:to.BV 

Figure 3c. Offset Trim Positive Input (10V FS) 
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:to.6V 

Figure 3d. Offset Trim Negative Input (- 10V FS) 

R1 
10k 

+5Vo-.JYVY--'--'-~---, 

R3 
10k 

R4 
10k 

1~k ±0.6V 

-5Vo--y~~--'----~ 
R2 
10k 

Figure 3e. Offset Trim Bias Netwprk 

FULL SCALE CALIBRATION 
Full scale trim is the calibration of the circuit to prOduce the 
desired output frequency with a full scale input applied. In 
most cases this is accomplished by adjusting the scaling resistor 
RT. Precise calibration of the AD654 requires the use of an 
accurate voltage standard set to the desired FS value and an 
accurate frequency meter. A scope is handy for monitoriug 
output waveshape. Verification of converter linearity requires 
the use of a switchable voltage source orDAC. having a linearity 
error below ± 0.005%, and the use of long measurement intervals 
to minimize count uncertainties. Since each AD654 is factory 
tested for linearity, it is unnecessary for the end-user to perform 
this tedious and time Cbnsuming test on a routine basis, 

Sufficient FS calibration trim range must be provided to accom
modate the worst-case sum of all major scaling errors. This 
includes the AD654's 10% full scale error, the tolerance of the 
fIXed scaling resistor, and the tolerance of the timing capacitor. 
Therefore, with a resistor tolerance of 1 % and a capacitor tolerance 
. of 5%, the fixed part of the scaling resistor should be a maximum 
of 84% of nominal, with the variable portion selected. to allow 
116% of the nominal. 

If the input is in the form of a negative current source, the 
scaling resistor is no longer required, eliminating the capability 
of trimming FS frequency in this fashion. Since it is usually not 
practical to smoothly vary the capacitance for trimming purposes, 
an alternative scheme such as the one shown in Figure 4 is 
needed. Designed for a FS of lmA, this circuit divides the 
input into two current paths. One path is through the lOOn 

I. 

I~:;-
-v 

R2 
100n 

R4 

.......... 39,..21 .... 1_-S ': 

R1 
100n -Iy 

·OPTIONAL OFFSET TRIM 
±O.BV 

Figure 4. Current Source FS Trim 
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resistor R1, and flowing into pin 3; it constitutes the signal 
current IT to be converted. The second path, through another 
loon resistor Rl, carries the same nominal current. Two equal 
valued resistors offer the best overall stability, and should be 
either 1% discrete film units, or a pair from a common array. 

Since the 1mA FS input current is divided into two 5oo!IA legs 
(one to ground and one to pin 3), the total input signal current 
(Is) is divided by a factor of two in this network. To achieve the 
same conversion scale factor, CT must be reduced by a factor of 
two. This results in a transfer unique to this hookup: 

f= _1_8_ 
(20V) Gr 

For calibration purposes, resistors R3 and R4 are added to the 
network, allowing a ± 15% trim of scale factor with the values 
shown. By varying R4's value the trim range can be modified to 
accommodate wider tolerance components or perhaps the cali
bration tolerance on a current output transducer such as the 
AD592 temperature sensor. Although the values of R1 - R4 
shown are valid for 1mA FS signals only, they can be scaled 
upward proportionately for lower FS currents. For instance, 
they should be increased by a factor of ten for a FS current of 
1oo ... A. 

In addition to the offsets generated by the input amplifier's bias 
and offset currents, an offset voltage induced parasitic current 
arises from the current fork input network. These effects are 
minimized by using the bias current compensation resistor RoFF 
and offset trim scheme shown in Figure 3e. 

Although device warmup drifts are sIilall, it is good practice to 
allow the devices operating environment to stabilize before trim, 
and insure the supply, source and load are appropriate. If provision 
is made to trim offset, begin by setting the input to 1110,000 of 
full scale. Adjust the offset pot until the output is 1110,000 of 
full scale (for example, 25Hz for a FS of 250kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. The FS input should then be applied and the gain pot 
should be adjusted until the desired FS frequency is indicated. 

INPUT PROTECTION 
The AD654 was designed to be used with a minimum of additional 
hardware. However, the successful application of a precision IC 
involves a good understanding of possible pitfalls and the use of 
suitable precautions. Thus + VIN and RT pins should not be 
driven more than 300m V below - V s. Likewise, Logic Common 
should not drop more than 500mV below - Vs. This would 
cause internal junctions to conduct, possibly damaging the IC. 
In addition to the diode shown in Figures I and 2 protecting 
Logic Common, a second Schottky diode (MBDlOI) can protect 
the AD654's inputs from "below - Vs" inputs as shown in 
Figure 5. It is also desirable not to drive + VIN and RT above 
+ V s. In operation, the converter will exhibit a zero output for 
inputs above (+ Vs - 3.5V). Also, control currents above 2mA 
will increase nonlinearity. 

The AD654's 80dB dynamic range guarantees operation from a 
control current of lmA (nominal FS) down to loonA (equivalent 
to ImV to 10V FS). Below lOOnA improper operation of the 
oscillator may result, causing a false indication of input amplitude. 
In many cases this might be due to short-lived noise spikes 
which become added to input. For example, when scaled to 
accept an FS input of IV, the -8OdB level is only 1OO ... V, so 
when the mean input is only 60dB below FS (lmV), noise spikes 
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AD654 

Figure 5. Input Protection 

of 0.9mV are sufficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass filter 
ahead of the converter or a guard ring around the RT pin. The 
filter can be assembled using the bias current compensation 
resistor discussed in the previous section. For an FS of 10kHz, 
a single-pole filter with a time constant of lOOms will be suitable, 
but the optimum configuration will depend on the application 
and the type of signal processing. Noise spikes are only likely to 
be a cause of error when the input current remains near its 
minimum value for long periods of time; above loonA full 
integration of additive input noise occurs. Like the inputs, the 
capacitor terminals are sensitive to interference from other signals. 
The timing capacitor should be located as close as possible to 
the AD654 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. 

DECOUPUNG 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
loon) in the supply lines to provide a measure of decoupling 
between the various circuits in the system. Ceramic capacitors 
of 0.1 fLF to 1.0fLF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the AD654. 
A proper ground scheme appears in Figure 6. 

100 

lOUT 0---4"--..1 

AGNDo------~-~~_r_~ 

V,. 0-------------' 

Figure 6. Proper Ground Scheme 

OUTPUT INTERFACING CONSIDERATIONS 
The output stage's design allows easy interfacing to all digital, 
logic families. The output NPN transistor's emitter and collector 
are both uncommitted. The emitter can be tied to any voltage 
between - V s and 4 volts below + V s, and the open collector 
can be pulled up to a voltage 36 volts above the emitter regsrdiess 
of + V s. The high power output stage can sink over 10mA at a 
maximum saturation voltage of 0.4V. The stage limits the output 
current at 25mA and can handle this limit indefinitely without 
damaging the device. 
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AD654 
NONLINEARITY SPECIFICATION 
The preferred method of specifying nonlinearity error is in 
terms of maximum deviation from the ideal relationship after 
calibrating the converter at full scale. This error will vary with 
the full scale frequency and the mode of operation. The AD654 
operates best at a'l 50kHz full scale frequency with a negative 
voltage input; the linearity is typically within 0.05%. Operating 
at higher frequencies or with positive inputs will degrade the 
linearity as indicated in the Specifications Table. Typical linearity 
at various temperatures is shown in Figure 7. 

.. 
I 

10.00 

~ 1.00 

~ 0.5 z 

~ 
:; 
i 0.10 

~ 
:; 0.05 

0.01 

"\ 

10 

'_B--4O"C -:;:::: ,... 
/' -...... 

tAMB-O TO +85"C -
7'" 

,..-,/" 

150 250 350 500 

FULL SCALE FREQUENCY - kHz 

Figure 7. Typical Nonlinearities at Different Full-Scale 
Frequencies 

TWO-WIRE TEMPERATURE-TO-FREQUENCY 
CONVERSION. 
Figure 8 shows the AD654 in a two-wire temperature-to-frequency 
conversion scheme. The twisted pair transmission line serves the 
dual purpose of supplying power to the device and also carrying 
frequency data in the form of current modulation. 

f = 11!;,IC, 

TIl. 
OUTPUT 
I1LOAOI 

Figure 8. Two-Wire Temperature-to-Frequency Converter 

The positive supply line is fed to the remote V/F through a 
1400 resistor. This resistor is selected such that the quiescent 
current of the AD654 will cause less than one V BE to be dropped. 
As the V IF oscillates, additional switched current is drawn 
through Rl. when pin 1 goes low. The peak level of this additional 
current causes QI to saturate, and thus regenerates the AD654's 
output square wave at the collector. The supply voltage to the 
AD654 then consists of a DC level, less the resistive line drop, 
plus a one V BE p-p square wave at the output frequenCy of 
the AD654. This ripple is reduced by the diode/capacitor 
combination .. 

To set up the receiver circuit for a given voltage, the Rs and RI. 
resistances are selected as shown in Table I. CMOS logic stages 
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can be driven directly from the collector of QI, and a single 
TTL load can be driven from the junction of Rs and R6. 

+Vs Rs 
10V 2700 
15V 6800 

Tab/el. 

(+VS> Rl R2 R3 

K 
10V 
15V 

°C 
10V 6.49k 4.02k lk 
15V 12.7k 4.02k lk 

OF 10V 6.49k 4.42k lk 
ISV 12.7k 4.42k lk 

Tab/ell. 

R4 

lOOk 
lOOk 

95.3k 
78.7k 

154k 
105k 

as 
127k 
127k 

22.6k 
36.5k 

22.6k 
36.5k , 

RL 
l.8k 
2.7k 

F= 10HzIK 

F= 10HzfOC 

F = S.55HzfOF 

At the VIF end, the AD592C temperature transducer is interfaced 
with the AD654 in such a manner that the AD654 output frequency 
is proportional to temperature. The output frequency can be 
scaled and Qffset from K to °C or OF using the resistor values 
shown in Table II. Since temperature is the parameter of interest, 
an NPO ceramic capacitor is used as the timing capacitor for 
low V/F TC. 

When sca1ing per K, resistors Rl - R3 and the AD589 voltage 
reference are not used. The AD592 produces a ItJA'K current 
output which drives pin 3 of the AD654. With the timing capacitor 
of O.OI .... F this produces an output frequency scaled to IOHzlK. 
When sca1ing per °C and OF, the AD589 and resistors 'Rl- R3 
offset the drive current at pin 3 by 273.2 .... A for sca1ing per °C 
and 25S.42 .... A for scaling per OF. This will result in frequencies 
scaled at IOHzrC and 5.55HzfOF, respectively. 

OPTOISOLATOR COUPLING 
A popular method of isolated signal coupling is via optoelectronic 
isolators, or optocouplers. In'this type of device, the signal is 
coupled from an input LED to an output photo-transistor, with 
light as the connecting medium. This technique allows DC to 
be transmitted, is extremely useful in overcoming ground loop 
problems between equipment, and is applicable over a wide 
range of speeds and power. 

Figure 9 shows a general purpose isolated V IF circuit using a 
low cost 4N37 optoisolator. A + 5V power supply is assumed 
for both the isolated ( + 5V isolated) and local ( +5V local) supplies. 
The input LED of the isolator is driven from the collector output 
of the AD654, with a 9mA current level established by Rl for 
high speed, as well as for a 100% current transfer ratio. 

.,v 
HSOLATEOI 

I +6V 
I ILOCALI 
I ... , 

t--~ ______ , ....... o-,"O~'7_~~ 

Figure 9. 
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I 

Optoisolator Interface 
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At the receiver side, the output transistor is operated in the 
photo-transistor mode; that is with the base lead (pin 6) open. 
This allows the highest possible output current. For reasonable 
speed in this mode, it is imperative that the load impedance be 
as low as possible. This is provided by the single transistor stage 
current-to-voltage converter, which has a dynamic load impedance 
of less than 10 ohms and interfaces with TIL at the output. 

USING A STAND-ALONE FREQUENCY COUNTERILED 
DISPLAY DRIVER FOR VOLTMETER APPUCATIONS 
Figure 10 shows the AD654 used with a stand-alone frequency 
counter/LED display driver. With Cr = 1000pF and RT = 
1kO the AD654 produces an FS frequency of 100kHz when VIN 

= + IV. This signal is fed into the ICM7226A, a universal 
counter system that drives common anode LED's. With the 
FUNCTION pin tied to 01 through a 10kO resistor the ICM7226A 
counts the frequency of the signal at AIN• This count period is 
selected by the user and can be lOms, lOOms, Is, or 10 seconds, 
as shown on pin 21. The longer the period selected, the more 
resolution the count will have. The ICM7226A then displays the 
frequency on the LED's, driving them directly as shown. Re
freshing of the LED's is handled automatically by the ICM7226. 
The entire circuit operates on a single + 5V supply and gives a 
meter with 3, 4, or 5 digit resolution. 

Figure 10. AD654 With Stand-Alone Frequency Counter/LED 
Display Driver 

Longer count periods not only result in the count having more 
resolution, they also serve as an integration of noisy analog 
signals. For example, a nortna1-mode 60Hz sine wave riding on 
the input of the AD654 will result in the output frequency 
increasing on the positive half of the sine wave and decreasing 
on the negative half of the sine wave. This effect is cancelled by 
selecting a count period equal to an integral number of noise 
signa1 periods. A lOOms count period is effective because it not 
only has an integral number of 60Hz cycles (6), it also has an 
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integral number of 50Hz cycles (5). This is also true of the I 
second and 10 second count period. 

AD6S4-BASED ANALOG-TO-DIGITAL CONVERSION 
USING A SINGLE CHIP MICROCOMPUTER 
The AD654 can serve as an analog-to-digital converter when 
used with a single component microcomputer that has an interval 
timerlevent counter such as the 8048. Figure 11 shows the AD654, 
with a full scale input voltage of + 1 V and a full scale output 
frequency of 100kHz, connected to the timer/counter input pin 
Tl of the 8048. Such a system can also operate on a single + 5V 
supply. 

The 8748 counter is negative edge triggered; after the STRT 
CNT instruction is executed subsequent high to low transitioIU 
on T1 increment the counter. The maximum rate at which the 
counter may be incremented is once per three instruction cycles; 
using a 6MHz crystal, this corresponds to once every 7.5..,.s, or 
a maximum frequency of 133kHz. Because the counter overflows 
every 256 counts (8 bits), the timer interrupt is enabled. Each 
overflow then causes a jump to a subroutine where a register is 
incremented. After the STOP TCNT instruction is executed, 
the number of overflows that have occurted will be the number 
in this register. The number in this register multiplied by 256 
plus the number in the counter will be the total number of 
negative edges counted during the count period. The count 
period is handled simply by decrementing a register the number 
of times necessary to correspond to the desired count time. 
Mter the register has been decremented the required number of 
times, the STOP TCNT instruction is executed. 

OND 

Figure 11. AD654 VFC as an ADC 

The total number of negative edges counted during the count 
period is proportional to the input voltage. For example, if a IV 
full-scale input voltage produces a 100kHz signa1 and the count 
period is lOOms, then the total count will be 10,000. Scaling 
from this maximum is then used to determine the input voltage, 
i.e., a count of 5000 corresponds to an input voltage of 0.5V. 
As with the ICM7226, longer count times result in counts having 
more resolution; and they result in the integration of noisy 
analog signa1s. 
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AD654 
FREQUENCY DOumuNG 
Since the AD654's output is a square-wave rather than a pulse 
train, information about the input signal is carried on both 
halves of the output waveform. The circuit in Figure 12 converts 
the output into a pulse train, effectively doubling the output 
frequency, while preserving the better low frequency linearity of 
the AD654. This circuit also accommodates an input voltage 
that is greater than the AD654 supply voltage. 

TRANSISTOA~ 

A : JlJlJlJl..JLfl 
8 :v\./\/\/v\./ 
c +: JlJlJlJll1JLJlf 

Figure 12. Frequency Doubler 

Resistors Rl - R3 are used to sca1e the (} to + lOV input voltage 
down to 0 to + IV as seen at pin 4 of the AD654. Recall that 
VIN must be less than VSUPPLY -4V, or in this case less than 
IV. The timing resistor and capacitor are selected such that this 
o to + IV signal seen at pin 4 results in a 0 to 200kHz output 
freqUency. 

The use of R4, Cl and the XOR gate doubles this 200kHz 
output frequency to 400kHz. The AD654 output transistor is 
basically used as a switch, switching capacitor Cl between a 
charging mode and a discharging mode of operation. The voltages 
seen at the input of the 74LS86 are shown in the waveform 
diagram. Due to the difference in the charge and discharge time 
constants, the output pulse widths of the 74LS86 are not equal. 
The output pulse is wider when the capacitor is charging due to 
its longer rise time than fall time. The pulses should therefore 
be counted on their rising, rather than falling, edges. 

OPERATION AT HIGHER OUTPUT FREQUENCIES 
Operation of the AD654 via the conventional output (pins 1 
and 2) is speed limited to approximately 500kHz for reasons of 

TTL logic compatibility. Although the output stage lilay become 
speed limited, the multivibrator core itself is able to oscillate to 
lMHz or more. The designer may take advantage of this feature 
in order to operate the device at frequencies in excess of 
500kHz. 

Figure 13 illustrates this with a circuit offering 2MHz full scale. 
In this circuit the AD654 is operated at a full scale (FS) of 
lmA, with a Cr of lOOpF. This achieves a basic device FS 
frequency of lMHz across Cr. The P channel JFETs, QI and 
Q2, buffer the differential timing capacitor waveforms to a low 
impedance level where the push-pull signal is then AC coupled 
to the high speed comparator A2. Hysteresis is used, via R7, for 
non-ambiguous switching and to eliminate the oscillations which 
would otherwise occur at low frequencies. . 

The net result of this is a very high-speed circuit which does 
not compromise the AD654 dynamic range. This is a result of 
the FET buffers typically having only a few pA of bias current. 
The high end dynamic range is limited, however, by parasitic 
package and layout capacitances in shunt with Cr, as well as 
those from each node to AC ground. Minimizing the lead length 
between A2-61A2-7 and Ql/Q2 in PC layout will help. A ground 
plane will also help stability. Figure 14 shows the waveforms VI 
- V4 fo~d at the respective points shown in Figure 13. 

2V 
v, 

2V 
V2 

5V 
V3 

5V 
V4 

o· 

I S 

~ j- I I i-
, -

Figure 14. Waveforms of 2MHz Frequency Doubler 

The output of the comparator is a complementaty square wave 
at lMHz FS. Unlike pulse train output VIP converters, each 
ha1f-cyc1e of the AD654 output conveys information about the 
input. Thus it is possible to count edges, rather than full cycles 
of the output, and double the effective output frequency. The 
XOR gate following A2 acts as an edge detector producing a 
short pulse for each input state transition. This effectively doubles 
the VIP FS frequency to 2MHz. The final result is a IV full 
scale input V/F with a 2MHz full-scale output capability; typical 
nonlinearity is 0.5%. 

Figure 13. 2MHz, Frequency Doubling VlF 
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FEATURES 
High Unearity 

:1:0.01% max at 10kHz FS 
:1:0.05% max at 100kHz FS 
:I: 0.2% max at 500kHz FS 

Output TTUCMOS Compatible 
V/F or FN Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The industry standard ADVFC32 is a low cost monolithic voltage
to-frequency (VIF) converter or frequency-to-voltage (FIV) 
converter with good linearity (0.01% max error at 10kHz) and 
operating frequency up to O.SMHz. In the VlF confJgUration, 
positive or negative input voltages or currents can be converted 
to a proportional frequency using only a few external components. 
For FN conversion, the same components are used with a simple 
biasing network to accommodate a wide range of input logic 
levels. 

TIL or CMOS compatibility is achieved in the V/F operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to + ISV 
or + SV for conventional CMOS or TIL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA. A larger resistance can be used if 
driving a high impedance load. 

Input offset drift is only 3ppm of full scale per DC, and 
full scale calibration drift is held to a maximum of lOOppmfOC 
(ADVFC32BH) due to a low T.C. zener diode. 

The ADVFC32 is available in commercial, industrial, and extended 
temperature grades. The commercial grade is packaged in a 14-
pin plastic DIP while the two wider temperature range parts are 
packaged in hermetically sealed TO-IOO cans. 

PRODUCT HIGHLIGHTS 
1. The ADVFC32 uses a charge balancing circuit technique (see 

Functional Block Diagram) which is well suited to high 
accuracy voltage-ta-frequency conversion. The full-scale 
operating frequency is determined by only one precision 
resistor and capacitor. The tolerance of other support compo
nents (including the integration capacitor) is not critical. 
Inexpensive ± 20% resistors and capacitors can be used without 
affecting linearity or temperature drift. 
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Voltage-to-Frequencyand 
Frequency-to-Voltage Converter 

ADVFC32 I 
PIN CONFIGURATION 

(TOP VIEW) 

"N"PACKAGE 

10 COMPARATOR 
INPUT 

"H" PACKAGE - TO-lOO 

2. The ADVFC32 is easily configured to satisfy a wide range of 
system requirements. Input voltage scaling is Set by selecting 
the input resistor which sets the input current to 0.2SmA at 
the maximum input voltage. 

3. The same; components used for VIF conversion can also be 
used for FN conversion by adding a simple logic biasing 
network and reconfiguring the ADVFC32. 

4. The ADVFC32 is intended as a pin-for-pin replacement for 
VFC32 devices from other manufacturers. 

S. The ADVFC32 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current ADVFC32/883B data sheet for detailed 
specifications. 
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ADVFG32-SPECIFICATIONS (typical @ +25"C with Vs= ±15V unless otbenvisenotad) 

ADVFC32K ADVFC32B 
Model MiD Typ Mat Min Typ Mu 

DYNAMIC PERFORMANCE 
FuJI Scale Frequency Range 0 500 0 500 
Nonlinearity l 

Cmax =' 10kHz -0.01 ±0.01 -0.01 +0.01 
fm .. ~·IOOkHz -0.05 +0.05 -0.05 +0.05 
(mix = O.SMHz -0.20 ±0.05 +0.20 -0.20 ±0.05 +0.20 

FuJI Scale Calibration Error 
(Adjustable to Zero) ±5 ±S 

v •. Supply 
(FuJlScaleFrequency~ 100kHz) -0.015 +0.015 -0.015 +0.015 

vs. Temperature 
(Full Scale Frequency = 10kHz) ±7S -100 + 100 

DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 

Step Input I PulseofNewFrequencyPlu.ljJ.' 1 Pulse of New Frequency Plus 1 tJ.S 
Overload Recovery Time I Pulae of New Frequency Plu.ljJ.. I PulseofNewFrequencyPlu.ljJ.' 

ANALOG INPUT AMPLIFIER 
(V/FConversion) 

Current Input Range 0 
Voltage Input Range 0 

Differential Impedance 3OOklllllOpF 2MIlillOpF 
Common-Mode Impedance 300M1l1l3pF 750Mll1l3pF 
Input Bias Current 

Noninverdng Input 40 
Inverting Input -100 ±S 

Input Offset Voltage 
(Trimmable to Zero)'" 
vs. Temperature (T min to T max) 

Safe Input Voltage ±Vs 

COMPARATOR (FN Conversion) 
Logic "0" Level -Vs 
Logic "I" Level +1 
Pulse Width Range' 0.1 
Input Impedance 50kllillOpF 250kIl 

OPEN COLLECTOR OUTPUT 
(VIFConversion) 

Output Voltage in Logic "0" 
ISINK = SmA 

Output Leakage Current in Logic·"!" 
Voltage Range 0 
Fall Times (Load ~ 500pF and 

ISINK = SmA) 

AMPLIFIER OUTPUT (FN Conversion) 
Voltage Range (OmA"'io"'7mA) 0 
Source Current (O=s:;Vo .:;;;7V) 10 
Capacitive Load (Without Oacillation) 
Closed Loop Output Impedance 

POWER SUPPLY 
Rated Voltage ±1S 
Voltage Range ±9 
Quiescent Current 6 

TEMPERATURE RANGE 
Specified Range 0 
Operating Range -25 
Storage -25 

PACKAGE OPTIONS',· 
PlaaticDIP(N-14) ADVFC32KN 

TO-lOO(H-IOA) 

NOTES 
INonlinearity is defined as deviation from. a straight line from zero 
to full seale, ezprcsoed as a perceotage of fuD seale. 

'See Fiaure 3. 
'See Fiaure I. 
'r_expmsedin units of MHz. 

+0.25 0 
-10 0 
0.25 
XRIN3 

300kllillOpF 2MllilIOpF 
300M1I1I3pF 750M{~IIOpF 

250 40 
+100 -100 ±S 

4 
30 

±Vs 

-0.6 -V. 
+Vs +1 
0.15/f=_ 0.1 

50kllillOpF 250kll 

0.4 
1 
+30 0 

400 

+10 0 
10 

100 
I 

±IS 
±IS ±9 
8 6 

+70 -25 
+S5 -55 
+S5 -65 

ADVFC32BH 

'N = Plastic DIP; H ~ Hermetic Metal Can. For outline information see Package Information section. 
'For ADVFC321B83B specifications, refer to Analog Devices Military Products Databook. 
Specifications subject to change without notice. 

SpeciflCOtions shown in boldface are tested on all production units adinal electri
caltest. Results from those tests are uoed to calculate oullOing quality levels. All 
mio aad mu specifications are guaranteed, although only tboae shown in 
boldface are tested on all production units. 
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+0.25 
-10 
0.25 
x RlN 

, 

250 
+100 

4 
30 

-0.6 
+Vs 
0.15/f~_ 

0.4 
1 
+30 

400 

+10 

100 
I 

:t 18 
8 

+S5 
+125 
+150 

ADVFC32S 
Min Typ Mu 

0 500 

-0.01 +0.01 
-0.05 +0.05 
-0.20 ::!:O.OS +0.20 

±5 

-0.015 +0.015 

+150 +150 

I Pulse of New Frequency Plu.1 JLS 
I Pulse of New Frequency Plu.ljJ.' 

0 +0.25 
0 -10 

0.25 
X RIN3 

300ktlillOpF 2M{~IIOpF 
300M1l113pF 750MllilIOpF 

40 250 
-100 ±S +100 

4 
30 

±Vs 

-Vs -0.6 
+1 +Vs 
0.1 0.15/f_ 
50kllillOpF 250kll 

0.4 
1 

0 +30 

400 

0 +10 
10 

100 
I 

±lS 
±9 ±IS 

6 8 

-55 +125 
-55 +125 
-65 +150 

ADVFC32SH 

Units 

kHz 

% 
% 
% 

% 

%ofFSRI% 

ppml"C 

mA 
V' 
rnA 

uA 
uA 

mV 
jJ.VI"C 

V 
V 
jJ.s 

V 
p.A 
V 

os 

V 
mA 
pF 
II 

V 
V 
rnA 

'C 
'C 
'C 
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Applying the ADVFC32 
ORDERING GUIDE 

Gain Tempco Temp Range 
Modell ppml°C °C Package 

ADVFC32KN ±75 typ Oto + 70 14-Pin 
Plastic DIP 

ADVFC32BH ±100max -25to + 85 TO-IOO 
ADVFC32SH ±150max - 55to + 125 TO-IOO 

NOTE 
IFor details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current ADVFC32/883B data sheet. 

UNIPOLAR V/F, POSITIVE INPUT VOLTAGE 
When operated as a V/F converter, the transformation from 
voltage to frequency is based on a comparison of input signal 
magnitude to the ImA internal current source. 

A more complete understanding of the ADVFC32 requires a 
close examination of the internal circuitry of this part. Consider 
the operation of the ADVFC32 when connected as shown in 
Figure I. At the start of a cycle, a current proportional to the 

C2 

'r-..... -If-o +15V 

-15V o----1>-~ 

Figure 1. Connection Diagram for VIF Conversion, 
Positive Input Voltage 

input voltage flows through R3 and R I to charge integration 
capacitor C2. As charge builds up on C2, the output voltage of 
the input amplifier decreases. When the amplifier output voltage 
(pin 13) crosses ground (see Figure 2 at time t,), the comparator 

1-11 .... -----ONECVCLE -------...... ~I 

CHARGE t, DISCHARGE 

I I I 
I I _ , I 

i~TO"'"G'='G' I '~SCHARG'-,-,os i 

VO"' I :1 
............ I~!.( 

ov [I r-

FR~i;~~:~ __ ~E~ __ ,_0'_3_-+' __________ -+i_ 
I I I 

ov--I~::-----+-----------l.,I" 
ONE SHOT I 

TIMING I I 
CAPACITOR I I - 3.4V 1 

Figure 2. Voltage-to-Frequency Conversion Waveforms 
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triggers a one shot whose time period is determined by capacitor • 
Cl. Specifically, the one shot time period (in nanoseconds) is: 

tos'" (C, +44pF) x 6.7kf1 

During this period, a current of (I rnA - liN) flows out of the 
integration capacitor. The total amount of charge depleted during 
on~ cycle is, therefore (lmA - liN) x tos. This charge is replaced 
during the remainder of the cycle to return the integrator to its 
original voltage. Since the charge taken out of C2 is equal to the 
charge that is put on C2 every cycle, 

(ImA -liN) x tos = liN X ( -F I -tos) 
OUT 

or, rearranging terms, 

liN 
F - -:--:---OUT - ImA X tos 

The complete transfer equation can now be derived by substituting 
liN = VIN/RIN and the equation relating CI and tos. The final 
equation describing ADVFC32 operation is: 

VIN/RIN 
FOUT = ImA X (CI + 44pF) x 6.7kf1 

Components should be selected to optimize performance over 
the desired input voltage and output frequency range using the 
equations listed below: 

3.7 X 107pF/sec -44pF 
FOUT FS 

C2 = 10-; Farads/sec (1000pF minimum) 
OUT FS 

VINFS 

RIN = 0.25mA 

+VLOGIC 
R2 ;. ---sIiiA 

Both RIN and CI should have very low temperature coefficients 
as changes in their values will result in a proportionate change 
in the VlF transfer function. Other component values and tem
perature coefficients are not critical. 

Table I. Suggested Values for C" R/N and C2 

V1NFS FOUTFS C1 RIN C2 

IV 10kHz 3650pF 4.0kf1 O.OII1F 
IOV 10kHz 3650pF 40k!l O.OII1F 
IV 100kHz 330pF 4.0kf1 l000pF 
10V 100kHz 330pF 40k!l lOOOpF 
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ADVFC32 
Input resistance RIN is ~mposed of a fixed resistor (Rl) and a 
variable resistor (R3) to allow for initial gain error compensation. 
To cover all possible situations, R3 should be.20% of RIN, and 
Rl should be 90% of R1N. This allows a ± 10% gain adjustment 
to compensate for the ADVFC32 full-scale error and the tolerance 
ofCI. 

If more accurate initial offset is required, the circuit of R4 and 
RS can be added. RS can have a value between 10kn and 100kn, 
and R4 should be approximately 10Mn. The amount of current 
required to trim zero offset will be relatively small, so the tem
perature coefficients of these resistors are not critical. If large 
offsets are added using this circuit, temperature drift of both of 
these resistors is much more important. 

BIPOLAR VfF 
By adding another resistor from pin 1 (pin 2 of TO-IOO can) to 
a stable positive voltage, the ADVFC32 can be operated with a 
bipolar input voltage. For example, an 80kO resistor to + lOY 
causes an additional current of 0.12SmA to flow into the integrator 
so that the net current flow to the integrator is positive even for 
negative input voltages. At negative full scale input voltage, 
0.12SmA will flow into the integrator from VIN cancelling out 
the 0.12SmA from the offset resistor, resulting in an output 
frequency of zero. At positive full scale, the sum of the two 
currents will be 0.2SmA and the output will be at its maximum 
frequency. 

UNIPOLAR VfF, NEGATIVE INPUT VOLTAGE 
Figure 3 shows the connection diagriun for VfF conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds to zero input voltage. 

c, 
~------~r--~------~ 

(ii)......--H+15V 

-15V 0--..--.(4) 

fOUT o-<l>---~ 

Figure 3. Connection Diagram for V IF Conversion, 
Negative Input Voltage 

A very high impedance signal source may be used since it only 
drive the noninverting integrator input. Typical input impedance 
at this terminal is 2S0MO or higher. For VIF conversion of 
positive input signals the signal generator must be able to source 
0.2SmA to properly drive the ADVFC32, but for negative V/F 
conversion the 0.2SmA integration current is drawn from ground 
through Rl and R3. 

Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in the previous 
section. For best operating results use component equations 
listed in that section. 
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FIV CONVERSION 
Although the mathematics of FIV conversion can be very complex, 
the basic principle is easy to understand. Figure 4 shows the 
connection diagram for FIV conversion with TTL input logic 
levels. Each time the input signal crosses the comparator threshold 
going negative, the one shot is activated and switches lmA into 
the integrator input for a measured time period (determined by 
Cl). As the frequency increases, the amount of charge injected 
into the integration capacitor increases proportionately. The 
voltage across the integration capacitor is stabilized when the 
leakage current through Rl and R3 equals the average current 
being switched into the integrator. The net result of these two 
effects is an average output voltage which is proportional to the 
input frequency. Optimum performance can be obtained by 
selecting components using the same guidelines and equations 
listed in the V fF conversion section. 

GAIN ADJUST 

•• sv 

-.w ..... 

-, 
Figure 4. Connection Diagram for FN Conversion, TTL 
Input 

DECOUPLING 

'w 

.5V 

Decoupling power supplies at the device is good practice in any 
system, but absolutely imperative in high resolution applications. 
For the ADVFC32, it is important to remember where the 
voltage transients and ground currents flow. For example, the 
current drawn through the output pulldown transistor originates 
from the logic supply, and is directed to ground through pin 11 
(pin 8 of TO-l 00). Therefore, the logic supply should be decoupled 
near the ADVFC32 to provide a low impedance return path for 
switching transients. Also, if there is a separate digital ground it 
should be connected to the analog ground at the ADVFC32. 
This will prevent ground offsets that could be created by directing 
the full 8mA output current into the analog ground, and sub
sequently back to the logic supply. 

Although some circuits may operate satisfactorily with the power 
supplies decoupled at only one location on each board, this 
practice is not recommended for the ADVFC32. For best results, 
each supply should be decoupled with O.II'oF capacitor at the 
ADVFC32.In addition, a larger board level decoupling capacitor 
of II'oF to 1OI'oF should be located relatively close to the ADVFC32 
on each power supply. 

COMPONENT TEMPERATURE COEFFICIENTS 
The drift specifications of the ADVFC32 do not include tem
perature effects of any of the supporting resistors or capacitors. 
The drift of the input resistors R I and R3 and the timing capacitor 
C 1 directly affect the overall temperature stability. In the appli
cation of Figure 2, a 10ppm?C input resistor used with a 
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100ppml"C capacitor may result in a maximum overall circuit 
gain drift of: 

lOOppmrc (ADVFC32BH) + lOOppml"C (CI) 
+ 10ppmrc (R1N) = 21Oppml"C 

Although RIN and C I have the most pronounced effect on tem
perature stability, the offset circuit of resistors R4 and R5 may 
also have a slight effect on the offset temperature drift of the 
circuit. The offset will change with variations in" the resistance 
of R4 and supply voltage changes. In most applications the 
offset adjustment is very small, and the offset drift attributable 
to this circuit will be negligible. In the bipolar mode, however, 
both the positive reference and the resistor used to offset the 
signal range will have a pronounced effect on offset drift. A 
high quality reference and resistor should be used to minimize 
offset drift errors. 

Other circuit components do not directly influence temperature 
performance as long as their actual values are not so different 
from nominal value as to preclude operation. This includes 
integration capacitor C2. A change in the capacitance value of 
C2 results in a different rate of voltage change across C2, but 
this is compensated by an equal effect when C2 is discharged by 
the switched ImA current source so that no net effect occurs. 

The temperature effects of the components described above are 
the same when the ADVFC32 is configured for negative or 
bipolar input ranges, or FN conversion. 

OTHER CIRCUIT CONSIDERATIONS 
The input aIPplifier connected to pins I, 13, and 14 is not a 
standard operational amplifier. Although it operates like an op 
amp in most applications, two key differences should be noted. 
First, the bias current of the positive input is typically 40nA 

AD7590 

+V.E.Ooo4HI---V 

-V.E.Oo--t---O' 

Application Hints-ADYFC32 
while the bias current of the inverting input is ± 8nA. Therefore, 
any attempt to cancel input offset voltage due to bias currents 
by matching input resistors will create worse offsets. Second, 
the output of this amplifier will sink only lmA, even though it 
will source as much as lOrnA. When used in the FN mode, the 
amplifier must be buffered if large sink currents are required. 

MICROPROCESSOR OPERATED AID CONVERTER 
With the addition of a few external components the ADVFC32 
can be used as a ± 10V AID microprocessor front end. Although 
the nonlinearity of the ADVFC32 is only 0.05% maximum 
(0.01% typ), the resolution is much higher, allowing it to be 
used in 16-bit measurement and control systems where a monotonic 
transfer function is essential. The resolution of the circuit shown 
in Figure 5 is dependent on the amount of time allowed to 
count the ADVFC32 frequency output. Using a full scale frequency 
of 100kHz, an 8-bit conversion can be made in about 10ms, and 
a 2 second time period allows a 16-bit measurement, including 
offset and gain calibration cycles. 

As shown in Figure 5, the input signal is selected via the AD7590 
input multiplexer. Positive and negative references as well as a 
ground input are provided to calibrate the AID. This is very 
important in systems subject to moderate or extreme temperature 
changes since the gain temperature coefficient of the ADVFC32 
is as high as ± 150ppml"C. By using the calibration cycles, the 
AID conversion will be as accurate as the references provided. 
The AD542 following the input multiplexer provides a high 
impedance input (1012 ohms) and buffers the switch resistance 
from the relatively low impedance ADVFC32 input. 

If higher linearity is required, the ADVFC32 can be operated at 
10kHz, but this will require a proportionately longer conversion 
time. Conversely, the conversion time can be decreased at the 
expense of nonlinearity by increasing the maximum frequency 
to as high as 500kHz. 

1000pF 

trn_--4-<1 + 15V 

INPUTOoI_I--_1Y'" 0----+--1 -15V oo-_----r. 
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A1 A2 A3 A4 WR +VLOGIC 
t 

TO MICROPROCESSOR 

TO COUNT INPUT OF JLP ..... ~ ..... --------( 

Figure 5. High Resolution, Self-Calibrating, Microprocessor 
Operated AID Converter 
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ADVFC32 
HIGH NOISE IMMUNITY, HIGH CMRR ANALOG DATA 
LINK 
In many applications, a signal must be sensed at a remote site 
and sent through a very noisy environment to a central location 
for further processing. In these cases, even a shielded cable may 
not protect the signal from noise pickup. The circuit of Figure 
6 provides a solution in these cases. Due to the optocoupler and 
voltage-to-frequency conversion, this data link is extremely 
insensitive to noise and common mode v'oltage interference. For 
even more protection, an optical fiber link substituted for the 
HCPL2630 will provide common mode rejection of more than 
several hundred kilovolts and virtually total immunity to electrical 
noise. For most applications, however, the frequency modulated 
signal has sufficient noise immunity without using an optical 
fiber link, and the optocoupler provides common mode isolation 
up to 3000V dc. 

The data link input voltage is changed in a frequency modulated 
signal by the first ADVFC32. A 42.2kO input resistor and a 
lOOkH offset resistor set the scaling so that a OV input signal 
corresponds to 50kHz, and a lOY input results in the maximum 
out.put frequency of 500kHz. A high frequency optocoupler is 
then used to transmit the signal across any common mode voltage 
potentials to the receiving ADVFC32. The optocoupler is not 
necessary in systems where common mode noise is either very 
small or a constant low level dc voltage. In systems where common 
mode voltage may present a problem, the connection between 
the two l!JCations should be through the optocoupler; no power 
or ground connections need to be made. 

The output of the optocoupler drives an ADVFC32 hooked up 
in the FN configuration. Since the reconstructed signal at pin 
10 has a considerable amount of carrier feedthrough, it is desirable 
to filter out any frequencies in the carrier range of 50kHz to 
500kHz. The frequency response of the FN converter is only 
3kHz due to the pole made by the integrator, so a second 3kHz 

+15V 

AD580 
(2.5VI 

V'No-_.,.,. ..... { 
0-10V 

+15V 

AD580 
(2.5VI 

filter will not significantly limit the bandwidth. With the simple 
one pole filter shown in Figure 6, the input to 'output 3dB point 
is approximately 2kHz, and the output noise is less than 15mV. 
If a lower output impedance drive is needed, a two pole active 
filter is recommended as an output stage. 

Although the F N conversion technique used in this circuit is 
quite sinlple, it is also very limited in terms of its frequency 
response and output ripple. The frequency response is linlited 
by the integrator time constant and while it is possible to decrease 
that time constant, either signal range or output ripple must be 
sacrificed. The performance of the circuit of Figure 6 is shown 
in the photograph below. The top trace is the input signal, the 
middle trace is the frequency-modulated signal at the optocoupler's 
output, and the bottom trace is the recovered signal at the output 
of the FN converter. 

5V 5V 200)JS 

+15V 

12kO 

Figure 6. High Noise Immunity Data Link 
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I 
16-Bit 

Accuracy 

AD386 (4.1 j..ls) 
AD1154 (5.0 j..ls) 

I 
14-Bit 

Accuracy 

AD389 (2.5 j..ls) 

I 
I 

12-Bit 
Accuracy 

AD9100 (23 ns) 
AD783 (250 ns) 
AD682 (Dual/700 ns) 
AD781 (700 ns) 
AD684 (Quadll.O j..ls) 
AD346 (2.0 j..ls) 
AD585 (3.0 j..ls) 
SMP-10 (3.5 j..ls) 
SMP-l1 (3.5 j..ls) 
AD583 (5.0 j..ls) 
SMP-04 (Quad/7.0 j..ls) 

I 
10-Bit 

Accuracy 
-

SMP-18 (OctallMux Inputl3.5 j..ls) 
SMP-81 (3.5 j..ls) 
AD582 (6.0 ns) 
SMP-08 (Octal/Mux Inputl7.0 j..ls) 

*Times noted are acquisition times to rated accuracy 
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Selection Guide 
SamplelTrack-Hold Amplifiers 

Acquisition Aperture Aperture Droop 
Specified Time Time Jitter Rate 
Accuracy IlS ns ns IlV/IlS Package Temp 

Model % max typ typ max Options· Range2 Page Comments 

AD1154 0.00076 5.0 80 0.15 0.1 13 C, I C II 4-69 Low Cost 16-Bit Accurate, High Speed Amplifier 
AD386 0.00076 4.1 12 0.04 0.1 1 C,M C II 4-11 High Resolution, High Speed Track-and-Hold Amplifier 
AD389 0.003 2.5 30 0.4 0.1 1 C, I C II 4-25 High Resolution Track-and-Hold Amplifier 

*AD9100 0.01 0.023 0.8 <0.001 6000 1,14 C,I,M C II 4-75 Ultrahigh Speed Monolithic TIH, Low Distortion 
*AD783 0.01 0.25 15 0.01 1 2,3 C, I,M C II 4-65 Complete 250 ns Sample-and-Hold Amplifier 
*AD781 0.01 0.7 25 0.05 2,3 C,I,M C II 4-57 Complete 700 ns Sample-and-Hold Amplifier 
*AD682 0.01 0.7 25 0.05 2,3 C,I,M C II 4-41 Two-Channel 700 ns Sample-and-Hold Amplifier 

AD684 0.01 1.0 20 0.1 1 3 C,I,M C II 4-49 Quad, Monolithic 1 Ils SHA 
AD346 0.01 2.0 60 0.4 0.5 I C,M C II 4-7 High Speed Sample-and-Hold, Industry Standard 
AD585 0.01 3.0 35 0.5 1 3,4,5 C,I,M C II 4-35 High Speed, Precision, On-Board Hold Cap 
SMP-1O 0.01 3.5 50 1 0.02 3 C,M C II 4-109 Low Droop Rate, High SamplelHold Current Ratio 
SMP-11 0.01 3.5 50 1 0.2 2,3 C,I,M C II 4-109 Low Droop Rate, Fast Hold Mode Settling Time 

*SMP-18 0.01 3.5 0.04 2,3,6 I C II 4-119 Fast SMP-08 
ADS83 0.01 5.0 SO 5 I C C II 4-33 5 flS SHA 
SMP-04 0.01 7.0 0.025 2,3,6 I,M C II 4-87 CMOS, Quad Sample-and-Hold Amplifier 
SMP-81 0.045 3.5 SO I 2.0 3 I C II 12--4 High Accuracy, Fast Acquisition for PCM Encodes 
ADS82 0.1 6.0 200 IS I, 8 C,M C II 4-29 Low Cost, IS flS 

SMP-08 0.1 7.0 0.02 2,3,6 I,M C II 4-101 Octal, Sample-and-Hold with Multiplexed Input 

lPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramicl 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92. 

2Temperature Ranges: C = Commercial, 0 to + 7OOC; I = Industrial, -40°C to + 85°C (Some older products - 2SoC to + 8S0C); M = Military, - 55°C to + 12SoC. 
Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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Orientation 
Sample-and-Hold Amplifiers 
A sample-and-hold amplifier (SHA) is a device that samples an 
analog input signal then holds the instantaneous value upon the 
command of a logic control signal. This device is basically an 
analog memory where a capacitor serves as the storage element. 
The most prevalent application is in data acquisition in which 
the SHA is used to capture the last instantaneous sampled ana
log input voltage prior to a conversion and hold this sample with 
minimal degmdation during the conversion process. In signal 
processing applications using AID converters with a subranging 
or successive approximation architecture, a SHA is used with 
the AID converter to maximize the system's full potential band
width. Significant improvement in dynamic performance can be 
made by placing a fast SHA with low aperture jitter ahead of 
flash AID converters. Other applications for a SHA include DI A 
deglitchers, simultaneous sampling systems, peak detectors, 
pulse stretchers, delay lines, and data distribution systems. 

Most SHAs and track-and-holds are identical in both function 
and circuit implementation. The only distinction between them 
is in how they are used in the system. A sample-and-hold (SHA) 
implies that the device samples a signal for a short time and re
mains in the hold mode for the remainder of the cycle. Con
versely, a track-and-hold will spend the majority of the time in 
the tmck mode and be switched into the hold mode for brief 
intervals. Some SHAs compromise their TRACK mode perfor
mance in order to improve their HOLD mode performance, 
and are not recommended for tmck-and-hold applications. At 
throughput rates greater than a I MHz, this distinction between 
the two definitions becomes less obvious. 

SUA CIRCUITRY AND HARDWARE 
The four major functional blocks common to all SHAs are 
shown in Figure 1. They are the input amplifier, the energy 
storage device (hold capacitor), the output amplifier, and the 
switching circuits. The input amplifier serves as a buffer to the 
signal source, as well as providing current gain to charge the 
hold capacitor. The hold capacitor usually determines the fre
quency response of the SHA and retains the last sampled volt
age. The output buffer amplifier provides a high impedance to 
the hold capacitor to minimize the output voltage droop rate. 
The switching circuit and its driver form the mechanism by 
which the hold capacitor is alternately switched between the 
sample and the hold mode of operation. The actual analog 
switch may be a FET switch or a diode bridge. 

ANALOG 
INPUT SWIT~H ... . ANALOG OUTPUT 

f A =1 
I 

: ~ 
HOLD 
COMMAND 

Figure 1. Basic Sample-and-Hold Amplifier 
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SHA design topologies fall into two categories: open- or closed
loop circuits. Closed-loop SHAs usually contain a high perfor
mance input amplifier, a switch, and an output buffer amplifier. 
The output buffer can be configured as either a voltage follower 
(Le., ADS83), or as an integrating amplifier (i.e., ADS8S) which 
decreases leakage currents by referencing the analog switch to 
ground. The closed-loop configuration exploits such advantages 
as gain flexibility, higher accuracy and higher linearity due to 
overall loop feedback. A tmdeoff in accuracy versus speed (Le., 
bandwidth, acquisition time, settling time) exists due to overall 
loop dynamics in which the hold capacitor value helps determine 
the frequency response and acquisition time. A derivative of this 
closed-loop topology which is used in the AD680 and AD780 
series contains a unique "self correcting" architecture to improve 
the overall speed and accumcy by nulling out many of the errors 
accumulated in the sample mode. This particular architecture 
compromises the performance in the sample mode to achieve 
high performance in the hold mode. 

Conversely, open-loop circuits exploit the characteristics of high
speed unity gain buffer amplifiers and high speed diode bridges 
to achieve high speed specifications at the expense of overall ac
curacy (due to the lack of ovemliloop feedback). A derivative of 
this topology, used in the AD9100, integrates the high speed 
diode bridge, a major source of distortion, into the buffer ampli
fier. This configuration improves upon the overall distortion 
specifications and provides 100bit performance at ultmhigh 
speeds. Another extension of this topology implemented in the 
SMP-IOand SMP-ll use a super-charger circuit to enhance the 
slew rate. The super-charger circuit supplements the capacitor 
charging current whenever the difference between the input and 
output levels exceeds a given threshold. 

PERFORMANCE 
The performance of a SHA is described by dynamic and static 
specifications pertaining to both the sample and the hold mode 
of operation as well as the transition states between these two 
modes. Figure 2 displays a complete cycle from the sample-to
hold mode and back with the various error sources exaggemted 
for tutorial purposes. These groups which derme the state of 
operation of the SHA can be described by both static and dy
namic specification. Table I provides an outline of the various 
dynamic and static specifications associated with the SHA's. two 
modes and tmnsition states. Since a SHA in the sample mode is 
simply a limited bandwidth amplifier, both the dynamic and 
static specifications listed in this mode are similar to those of 
any amplifier. The error sources in the hold mode are due to 



Table I. Sample-and-Hold Specifications 

Sample Mode Sample-to-Hold Transition 

STATIC STATIC 
Offset Pedestal (Sample-to-Hold Offset) 
Nonlinearity Pedestal Nonlinearity 

DYNAMIC DYNAMIC 
Settling Time Switch Aperture Time 
Bandwidth Effective Aperture Delay Time 
Harmonic Distortion Aperture Jitter 
Slew Rate Switch Delay Time 

Switching Transient 

imperfections in the switch, the output amplifier, and the hold 
capacitor. Some SHAs specify ac distortion specifications in the 
hold mode, which provide a simple means of characterizing a 
particular SHA's performance in a sampled data system. 

The specifications of the sample-and-hold transition are particu
larly relevant in understanding the sources of nonlinearity and 
thus distortion, as well as in determining the precise time to 
strobe the device with respect to the input signal. The key spec
ification in the hold-to-sample transition is the acquisition time 
to a specified percent since this affects the overall achievable 
throughput rate of a particular sampled data system. Another 
important specification is the total output noise, which is the 
rms sum of the output noise of the output amplifier in the hold 
mode and the dc sampled uncertainty due to aperture jitter. 
This error source will lower the SIN of the system and thus de
grade overall system accuracy. The following definitions of spec
ifications represent a culmination and combination of the various 
error sources discussed. 

HOLDISAMPLE DELAY 

HOLD 

--.J 
SAMPLE ! 

LOGIC INPUT SAMPLE 

Figure 2. Complete SHA Cycle 

DEFINITIONS 
Acquisition Time (tAQ) 
The minimum time for the output voltage to begin tracking the 
input voltage, to within a specified error band, after the begin
ning of the sample command. Included are switch-delay time, 
the slewing interval and settling time for a specified output
voltage change. 

Hold Mode Sample-to-Track Transition 

STATIC 
Droop 
Dielectric Absorption 

DYNAMIC DYNAMIC 
Feedthrough Acquisition Time 
Distortion + Noise Switching Transient 

Aperture (Delay) Time (tAP) 
The time required after the hold command for the switch to 
open fully. The sample is in effect delayed by this interval and 
the hold command would have to be advanced by this amount 
for precise timing. 

Aperture Jitter or Aperture Uncertainty 
The maximum amount of deviation in aperture time from sam
ple to sample, due to noise modulating the phase of the hold 
command. This deviation manifests itself as an aperture error 
which is proportional to the slew rate of the sampled analog in
put signal. 

Charge Transfer or Offset Step (QT) 
The charge transferred to the storage capacitor via stray capaci
tance when switching to the hold mode. The associated voltage 
error (Q-rlC) which contributes to pedestal may be reduced by 
using greater capacitance for storage, but this increases response 
time. 

Droop Rate (dV cH/dt) 
The change of the output voltage during the hold mode as a re
sult of leakage or bias currents flowing through the storage ca
pacitor. Its polarity depends on the sources of leakage current or 
droop current (lDR) within a given device and its magnitude is 
equal to IDR/CM' 

Feedthrough (FA) 
The fraction of the input signal variation or ac input waveform 
that appears at the output in the hold mode. It is caused by 
stray capacitive coupling from the input to the storage capacitor, 
principally across the open switch. 

Full Power Bandwidth (Fp) 
The maximum frequency at which rated output voltage Ep can 
be supplied without significant distortion. 

Gain Error 
The voltage difference between input and output voltages mea
sured over a specified voltage range, assuming the ideal gain is 
unity. 

Hold Capacitor Charging Current (ICH) 

The current which charges, or discharges the hold capacitor CH 

while the circuit is in the sample mode. 
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Hold Mode Distortion 
Signal-to-Noise Ratio Plus Distortion (SIN + D), Total Harmonic 
Distortion (THD), Intermodulation Distortion (IMD), and Spu
rious Free Dynamic Range (SFDR) are all specifications that 
measure a SHA's performance in the hold mode and its effect 
on system accuracy. 

Hold Mode or Sample-to-Hold Settling Time (tHM) 

The time for all output transients to settle within, a specified 
error band. Measured from the inception of the hold command. 

Hold Step (V HS) 

Magnitude of step caused in the output voltage by switching the 
circuit from the sample mode to hold mode. 

Input Bias Current (In) 
Input terminal current with input voltage held at zero volts. 

Input Resistance or Impedance (R'N) 
AC impedance measured as a ratio of input voltage V IN to input 
current. 

Leakage (Droop) Current (IDR) 
The current which flows out of the hold capacitor CH while the 
circuit is operating in the hold mode. In general, droop current 
is defmed positive when its direction is into the CH pin. 

Linearity Error 
The maximum deviation from an ideal straight line drawn be
tween the output voltage when V,N = maximum analog voltage, 
expressed as a percentage of the maximum analog voltage. 

Output Resistance (Ra) 
An ac change in output voltage as a result of an ac change in 
load current. 

Sample Hold Current Ratio (ICHIIDR) 
The ratio of the peak charging current available to the droop 
current. 
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Sample-to-Hold Offset or Pedestal 
A shift in level between the last value in the sample mode and 
the value to which the output settles in the hold output mode, 
is the residual step error after the charge transfer is accounted 
for and/or cancelled. Since. it is unpredictable in magnitude 
and may be a function of the signal, it is also known as offset 
nonlinearity. 

Signal Transfer Nonlinearity 
The total input to output hold mode error caused by gain non
linearity, feedthrough, thermal transient, charge transfer and 
droop rate. These error terms cannot be corrected by offset and 
gain adjustments. 

Slew Rate (SR) 
The maximum possible rate of change of the output voltage 
when supplying the rated output. For a SHA, slew rate must be 
defmed with a specified value of holding capacitor CH. 

Total Error 
The algebraic sum of the following factors: 

i. Zero-Scale Error 
ii. Gain Error 
iii. Hold Step Change versus dV(s/H/dt 
iv. Hold Step Change vers.us V,N 

Voltage Gain (Av) 
The ratio of the output voltage to the input voltage with the cir
cuit operating in the sample mode. 

Zero-Scale Error (V zs) 
The magnitude of the output voltage when the circuit is 
switched from sample mode to hold mode while holding the in
put at zero volts. Zero-Scale Error V zs is the algebraic sum of 
the offset voltage and the charge transfer hold step voltage. V zs 
can be adjusted to zero. 
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FEATURES 
Fast 2.0/1s Acquisition Time to ±0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 
Extended Temperature Range: -55·C to + 125·C 
Internal Hold Capacitor 
MIL-STD-8838 Processing Available 

PRODUCT DESCRIPTION 
The AD346 is a high speed (2J.Ls to 0.01%), adjustment free 
sample-and-hold amplifier designed for high throughput rate 
data acquisition applications. The fast acquisition time (2J.Ls to 
0.01%) and low aperture jitter (400ps) make it suitable for use 
with fast AID converters to digitize signals up to 97kHz. 

The AD346 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 

Typical applications for the AD346 include sampled data systems, 
D/A deglitchers, peak hold functions, strobed measurement 
systems and simultaneous sampling converter systems. 

The device is available in two versions: the "J" specified for 
operation over the 0 to + 70·C commercial temperature range 
and the "S" specified over the extended temperature range, 
- 55°C to + 125°C. 

Model 

AD346JD 
AD346SD 
AD346SD/883B 

ORDERING GUIDE 

Temperature 
Range 

Oto + 70°C 
- 55°C to + 125°C 
- 55°C to + 125°C 

Package 
Option· 

DH-14A 
DH-14A 
DH-14A 

*DH·14A = Ceramic DIP. For outline information see Package 
Outline section. 

REV. A 

High Speed 
Sample-and-Hold Amplifier 

AD346 I 
FUNCTIONAL BLOCK DIAGRAM 

SUMMINGPT 

PRODUCT HIGHLIGHTS 

ANALOG 
OUTPUT 

ANALOG 
GND 

1. The AD346 is an improved second source for other sample 
and holds of the same pin configuration. 

2. The AD346 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switching 
transients. 

3. The droop rate is only O.SmV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 

PIN CONFIGURATION 

DIGITAL INPUT -15V 

ANALOG INPUT 

SUMMING PT 

+15V 

Nrc 
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AD346 --SPECIFICATIONS (typical @ +25°C, Vs = :l:15V unless otherwise noted) 

Model 

ANALOG INPUT 
Voltage Range 
Input Impedance 

DIGITAL INPUT 
"0" Input Threshold Voltage (Hold) 
"I" Input Current 
"0" Input Cl1frent 
"I" Input Current 

TRANSFER CHARACTERISTICS 
Gain 
Gain Error 
Gain Error, T min - T max 
Offset Voltage 
Offset Voltage, Tmin - Tmax 
Pedestal 
Pedestal, Tmin - Tmax 
Droop Rate 
Droop Rate, T min - T max 

DYNAMIC CHARACTERISTICS 
Full Power Bandwidth 

VOUT= + 10V, -3dB 
Output Slew Rate 
Acquisition Time 

To ± 0.01% 10V Step 
To ±0.01%20VStep 

Aperture Delay 
Aperture Jitter 
Settling Time 

Sample Mode (IOV Step) 
Sample to Hold 

Feedthrough (Hold Mode) 
at 1kHz 

Transient Peak Amplitude 
Sample/Hold/Sample 

ANALOG OUTPUT 
Output Voltage Swing! 
Output Current 

POWER REQUIREMENTS 
Operating Voltage Range 
Supply Current 

+V 
-V 

Power Supply Rejection Ratio 
Power Consumption 

NOTES 
'Maximum output swing is 4V less than + Vs. 
*Specifications ssme as AD346JD. 
Specifications subject to change without notice. 
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AD346JD AD346SD 

±1O.0 * 
3.0 * 

+O.Smax * 
2.0min * 
- 360JLA (max) * 
2OILA(max) * 

-1.0 ' * 
±0.02max(±0.01 typ) * 
±0.05 max(±0.03 typ) * 
±3max(±ltyp) * 
±20max(±6typ) * 
±4max(±2typ) * 
±20max(±Styp) ±20max(± 10typ) 

0.5max(O.1 typ) * 
60max (20 typ) 650 max (200 typ) 

1.4 * 
50 * 
2.0max(1.0typ) * 
2.5max(1.6typ) * 
60 max (30 typ) * 
0.4 * 
2.0 max (1.0 typ) * 
500 * 
0.02 max (0.005 typ) * 

40 * 

±IO.Omin * 
3.0 * 

± 12to ± IS * 
18 max (9 typ) * 
-IOmax( -3typ) * 
100 * 
500 max (200 typ) * 

Units 

Volts 
kG 

Volts 
Volts 
ILA 
ILA 

VN 
%FSR 
%FSR 
mV 
mV 
mV 
mV 
mV/ms 
mV/ms 

MHz 
VllLs 

ILS 
ILS 
ns 
ns 

ILS 
ns 

%FSR 

mV 

Volts 
mA 

Volts 

mA 
mA 
ILVN 
mW 

REV. A 
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Figure 1. Acquisition Time vs. Output Voltage 
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Figure 2. Acquisition Time vs. Temperature 

GROUNDING 

+125 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pins of the AD346. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

REV. A 

AD346 
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Figure 3. SIH Offset Orift (Typical) 
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Figue 4. Droop vs. Temperature (±5 Volts) 
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Figure 5. Basic Grounding Practice 
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AD346 
SAMPLED DATA SYSTEMS 
The fast acquisition time of the AD346 when used with a high 
speed AID converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acqusition 
systems. The AD346 can be used with a number of different 
ND converters to achieve high throughput rates. Figures 6, 7 
and 8 show the use of an AD346 with the ADS78, ADS240 and 
ADADC8S. 

:~~:;:==+=:::;:=====;::::f=+15V -16V 

ANALOG 
INPUT 

OTO 10V 

CONVERT 
START 

13 

Figure 6. 153kHz-12-Bit, AID Conversion System 

:=1~:;:==+=:;=====;:4=H5Y -16V 

ANALOG 
INPUT 

OTO 10Y 

CONVERT 
START 

13 

Figure 7. 142.8kHz-12-Bit, AID Conversion System 
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ANALOG 
INPUT 

OT01OV 

CONVERT 
START 

13 

20 21 

Figure 8. 83.3kHz-12-Bit, AID Conversion System 

CONVERT~ n L ____ _ 

START I---TCONV~ 

STATUS ___ ..... 

STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 

Figure 9. Start/Status Timing for Sampled Data System 

CLEANLINESS, LEAKAGE AND DROOP 
Sample-and-hold amplifiers usually have one or more internal 
nodes which operate with extremely high impedances in the 
hold mode. Parasitic leakage at these nodes can degrade the 
part's droop rate, and ac signals coupled in through parasitic 
capacitance can introduce noise onto the held output. One such 
de leakage path can be produced by the residnal oils left on the 
package after it has been handled with bare fingers. Most normal 
board cleaning and flux removal procedures will remove these 
contaminants. For best results fmger cots should be used when 
handling the AD346. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Companion to True 16-Bit AID Converters 
16-Bit Linear (-40°C to +85°C) 
14-Bit Linear (-55°C to +125°C) 
Fast Acquisition Time: 3.6 j1S to 0.00076% 
Low Droop Rate: 20 j1V/ms 
Differential Amplifier for Ground Sense 
Low Aperture Jitter: 40 ps 

APPLICATIONS 
Medical and Analytical Instrumentation 
Signal Processing 
Multichannel Data Acquisition Systems 
Automatic Test Equipment 
Guidance and Control 
Sonar 

PRODUCT DESCRIPTION 
The AD386 is a high accuracy, adjustment free track-and
hold amplifier designed for high resolution data acquisition 
applications. The fast acquisition time (3.6 IlS to 7S 11 V) and 
low aperture jitter (40 ps) make it ideal for use with fast AID 
converters. 

The AD386 is complete with an internal hole! capacitor, and it 
incorporates a compensation network which minimizes the 
track-to-hold charge offset and dielectric absorption. The 
AD386 also includes an internal differential amplifier for very 
high accuracy applications. 

REV. A 

NC= NO CONNECT 
±15 Vb - DIFF AMP ONLY 
::t1S Va - SHA ONLY 

AD386 Pin Configuration 

GND 

+DIFF IN 

-DIFF IN 

DIFF OUT 

SHAIN 

GND 

GND 

NC 

Ne 

NC 

NC 

NC 

TlH 
IN 

True 16-Bit 
Track-and-Hold Amplifier 

AD386 I 
FUNCTIONAL BLOCK DIAGRAM 

TJH 

DIFF 
AMP 
OUT 

TlH • OUT 

-15Va 

Typical applications for the AD386 include sampled data sys
tem, peak hold function, strobe measurement system and simul
taneous sampling converter systems. When used with autozero 
and autocalibration techniques, this T/H combined with a high 
linearity AID will offer true 16-bit performance (0.00076% 
linearity) over the industrial temperature range, and l4-bit per
formance (0.003% linearity) over the military temperature range. 

ORDERING GUIDE 

Max Linearity Temperature Package 
Model Error Range Option* 

AD386BD 0.00076% FSR -4O"C to +85°C DH-24B 
AD386TD 0.003% FSR - 55°C to + 125°C DH-24B 
AD386TD/883B 0.003% FSR -55"C to + 125"C DH-24B 

*DH-24B = Ceramic DIP. For outline information see Package Information 
section. 
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AU386 ~ SPECIFICATIONS (@ +25°C unless otherwise noted, Vs = ±15 V ± 10%) 

AD386BD AD386TD 
Model Conditions Min Typ Max Min Typ Max Units 

DIFFERENTIAl,. AMPLIFIER 
INPUT CHARACTERISTICS 

Input Range ±IO ±IO V 
Common-Mode Range ±IO ±IO V 
Input Resistance' 

Signal 5 5 ill 
Ground Sense 10 10 kO 

Offset' 0.6 2.0 0.6 2.0 mV 
Offset Drift Tmin to Tmax 10 30 10 30 fLVI"C 
CMRR VCM = ±IO 80 90 80 90 dB 
PSRR3 76 85 76 85 dB 

TRANSFER CHARACTERISTICS 
Gain -I -I VN 
Gain Error 0.02 0.02 % 
Gain Error Drift Tmio to Tmax I 5 I 5 ppmf'C 
Gain Linearity 0.0002 0.00076 0.0002 0.00076 % 
Gain Linearity Drift Tmin to Tmax 0.01 0.05 0.01 0.05 ppml"C 
Noise (ENBW = 1.8 MHz) 32 45 32 45 fLVrms 

DYNAMIC CHARACTERISTICS 
SmaIl Signal Bandwidth 6 6 MHz 
Slew Rate 65 65 VlfLS 
Settling Time' 

10 V Step to 112 LSBI6 2.0 3.0 fLs 
10 V Step to 112 LSBI4 0.8 1.5 0.8 1.5 fLS 
20 V Step to 112 LSBI6 2.0 3.0 fLs 
20 V Step to 112 LSBI6 Tmin to T .... 2.0 3.0 fLS 
20 V Step to 112 LSBI4 0.8 1.5 0.8 1.5 fLS 
20 V Step to 112 LSBI4 Tmin to Tmax 0.8 1.5 0.8 1.5 fLs 

OUTPUT 
Voltsge RLOAD>3.5 kO, 

Tmio to Tmax ±IO ±IO V 
Current Short Circuit 15 15 mA 

POWER SUPPLY 
Rated Performance ±15 ±15 V 
Operating Range ±S ±18 ±S ±18 V 
Quiescent Current 4.2 5.0 4.2 5.0 rnA 

TRACK·AND·HOLD 
INPUT CHARACTERISTICS 

Input Range ±IO ±IO V 
Input Resistance' 5 5 ill 
Offset2 0.6 2.0 0.6 2.0 mV 
Offset Drift Tmin toT .... 10 30 10 30 fLVI"C 

TRANSFER CHARACTERISTICS 
Gain -I -I VN 
Gain Error 0.02 0.02 % 
Gain Error Drift TmintoTmax I 5 I 5 ppmf'C 
Gain Linearity 0.0002 0.00076 0.0002 0.00076 % 
Gain Linearity Drift Tmin to T""", 0.01 0.05 0.01 0.05 ppmf'C 
PSRR3 76 85 76 85 dB 

DYNAMIC CHARACTERISTICS 
SmaIl Signal Bandwidth 2 2 MHz 
Slew Rate 15 15 VlfLS 

TRACK·TO-HOLD SWITCHING 
Pedestal + Offset 0.5 1.5 0.5 1.5 mV 
Pedestal + Offset Tmin to Tmax 5.0 7.5 mV 
Pedestal Linearity Tmin to Tmax 0.0004 0.00076 0.0004 0.003 % 
Aperture Delay 12 12 ns 
Aperture Jitter 40 40 ps 
Transient Settling' 

to 112 LSBI6 TOlin to Tmax 600 800 ns 
to 112 LSBI4 Tmin to Tmax 400 500 400 500 ns 
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Model 

HOLD MODE 
Droop Rate 
Droop Rate 
Feedthrough' 
Noise (ENBW = 1.7 MHz) 
PSRR' 
Dielectric Absorption" 

HOLD-TO-TRACK DYNAMICS 
Acquisition Time4 

10 V Step to 1/2 LSBI6 
10 V Step to 1/2 LSBI4 
20 V Step to 1/2 LSBI6 
20 V Step to 1/2 LSBI6 
20 V Step to 1/2 LSBI4 
20 V Step to 1/2 LSBI4 

DIGITAL INPUTS 
VIH 

V,L 
IlH 
I'L 

OUTPUT 
Voltage 

Current 

POWER SUPPLY 
Rated Performance 
Opersting Range 
Quiescent Current 

Positive Supply 
Negative Supply 

SYSTEM ---
Gain Linearity 
Acquisition Time4• 7 

20 V Step to 1/2 LSBI6 
20 V Step to 1/2 LSBI6 
20 V Step to 1/2 LSB 14 
20 V Step to 1/2 LSBI4 

Power Dissipation 

TEMPERATURE RANGE 
Operating 
Storage 

NOTES 
ITypica1 resistance tolerance is ±2S%. 
'Mter 5 minute warmup at + 25'C. 

AD386BD 
Conditions Min Typ 

20 

T""" 0.2 
-99 
32 

60 66 
7 

3.6 
3.1 
3.6 

Tmin to Tmax 4.0 
3.1 

Tmin to Tmax 3.5 

Tmin to Tmax 3.5 
Tmin toT""" 
Tmin to Tmax -10 
T min to T max -10 

RLOAD>3.5 kO, 
Tmin to Tmax ±1O 
Short Circuit 15 

±15 
±S 

8.0 
-6.0 -5.4 

Tmio to Tow< 0.0003 

4.1 
Tmin toT .... 4.5 

3.2 
Tmin to Tmax 3.6 

312 

-40 
-60 

AD386 
AD386TD 

Max Min Typ Max Units 

100 20 100 mV/s 
1.0 3.6 IS Vis 
-94 -99 -94 dB 
50 32 50 fJ.Vrms 

60 66 dB 
10 7 10 ppm 

4.1 fJ.s 
3.6 3.1 3.6 fJ.s 
4.1 fJ.s 
4.5 fJ.S 
3.6 3.1 3.6 fJ.s 
4.0 4.0 4.5 fJ.S 

3.5 V 
0.9 0.9 V 
+10 -10 +10 fJ.A 
+10 -10 +10 fJ.A 

±1O V 
15 rnA 

±15 V 
±IS ±S ±IS V 

12.0 8.0 U.O rnA 
-6.0 -5.4 rnA 

0.0012 0.0003 0.0012 % 

5.1 fJ.S 
5.4 fJ.s 
3.9 3.2 3.9 fJ.s 
4.3 4.1 4.8 fJ.s 
435 312 435 mW 

+85 -55 +125 'C 
+150 -60 +150 'C 

'Test conditions: +Vs = +15 V, -Vs = -16Vto -14Vand+Vs = +14Vto +16 V, -Vs = -I5V. 
4RLOAD = 5 kn, CwAD = 10 pF, settling measured to 112 LSB at output. 
'Measured at I kHz. 
"Dielectric Absorption represenrs the magnitude of long-term settling artifacrs for hold times up to 80 .... s as a fraction of the difference in 
voltages between two successive held samples. 

'Specifications also apply for 10 V step. 
Specifications subject to change without notice. 
Specifications in bold are 100% production tested. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation ................... 800 mW 
Input Voltage' ............................ ± 18 V 
TIR Input Voltage .................... -O.S V, + 16 V 
Output Short Circuit Duration ............... .Indefmite 
Storage Temperature Range ............ -6SoC to + lSO°C 
Operating Temperature Range 

AD386B ........................ -40°C to +8SoC 
AD386T ....................... -SsoC to + 12SoC 

REV. A 

Lead Temperature Range (Soldering 60 sec) ........ +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 
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A0386-Typical Performance Characteristics 
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Supply Rejection vs. Frequency 
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Figure 4. Differential Amplifier Settling 
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Figure 5. Differential Amplifier Settling Figure 6. TIH Power Supply Rejection vs. 
Time vs. Temperature Frequency, Track Mode 
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vs. Frequency, Hold Mode 
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Figure 11. Droop Rate 
vs. Temperature 

Figure 12. (Pedestal+Offset) 
vs. Temperature 
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Figure 13. TIH Characteristic Features 

TERMINOLOGY 
Aperture Delay: the time required by the internal switch(es) to 
disconnect the hold capacitor from the input, which produces an 
effective delay in the sample timing. 

Aperture Jitter: the uncertainty in Aperture Delay caused by 
internal noise and the variation of switching thresholds with sig
nal level. The error caused by aperture jitter depends on the 
rate of change of the input and as such determines the maxi
mum input frequency which can be sampled without error. 

Pedestal: a step change in the output voltage which occurs when 
switching from track mode to hold mode. 

Hold Mode Settling Time: the time required for the pedestal to 
reach its final value to within a specified fraction of full scale. 

Droop: the change in the held output voltage resulting from 
leakage currents. 

REV. A 

Feedthrough: the fraction of input signal variation which appears 
at the output in hold mode as a result of capacitive coupling. 

Dielectric Absorption: the tendency of charges within a capacitor 
to redistribute themselves over time, resulting in "creep" in the 
voltage of an open circuit capacitor after a large rapid change. 

Acquisition Time: the time required after entering track mode for 
the voltage on the hold capacitor to settle to within.a specified 
fraction of full scale. This is usually specified for a full-scale 
step change in output voltage. 

Settling Time: the time required in track mode for the output to 
reach its final value within a specified fraction of full scale fol
lowing a step change in the input voltage. 

Nonlinearity: the degree to which a plot of output versus input 
deviates from the straight line defined by the end points. It is 
usually specified as a percentage of full scale. 
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AD386 
THEORY OF OPERATION 
The architecture of the AD386 differs from that usually encoun
tered in inverting Track-and-Hold (TIH) circuits. The hold 
capacitor in a conventional TIH (Figure 14) is always connected 
from the amplifier's output to its inverting input. In track mode 
switch A is open and switch B is closed. Since the summing 
junction is a virtual ground, the voltage across the capacitor fol
lows the input. The switches change state in hold mode which 
disconnects the capacitor from the input and holds the output 
voltage constant. The clamping action of switch A reduces the 
variations across switch B, improving feedthrough performance. 

R 

V ,N ---'lMr-.... -CX:}--4~-I 
R 

A VOUT 

T/H --_----' 

Figure 14. Conventional Inverting Integrator TIH 

This circuit forces several tradeoffs. The hold capacitor's charg
ing current is limited by the input resistor. Either the resistor or 
the capacitor, or both, must be made small to obtain fast acqui
sition times. A small resistor creates greater demands on the cir
cuit which drives the TIH, while a small capacitor leads to 
increased pedestal and droop. In addition, the parallel combina
tion of the feedback resistor and the hold capacitor acts as a low 
pass filter and constrains both bandwidth and acquisition time. 

The AD386 uses a four-switch flyback architecture which re
moves the hold capacitor from the feedback loop during track 
mode (Figure 15). Switches A and C are open in track mode 
while switches Band D are .closed. This maximizes bandwidth 
and provides minimum acquisition time because the charging 

V,N-JW.,....+--.... -----'V'I/I,.-----, 
R 

VOUT 

TlH ---.--a.x 

Figure 15. Four-Switch Inverting Flyback TIH 

4-16 SAMPLEITRACK-HOLD AMPLIFIERS 

current delivered to the hold capacitor is limited only by the 
amplifier's output capability. The hold capacitor can be made 
larger, subject to amplifier stability, since it no longer appears in 
parallel with the feedback resistor. This helps to reduce droop 
and pedestal. Switches A and C close in hold mode while 
switches Band D open, which connects the hold capacitor to 
the amplifier's inverting input. 

Additional switches and capacitors, not shown in the figure, 
provide first order cancellation of amplifier and switch leakage 
currents, switching charge injection, and switch feedthrough. 
Finally, a small amount of positive feedback is used to reduce 
dielectric absorption effects. 

TRACK-AND-HOLD ERROR CONTRIBUTIONS IN 
SAMPLED-DATA SYSTEM 
Any track-and-hold amplifier imposes performance limits on the 
system in which it is used. Some of these limits can be derived 
from the theory of sampled-data systems, some are intrinsic to 
the TIH, and some depend on details of the system design. 
Many subtle effects come into playas system resolution 
increases to 14 or 16 bits, and these can contribute significant 
errors. Understanding TIH error sources is critical to maintain
ing signal integrity in a high resolution data acquisition system. 

FREQUENCY LIMITATIONS 
Three factors set fundamental limits Oil system performance 
when digitizing high frequency signals. These are: TIH ampli
fier bandwidth, aperture uncertainty, and the maximum update 
rate of the TIH and AID combination. The track mode band
width of the TIH must be significantly greater than the band
width of the signals being digitized to prevent the introduction 
of amplitude and phase errors. The l MHz small signal band
width of the AD386 attenuates a 35 kHz signal by 0.001 dB and 
shifts its phase by 1.0 degrees. 

There are two different aperture related error terms. The first is 
aperture delay time, the delay between the HOLD command 
and the complete opening of internal switches in the TIH. This 
time amounts to a negative phase delay applied to the input sig
nal because the TIH output can actually continue to track the 
input for a brief time after the HOLD command. Aperture 
delay time can be "tuned out" by advancing the assertion of 
HOLD. 

Aperture jitter, the random variations in aperture delay time, 
cauSes errors which are directly related to the rate of change of 
the input signal and which cannot be eliminated by circuit 
adjustments. 

A simple calculation provides the frequency at which aperture 
jitter produces an error of III LSB when the input is a full-scale 
sinusoid. The general result for an N-bit AID converter is 

VFS 

F"",x = Vpp X IN+l X 1T X ApertureJitter 

where V PS is the AID converter's input range and V pp is 
the peak-to-peak value of the input sinusoid. The worst case 
(minimum) value of Fmox occurs when Vpp is equal to Vps ' 

If the TIH has an aperture jitter of 100 ps and is used with a 
16-bit linear AID, the maximum input frequency is 24.3 kHz. 
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The same TIH, when used with a 14-bit linear AID, permits 
the processing of signals up to 97.1 kHz before aperture jitter
errors become observable. Figure 16 shows these errors as 
a function of frequency, assuming a full scale input sinusoid, for 
several values of aperture jitter. 

0.1.-----,------,----y_-, 

~ 0.01 ~-----t
~ 

.F--t--:7'-----j'/2 LSB12 

'0 

" , 112 LSB,. 

i 
III 0.001 f--~'---+__-~--~ 

ill '(2 LSBlI, 

0.0001 '-_-L __ "-_....L __ "-_....L_--' 
1 10 100 1000 

APERTURE JIITER - ps rms 

Figure 16. TIH Error vs. Aperture Jitter and Input 
Frequency 

Aperture jitter is often expressed as an rms number. "Peak-to
peak" aperture jitter is usually defined as 6 times this rms value. 
This comes from probability theory, where 99.7% of the mea
surements of a random variable will be within 3 standard devia
tions of the variable's average value. Aperture jitter arises from 
broadband electrical noise, which is very nearly an ideal random 
process with a standard deviation equal to its rms value, so mul
tiplication by 6 gives a good approximation to the noise's peak
to-peak value. 

A second limit on the input frequency is imposed by the finite 
time required for signal acquisition and conversion. It is possible 
to reconstruct any uniformly sampled signal without loss of 
information provided the sampling rate is at least twice the 
bandwidth of the input signal; this is the Nyquist criterion, a 
fundamental result in sampling theory. This limits input 
frequency to 

Fmax = 2 x (tACQ + tCONV + tAP) 

where tACQ is the TIH acquisition time, TCONV is the time re
quired for the AID conversion, and TAP is the aperture delay of 
the T/H. The last term is usually very small and can be ignored. 
A system composed of a 3.6 f1S TIH and a 10 f1S AID can be 
used successfully to digitize signals with frequency components 
up to 36.76 kHz. This limit is independent of input signal 
amplitude. Throughput rates and input frequency ranges for the 
AD386 in combination with various AID converters are shown 
in Table I. 

AID 

ADADC71 
AD 1376178 
AD 1377 

Conversion Time 

50 f1S max 
17 f1S max 
10 f1S max 

Minimum 
Throughput 

18.7 kHz 
48.8 kHz 
73.5 kHz 

Table I. Throughput for AD386 with Various AID 
Converters 
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AD386 
NONLINEARITIES 
Two phenomena directly affect the fidelity of a TIH's transfer 
function and can degrade system linearity. One of these error 
sources is track mode nonlinearity. It arises primarily from gain 
nonlinearity in the TIH's internal amplifier(s). Mismatches in 
the temperature coefficients of internal resistors may also con
tribute, but usually do so only for very low frequency signals. 
The AD386's track mode nonlinearity is about 116 16-bit LSB 
(Figure 17), as is the nonlinearity of the AD386's differential 
amplifier. 

System linearity will also be reduced if the pedestal varies non
linearly with signal level. Pedestal nonlinearity in the AD386 is 
below 8 microvolts per volt of input signal, or about 112 16-bit 
LSB. 

II: 

~ 
II: 
W 

~ 
II: 
;li 
Z 
:::; 
z 
<1 

'" 

INPUT VOLTAGE 

Figure 17. AD386 Track Mode Nonlinearity 

FEEDTHROUGH, DROOP, AND DIELECTRIC 
ABSORPTION 

Errors resulting from signal feedthrough and "roop must be less 
than 112 LSB in order for the system's linearity to be main
tained. The AD386 uses a symmetrical, compensated architec
ture to minimize both these effects. Feedthrough varies slightly 
with input frequency from -100 dB below I kHz to - 86 dB 
above 100 kHz (Figure 10). This provides 16-bit accuracy for 
full-scale inputs up to at least 5 kHz and 14-bit performance to 
beyond 100 kHz. 

The circuit's symmetry causes the droop rate to depend on dif
ferences in leakage currents between identical junctions under 
nearly identical bias conditions. The resulting droop is less than 
112 16-bit LSB (10 V scale) at temperatures up to 85°C and 
112 14-bit LSB (10 V scale) over the full military temperature 
range for hold times up to 100 f1S. 

Capacitors exhibit a memory phenomenon, dielectric absorption 
(DA), in fast charge, long hold applications. This arises from 
nonideal behavior of the dielectric material which allows charge 
storage in the bulk of the dielectric. This bulk charge cannot be 
removed rapidly because of the long time constant associated 
with the dielectric's high resistance. A capacitor with dielectric 
absorption can be modeled as an ideal capacitor in parallel with 
a series R -C circuit as shown in Figure 18. When such a capaci
tor is used as the hold capacitor in a T IH the held voltage will 
tend to creep back towards the voltage held for the previous 
conversion cycle. The degree and time constant of this behavior 
depends on the capacitor's dielectric material, as well as on the 
charge and hold time of the circuit. 
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AD386 
Dielectric absorption will cause a variable "offset" if a TIH is 
used to sample multiple channels with widely varying signals. 
This .causes an apparently. nonlinear pedestal because the differ
ence between the currently measured voltage and the previously 
measured voltage determines the magnitude of the DA error. 
The AD386 uses a high quality hold capacitor with low intrinsic 
DA. Residual DA errors are further reduced by laser trimming· 
a compensation nerwork during the manufacturing process. The 
trimming is performed under typical system timing conditions of 
5 I1S track, 45 I1S hold. The post-trim dielectric absorption error 
is less than 112 16-bit LSB for full-scale changes between sam
ples and hold times between lOllS and 100 I1S. 

Rx CDA = C x D.A. 

Figure 18. Capacitor Model with Dielectric Absorption 

NOISE 
Noise generated in a TIH adds to the held signal and causes 
variations in the output code of an AID. This noise has rwo 
components, one which arises during track mode and another 
contributed during hold mode. The rms sum of these terms 
determines the noise performance of the TIH in the system. 

Track noise is the noise which gets sampled when entering hold 
mode. An inverting TIH architecture such as that used in the 
AD386 has a noise gain of 2. This noise is low pass filtered in 
the R-C nerwork comprised of the hold capacitor and the switch 
on resistance (see Figure 19a). The rms value of the track noise 
is 

<enT> = loP amp noise) x lnoise gain) x IENBW)1/2 

Op amp noise is the rms sum of the amplifier's broadband volt
age noise and the thermal noise contributions of the input and 
feedback resistors, about 17 nVt\!Hz. Other noise sources, 
including amplifier current noise and switch thermal noise, are 
negligible. ENBW, the equivalent noise bandwidth, is 

17 BWI x BW2 
ENBW = 2" x BWI + BW2 

where BWI is the small signal bandwidth of the TIH in track 
mode (2 MHz for the AD386) and BW2 is the corner frequency 
of the RswITcH-CHoLD combination (2.7 MHz). The resulting 
track noise in the AD386 is at most 46 11 V rms. 

Noise gain is reduced to I in hold mode, and input and feed
back resistor thermal noise makes no contribution (Figure 19b). 
The equivalent noise bandwidth now dep~ds on the TIH's 
sma.!1 signal bandwidth and the characteristics of the AID con
verter used in the system. This' is because the signal at the input 
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a. Track Mode 

b. Hold Mode 

Figure 19. Dominant AD386 Noise Sources 

of the comparator in a successive approximation AID converter 
is filtered by the converter's input resistance and the summing 
junction capacitance. ENBW is calculated as before, but now 
BWI is the TIH's small signal bandwidth in hold mode (4 MHz 
for the AD386), and BW2 is the bandwidth of the AID's input 
R-C. BW2 is about 700 kHz in the AD ADC7l and AD1376 
and roughly 1.7 MHz in the AD1377 and AD1378 (assuming a 
10 V span). The respective values of ENBW are 940 kHz and 
1.9 MHz. The hold noise contribution of the AD386 is about 16 
I1V rms when used with the AD ADC7l or AD1376 and 22 I1V 
rmS when used with the AD1377 or AD1378; this noise is 
30% less for a 20 V span and 40% greater for a 5 V span 
because changes in the AID's input resistance cause changes 
in BW2. 

The total noise is the rms sum of these rwo results: 

This yields 49 11 V rms and 51 11 V rms for the two cases. 
Track noise dominates in both instances. 

When the AD386's differential amplifier is used, its noise con
tribution will be band limited and sampled by the T/H. The 
equivalent bandwidth for this noise is also 1.8 MHz and the 
contribution to the track noise is 46 11 V rms. The total track 
noise is the rms sum of 46 11 V and 46 11 V, or 65 11 V rms, and 
the overall noise for the complete AD386 used with any of the 
above AID converters is at most 70 11 V rms. 

REV. A 



The rms value represents one standard deviation if the noise has 
a Gaussian distribution, which is usually the case for wideband 
electrical noise. If a constant noise-free voltage is sampled a 
large number of times, the held result will be within one stan
dard deviation of the ideal value 32% of the time, within two 
standard deviations 95% of the time, and within three standard 
deviations 99.7% of the time. The entries in Table II were cal
culated using three standard deviations as the definition of the 
peak-to-peak noise. 

No. rms Noise pop Noise 
Span Bits LSBs LSBs 

10V 14 0.11 0.66 
20 V 14 0.06 0.36 
10 V 16 0.45 2.7 
20 V 16 0.23 1.4 

Table II. AD386 Noise Contribution as a Function of AID 
Span and Resolution 

POWER SUPPLY REJECTION 
Variations on the power supply lines, both dc and ac, can lead 
to unwanted changes in the voltage acquired by a TIH. Power 
supply variations in track mode cause the output voltage, and 
hence the voltage across the hold capacitor, to vary. PSRR 
decreases with increasing frequency, making well regulated, low 
noise linear power supplies and proper bypassing essential in a 
high resolution data acquisition system. 

Equally important, but usually forgotten or omitted, is hold 
PSRR. This is frequently much worse than track PSRR because 
parasitic capacitances which are not significant in track mode 
couple into the extremely high impedance nodes which exist in a 
T/H during hold mode. This specification is essential to the sys
tem designer, as hold mode PSRR often determines the perfor
mance required from the system's power supplies. The power 
supply rejection of the AD386 is specified and characterized in 
both track and hold modes. 

Pedestal arises from the transfer of charge from the internal 
switching circuitry to the hold capacitor during the transition 
from track mode to hold mode. Pedestal in some T/H circuits is 
extremely sensitive to changes in the high and low levels of the 
external control signal. The AD386 uses an internal +5 V sup
ply and logic buffers to prevent this behavior. 

GROUNDING 
All voltage measurements in a data acquisition system are even
tually referenced to ground. Variations in the "ground" poten
tial through the system resulting from resistive drops of power 
supply and signal return currents as well as from interference 
from external sources may add to the signal being digitized and 
produce false results. The grounding scheme in a high resolu
tion system cannot be left to chance and must be planned as 
carefully as any other aspect of the system's design. Proper 
grounding and the reduction of externally induced ground noise 
are discussed at length in the following Applications section. 
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Applications 
GROUNDING. DECOUPLlNG, AND LAYOUT 
CONSIDERATIONS 
Many data acquisition systems have two or more ground pins 
which are not connected together within the device( s). These 
"grounds" may be referred to as Logic Power Return, Digital 
Return, Analog Ground, Analog Power Return, Signal Ground, 
etc., and they must be connected together somewhere within the 
system to establish a measurement reference point. Good 
grounding practice dictates that these grounds be tied at a single 
point, sometimes called a star or "Mecca" ground. In high reso
lution systems the star point is often located at the AID, with a 
single, short, low impedance trace leading from there to the ana
log supply "common" terminal. The ideal is to use a solid ana
log ground plane beneath the TIH and AID as the star point. 

Because circuit traces have resistance and inductance, currents II 
in the various ground runs can create voltage differences of hun-
dreds of millivolts between '''ground'' in different parts of the 
system. Power supply and signal ground traces should be sepa-
rate to prevent summing power supply return currents with ana-
log signal currents, which would lead to measurement errors. It 
is also important to avoid closed circuit loops in system ground 
connections. A loop can act as a very effective antenna, coupling 
voltages created by stray magnetic fields into the measurement 
system. 

Each of the AD386's power supply terminals should be capaci
tively bypassed to the ground plane as closely as possible to the 
device. This is best done using 0.01 fJ-F to 0.1 fJ-F ceramic 
capacitors. High frequency supply noise rejection may be fur
ther improved by placing small (4.7 n to 10 n ) carbon compo
sition resistors in series with the supply leads. These resistors, 
in combination with the ceramic capacitors, act as local low pass 
filters and prevent crosstalk between system components. The 
bypassing scheme should also include solid Tantalum capacitors 
of I fJ-F to 10 fJ-F from each supply to ground in the critical 
areas of the board. Proper grounding and bypassing techniques 
are shown in Figure 20. 

All AD386 ground pins (Pins 2, 5, 7, 9, 18, 19, and 24) should 
be connected to the analog ground plane. 

WARNING: Improper bypassing can result in poor settling 
performance or high frequency oscillations. 

The metal cover of the AD386 is internally grounded to provide 
additional shielding. Do not make any external connection to 
the cover. 

DIFFERENTIAL AMPLIFIER 
Many high resolution applications require the ability to sense 
ground at the signal source. This is especially true in systems 
with physical or thermal constraints that make it necessary to 
locate the T IH and AID at some distance from the transducer. 
Under these conditions stray electromagnetic fields may cause 
"ground" at the signal source to be at a different potential from 
"ground" at the AID despite the designer'S best efforts. This 
will give rise to measurement errors because the potential differ
ence will appear to be added to the true signal. The AD386's 
differential amplifier may be used to eliminate this type of 
ground noise as shown in Figure 21. 
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28 

10n 

AD1377 

DIGITAL 
.DATA 

OUTPUT 

*AD386 INTERNAL STAR POINT IS AT PINS 5. 7. 
PINS 2. 9. 18. 19. 24 MUST ALSO BE CON
NECTED TO ANALOG GROUNO PLANE. 

Figure 20. Proper Grounding and Supply Bypassing Techniques for a High Resolution Data Acquisition System 
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Figure 21. Effects of Common Mode Noise 

In extremely noisy environments it may be necessary to connect 
the differential amplifier to the signal source with shielded 
twisted pair cable. The shield should bti connected to ground at 
the transducer and should be left floating at the AD386. This 
shielding technique is shown in Figure 22. The cable presents a 
capacitive load, and the signal source must be capable of driving 
this load without ringing or oscillations. The differential amplifi
er's noninverting input should be connected to Pin 24 if ground 
sensing is not required. 

Another use of the differential amplifier is to restore signal 
polarity. Like most high resolution T/H amplifiers, the T/H in 
the AD386 operates in the inverting mode. The differential 
amplifier may be used to provide a second inversion so that the 
TIH output has the same polarity as the sensor output. 

The differential amplifier also provides a low dynamic source 
impedance to the TIH section. This absorbs transients produced 
when the TIH switches from hold mode to track mode, pro
viding optimal settling performance. 

The T/H and differential amplifier have independent power sup
ply connections. This permits a red!lction in system power dissi
pation when the differential amplifier function is not needed. 

AD386 

SHIELDED TWISTED PAIR 
REMOTE SIGNAL_-+'-"',.-,,------- ------- --- -- --~---.,. ... _,.,...;;2~2+"'IIVV .... _I 

REMOTE; GROUND. - .... +-,~ 

Figure 22. Remote Ground Sensing in a Noisy Environment 
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Figure 23. Basic Data Acquisition System (Some Supply Bypassing Omitted for Clarity) 

GAIN AND OFFSET ADJUSTMENT 
The usual practice in the design of data acquisition systems is to 
incorporate a single system level trim for offsets and a second 
for gain errors, rather than to trim each element in the signal 
processing chain. Traditionally these trims involve potentiome· 
ters or fixed resistors. The trims should be designed so that 
nulling static errors does not introduce new errors such as noise, 
increased thermal drift, or nonlinearity. 

The offset, drift, and gain errors of the AD386 are laser 
trimmed during manufacture and no external adjustment ca· 
pabilities are provided. This prevents the introduction of noise 
through offset adjust terminals and preserves the excellent gain 
linearity and drift performance. Most AIDs provide for nulling 
gain and offset errors with a range sufficient to include the 
contributions of the AD386. Of course, it is also possible to 
include calibration routines in the system's software to eliminate 
mechanical adjustments. 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 are shown in Figure 23. Conversion is initiated 
by the falling edge of the CONVERT START pulse. This edge 
drives the AID's STATUS line high. The inverter then drives 
the AD386 into hold mode. STATUS remains high throughout 
the conversion and returns low once the conversion is com· 
pleted. This allows the AD386 to reenter track mode. The 
throughputs given in Table I were calculated based upon this 
circuit configuration. 

One drawback of this connection becomes apparent if the sys· 
tern's grounding is marginal. The falling edge of CONVERT· 
START resets the successive approximation register within 
the AID, causing transient currents in both the analog and digi· 
tal return paths. These transients vary depending on the input 
signal and the prior conversion result. The same edge also drives 
the T/H into hold mode. The exact timing relationship of these 
two events depends upon differences in propagation delays. The 
T/H's held value may be affected if the AID reset transient 
begins before the TIH has fully entered hold mode. The end 
result is system nonlinearity. 
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Figure 24. Improved Data Acquisition System 
(Some Supply Bypassing Omitted for Clarity) 

This problem can be avoided with the addition of a flip flop as 
shown in Figure 24. The rising edge of CONVERT START 
places the T/H into hold mode before the AID reset transients 
begin. The falling edge of STATUS places the AD386 back 
into track mode. System throughput will be reduced if a long 
CONVERT START pulse is used. Throughput can be 
calculated from 

Throughput = =T:------=:-----::::---
ACQ + TCONV + Tcs 

where T ACQ is the T/H acquisition time, T CONY is the time 
required for the AID conversion, and Tcs is the duration of 
CONVERT START. No significant T/H droop error will be 
introduced provided the width of CONVERT START is small 
compared with the AID's conversion time. 
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- VLOAD = RLOAD)( VIN 
ROFF 

(a) Single Switch 

RLOAD RON 
VLOAD"" -- X - X VIN 

ROFF ROFf 

(b) T-Switch 

Figure ;!5. Single and "T" Analog Switches (Shown in OFF Position) 

MULTICHANNEL SYSTEMS 
The design of multiplexed data acquisition systems which main
tain 14- or 16-bit signal fidelity is an extremely demanding task. 
One of the first difficulties encountered is the lack of adequate 
analog switches. The specified feedthrough performance of most 
switches and multiplexers is seldom better than -80 dB. This is 
an order of magnitude too high for a 16-bit system with its 8 
parts-per-million sensitivity. A "T" switch configuration can 
be used to reduce feedthrough as shown in Figure 25. The 
improvement in "off' isolation relative to a sinlile switch is 
substantial. 

CHANNEL .IN ---+-=-0 

A few monolithic video T-switch ICs are now available and pro
vide the necessary isolation in the dc-50 kHz frequency range. 
Unfortunately, these devices have voltage limitations which 
restrict their utility. It will usually be necessary to design a mul
tiplexer using analog multiplexer and switch ICs. Figure 26 
shows a simple 4-channel single-ended T -switch multiplexer and 
includes a high performance buffer (see below). 

The on-resistance of analog switches and multiplexers is a non
linear function of signal voltage. This will produce severe non
linearity in a system in which II multiplexer supplies signals 

CHANNEL 21N ---+=--0. 'c..:::=t----+=::....c ..... ,>--.. 
5 pF 

CHANNEL 31N ---+=-0 

CHANNEL 4 IN --~+-=---o 

A1 AO CHANNEL 
o 

OUTPUT 

Figure 26. Four-Channel T-Switch Multiplexer(Power Supply Connections Not Shown) 
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directly to an AD386. A high-impedance buffer between the 
multiplexer and the T/H's input can solve this problem but may 
introduce several others. 

An op amp in the noninverting gain-of-l configuration is the 
obvious candidate for a buffer. The amplifier must settle quickly 
to maximize system throughput and must be extremely linear to 
maintain system performance. The linearity of this configuration 
depends upon the linearity of both the amplifier's open loop 
gain and common-mode rejection (linear errors in these param
eters result only in system gain error, but nonlinear gain and 
CMRR produce system nonlinearity). Neither of these param
eters is specified by most amplifier manufacturers. 

A buffer may also increase system noise. Applications which 
require ground- sensing will require two buffers, resulting in 
40% more noise than a one-buffer system. 

Finally, a buffer will add its own offset to the signal being mea
sured. Software calibration of the error and its drift is possible 
using a permanently grounded multiplexer channel. 

The AD744 is a nearly ideal buffer for multiplexed systems. 
This amplifier provides offsets as low as 250 II-V and an offset 
drift of 3 II-vrc while maintaining 16-bit linearity over the 
-40°C to +85°C temperature range. Typical settling times at 
room temperature are 2.3 II-S (14 bits) and 3.5 II-S (16 bits) for 
the AD744 combined with the AD386's differential amplifier. 
The increase in noise at the differential amplifier's output will 
be about 6 II-V rms in a one-buffer system and roughly 12 II-V 
rms in a two buffer system (recall that a 16-bit LSB in a 20 volt 
system is 305 II-V). The AD744 is not unity-gain stable, and 
compensation is required. A 5 pF compensating capacitor is suf
ficient to ensure stability. The settling times listed above were 
measured using a 9 pF compensation capacitor which provides 
greater stability with moderate capacitive loads. 

The NE5534 can also be used as a buffer to deliver 16-bit lin
earity. This amplifier also requires slight compensation to 
achieve unity-gain stability; 10 pF is sufficient. Settling is some
what slower than the AD744, about 5 II-S to 14 bits and 6 II-S to 
16 bits, including the AD386's differential amplifier when mea
sured at room temperature. The 5534 has lower voltage noise 
and will cause only a 1 or 2 II-V rms increase in the total noise at 
the differential amplifier's output. The NE5534 lacks the preci
sion offset and drift performance of the AD744. 

Multiplexed throughput can be improved with the proper choice 
of system timing. If the new input channel is selected while the 
AD386 is in Hold mode, then multiplexer, buffer, and differen
tial amplifier settling can occur during the ND conversion. In 
this case throughput is determined only by the sum of the T/H 
acquisition and ND conversion times. The effects of TIH feed
through must be considered when using this type of overlap in 
system timing. 

There is another solution to many of the problems of multi
plexed systems when the speed of channel switching is not criti
cal: relays. Relays should be selected for good shielding, low 
thermal EMF, and low on-resistance. The only significant draw
back of this approach, other than switching speed and size, is 
power dissipation. In all other respects relays offer a near
perfect solution to the problems of high resolution system design 
discussed above. 
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DYNAMIC PERFORMANCE 
Dynamic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD) are important in many signal 
processing applications. SNR and THD are affected by both 
the TIH and ND. The errors contributed by the TIH are gener
ally dependent upon the input signal frequency, while those 
contributed by the ND converter usually are not. The dynamic 
performance of a T/H-ND pair is characterized using Fast 
Fourier Transform (FFT) techniques. 

Figures 27-31 show the results of several 1024-point FFTs 
which demonstrate the exceptional distortion and noise perfor
mance of the AD386 when combined with the AD1377. These 
FFTs were obtained using a circuit similar to that of Figure 24. 
The input signal was processed by both the differential amplifier 
and TIH sections of the AD386 and was sampled at an 
83.333 kHz rate. The AD 1377's clock was adjusted to yield an 
8.0 II-S conversion time, which provided 4.0 II-S for the AD386 to 4 
acquire each new sample. The vertical scale for these figures is 
based on a full-scale input referenced as 0 dB. The system was 
configured for a 10 volt span. 

Figures 27 and 28 illustrate the system's low frequency noise 
and distortion performance. The input frequency is 1.546 kHz. 
When the input is -0.3 dB, nearly full scale, the largest har
monic component is -102.8 dB (Figure 27). Total harmonic 
distortion, the rms sum of the second through fifth harmonics, 
is -99.9 dB. The signal to noise ratio is 89.9 dB. The ultimate 
noise floor can be determined using a lower level input. Reduc
ing the input level about 20 dB,as in Figure 28, decreases the 
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noise floor by 1. 8 dB to - 91. 9 dB. This corresponds to a total 
AD386 noise contribution of about 45 fJ. V rms. The .FFT noise 
floor would improve about 2 dB with the system configured for 
a 20 volt span because the effect of noise contributed by the 
AD386 is reduced as a result of the increased LSB size. 

System performance just beyond the high end of the audio band 
is shown in Figure 29. Here the input is a -0.3 dB sinusoid at 
21.24 kHz. The only significant harmonic component, the sec
ond harmonic, is -91.9 dB with respect to the fundamental, 
and THD is - 91.1 dB. The noise floor is 0.5 dB greater than 
in Figure 27. The additional noise is contributed by higher-
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order harmonics; the second through fifth harmonics have been 
excluded from the noise floor calculations, but higher harmonics 
are considered to be "noise". These harmonics arise from the 
AD386's apenure jitter. The additional noise is consistent with 
an rms jitter of 40 ps. 

In Figures 30 and 31, -0.3 dB and -20.1 dB inputs at 40.61 
kHz show system performance near the Nyquist frequency. 
Even at this high frequency a full-scale input produces THD of 
only -84.6 dB, dominated by the second harmonic at -85.1 dB 
(Figure 31). In Figure 31 the harmonics have been eliminated 
by reducing the input level by a factor of 10. 
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11IIIIIIII ANALOG 
L.III DEVICES 

FEATURES 
Companion to High Resolution AID Converters 
Fast Acquisition Time: 2.S .... s to :1:0.003% 
Low Droop Rate: 0.1 .... V/ .... s 
Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 300mW 

PRODUCT DESCRIPTION 
The AD389 is a high accuracy, adjustment free track-and-hold 
amplifier designed for high resolution data acquisition applications. 
The fast acquisition time (2.5,...s to ±0.OO3%) and low aperture 
jitter (400ps) make it suitable for use with fast AJD converters 
to digitize signals up to 40kHz. 

The AD389 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. 

Typical applications for the AD389 include sampled data systems, 
peak hold functions, strobed measurement systems and simul
taneous sampling converter systems. When used with autozero 
and autocalibration techniques, this TIH combined with a high 
linearity AJD will offer 14-bit performance over the converter's 
full no-missing-code temperature range. 

The device is available in two versions: the "K" specified for 
operation over the 0 to + 70°C commercial temperature range 
and the "B" specified over the full industrial temperature range, 
- 25°C to + 85°C. High reliability processing is available; contact 
factory for information. 

Model 

AD389KD 
AD389BD 

ORDERING GUIDE 

Temperature 
Range 

Oto + 70°C 
- 25°C to + 85°C 

Package 
Option· 

DH-14A 
DH-14A 

*DH·14A = Ceramic DIP. For outline information see Package 
Information section. 

REV. A 

High Resolution 
Track-and-Hold Amplifier 

AD389 I 
FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
OUTPUT 

OFFSET 
ADJ 

SUMMING 
POINT 

PRODUCT HIGHLIGHTS 

1+15V 

ANALOG 
GROUND 

LOGIC 
GROUND 

TRACKlHOLD 
LOGIC INPUT 

1. The AD389 is the ideal companion track-and-hold amplifier 
to 14-bit accurate AID converters. 

2. The AD389 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switching 
transients. 

3. The droop rate is only 0.1,... V/,...s so that it may be used in 
slower high resolution systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for high speed data acquisition systems and digital audio re
cording. 

5. The AD389 T/H amplifier is ideal for applications requiring 
wide dynamic range. 

6. Clever circuit design eliminates any measurable thermal tail 
(see Figures la and I b). 

PIN CONFIGURATION 

DIGITAL INPUT -1SV 

ANALOG INPUT 

SUMMINGPT 

+15V 

N/C 
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AD389 _ SPECIFICATIONS ~~~~~I @ +25°C and nominal power supply voltage 0.' ±15 V unless otherwise 

Model AD389KD AD389BD Units 

ANALOG INPUT 
Voltage Range ±lOmin * V 
Overvoltage, no damage ±15max * V 
Impedance 3000 * n 

DIGITAL INPUT (TTL Compatible) 
Track Mode, Logic "I" 2t05.5V * V 
Hold Mode, Logic "0" OtoO.8V * V 
Logic "1" Current 20 (max) * ,..A 
Logic "0" Current -360(max) * fLA 

ANALOG OUTPUT 
Voltage ±lOmin V 
Current 3 * rnA 
Short Circuit Current 20 * mA 
Impedance I * n 

DC ACCURACY/STABILITY 
Gain -1.00 * VN 
Gain Error ±0.01(±0.02rnax) * % 
Gain Nonlinearity (± IOV Output Track) ±O.OOI * % 
Gain Temperature Coefficient 1(5max) * ppml"C 
Offset Voltage ± 3 max, adjustable to zero * mV 
Output Offset@Tmioo T max (Track) ±6 * mV 

TRACK MODE DYNAMICS 
Frequency Response 

Small Signal ( - 3dB) 1.5 * MHz 
Full Power Bandwidth 0.5 * MHz 

Slew Rate 30 * V/fLS 
Noise in Track Mode, de to 1.0MHz 200 * fLVrms 

TRACK-TO-HOLD SWITCHING 
Aperture Time 30 * ns 
Aperture Uncertainty (Jitter) 0.4 ns 
Offset Step (Pedestal) ±2(4max) * mV 

Pedestal with Temperature ±4 ±6 mV 
Switching Transient 

Amplitude 200 * mV 
Settling to 1m V 0.5 (2 max) fLS 
Settling to 0.3mV 1.0 (3 max) * fLS 

HOLD MODE DYNAMICS 
Droop Rate 0.1 (I max) * fLV/fLS 
Droop Rate at T max lOmax 40 max fLV/fLS 
Feedthrough Rejection (I OV pop @ 20kHz) 86(74 min) * dB 

HOLD-TO-TRACK DYNAMICS 
Acquisition Time to ±0.01%of20V 1.5 (3 max) * fLs 
Acquisition Time to ± 0.003% of20V 2.5 (5 max) fLS 

POWER REQUIREMENTS 
Nominal Voltages for Rated Performance ±15(±3%) * V 
Operating Rangel ± 11 to ± 18 V 
Power Supply Rejection 100 * fLVN 
Supply Current 

+Vs 15 (20rilax) rnA 
-Vs -4(lOmax) * mA 

Power Dissipation 300 (500 max) * mW 

TEMPERATURE RANGE 
Operating Oto +70 -25to+85 °C 
Storage -55to + 125 °C 

THERMAL RESISTANCE 
Junction to Air, 0IA (free air) 60 * °CIW 
Junction to Case, Ole 20 * "CIW 

NOTES 
'Operating to derated perfonuance with IV'NI <IV s-5VI. 
·Speciflcations same as AD389KD. 
Specifications subject, tochange without notice. 
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Y,N (l0VIDIVI 

VOUT (l0VIDIVI 

T/H TRACK 

CONTROL HOLO 

ERROR VOLTAGE 
(lmV/DIVI 

Figure 1a. Acquisition Time after 100ILS in the Hold 
Mode. The AD389 shows No 'Thermal Tail." 

z 

'ov oJ .. 

V , 
ERROR BAND I'j;!-/ 
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Y,N (l0V/DlVI 

VOUT (lOV/DIVI 

T/H HOLD 

CONTROL TRACK 

AD389 

iiii.ji~~1 ERROR VOLTAGE 
(lmV/DIVI 

Figure 1b. Typical Thermal Tail and Acquisition Time 
of Other 12-8it TIHs Make Them Unsuitable for High 
Resolution Applications . 
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Figure 2. Acquisition Time vs. 
Temperature 

Figure 3. Pedestal vs. Input 
Voltage 

Figure 4. Droop Rate vs. 
Temperature 
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Figure 5. Pedestal vs. Temperature 

-15V 

CLAMPING AMPLIFIER 

Figure 7. Pedestal and Acquisition Time Test Circuit 
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V 
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LOAD CAPACITOR - pF 

Figure 6. Pedestal vs. Load 
Capacitor 

.. 

OFFSET ADJUST TRIM 
In most data acquisition systems only one offset adjustment is 
made. In many cases it is the offset adjust of the ADC that is 
used to cancel all other accumulated system offsets. The offset 
or pedestal of the AD389 can be nulled by means of SkO poten
tiometer between pins 7, 9, and 11. If the offset of the AD389 
is not adjusted, then connect pins 7 and 9 to pin 14, the negative 
supply. Otherwise the high impedance of the null pin together 
with parasitic capacitances can cause tail effects. 
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AD389 
GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together Within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), ~d Analog Signal 
Ground. These grounds -must be tied together at one point, 
preferably as close to the-A-to-D converter as possible. Ideally, 
a single solid ground would be desirable. However, since current 
flows through the ground wires ~d etch stripes of the circuit 
cards, ~d since these paths have resistance ~d indu~ce, 
hundreds of millivolts ~ be 'generated between the system 
ground point ~d the ground pins of the AD389. Separate ground 
returns should be provided to minimize the current flow in the 
path from sensitive points to the system ground point. In this 
way supply currents ~d logic-gate return ~rents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

DECOUPLING 
The AD389 c~ only settle accurately ~d fast if the power 
supplies do not ch~ge during ~sients. Therefore, it is necessary 
to put O.lIJ.F decoupling capacitors right between the supply 
~d ~alog ground pins ~d to have 1OIJ.F tantalum caps close 
by. 

"IF INDEPENDENT. OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 

DIGITAL 
DATA 
OUTPUT 

Figure 8. Basic Grounding and Decoupling Practice 
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SAMPLED DATA SYSTEMS 
The fast acquisition time of the AD389 when used with a high 
speed AID converter allows accurate digitiziltion of high ft:equency 
signals and high throughput rates in ,multichannel 4ata acquisition 
systems. Figure 9 shows the use oim AD389 with the AD376. 

Figure 9. 20kHz-14-Bit, AID Conversion System 

CLEANLINESS, LEAKAGE AND DROOP 
Track-~d-hold amplifiers usually have one or more internal 
nodes which operate with extremely high imp~ces in the 
hold mode. Parasitic leakage at these nodes ~ degrade the 
part's droop rate, ~d ac signals coupled in through parasitic 
capacitance ~ introduce noise onto the held output. One such 
dc leakage path ~ be produced by the residual oils left on the 
package after it has been h~dled with bare fingers. Most normal 
board cleaning and fllix removal procedures will remove these 
contamin~ts. For best results finger cots should be used when 
~dling the AD389. 
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~ANALOG 
WDEVICES 

FEATURES 
Suitable for 12-Bit Applications 
High Sample/Hold Current Ratio: 107 

Low Acquisition Time: 6 .... s to 0.1% 
Low Charge Transfer: <2pC 
High Input Impedance in Sample-and-Hold Modes 
Connect in Any Op Amp Configuration 
Differential Logic Inputs 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS82 is a low-cost integrated circuit sample-and-hold 
amplifier consisting of a high performance operational ampli
fier, a low leakage analog switch and a JFET integrating ampli
fier - all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the 
sample-and-hold function. 

With the analog switch closed, the ADS 82 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 

Typical applications for the ADS82 include sampled data sys
tems, D/A deglitchers, analog de-multiplexers, auto null systems, 
strobed measurement systems and A/D speed enhancement. 

The device is available in two versions: the "K" specified for 
operation over the 0 to +70oC commercial temperature range 
and the "S" specified over the extended temperature range, 
-SSoC to +12SoC. All versions may be obtained in either the 
hermetic sealed, TO-l00 can or the TO-116 DIP. 

PRODUCT HIGHLIGHTS 
1. The specially designed input stage presents a high impedance 

to the signal source in both sample and hold modes (up to 
±12V). Even with signal levels up to ±V s, no undesirable 
signal inversion, peaking or loss of hold voltage occurs. 

2. The ADS82 may be connected in any standard op amp con
figuration to control gain or frequency response and provide 
signal inversion, etc. 

REV. A 

Low-Cost 
Sample-and-Hold Amplifier 

AD582 I 
PIN CONFIGURATIONS 

"N 

NC 

10-Pin TO-IOO 

LOGIC 
'N-

-v, 

TOP VIEW 

14-Pin DIP TO-116 

LOGIC lOGIC 
NC 'N' .N - -'N 

+IN Ne NULL NULL -Vs 

TOP VIEW 

-'N 

OUTPUT 

OUTPUT 

3. The ADS82 offers a high, sample-to-hold current ratio: 107 . 

The ratio of the available charging current to the holding 
leakage current is often used as a figure of merit for a sam
ple and hold circuit. 

4. The ADS82 has a typical charge rtansfer less than 2pC. A 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 

S. The ADS82 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switch
ing transients. 

6. The ADS82 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current ADS821883B data sheet for detailed 
specifications. 
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AD582 -SPECIFICATIONS (typical @ +25OC, Vs = ±15V and eM = 10DOpF, A = +1 unless otherwise speCified) 

MODEL 

SAMPLEIHOLD CHARACTERISTICS 
Acquisition Time, 10V Step to 0.1%, 

CH = lOOpF 
Acquisition Time, lOY Step to 0.01 %, 

CH = lOOOpF 
Aperture Delay, lOY pop Input, 

HoldOV 
Aperture Jitter, 20V pop Input, 

HoldOV 
Settling Time, 20V pop Input, 

Hold OV, to 0.01% 
Droop Current, Steady State, ± IOVOUT 
Droop Current, Tmm to Tmax 
Charge Transfer 
Sample to Hold Offset 
F eedthrough Capacitance 

20V pop, 10kHz Input 

TRANSFER CHARACTERISTI.CS· 
Open Loop Gain 

VOUT = 20Y pop, RL = 2k 
Common Mode Rejection 

VCM = 20Y pop 
Small Signal Gain Bandwidth 

VOVT = lOOmY pop, CH = lOOpF 
Full Power Bandwidth 

VOVT = 20V pop, CH = lOOpF 
Slew Rate 

VOVT = 20V pop, CH = 100pF 
Output Resistance 

Hold Mode, lOUT = ±SmA 
Linearity 

VOUT = 20V pop, RL = 2k 
Output Short Circuit Current 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, Tmin to Tmax 
Bias Current 
Offset Current 
Offset Current, Tmin to Tmax 
Input Capacitance, f = IMHz 
Input Resistance, Sample or Hold 

20V pop Input, A = + I 
Absolute Max Diff Input Voltage 
Absolute Max Input Voltage, Either Input 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, Tmm to Tmax. ·Logic @ OV 
Sample Mode, Tmin to Tmax. -Logic @ OV 

+Logic Input Current 
Hold Mode, +Logic @ +SV, -Logic @ OV 
S.ample Mode, +Logic@ OV, -Logic@ OV 

.Logic Input Current 
Hold Mode, +Logic@ +SV, -Logic@ OV 
Sample Mode, +Logic@OV,-Logic@OV 

Absolute Max Diff Input Voltage, +L to-L 
Absolute Max Input Voltage, Either Input 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current, RL = 00 

Power Supply Rejection, 
flV s = SV, Sample Mode (see next page) 

TEMPERATURE RANGE 
Specified Perfonnance 
Operating 
Storage 
Lead Temperature (Soldering, IS sec) 

PACKAGE OPTION·,2 
TO-IOO (H-IOA) 
TO-1l6 (D-14) 

NOTES 

ADS8lK 

6p.s 

200ns 

ISDS 

O.S/JS 
lOOpAmax 
InA 
SpC max (l.SpC typ) 
O.SmV 

O.OSpF 

2Sk min (SOk typ) 

60dB min (70dB typ) 

l.SMHz 

70kHz 

3V//Js 

±0.01% 
±2SmA 

6mV max (2mY typ) 
4mY 
3/JA max (1.S/JA typ) 
300nA max (7SnA typ) 
lOOnA 
2pF 

30Ml1 
30V 
±YS 

+2Vrnin 
+0.8V max 

l.S/JA 
InA 

24/JA 
4IJA 
+ISY/-6Y 
±Vs 

±9V to ±ISV 
4.SmA max (3mA typ) 

60dB min (7SdB typ) 

Oto +70°C 
-2S·C to +SS·C 
-6S·C to +ISO·C 
+300°C 

ADS82KH 
ADS82KD 

ADS8lS 

ISOnAmax 

8mV max (SmY typ) . 
400nA max (IOOnA typ) . 

±9V to ±22V 

-ssOc to +12SoC 
-SS·C to +12S·C 

ADS82SH 
ADS8lSD 

;~=~~;~~:~~~~ : ~!!~~'Metal Can. For outline information see Package Information section. 
2For AD582/8838 specifications, refer to Analog Devices Military Products Databaok. 
Specifications subject to change without noocc. 
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APPLYING THE AD582 
Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
AD582. Figure 1 shows the basic non-inverting unity gain con
nection requiring only an external hold capacitor and the usual 
power supply bypass capacitors. An offset null pot can be 
added for more critical applications. 

HOLD 

ovSO•
6
-
V
-----, 

SAMPLE 

±lOV 
SIGNAL 

'='ANALOG 
GND ::r~~, -15V .,5vll 
Figure 1. Sample and Hold with A = +1 

Figure 2 shows a non-inverting configuration where voltage 
gain, Av, is set by a pair of external resistors. Frequency shap
ing or non-linear networks can also be used for special applica
tions. 

HOLD 

ovS+5V<>------, 
SAMPLE 

LOW 
VOLTAGE 

SIGNAL 

ANALOG 
GND 

-16V 

·F 
VOUT .. :t1OV 

RL ;>2k 

Figure 2. Sample and Hold with A = (1 + R FIR I) 

REV. A 

Applying the AD582 
The hold capacitor, CH , should be a high quality polystyrene 
(for temperatures below +85°C) or Teflon type with low 
dielectric absorption. For high speed, limited accuracy applica
tions, capacitors as small as 100pF may be used. Larger values 
are required for accuracies of 12 bits and above in order to 
minimize feedthrough, sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 

In the hold mode, the output voltage will follow any change 
in the -v S supply. Consequently, this supply should be well 
regulated and filtered. 

Biasing the +Logic Input anywhere between -6V to +O.8Vwith 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+VS - 3V). The 
sample and hold modes will be controlled differentially with 
the absolute voltage at either logic input ranging from -v s to 
within 3V of +VS (Vs - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 

+3V/+1SV CMOS/MOS 
OR 
'5V 

• LOGIC 

AD582 

Figure 3A. Standard Logic Connection 

+3V/+12V CMOS/MOS 

+LOGIC 

·LOGIC 

Figure 38. Inverted Logic Sense Connection 

+15V HTL 

Figure 3C. High Threshold Logic Connection 
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DEFINITIO!'lj OF TERMS 
Figure 4 illusrrateS various dynamic characteristics of the 
ADS82. 

HOLD/SAMPLE DELAY 

HOLD 

$AMPLE ! 
LOGIC INPUT SAMPLE 

Figure 4. Pictorial Showing Various SIH Characteristics 

Aperture Delay is the time required after the "hold" command 
until the switch is fully open and produces a delay in the effec
tive sample timing. Figure S is a plot giving the maximum fre
quency at which the ADS82 can sample an input with a given 
accuracy (lower curve). 

Aperture Jitter is the uncertainty in Aperture Time. The 
Aperture Time can be eliminated by advancing the sample
to-hold command 200ns with respect to the input signal. The 
Aperture Jirter now determines the maximum sampling fre
quency (upper curve of Figure S). 

Acqui#tion Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the "held" 
value as a result of device leakage. In the ADS82, droop can 
be in either the positive or negative direction. Droop rate may 
be calculated from droop current using the following formula: 

b. V (Volts/sec) = I(pA) 
b.T CH(pF) 

(See also Figure 6.) 

Feedthrough is that component of the output which follows 
the input signal after the switch is open. As a percentage of the 
input, feedthrough is determined as the ratio of the feed
through capacitance to the hold capacitance (Cp/CH)' 

Sample-to-Hold Offset is an output shift or step caused by 
charge injection into the hold capacitor as the device is 
switched from sample to hold. The charge transfer generates 
a sample-to-hold offset where: 

S/H Offset (V) = Charge (pC) 
CH (pF) 

This offset also has a dc component as shown in Figure 6. 
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WDEVICES 

FEATURES 
High Sample-to-Hold Current Ratio: 106 

High Slew Rate: 5V/1D 
High Bandwidth: 2MHz 
Low Aperture Time: SOns 
Low Charge Transfer: 10pC 
DTLmL Compatible 
May Be Used as Gated Op Amp 

PRODUCTION DESCRIPTION 
The ADS83 is a monolithic sample-and hold circuit consisting 
of a high performance operational amplifier in series with a 
low leakage analog switch and unity'gain amplifier. An exter
nal hold capacitor, connected to the switch output, completes 
the sample-and-hold or track-and-hold function. 

With the analog switch closed, the ADS83 functions like a stan
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open the capacitor holds the output at its previous level. 

The ADS 8 3 may also be used as a versatile operational ampli
fier with a gated output for applications such as analog switches, 
peak holding circuits, etc. 

REV. A 

Sample-and-Hold Amplifier 

PIN CONFIGURATION 

PRODUCT HIGHLIGHTS 

AD583 I 

SAMPLE/HOLD 
CONTROL 

GND 

N.C. 

HOLD CAP • 

N.C. 

V+ 

CASE 

1. Sample-and-hold operation is obtained with the addition of 
one external capacitor. 

2. Low charge transfer (lOpC) and high sample-to-hold current 
ratio insure accurate tracking. 

3. Any gain or frequency response is available using standard 
op amp feedback networks. 

4. High slew rate and low aperture time permit sampling of 
rapidly changing signals. 

S. Output, gated through a low leakage analog switch, also 
makes the ADS83 useful for applications such as analog 
switches, peak holding circuits, etc. 
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SPECIFICATIONS (typical @+25°C, hold capacitor of 1000pF and ±15V dc unless otherwise specified) 

MODEL ADS83KD 

OPEN LOOP G'AIN 
RL = 2kn, Tmin tOTmax 

OUTPUT VOLTAGE SWING 
RL = 2kn, Tmin to Tmax 

OUTPUT CURRENT 

OUTPUT RESISTANCE 

OFFSET VOLTAGE 
Tmin toTmax 

BIAS CURRENT 
Tmin to Tmax 

OFFSET CURRENT 
TmintoTmax 

INPUT RESISTANCE 

COMMON MODE RANGE 

COMMON MODE REJECTION 
Tmin to Tmax 

GAIN BANDWIDTH PRODUCT 

SLEW RATE 
Av = +1, RL = 2kn, CL = SOpF, 

Vout = ±10V p-p 

RISE TIME 
Av = +1, RL = 2kn, CL = SOpF, 

Vout = 400mV p-p 

OVERSHOOT 
Av = +1, RL = 2kn, CL = SOpF, 

Vout = 400m V p-p 

DIGITAL INPUT CURRENT 
Yin = 0, Tmin to Tmax 
Yin = +S.OV, Tmin to Tmax 

DIGITAL INPUT VOLTAGE 
Low T min to T max 
High T min to T max 

ACQUISITION TIME 
Av = +1, RL = 2kn, CL = SOpF 
to 0.1% offinal value: 
to 0.01% of final value: 

APERTURE TIME 

APERTURE JITTER 

DRIFT CURRENT I 
Tmin to Tmax 

CHARGE TRANSFER 

SUPPLY CURRENT 

POWER SUPPLY REJECTION2 

OPERATING TEMP 

STORAGE TEMP 

PACKAGE OPTION3 

0-14 

NOTES 

2Sk min (SOk typ) 

±10V min 

±10mAmin 

6mV max (3mV typ) 
8mV max (4mV typ) 

200nA max (SOnA typ) 
400nAmax 

SOnAmax (lOnA typ) 
100nA max 

SMn min (lOMn typ) 

±10Vmin 

74dB min (90dB typ) 

2MHz 

SVIp.s 

lOOns 

20% 

0.8mA max (Logic "Sample") 
20p.A max (Logic "Hold") 

0.8Vmax 
2.0Vmin 

SOns 

Sns 

SOpA max (SpA typ) 
1.0nA max (O.OSnA typ) 

20pC max (lOpC typ) 

S.OmA max (2.SmA typ) 

74dB min (9OdB typ) 

ADS83KD 

~~:;r: ~:::~':u~~ero. 
3D = Ceramic DIP. For outline information see Package 

Infonnation section. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage between V+ and 
V-Terminals 

Differential Input Voltage 
Digital Voltage (Pin 14) 
Output Current 
Internal Power Dissipation 

40V 
±30V 
+8V, -lSV 
Shon Circuit Protected 
30mW (Derate power 
dissipation by 4.3mW/oC 
above +lS0oC ambient 
temperature) 
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FEATURES 
3.0jl.S Acquisition Time to ±0.01% max 
Low Droop Rate: 1.0mV/ms max 
Sample/Hold Offset Step: 3mV max 
Aperture Jitter: 0.5ns 
Extended Temperature Range: -55"C to +125·C 
Internal Hold Capacitor 
Internal Application Resistors 
±12Vor ±15V Operation 
Available in Surface Mount 

APPLICA liONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS8S is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultralow leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility . 

The performance of the ADS8S makes it ideal for high speed 
10- and 12-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
ADS8S can acquire a signal to ±0.01% in 3,..s maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than ImV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 

The high-speed analog switch used in the ADS8S exhibits aperture 
jitter of O.Sns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 

The ADS8S can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-fIlm resistors can be used to provide gains of + 1, - I, or 
+ 2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation AID converter. 
However, the output is protected against damage from accidental 
shon circuits. 
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High Speed, Precision 
Sample-and-Hold Amplifier 

AD585 I 
DIP LCClPLCC PACKAGE 

-v .. +V .. NULL -Vs NULl $ND eM 

The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility. 

The ADS8S is available in three performance grades. The JP 
grade is specified for the 0 to + 70·C commercial temperature 
range and packaged in a 20-pin PLCC. The AQ grade is specified 
for the - 2S·C to + 8S·C industrial temperature range and is 
packaged in a 14-pin cerdip. The SQ and SE grades are specified 
for the - SS·C to + 12S·C military temperature range and are 
packaged in a 14-pin cerdip and 20-pin LCC. 

PRODUCT HIGHLIGHTS 
1. The fast acquisition time (3,..s) and low apenure jitter (O.Sns) 

make it the first choice for very high speed data acquisition 
systems. 

2. The droop rate is only 1.0mV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

3. The low charge transfer of the analog switch keeps sample-to
hold offset below 3mV with the on-chip l00pF hold capacitor, 
eliminating the trade-off between acquisition time and S/H 
offset required with other SHAs. 

4. The ADS8S has internal pretrimmed application resistors for 
applications versatility. 

S. The ADS8S is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 

6. The ADS8S is recommended for use with 10- and 12-bit 
successive-approximation AID converters such as ADS73, 
ADS74A, AD674A, AD7S72 and AD7672. 

7. The ADS8S is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS8S/883B data sheet for detailed specifications. 
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AD585--SPECIFICATIONS :~a!ct:: :.~ ~:d~ ±15Y. and C~ = 1ntem8J. A = +1. 
ADS8SJ 

Model MiD Typ Mu 

SAMPLElHOLDCHARACTERISTICS 
AcquisitionTm.e,IOVSteptoo.ol% 3 

20V Step to 0.01% 5 
ApertUre Time, 20Y pop Input, 

HOLDOV 35 
ApertUre Jilter, 20V p-p Input, 

HOLDOV 0.5 
Settling Time. 20V p-p Input, 

HOLDOV,toO.OI% 0.5 
Droop Rate 1 
Droop Rate T ..... to T ~ Double. Every IO'C 
Charge Transfer 

Sample-to-Hold Offset -3 
Feedthrough 

20V pop, 10kHz Input 0.5 

TRANSFERCHARACTERlSTICSI 

Open Loop Gain 
VOUT = 20Vp-p,RL = 2k 200,000 

Application Resistor Mismatch 
Common Mode Rejection 

VCM= ±IOV 80 
Sms1l Signal Gain Bandwidth 

VOUT = 100mVp-p 2.0 
Full Power Bandwidth 

VOUT = 20Vp-p 160 
Slew Rate 

VOUT = 20Vp-p 10 
Output Resistance (Sample Mode) 

loUT = ±10mA 
OutpUt Short Circuit Current SO 
Output ShortCircuit Duration Indefmite 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, Tmia toTDJIIX 
Bias Current 
Bias Current T min to T_ 
Input Capacitance, f = IMHz 10 
Input Resistance, Ssmpleor Hold 

20Vp-plnput,A = + I 1012 

DIGITAL INPUT CHARACTERISTICS 
TTL Reference Output 1.2 1.4 
Logic Input High Voltage 

T..untoTmax 2.0 
Logic Input Low Voltage 

TmintoTmax 
Logic Input Current (Either Input) 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range +5, -10.8 
Supply Current, RL = "" 6 
Power Supply Rejection, Sample Mode 70 

TEMPERATURE RANGE 
Specifled Performance 0 

PACKAGEOPTlONS'" 
Cerdip(Q-14) 
LCC(E-20A) 
PLCC(P-20A) AD585JP 

PRICES (IOOs) 9.15 

NOTES 
I Maximum input signal is the minimum supply minus a headroom voltage 
of 2.SV. 

'Not tested at - we. 

0.3 
3 

0.3 

0.05 

5 
6 
2 
5 

1.6 

0.8 
50 

±18 
10 

+70 

JE ;;; Leadlcss Ceramic Chip Carrier; P ;;; Plastic Leaded Chip Carrier; Q = Cerdip. 
"For AD58S1883B specifications, refer to Analog Devices Military Products Databoolt. 

Specifications subject to change without notice. 
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AD585A AD585S 
MiD Typ Mu MiD' Typ Mu 

3 3 
5 5 

35 35 

0.5 0.5 

0.5 0.5 
1 1 

Double. Every IO'C Doub1esEvery IO'C 
0.3 0.3 

-3 3 -3 3 

0.5 0.5 

200.000 200,000 
0.3 0.3 

80 80 

2.0 2.0 

160 160 

10 10 

0.05 0.05 
SO 50 

Indefmite Indefmite 

2 2 
3 3 
2 2 
5 20 50" 

10 10 

1012 1012 

1.2 1.4 1.6 1.2 1.4 1.6 

2,0 2.0 

0.8 0.7 
50 50 

+5, -10.8 ±18 +5, -10.8 ±18 
6 10 6 10 
70 70 

-25 +85 -55 +125 

AD585AQ AD585SQ 
AD585SE 

9.90 26.85(SQ) 
30.08 (SE) 

Specifications shown in boldface are tested OIl all production units at fuaaJ 
electrical test. Results from those tests are used. to cak:ulate outJOins quality 
levels. All min and max speciflC8.tions are guaranteed, although only [bose 
shown in boldface are tesled on aU production om[s. 

Vails 

!"s 
!"s 

ns 

ns 

!"s 
mV/ms 

pC 
mV 

mV 

VN 
% 

dB 

MHz 

kHz 

VI!". 

11 
mA 

mV 
mV 
nA 
nA 
pF 

11 

V 

V 

V 
,..A 

V 
mA 
dB 

"C 

$ 
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ABSOLUTE MAXIMUM RATINGS 

Supplies (+ Vs, - Vs) 
Logic Inputs 
Analog Inputs . . . . 
R1N, RFB Pins . . . . 
Storage Temperature 
Lead Temperature (Soldering) 
Output Short Circuit to Ground 
TTL Logic Reference Short 

Circuit to Ground 

-ImV 

CHANGE IN 
U.r.woLE-TO.IfOLD 

OFFSET 

2mV 

±18V 
±VS 

. ±VS 
. ±VS 

-6S0C to + ISO°C 
300°C 

IndefInite 
IndefInite 

Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 

~ ... 

/ 
, 
'" :Ii 
>= 50 Z 
0 

§ 

~ 

100pF .nF 10nF 

HOLD CAPACITANCE 

Figure 2. Acquisition Time vs. Hold Capacitance 
(10V Step to 0.01%) 

SIGNAl. 
... UT 

eH 
I 

.l.OPTlONAL 
HOlD 

CAPACn'OR 
SIGNAL 
INPUT 

AD585 

Figure 3. Large Signal Response, Sample Mode 

Figure 4. Sample-to-Hold Settling Time (HOLD Active) 

10ldl 

Figure 5. OIP Pin Configuration 

I 
I 
I 
I 
I 
I 
I 
I 

*0'"Jo~L I 
L~~~J 

Figure 6. Connection Diagram, 
Gain = + 1, HOLD Active 

Figure 7. Connection Diagram, 
Gain = + 2, HOLD Active 

Figure 8. Connection Diagram, 
Gain = - 1, HOLO Active 
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AD585 
SAMPLED DATA SYSTEMS 
In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample.and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Sample-to-Hold Transition, 
2. Hold Mode and 3, Hold-to-Sample Transition. 

Figure 9. Pictorial Showing Various SIH Characterstics 

SAMPLE-TO-HOLD TRANSITION 
The aperture delay time is the time required for the sample-and
hold amplifier to switch from sample to hold. Since this is effec
tively a constant then it may be tuned out. If however, the 
aperture delay time is not accounted for then errors of the mag
nitude as shown in Figure 10 will result. 

% 

112 BIT (a> 
I8ITS 

% 

112BfT~ 

"BITS 

~ ... 
% 

1/:1: BiT 

" .... 
0.01 

112atT 
'4 BITS ! .. ~ 

V 

V 
~riURE DELAY .-

111 10k 
SIGNAL FREQUENCY _ HI! 

V 

I--

Figure 10. Aperture Delay Error vs. Frequency 

To eliminate the aperture delay as an error source the sample-to
hold command may be advanced with respect to the input 
signal. 

Once the aperture delay time has been eliminated as an error 
source then the aperture jitter which is the variation in aperture 
delay time from sample~to-sample remains. The aperture jitter is 
a true error source and must be considered. The aperture jitter 
is a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 
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The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N -bit AID 
converter. 

2-(N+1) 

Fmax = 'If (Aperture Jitter) 

For an application with a IO-bit AID converter with a 10V full 
scale to a 1I2LSB error maximum. 

F = 2-(10+1) 

max 1T (0.5 x 10-9) 

Fmax = 310.8kHz. 

For an application with a 12-bit AID converter with a 10V full 
scale to a 1I2LSB error maximum: 

2-(12+1) 
Fmax = -=------::-

'If (0.5 x 10-9) 

Fmax = 77.7kHz. 

Figure II shows the entire range of errors induced by aperture 
jitter with respect to the input signal frequency. 

" 

112B1T@> 
8B1TS 

" 
1128fT@
'OBITS .... 

t12BIT@ 
1281TS 

~ 

t12B1T@ 
,. BITS 

kvFULl..w. 
1Y FULL SCALI! 

/ 

~ 
"Y1FULLn 

I _U 
-jERTUiTniTi 

1011Hz 

Figure 11. Aperture Jitter Error vs. Frequency 

Sample-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic 
~~ . 

The logic inputs were designed for application flexibility and, 
therefore, a wide range of logic thresholds. This was achieved 
by using a differential input stage for HOLD and HOLD. 
Figure I shows the change in the sample-to-hold offset voltage 
based upon an independently programmed reference voltage. 
Since the input stage is a differential configuration, the offset 
voltage is a function .of the control voltage range around the 
programmed threshold voltage. 

The sample-to-hold offset can be reduced by adding capacitance 
to the internal lOOpF capacitor and by using HOLD instead of 
HOLD. This may be easily accomplished by adding an external 
capacitor between Pins 7 and 8. The sample-to-hold offset is 
then governed by the relationship: 

SIH Offset (V) = Charge (pC) 
CH Total (pF) 

For the AD585 in particular it becomes: 

. _ 0.3 pC 
SIH Offset (V) - lOOpF + (CEXT) 

REV. A 



The addition of an external hold capacitor also affects the ac
quisition time of the AD585. The change in acquisition time 
with respect to the CEXT is shown graphically in Figure 2. 

HOLD MODE 
In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a sample and hold follows an 
analog multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV /dT is the ratio 
of the total leakage current IL to the hold capacitance CH • 

dVoUT IL(pA) 
Droop Rate = dT (Volts/Sec) = CH(pF) 

For the AD585 in particular; 

_ lOOpA 
Droop Rate - lOOpF + (CEXT) 

Additionally the leakage current doubles for every lOoC increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. The hold-mode 
droop rate can be traded-off with acquisition time to provide the 
best combination of droop error and acquisition time. The tradeoff 
is easily accomplished by varying the value of CEXT. 

Since a sample and hold is used typically in combination with 
an A/D converter, then the total droop in the output voltage has 
to be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an AID converter 
is: 

I!.V max = Full Scale Voltage 
2(N+l) 

Once the maximum I!. V is determined then the conversion time 
of the AID converter (T CONV) is required to calculate the maximum 
allowable dVidT. 

dV max I!.V max 
-d-t- = TCONV 

The maximum dVd-'Fax as shown by the previous equation is 

the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (TOPERATION -25°C) 

I!.T. 
(~T"C) 

dV 25°C 2"""iO'C <: dV max 
~x - dT 
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AD585 
HOLD-TO-SAMPLE TRANSITION 
The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 
that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 

f 1 
MAX 2(TACQ + TCONV + TAP) 

Where T ACQ is the acquisition time of the sample-to-hold 
amplifier, TAP is the maximum aperture time (small enough to 
be ignored) and T CONY is the conversion time of the AID 
converter. 

DATA ACQUISITION SYSTEMS 
The fast acquisition time of the AD585 when used with a high 
speed AID converter allows accurate digitization of ltigh frequency 
signals and high throughput rates in multichannel data acquisition 4 
systems. The AD585 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 12 
and 13 show the use of an AD585 with the AD578 and 
AD574A. 

Figure 12. AID Conversion System, 117.6kHz Throughput 
58. 8kHz max Signal Input 

ANALOG 
INPUT 

OT01OV 

CONVERT ____ ~======~_.J START 0-

Figure 13. 12 Bit AID Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz max Signal Input 
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AD585 
LOGIC INPUT 
The sample-and-hold logic control was designed for versatile 
logic interfacing. The HOLD and HOLD inputs may be used 
with both low and high level CMOS, TTL and ECL logic systems. 
Logic threshold programmability was achieved by using a differ
ential amplifier as the input stage for the digital inputs. A pre
dictable logic threshold may be programmed by referencing 
either HOLD or HOLD to the appropriate threshold voltage. 
For example, if the internal lAV reference is applied to HOLD 
an input signal to HOLD between + l.8V and + Vs will place 
the AD585 in the hold mode. The AD585 will go into the sample 
mode for this case when the input is between - Vs and + l.OV. 
The range of references which may be applied is from ( - V s 
+4V)to (+Vs -3V). 

OPTIONAL CAPACITOR SELECTION 
If an additional capacitor is going to be. used in conjunction 
with the internal IOOpF capacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14. 

~~ 
Rx CDA = (O.A.) X (C) 

Figure 14. Capacitor Model with Dielectric Absorption 

If the capacitor is charged slowly, COA will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while COA may be.small, Rx is large 
and the time constant Rx COA typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec
tric absorption resembles "memory". In a data acquisition system 
where many channels with widely varying data are being sampled 
the effect is to have an ever changing offset which appears as a 

4-4() SAMPLEfTRACK-HOLD AMPLIFIERS 

very nonlinear sample-to-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric absorption figure 
is multiplied. It is impossible to readily correct for this error 
source. The only solution is to use a capacitor with dieleCtric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are pot connected together within the device. These 
"grounds" are uS\Jl\lly referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD585. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Figure 15. Basic Grounding Practice 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Matched Sample-and-Hold Amplifiers 
Fully Specified and Tested Hold Mode Distortion 
Acquisition Time to 0.01%: 700 ns Maximum 
Independent Inputs. Outputs and Control Pins 
Low Power Dissipation: 190 mW 
Low Droop Rate: 0.01 ".V/".s 
Total Harmonic Distortion: -80 dB Maximum 
Aperture Jitter: 75 ps Maximum 
Internal Hold Capacitors 
Self-Correcting Architecture 
MIL-STO-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD682 is a two-channel high speed monolithic sample-and
hold amplifier (SHA). The AD682 guarantees a maximum 
acquisition time of 700 ns to 0.01% over temperature. Inter
channel characteristics are fully specified and tested. The 
AD682 is also specified and tested for hold mode total harmonic 
distortion and hold mode signal-to-noise and distortion. The 
AD682 is configured as two independent unity gain amplifiers. 
The AD682 uses a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. The 
AD682 is self-contained and requires no external components or 
adjustments. 

The AD682 is ideal for systems demanding interchannel and 
hold mode characteristic requirements, such as in data acquisi
tion systems and in-phase (I) and quadrature (Q) modulated sys
tems. The independent inputs, outputs and controls allow 
maximum user configuration flexibility. The AD682 is ideal for 
12- and 14-bit high speed analog-to-digital conveners. 

The AD682 is manufactured on a BiMOS process which merges 
high performance bipolar circuitry with low power CMOS to 
provide an accurate, high speed, low power SHA. 

The AD682 is specified for three temperature ranges. The J 
grade device is specified for operation from O°C to 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 14-pin plastic 
DIPs. The S grade is available in a 14-pin cerdip package. 

"Protected by Patent Number 4,962,325. 
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Two-Channel 700 ns 
Sample-and-Hold Amplifier 

AD682* I 
FUNCTIONAL BLOCK DIAGRAM 

NC 

NC = NO CONNECT 

PRODUCT HIGHLIGHTS 

OUT1 

Slti1 

OUT2 

1. Fast acquisition time (700 ns) and low apenure jitter (75 ps) 
make the AD682 the best choice for multiple channel data 
acquisition systems. 

2. Monolithic construction insures excellent interchannel match
ing, while testing guarantees the fully specified performance. 

3. Independent inputs, outputs and sample-and-hold controls 
allow user flexibility. 

4. Low droop (0.01 11 V/lls) and internally compensated hold 
mode error results in superior system accuracy. 

5. Fully specified and tested hold mode distortion and signal-to
noise and distortion guarantees the AD682's performance in 
sampled data systems. 

6. The AD682's fast settling time and low output impedance 
make it ideal for driving high speed analog-to-digital convert
ers such as the AD578, AD674B, AD774B, AD7572 and the 
AD7672. 

7. The AD682 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD682/883B data sheet for detailed 
specifications. 
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AD682 -SPECIFICATIONS 
DC SPECIFICATIONS (Tmin to 1m .. with Vee = +12 V ± 10%, VEE = -12 V ± 10%, Cl = 20 pF, unless otherwise specified) 

Parameter 

SAMPLING CHARACTERISTICS 
Acquisition Time 

10 V Step to 0.01% 
10 V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 

HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
Aperture Jitter (25'C) 
Hold Settling (to I m V, 25'C) 
Droop Rate 
Feedthrough (25'C) 

(V IN = :+:5 V, 100 kHz) 

ACCURACY CHARACTERISTICS' 
Hold Mode Offset 
Hold Mode Offset Drift 
Sample Mode Offset 
Nonlinearity 
Gain Error 

OUTPUT CHARACTERISTICS 
Output Drive Current 
Output Resistance, DC 
Total Output Noise (DC to 5 MHz) 
Sampled DC Uncertainty 
Hold Mode Noise (DC to 5 MHz) 
Short Circuit Current 

Source 
Sink 

INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current 
Input Impedance 
Input Capacitance 

DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage High 
Input Current High (VIN = 5 V) 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current 
+PSRR (+12 V:+: 10%) 
-PSRR (-12 V:+: 10%) 
Power Consumption 

TEMPERATURE RANGE 
Specified Performance 

NOTE 
ISpecified and tested over an input range of ±5 V. 

Specifications subject to change without notice. 

Min 

-35 

-4 

-5 

-5 

2.0 

:+:10.8 

70 
65 

0 
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AD682J 
Typ Max Min 

600 700 
500 600 
4 
I 

-25 -15 -35 
50 75 
250 500 
0.01 I 

-90 

-I +3 -4 
10 
50 200 
:+:0.002 :+:0.003 
:+:0.03 :+:0.05 

+5 -5 
0.3 0.5 
ISO 
85 
125 

20 
10 

+5 -5 
100 250 
50 
2 

0.8 
2.0 

2 10 

:+:12 :+:13.2 :+:10.8 
8 12.5 
80 70 
75 65 
190 300 

+70 -40 

AD682A AD682S 
Typ Max Min Typ Max Units 

600 700 600 700 ns 
500 600 500 600 ns 
4 4 MHz 
I I MHz 

-25 -15 -35 -25 -15 ns 
50 75 50 75 ps 
250 500 250 500 ns 
0.01 I 0.01 I ,...V!,...s 

-90 -90 dB 

-I +3 -4 -I +3 mV 
10 10 ,...VI'C 
50 200 50 200 mV 
:+:0.002 :+:0.003 :+:0.003 :+:0.005 % FS 
:+:0.03 :+:0.05 :+:0.03 :+:0.05 % FS 

+5 -5 +5 rnA 
0.3 0.5 0.3 0.5 II 
ISO ISO ,...V rms 
85 85 ,...Vrms 
125 125 ,...V rms 

20 20 rnA 
10 10 rnA 

+5 -5 +5 V 
100 250 100 250 nA 
50 50 Mil 
2 2 pF 

0.8 0.8 V 
2.0 V 

2 10 2 10 ,...A 

:+:12 :+:13.2 :+:10.8 :+:12 :+:13.2 V 
8 12.5 8 13 rnA 
80 70 80 dB 
75 65 75 dB 
190 300 190 320 mW 

+85 -55 +125 'C 
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AD682 

AD682J AD682A AD682S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

INTERCHANNEL ISOLATION 
(VIN = ±5 V, 100 kHz) 90 % 90 96 90 96 dB 

INTERCHANNEL APERTURE OFFSET 150 300 150 300 150 300 ps 

INTERCHANNEL OFFSET 0.1 1.5 0.1 1.5 0.1 1.5 mV 

HOLD MODE AC SPECIFICATIONS (lmin to 'ma,' ~cc = ",:~2 V ±10%, VEE = -12 V ±10%, CL = 20 pF, 
unless otherwise speclfled)1 

AD682J AD682A AD682S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

TOTAL HARMONIC DISTORTION 
FIN = 10 kHz -90 -SO -90 -80 -90 -SO dB 
FIN = 50 kHz -73 -73 -73 dB 
FIN = 100 kHz -68 -68 -68 dB 

SIGNAL-TO-NOISE AND DISTORTION 
FIN = 10 kHz 72 78 72 78 72 78 dB 
FIN = 50 kHz 73 73 73 dB 
FIN = 100 kHz 67 67 67 dB 

INTERMODULATION DISTORTION 
FINl = 49 kHz, FIN2 = 50 kHz 

2nd Order Products -77 -77 -77 dB 
3rd Order Products -78 -78 -78 dB 

NOTE 
IP1N amplitude = 0 dB and FSAMPLE = 500 kHz unless otherwise indicated. 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 

With 
Spec Respect to Min Max Unit 

Vee Common -0.3 +15 V 
VEE Common -15 +0.3 V 
Control Inputs Common -0.5 +7 V 
Analog Inputs Common -12 +12 V 
Output Short Circuit to 

Ground, Vee, or VEE Indefinite 
Maximum Junction 

Temperature +175 °C 
Storage -65 +150 °C 
Lead Temperature 

(10 sec max) +300 °C 
Power Dissipation 340 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

ORDERING GUIDE 

Package Package 
Modell Temperature Range Description Optionz 

AD682JN O°C to +70OC 14-Pin Plastic DIP N-14 
AD682AN -40°C to +85OC 14-Pin Plastic DIP N-14 
AD682SQ -55°C to + 125°C 14-Pin Cerdip Q-14 

NOTES 
'Por details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current AD6821883B data sheet. 

'N = Plastic DIP; Q = Cerdip. Por outline information see Package Infor
mation section. 

PIN CONFIGURATION 

CAUTION ____________________ ~------~~----~----------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

WARNING! (-:] 

~~EDEVICE 
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AD682 - Typical Characteristics 
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DEFINITIONS OF SPECIFICATIONS 
Acquisition Time - The length of time that the SHA must re
main in the sample mode in order to acquire a full scale input 
step to a given level of accuracy. 

Small Signal Bandwidth - The frequency at which the held out
put amplitude is 3 dB below the input amplitude, under an in
put condition of a 100 mV p-p sine wave. 

Full Power Bandwidth - The frequency at which the held out
put amplitude is 3 dB below the input amplitude, under an in
put condition of a 10 V p-p sine wave. 

Effective Aperture Delay - The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 

Aperture Jitter - The variations in delay for successive samples. 
Aperture jitter puts an upper limit on the maximum frequency 
that can be accurately sampled. 

Hold Settling Time - The time required for the output to settle 
to within a specified level of accuracy of its final held value after 
the hold command has been given. 

Droop Rate - The drift in output voltage while in the hold 
mode. 

Feedthrough - The attenuated version of a changing input sig
nal that appears at the output when the SHA is in the hold 
mode. 

Hold Mode Offset - The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 

Tracking Mode Offset - The difference between the input and 
output signals when the SHA is in the track mode. 

Nonlinearity - The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between end points, over an input range of-5 V and +5 V. 

Gain Error - Deviation from a gain of + 1 on the transfer func
tion of input vs. held output. 

FUNCTIONAL DESCRIPTION 
The AD682 is a complete dual sample-and-hold amplifier that 
provides high speed sampling to 12-bit accuracy in less than 
700 ns. 

The AD682 is completely self-contained, including on-chip hold 
capacitors, and requires no external components or adjustments 
to perform the sampling function. Each SHA channel can oper
ate independently, having its own input, output and samplelhold 
command. Both inputs and outputs are treated as single-ended 
signals, referred to common. 

The AD682 utilizes a proprietary circuit design which includes a 
self-correcting architecture. This sample-and-hold circuit cor
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 

REV. A 
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Interchannel Isolation - The level of crosstalk between adjacent 
channels while in the sample (track) mode with a full-scale 
100 kHz input signal. 

Interchannel Aperture Offset - The variation in aperture time 
between the two channels for a simultaneous hold command. 

Interchannel Offset - The difference in hold mode offset be
tween the two SHA channels. 

Power Supply Rejection Ratio - A measure of change in the 
held output voltage for a specified change in the positive or neg
ative supply. 

Sampled DC Uncertainty - The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise - The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise - The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum
mation of the sampled dc uncertainty and the hold mode noise. 

Output Drive Current - The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 

Signal-to-Noise and Distortion (SIN+D) Ratio - SIN+D is the 
ratio of the rms value of the measured input signal to the rms 
sum of all other spectral components below the Nyquist fre
quency, including harmonics but excluding dc. 

Total Harmonic Distortion (THD) - THD is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of the measured input signal. 

Intermodulation Distortion (IMD) - With inputs consisting of 
sine waves at two frequencies, fa and fb, any device with nonlin
earities will create distortion products, of order (m + n), at sum 
and difference frequency of mfa±nfb, where m, n = 0, I, 2, 
3 .... Intermodulation terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa + fb) 
and (fa-fb), and the third order terms are (2fa+fb), (2fa-fb), 
(fa+2fb) and (fa-2fb). The IMD products are expressed as the 
decibel ratio of the rms sum of the measured input signals to the 
rms sum of the distortion terms. The two signals are of equal 
amplitude, and peak value of their sums is ;;-0.5 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

circuitry is reconfigured to produce an accurately held .version of 
the input signal. Below is a block diagram of the AD682. 

FUNCTIONAL BLOCK DIAGRAM 

NC = NO CONNECT 
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AD682 
DYNAMIC PERFORMANCE 
The AD682 is compatible with l2-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD682 to be used with high speed, high resolution A-to-D con
verters like the AD674B, AD774B and AD7672. The AD682's 
fast acquisition time provides high throughput rates for multi
channel data acquisition systems. Typically, the sample and hold 
can acquire a 10 V step in less than 600 ns. Figure I shows the 
settling accuracy as a function of acquisition time. 
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Figure 1. VOUT Settling vs. Acquisition Time 

The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD682 is shown 
in Figure 2. The settling time of the AD682 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 

Figure 2. Typical AD682 Hold Mode 

HOLD MODE OFFSET 
The dc accuracy of the AD682 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a 0 V input condition. Over the in
put range of - 5 V to + 5 V, the AD682 is also characterized for 
an effective gain error and nonlinearity of the held value, as 
shown in Figure 3. As indicated by the AD682 specifications, 
the hold mode offset is very stable over temperature. 
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Figure 3. Hold Mode Offset, Gain Error and Nonlinearity 

For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD711). The offset will 
change less than 0.5 mV over the specified temperature range. 

SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces
sive high frequency noise (ripple). The supply connection to the 
AD682 should also be capable of delivering transient currents to 
t\le device. To achieve the specified accuracy and dynamic per
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 fLF capacitors should be connected from Vee and VEE to 
common. 

The AD682 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD682 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 

DIGITAL 
DATA 
OUTPUT 

Figure 4. Basic Grounding and Decoupling Diagram 
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NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef
fect of noise sources on the accuracy of the data acquisition sys
tem. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD682 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure s. 
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Figure 5. RMS Noise vs. Input Bandwidth of ADC 

DRIVING THE ANALOG INPUTS 
For best performance, it is important to drive the AD682 analog 
input from a low inlpedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5 kO) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD682 is required. 
The AD712 (precision BiFET op amp) is recommended for 
these applications. 

HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 
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AD682 
A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 

The accuracy in sampling high frequency signals is also con
strained by the distortion and noise created by the sample-and
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 

Measurements of Figures 7 and 8 were made using a 14-bit 
A-to-D converter with VIN = 10 V p-p and a sample frequency 
of 100 kSPS. 
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THE AD682 IN A PING-PONG ARRANGEMENT 
In a ping-pong arrangement two sample-and-hold amplifiers are 
connected to the same analog input source. While one channel is 
sampling the analog input, the other is in the hold mode. De
pending upon the ADC conversion time, a ping-pong circuit can 
increase data throughput rates by as much as 100%. The 
AD682's excellent interchannel aperture delay, gain and offset 
errors make it ideal to use in a ping-pong arrangement. 

Figure 9 shows the AD682 in a ping-pong arrangement with the 
AD671 12-bit, 500 ns AiD converter. A high speed switch 
(ADG20IHS) directs the appropriate AD682 output to the 
AD671. In this system the data throughput rate is increased by 
up to 80% as compared to a system using only one channel of 
the AD682. 

THE AD682 FOR IN-PHASE (I) AND QUADRATURE (Q) 
DEMODULATION 
The AD682 can be used to demodulate digital data that has 
been I and Q modulated. Using two SHAs for the signal acqui-
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AD682 
sition allows the use of slower and lower cost SHAs and AID 
converters as compared to a system using one SHA. 

Figure 10 shows the AD682 being used as a I and Q demodula
tor. If the carrier frequency is represented by f and w = 2 ",f, 
the incoming signal can be represented by set) = I(n) x cos(wt) 
+ Q(n) x sin(wt), where I(n) and Q(n) (the nth 1- Q pair sent) 
only take on discrete values and must stay constant for at least 
one carrier period (2 ",/w). 

V,N 

5V 

CLOCK ~---{2) 

Figure 9. Ping-Ponged AD682 
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The clock source from which the AD682's control signaJs are 
derived must be coherent with the input signal carrier. To re
cover I(n), set) must be sampled when the in-phase carrier com
ponent is I and the quadrature component is.O (when t is 
integer multiples of 2 ",/W). Similarly to recover Q(n) set) must 
be sampled when the in-phase carrier component is 0 and the 
quadrature component is 1 (when t is integer multiples of 2 ",/w 
+ ",/2). . 

Figure 10. The AD682 Used for I and Q Demodulation 

REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four Matched Sample-and-Hold Amplifiers 
Independent Inputs, Outputs and Control Pins 
500ns Hold Mode Settling 
1".s Maximum Acquisition Time to 0.01% 
Low Droop Rate: 0.01".V/".s 
Internal Hold Capacitors 
75ps Maximum Aperture Jitter 
Low Power Dissipation: 430mW 
0.3" Skinny DIP Package 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD684 is a monolithic quad sample-and-hold amplifier 
(SHA). It features four complete sampling channels, each con
trolled by an independent hold command. Each SHA is com
plete with an internal hold capacitor. The high accuracy SHA 
channels are self-contained and require no external components 
or adjustments. The AD684 is manufactured on a BiMOS 
process which provides a merger of high performance bipolar 
circuitry and low power CMOS logic. 

The AD684 is ideal for high performance, multichannel data 
acquisition systems. Each SHA channel can acquire a signal in 
less than l .... s and retain the held value with a droop rate of less 
than 0.01 .... V/ .... s. Excellent lineariry and ac performance make 
the AD684 an ideal front end for high speed 12- and 14-bit 
ADCs. 

The AD684 has a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. Each 
channel of the AD684 is capable of sourcing SmA and incorpo
rates output short circuit protection. 

The AD684 is specified for three temperature ranges. The J 
grade device is specified for operation from 0 to 70°C, the A 
grade from -40°C to +8SoC and the S grade from -S5°C to 
+ 125°C. 

"Protected by U.S. Patent Number 4,962,325. 
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Four-Channel 
Sample-and-Hold Amplifier 

AD684* I 
FUNCTIONAL BLOCK DIAGRAM 

AD684 

PRODUCT HIGHLIGHTS 
1. Fast acquisition time (1 .... s) and low aperture jitter (75ps) 

make the AD684 the best choice for multiple channel data 
acquisition systems. 

2. Monolithic construction insures excellent interchannel 
matching in terms of timing and accuracy, as well as high 
reliability. 

3. Independent inputs, outputs and sample-and-hold controls 
allow user flexibility in system architecture. 

4. Low droop (O.Ol .... V/ .... s) and internally compensated hold 
mode error results in superior system accuracy. 

S. The AD684's fast settling time and low output impedance 
make it ideal for driving high speed analog to digital convert
ers such as the AD578, AD674, AD7572 and the AD7672. 

6. The AD684 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD684/883B data sheet for detailed 
specifications. 

SAMPLEITRACK-HOLD AMPLIFIERS 4-49 

--



AD684-SPECIFICATIONS (linin to Tmuwith Vcc=+12V ± 10%, VEE =-12V ± 10%,unlessotherwisespecifiad) 

AD684J AD684A AD684S 
Patameter Min Typ Max Min Typ Max Min Typ Max 

SAMPLING CHARACTERISTICS 
Acquisition Time 

IOV Step to 0.01% 0.75 1.0 0.75 1.0 0.75 1.0 
IOV Step to 0.1% 0.5 0.6 0.5 0.6 0.5 0.6 

Small Signal Bandwidth 4 4 4 
Full Power Bandwidth 1 1 1 

HOLD CHARACTERISTICS 
Effective Aperture Delay -35 -25 -15 -35 -25 -15 -35 -25 -15 
Apenure Jitter 50 75 50 75 50 75 
Hold Settling Time (to ImV) 250 500 250 500 250 500 
Droop Rate' 0.01 1 0.01 1 0.01 1 
Feedthrough 

(VIN =±5V, 100kHz) -90 -90 -90 

ACCURACY CHARACTERISTICS' 
Hold Mode Offset -4 -I +3 -4 -I +3 -4 -I +3 
Hold Mode Offset Drift 10 10 10 
Sample Mode Offset 50 200 50 200 50 200 
Nonlinearity ±0.002 ±0.003 ±0.002 ±0.oo3 ±0.003 ±0.oo5 
Gain Error ±0.03 ±0.05 ±0.03 ±0.05 ±0.03 ±O.OS 

INTERCHANNEL CHARACTERISTICS 
Interchannel Isolation 

(VIN= ±5V, 100kHz) 80 86 80 86 80 86 
Interchannel Aperture Offset 150 300 150 300 150 300 
Interchannel Offset 0.4 1.5 0.4 2.0 0.4 2.0 

OUTPUT CHARACTERISTICS 
Output Drive Current2 -5 +5 -5 +5 -5 +5 
Output ~tance, de 0.3 0.5 0.3 0.5 0.3 0.5 
Total Output Noise 

(de to 5MHz) 150 150 150 
Sampled de Uncertainty 85 85 85 
Hold Mode Noise 

(de to 5MHz) 125 125 125 
Short Circuit Current' 

Source 20 20 20 
Sink 10 10 10 

INPUT CHARACTERISTICS 
Input Voltage Range -5 +5 -5 +5 -5 +5 
Bias Current' 100 250 100 250 100 250 

400 500 500 
Input Impedance 50 50 50 
Input Capacitance 2 2 2 

DIGITAL CHARACTERISTICS 
Input Voltage Low 0.8 0.8 0.8 
Input Voltage High 2.0 2.0 2.0 
Input Current (V IN = 5V) 2 10 2 10 2 10 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range (Vcr:., V EIV ±10.8 ±12 ±J3.2 ±1O.8 ±12 ±J3.2 ±JO.8 ±12 ±J3.2 
Supply Current 18 25 18 25 18 26 
+ PSRR 65 70 65 70 65 70 
-PSRR 60 65 60 65 60 65 
Power Consumption 430 600 430 600 430 625 

TEMPERATURE RANGE 
Specified Performance 0 +70 -40 +85 -55 +125 

PACKAGE OPTIONS 
16-Pin Cerdip (Q) AD684JQ AD684AQ AD684SQ 

NOTES 
'Specified and tested over an input range of ±5V. 
'Maximum current the AD684 can source (or sink). Testing guarantees that the accuracy of the held signal remsins within 2.5mV of its initial value. 
'The output is protected for a shon circuit to common, V cc and VEE' 
'V cc and VEE at nominal voltage levels. 

Units 

.,.S 

.,.s 
MHz 
MHz 

os 
ps 
os 
.,.VI.,.s 

dB 

mV 
.,.V/'C 
mV 
%FS 
%FS 

dB 
ps 
mV 

rnA 
n 

.,.Vrms 

.,.Vrms 

.,.Vrms 

rnA 
rnA 

V 
nA 
nA 
MO 
pF 

V 
V 
.,.A 

V 
rnA 
dB 
dB 
mW 

'C 

Specifications shown in boldface are tested on an production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on an production units. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 

With 
Spec Respect to Min Max Unit 

V= Common -0.3 +lS V 
VEE Common -IS +0.3 V 
Control Inputs Common -O.S +7 V 
Analog Inputs Common -12 +12 V 
Output Short Circuit to 

Ground, V =, or VEE Indefmite 
Max Junction 

Temperature +175 ·C 
Storage -6S +150 ·C 
Lead Temperature 

(lOsec max) +300 ·C 
Power Dissipation 640 mW 

·Suesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

PIN CONFIGURATION 

• 

AD684 
TOP VIEW 

INot to Scale} 

NC = NO CONNECT 

oun 

8/ii1 

OUTZ 

81HZ 

oun 

8/H3 

OUT4 

CAUTION ________________________________________________ ___ 

AD684 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

WARNING! d 
~~EDEVICE 
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AD684JQ 
AD684AQ 
AD684SQ 

NOTES 

ORDERING GUIDE 

Temperatnre Range 

o to +700c 
-40·C to +8SOC 
- ss·c to + 12SOC 

Package 
Option' 

Q-16 
Q-16 
Q-16 

1 For details on grade and package offerings screened in 
accordance with MIL-STD-883, refer to the Analog 
Devices Milirary Products Databook or current AD6841883B 
data sheet. 

'Q = Cerdip. For outline information see Package Information 
section. 
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AD684 -Typical Characteristics 
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DEFINITIONS OF SPECIFICATIONS 
Acquisition Time - The length of time that the SHA must 
remain in the sample mode in order to acquire a full scale input 
step to a given level of accuracy. 

Small Signal Bandwidth - The frequency at which the held 
output amplitude is 3dB below the input amplitude, under an 
input condition ofa IOOmV POp sine wave. 

Full Power Bandwidth - The frequency at which the held out
put amplitude is 3dB below the input amplitude, under an input 
condition of a IOV Pop sine wave. 

Effective Aperture Delay - The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 

Aperture Jitter - The variations in aperture delay for succes
sive samples. Aperture jitter puts an upper limit on the maxi
mum frequency that can be accurately sampled. 

Hold Settling Time - The time required for the output to set
tle to within a specified level of accuracy of its final held value 
after the hold command has been given. 

Droop Rate - The drift in output voltage while in the hold 
mode. 

Feedthrough - The attenuated version of a changing input 
signai that appears at the output when the SHA is in the hold 
mode. 

Hold Mode Offset - The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of OV. 

FUNCTIONAL DESCRIPTION 
The AD684 is a complete quad sample-and hold amplifier that 
provides high speed sampling to l2-bit accuracy in less than 
lf1s. 

The AD684 is completely self-contained, including on-chip hold 
capacitors, and requires no external components or adjustments 
to perform the sampling function. Each SHA channel can oper
ate independently, having its own input, output and sampleJhold 
command. Both inputs and outputs are treated as single ended 
signals, referred to common. 

The AD684 utilizes a proprietary circuit design which includes a 
self-correcting architecture. This sample-and-hold circuit cor
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. To the right is a block diagram of the AD684. 
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Tracking Mode Offset - The difference between the input and 
output signals when the SHA is in the track mode. 

Nonlinearity - The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -SV and +SV. 

Gain Error - Deviation from a gain of + I on the transfer 
function of input vs. held output. 

Interchannel Isolation - The level of crosstalk between adja
cent channels while in the sample (track) mode with a full scale 
100kHz input signal. 

Interchannel Aperture Offset - The variation in aperture time 
between the four channels for a simultaneous hold command. 

Differential Offset - The difference in hold mode offset 
between the four SHA channels. 

Power Supply Rejection Ratio - A measure of change in the .. 
held output voltage for a specified change in the positive or -'-
negative supply. 

Sampled dc Uncertainty - The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise - The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise - The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum
mation of the sampled dc uncertainty and the hold mode noise. 

Output Drive Current - The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.SmV. 

AD684 

Functional Block Diagram 
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AD684 
DYNANUCPERFORMANCE 
The AD684 is compatible with l2-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD684 to be used with high speed, high resolution A-to-D con
veners like the AD674 and AD7672. The AD684's fast acquisi
tion time provides high thtoughput rates for multichannel data 
acquisition systems. Typically, the sample and hold can acquire 
a IOV step in less than 750ns. Figure I shows the settling accu
racy as a function of acquisition time. 
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Z 0.04 0 
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!II 
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250 500 750 1000 
ACQUISITION TIME - ns 

Figure 1. VOUT Settling vs. Acquisition Time 

The hold settling determines the required time, after the hold 
command is given, for the output to settle to its fmal specified 
accuracy. The typical settling behavior of the AD684 is shown 
in Figure 2. The settling tiDIe of the AD684 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 

Figure 2. Typical AD684 Hold Mode 

HOLD MODE OFFSET 
The dc accuracy of the AD684 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a OV input condition. Over the input 
range of - SV to + SV, the AD684 is also characterized for an 
effective gain error and nonlinearity of the held value, as shown 
in Figure 3. As indicated by the AD684 specifications, the hold 
mode offset is very well matched berween channels and stable 
over temperature. 
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Figure 3. Hold Mode Offset, Gain Error and Nonlinearity 

For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD71I). Only a single ad
justment of the offset is necessary for the four SHA channels as 
a result of the excellent matching among them. The offset will 
change less than O.5mV over the specified temperature range. 

SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces
sive high frequency noise (ripple). The supply connection to the 
AD684 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
O.lfLF capacitors should be connected from Vee and VEE to 
common. 

DIGITAl 
DATA 
OUTPUT 

Figure 4. Basic Grounding and Decoupling Diagram 
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The AD684 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the 684 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 

NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef
fect of noise sources on the accuracy for the data acquisition sys
tem. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD684 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure S. 
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Figure 5. RMS Noise VS. Input Bandwidth of ADC 

DRIVING THE ANALOG INPUTS 
For best performance, it is important to drive the AD684 analog 
inputs from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over Sk ohms) will have a relatively higher level of 
crosstalk. For applications where signals have high source im
pedance, an operational amplifier buffer in front of the AD684 
is required. The AD713 (precision quad BiFET op amp) is rec
ommended for these applications. 

HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 
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A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 

The accuracy in sampling high frequency signals is also con
strained by the distortion and noise created by the sample-and
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 

Measurements of Figures 7 and 8 were made using a 14-bit 
A-to-D converter with VIN = IOV POp and a sample frequency of 
lOOkSPS. 
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Figure 6. Error Magnitude vs. Frequency 
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AD684 
DATA ACQUISITION APPLICATIONS 
Figure 9 shows a typical data acquisition circuit using the 
AD684 and the high speed 12-bit A-to-D converter, the 
AD7672. Four input signals are simultaneously sampled by the 
AD684 as the HOLD command is given. One of the four held 

INPUTS 
CHI IN. 

CH2 IN2 

CH3 IN3 

CH4 IN4 

+12V 
SHA 

CONTROL CHANNEL 
IS/ii} r- SELECT --". 

IN1 IN2 IN3 IN4 

aun 0' v •• 

S/H1 

OUT2 02 
ADG201A 

S/ii2 5' 

OUT3 03 52 

s/ii3 53 

OUT4 04 54 

S/H4 COMMON 

AD684 

NOTES 
'ANALOG INPUT RANGE SELECT. 
zcg AND C10 REQUIRED FOR !t:5V RANGE. 
CONNECT C TO 0 IA TO B OPEN} 
FOR 0 TO +5V RANGE 
OR A TO B (CTO D OPEN) 
FOR -5V TO +5V RANGE. 

+12V 

outputs is selected by the ADG201, quad CMOS switch, and 
buffered by the AD7l!. The AD588 provides the reference volt
age ~th switches A-B and C-D selecting a -5V to +5V or 0 to 
+5V input range. 

+5V 
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Figure 9. Data Acquisition System Using the AD684 and the AD7672 
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WDEVICES 

FEATURES 
Acquisition Time to 0.01%: 700 ns Maximum 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.011J.V/1J.s 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -80 dB Maximum 
Aperture Jitter: 75 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and Plastic Package 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD781 is a high speed monolithic sample-and-hold ampli
fier (SHA). The AD781 guarantees a maximum acquisition time 
of 700 ns to 0.01% over temperature. The AD781 is specified 
and tested for hold mode total harmonic distortion and hold 
mode signal-to-noise and distortion. The AD781 is configured as 
a unity gain amplifier and uses a self-correcting architecture that 
minimizes hold mode errors and insures accuracy over tempera
ture. The AD781 is self-contained and requires no external com
ponents or adjustments. 

The low power dissipation, 8-pin mini-DIP package and com
pleteness make the AD781 ideal for highly compact board 
layou~s. The AD781 will acquire a full-scale input in less 
than 700 ns and retain the held value with a droop rate of 
0.01 /1V//1s. Excellent linearity and hold mode de and dynamic 
performance make the AD781 ideal for 12- and 14-bit high 
speed analog-to-digital converters. 

The AD781 is manufactured on Analog Devices' BiMOS process 
which nrerges high performance, low noise bipolar circuitry with 
low power CMOS to provide an accurate, high speed, low power 
SHA. 

The AD781 is specified for three temperature ranges. The J 
grade device is specified for operation from O°C to 70°C, the A 
grade from -40°C to +85OC and the S grade from -55°C to 
+ 125OC. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 

"Protected by U.S. Patent No. 4,962,325. 
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Complete 700 ns 
Sample-and-Hold Amplifier 

AD781* I 
FUNCTIONAL BLOCK DIAGRAM 

Vee 

IN 

COMMON 

NC 

PRODUCT HIGHLIGHTS 

OUT 

SIH 

NC 

Vee 

1. Fast acquisition time (700 ns), low aperture jitter (75 ps) and 
fully specified hold mode distortion make the AD781 an ideal 
SHA for sampling systems. 

2. Low dtoop (0.01 /1 V//1s) and internally compensated hold 
mode error results in superior system accuracy. 

3. Low power (95 mW typical), complete functionality and 
small size make the AD781 an ideal choice for a variety of 
high performance, low power applications. 

4. The AD781 requires no external components or adjustments. 

5. Excellent choice as a front-end SHA for high speed analog
to-digital converters such as the AD671, AD7586, AD674B, 
AD774B, AD7572 and AD7672. 

6. Fully specified and tested hold mode distortion guarantees 
the performance of the SHA in sampled data systems. 

7. The AD781 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD7811883B data sheet for detailed 
specifications. 
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AD781-SPECIFICATIONS 
DC SPECIFICATIONS (lml. to Tm .. with Vee = +12 V ± 10%, VEE = -12 V ± 10%, CL = 20 pF, unless otherwise specified) 

Parameter 

SAMPLING CHARACTERISTICS 
Acquisition Time 

10 V Step to 0.01% 
10 V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 

HOLD CHARACTERISTICS 
Effective ApertUre Delay (25"C) 
Aperture Jitter (25°C) 
Hold Settling (to I m V, 25°C) 
Droop Rate 
Feedthrough (25"C) 

(VIN = ±5 V, 100 kHz) 

ACCURACY CHARACTERISTICSI 

Hold Mode Offset 
Hold Mode Offset Drift 
Sample Mode Offset 
Nonlinearity 
Gain Error 

OUTPUT CHARACTERISTICS 
Output Drive Current 
Output Resistance, DC 
Total Output Noise (DC to 5 MHz) 
Sampled DC Uncertainty 
Hold Mode Noise (DC t05 MHz) 
Short Circuit Current 

Source 
Sink 

INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current 
Input Impedance 
Input CapaCitance 

DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage High 
Input Current High (V IN = 5 V) 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current 
+PSRR (+12 V ± 10%) 
-PSRR (-12 V ± 10%) 
Power Consumption 

TEMPERATURE RANGE 
Specified Performance 

NOTE 
'Specified and tested over an input range of ±S V. 

Specifications subject to change without notice. 

AD78lj 
Min Typ Max Min 

600 700 
500 600 
4 
I 

-35 -25 -15 -35 
50 75 
250 500 
0.01 1 

-86 

-4 -I +3 -4 
10 
50 200 
±0.002 ±0.003 
±0.01 :1:0.025 

-5 +5 -5 
0.3 0.5 
ISO 
85 
125 

20 
10 

-5 +5 -5 
50 250 
50 
2 

0.8 
2.0 2.0 

2 10 

±1O.8 ±12 ±13.2 ±10.8 
4 6.5 

70 80 70 
65 75 65 

95 175 

0 +70 -40 

AD781A AD781S 
Typ Max Min Typ Max Units 

600 700 600 700 ns 
500 600 500 600 ns 
4 4 MHz 
I I MHz 

-25 -15 -35 -25 -15 ns 
50 75 50 75 ps 
250 500 250 500 ns 
0.01 1 0.01 1 ",V/",s 

-86 -86 dB 

-I +3 -4 -I +3 mV 
10 10 ",vrc 
50 200 50 200 mV 
±0.002 ±0.003 ±0.003 ±0.005 %FS 
±0.01 :1:0.025 ±0.01 :1:0.025 %FS 

+5 -5 +5 rnA 
0.3 0.5 0.3 0.5 .0 
ISO ISO ",Vrms 
85 85 ",Vrms 
125 125 ",Vrms 

20 20 rnA 
10 10 mA 

+5 -5 +5 V 
50 250 50 250 nA 
50 50 M.o 
2 2 pF 

0.8 0.8 V 
2.0 V 

2 10 2 10 ..,A 

±12 ±13.2 ±1O.8 ±12 ±13.2 V 
4 6.5 4 7 rnA 
80 70 80 dB 
75 65 75 dB 
95 175 95 185 mW 

+85 -55 +125 °C 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 
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AD781J AD781A AD781S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

TOTAL HARMONIC DISTORTION 
FIN = 10 kHz -90 -so -90 -SO -90 -SO dB 
FIN = 50kHz -73 -73 -73 dB 
FIN = 100kHz -68 -68 -68 dB 

SIGNAL-TO-NOISE AND DISTORTION 
FIN = 10kHz 72 78 72 78 72 78 dB 
FIN = 50 kHz 73 73 73 dB 
FIN = 100 kHz 67 67 67 dB 

INTERMODULA TION DISTORTION 
FINl = 49 kHz, FIN2 = 50 kHz 

2nd Order Products -77 -77 -77 dB 
3rd Order Products -78 -78 -78 dB 

NOTE 
'PIN amplitude = 0 dB and PSAMPLE = 500 kHz unless otherwise indicated. 

Specifications shown in boldface are tested on aU devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are gUBtanteed although only those shown in boldface are tested. 

ABSOLUTE MAXIMUM RATINGS· 

With 
Spec Respect to Min Max Unit 

Vee Common -0.3 +15 V 
VEE Common -15 +0.3 V 
Control Input Common -0.5 +7 V 
Analog Input Common -12 +12 V 
Output Short Circuit to 

Ground, Vee, or VEE Indefinite 
Maximum Junction 

Temperature +175 °C 
Storage -65 +150 °C 
Lead Temperature 

(10 sec max) +300 °C 
Power Dissipation 195 mW 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

PIN CONFIGURATION 

Vee 

IN 

OUT 

S/H 

COMMON 

AD781 
TOP VIEW 

(Not to Scale) NC 

NC VeE 

ORDERING GUIDE 

Temperature 
Modell Range Description 

AD78lJN O°C to +70°C 8-Pin Plastic DIP 
AD781AN -40°C to +85°C 8-Pin Plastic DIP 
AD781SQ - 55°C to + 125°C 8-Pin Cerdip 

NOTES 

Package 
Options' 

N-8 
N-8 
Q-8 

'Por details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD7811883B data sheet. 

'N = Plastic DIP; Q = Cerdip. Por outline information see Package 
Information section. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

WARNING! d 
~~EDEVICE 
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AD181-Typical Characteristics 
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DEFINITIONS OF SPECIFICATIONS 
Acquisition Time-The length of time that the SHA must re
main in the sample mode in order to acquire a full-scale input 
step to a given level of accuracy. 

Small Signal Bandwidth-The frequency at which the held out
put amplirude is 3 dB below the input amplitude, under an in
put condition of a 100 mV p-p sine wave. 

Full Power Bandwidth-The frequency at which the held out
put amplirude is 3 dB below the input amplirude, under an in
put condition of a 10 V p-p sine wave. 

Effective Aperture Delay-The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the 'hold command, that the input 
signal will be sampled. 

Aperture Jitter-The variations in aperture delay for successive 
samples. Aperrure jitter puts an upper limit on the maximum 
frequency that can be accurately sampled. 

Hold Settling Time-The time required for the output to settle 
to within a specified level of accuracy of its fmal held value after 
the hold command has been given. 

Droop Rate-The drift in output voltage while in the hold 
mode. 

Feedthrough-The attenuated version of a changing input sig
nal that appears at the output when the SHA is in the hold 
mode. 

Hold Mode Offset-The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 

Tracking Mode Offset-The difference between the input and 
output signals when the SHA is in the track mode. 

Nonlinearity - The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -5 V and +5 V. 

Gain Error-Deviation from a gain of + I on the transfer func
tion of input vs. held output. 

Power Supply Rejection Ratio-A measure of change in the 
held output voltage for a specified change in the positive or neg
ative supply. 

Sampled DC Uncertainty-The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise-The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise-The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum
mation of the sampled dc uncertainty and the hold mode noise. 

Output Drive Current-The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 
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Signal-To-Noise and Distortion (SIN+D) Ratio-SIN+D is 
the ratio of the rms value of the measured input signal to the 
rms sum of all other spectral components below the Nyquist 
frequency, including harmonics but excluding dc. The value for 
SIN + D is expressed in decibels. 

Total Harmonic Distortion (THD)-THD is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of the measured input signal and is expressed as a percentage or 
in decibels. 

Intermodulation Distortion (IMD)-With inputs consisting of 
sine waves at two frequencies, fa and fb, any device with 
nonlinearities will create distortion products, of order (m+n), at 
sum and difference frequency of mfa±nfb, where m, n = 0, 1,2, 
3 . . . . Intermodulation terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa+fb) 
and (fa-fb), and the third order terms are (2fa+fb), (2fa-fb), 
(fa+2fb) and (fa-2fb). The IMD products are expressed as the • 
decibel ratio of the rms sum of the measured input signals to the I 

rms sum of the distortion terms. The two signals are of equal 
amplirude, and peak value of their sums is -0.5 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

FUNCTIONAL DESCRIPTION 
The AD781 is a complete sample-and·hold amplifier that pro
vides high speed sampling to 12-bit accuracy in less than 
700 ns. 

The AD781 is completely self-contained, including an on-chip 
hold capacitor, and requires no external components or adjust
ments to perform the sampling function. Both input and output 
are treated as a single-ended signal, referred to common. 

The AD781 utilizes a proprietary circuit design which includes a 
self-correcting architecture. This sample-and-hold circuit cor
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. Below is a block diagram of the AD781. 

Vee 
IN 

COMMON 

NC 

Functional Block Diagram 

OUT 

Slti 

NC 

SAMPLEITRACK-HOLD AMPLIFIERS 4-61 



AD781 
DYNAMIC PERFORMANCE 
The AD781 is compatible with 12-bit A-to-D converters in 
terms 'of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD781 to be used with high speed, high resolution A-to-D con
verters like the AD674 and AD7672. The AD78I's fast acquisi
tion time provides high throughputrates for multichannel data 
acquisition systems. Typically, the sample and hold can acquire 
a 10 V step in less than 600 ns. Figure I shows the sertling ac
curacy as a function of acquisition time. 
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Figure 1. VOUT Settling vs. Acquisition Time 

The hold sertling de1ermines the required time, after the hold 
command is given, for the output to settle to its final specilled 
accuracy. The typical sertling behavior of the AD781 is shown 
in Figure 2. The settling time of the AD781 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 

Figure 2; Typical AD78.1 Hold Mode 

HOLD MODE OFFSET 
The dc accuracy of the AD781 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offSe1 arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nomina1 hold 
mode offSe1 is specified for a 0 V input condition. Over the in
put range of - 5 V to + 5 V, the AD781 is also characterized for 
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Figure 3. Hold Mode Offset, Gain Error and Nonlinearity 

an effective gain error and nonlinearity of the held value, as 
shown in Figure 3. As indicated by the AD781 specifications, 
the hold mode offset is very stable over temperature. 

For applications where it is impOrtant to obtain zero offSe1, the 
hold mode offset may be nulled externa1ly at the input to the 
A-to-D converter. Adjustment of the offse1 may be accom
plished through the A-to-D itself or by an external amplffier 
with offset nulling capability (e.g., AD711). The offset will 
change less than 0.5 mV over the specified temperature range. 

SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces
sive high frequency noise (ripple). The supply connection to the 
AD781 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per
formance, decoupJing capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 "..F capacitors should be connected from V cc and VEE to 
common. 

DIGITAL 
P.S. 

+5V 

1p.F 1p.F 1"F 

DIGITAL 
AD781 DATA 

OUTPUT 

L..... ______ ~:=., 

Figure 4. Basic Grounding and Decoupling Diagram 
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The AD781 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD781 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 

NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef
fect of noise sources on the accuracy of the data acquisition sys
tem. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD781 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled de uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure 5. 
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Figure 5. RMS Noise vs. Input Bandwidth of ADC 

DRIVING THE ANALOG INPUTS 
For best performance, it is important to drive the AD781 analog 
input from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5 kO) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD781 is required. 
The AD711 (precision BiFET op amp) is recommended for 
these applications. 

HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 

REV. A 
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A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 

The accuracy in sampling high frequency signals is also con
strained by the distortion and noise created by the sample-and
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 

Measurements of Figures 7 and 8 were made using a l4-bit 
ND converter with V1N = 10 V p-p and a sample frequency of 
100 kSPS. 
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Figure 6. Error Magnitude vs. Frequency 
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AD781 
AD7S1 TO AD674 INTERFACE 
Figure 9 shows a typical data acquisition circuit using the 
AD7S1, a high linearity, low aperture jitter SHA and the 
AD674 a 12-bit high speed ADC. The time between the AD674 
status line going high and the actuBI start of conversion allows 
the AD7S1 to settle to 0.01%. As a result, the AD674 status line 
can be used to control the AD7S1; only an inverter is needed to 
interface the two devices. 

+12V 

STATUS 

6 12-BIT 
00-11: : TRISTATE 

I I DATA 

Figure 9. AD781 to AD674 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Acquisition Time to 0.01%: 250 ns Maximum 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.02 fLV/fLS 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -85 dB 
Aperture Jitter: 50 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and Plastic Packages 

PRODUCT DESCRIPTION 
The AD783 is a high speed, monolithic sam 
fier (SHA). The AD783 guarantees a 
of 250 ns to 0.01 % over temperatu 
and tested for hold mode total ha 
frequencies up to 500 kHz. The AD is co 
gain amplifier and uses a self-correcting arch' 
mizes hold mode errors and ensures accuracy 0 temperatu 
The AD783 is self-contained and requires no external compo
nents or adjustments. 

The AD783 will acquire a full-scale input in less than 250 ns 
and will retain the held value with a droop rate of 0.02 fLV/fLS. 
Excellent linearity and hold mode dc and dynamic performance 
make the AD783 ideal for high speed 12- and l4-bit analog-to
digital converters. 

The AD783 is manufactured on Analog Devices' ABCMOS pro
cess which merges high performance, low noise bipolar circuitry 
with low power CMOS to provide an accurate, high speed, low 
power SHA. 

The AD783 is specified for three temperature ranges. The J 
grade device is specified for operation from O°C to + 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 

'Protected by U.S. Patent Number 4,962,325. 

Complete 250 ns 
Sample-and-Hold Amplifier 

AD783* I 
FUNCTIONAL BLOCK DIAGRAM 

IN 

COMMON 

NC = NO CONNECT 

OUT 

'on time (250 ns), low aperture jitter (50 ps) and 
cified hold mode distortion make the AD783 an ideal 

piing systems. 

2 fL V/fLS) and internally compensated hold 
r result in superior system accuracy. 

power (95 mW typical), complete functionality and 
small size make the AD783 an ideal choice for a variety of 
high performance applications. 

4. The AD783 requires no external components or adjustments. 

5. The AD783 is an excellent choice as a front-end SHA for 
high speed analog-to-digital converters such as the AD671, 
AD7586, AD674B, AD774B, AD7572 and AD7672. 

6. Fully specified and tested hold mode distortion guarantees 
the performance of the SHA in sampled data systems. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD783 - SPECIFICATIONS 
DC SPECIFICATIONS (TMIN to TMAX with Vee = +5 V ± 5%, VEE = -5 V ± 5%, CL = 50 pF, unless otherwise noted) 

AD783J AD783A AD783S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

SAMPLING CHARACTERISTICS 
Acquisition Time 
5 V Step to 0.01% 155 250 150 250 150 250 ns 
5 V Step to 0.1% 100 TBD 100 TBD 100 TBD ns 
Small Signal Bandwidth 15 15 15 MHz 
Full Power Bandwidth 2 2 2 MHz 

HOLD CHARACTERISTICS 
Effective Aperture Delay (25"C) TBD 20 TBD TBD 20 TBD TBD 20 TBD ns 
Aperture Jitter (25°C) 20 50 20 50 20 50 ps 
Hold Settling (to 1 m V, 25°C) ISO 200 150 200 ISO 200 ns 
Droop Rate 0.02 I 0.02 1 0.02 I ".V/".s 
Feedthrough (25°C) 

(VIN = ±2.5 V, 500 kHz) -80 -80 -80 dB 

ACCURACY CHARACTERISTICSI 

Hold Mode Offset -4 0 +4 mV 
Hold Mode Offset Drift 10 ".vrc 
Sample Mode Offset 50 200 mV 
Nonlinearity ±0.005 ±0.01 %FS 
Gain Error ±0.03 ±0.05 %FS 

OUTPUT CHARACTERISTICS 
Output Drive Current -5 +5 mA 
Output Resistance, DC 0.3 0.6 0 
Total Output Noise 

(DC to 5 MHz) ISO ".Vrms 
Sampled DC Uncertainty 85 ".V rms 
Hold Mode Noise 

(DC to 5 MHz) 125 ".Vrms 
Short Circuit Current 

Source 20 rnA 
Sink 13 rnA 

INPUT CHARACTERISTICS 
Input Voltage Range -2.5 +2.5 -2.5 +2.5 -2.5 +2.5 V 
Bias Current 100 250 100 250 100 250 nA 
Input Impedance 10 10 10 MO 
Input Capacitance 2 2 2 pF 

DIGITAL CHARACTERISTICS 
Input Voltage Low 0.8 0.8 0.8 V 
Input Voltage High 2.0 2.0 2.0 V 
Input Current High (V IN = 5 V) 2 10 2 10 2 10 ".A 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range ±4.75 ±5 ±5.25 ±4.75 ±5 ±5.25 ±4.75 ±5 ±5.25 V 
Supply Current 9.5 14 9.5 14 9.5 14 rnA 
+PSRR (+5 V ± 5%) 60 65 60 65 60 65 dB 
-PSRR (-5 V ± 5%) 60 65 60 65 60 65 dB 
Power Consumption 95 150 95 ISO 95 ISO ".W 

TEMPERATURE RANGE 
Specified Performance 0 +70 -40 +85 -55 +125 °C 

NOTE 
'Specified and tested over an input range of ±2.5 V. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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HOLD MODE AC SPECIFICATIONS ~~h~~~S!M~t:~~ Vee = +5 V ± 5%, VEE = -5 V ± 5%, CL = 50 pF, unless 

AD783J 
Parameter Min Typ 

TOTAL HARMONIC DISTORTION 
FIN = 50 kHz -S5 
FIN = 100 kHz -S3 
FIN = 250 kHz -79 
FIN = 500 kHz -72 

SIGNAL-TO-NOISE AND DISTORTION 
FIN = 50 kHz TBD 80 
FIN = 100kHz TBD 77 
FIN = 200 kHz 72 
FIN = 500 kHz 70 

INTERMODULA TION DISTORTION 
(Fl = 99 kHz, F2 = 100 kHz) 
Second Order Products -SO 
Third Order Products -85 

NOTE 
IFIN amplitude = -0.5 dB and tACQ = 250 ns unless otherwise indicated. 
Specifications shown in boldface are tested on all devices at fmal 
and max specifications are guaranteed although only those shown 

Specifications subject to change without notice. 

Spec 

V= 
VEE 
Analog Input 
Digital Input 
Output Short Circuit to 

Ground, V co or VEE 
Maximum Junction 

Temperature 
Storage 
Lead Temperature 

(10 sec max) 
Power Dissipation 

COM 
COM 
COM 
COM 

Indefinite 

+175 
-65 +150 

+300 
195 

°C 
°C 

°C 
mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operationai' section of this specification is not implied. 

Max Min 

TBD 
TBD 

TBD 
TBD 

AD783A AD783S 
Typ Max Min Typ Max Units 

-S5 TBD -S5 TBD dB 
-S3 TBD -S3 TBD dB 
-79 -79 dB 
-72 -72 dB 

80 TBD SO dB 
77 TBD 77 dB 
72 72 dB 
70 70 dB 

-80 dB 
-S5 dB 

to calculate outgoing quality levels. All min 

ORDERING GUIDE 

Temperature Range 

O°C to +70°C 
-40°C to +S5°C 
-55°C to + 125°C 

Package Options· 

N-8 
N-S 
Q-S 

*N = Plastic DIP; Q = Cerdip. For outline information see Package Infor· 
mation section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD783 
DEFINITIONS OF SPECIFICATIONS 
Acquisition Time-The length of time that the SHA must re
main in the sample mode in order to acquire a full-scale input 
step to a given level of accuracy. 

Small Signal Bandwidth-The frequency at which the held out
put amplitude is 3 dB below the input amplitude, under an in
put condition of a 100 mV p-p sine wave. 

FuJI Power Bandwidth-The frequency at which the held out
put amplitude is 3 dB below the input amplitude, under an in
put condition of a 5 V p-p sine wave. 

Effective Aperture Delay-The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 

Aperture Jitter-The variations in delay for successive samples. 
Aperture jitter puts an upper limit on the maximum frequency 
that can be accurately sampled. 

Hold Settling Time-The time required for the output to settle 
to within a specified level of accuracy of its final held value after 
the hold command has been given. 

Droop Rate-The drift in output voltage while in the hold 
mode. 

Feedthrough-The attenuated version of a 
that 'appears at the output when the S 

Hold Mode Offset-The difference be 
the held output. This offset term applies y i 
and includes the error caused by charge injection 
internal offsets. Hold mode offset is specified with a 
OV. 

Sample Mode Offset-The difference between the input and 
output signals when the SHA is in the sample mode. 

Nonlinearity - The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -2.5 V and +2.5 V. 

Gain Error-Deviation from a gain of + 1 on the transfer func
tion of input vs. held output. 

Power Supply Rejection Ratio-A measure of change in the held 
output voltage for a specified change in the positive or negative 
supply. 

Sampled DC Uncertainty-The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise-The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise-The total rms noise that is seen at the out
put of the SHA while in the hold mode. It is the rms summa
tion of the sampled de uncertainty and the hold mode noise. 

Output Drive Current-The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 

Total Harmonic Distortion (THD)-THD is the ratio of the 
rms sum of the first six onic components to the rms value 
of a full-scale inp d is expressed as a percentage or in 
decibels. 

rtion Ratio (SIN + D)-SIN + D is the 
he measured input signal to the rms 

onents below the Nyquist fre-
t excluding dc. 

rtion (IMD)-With inputs consisting of 
requencies, fa and fb, any device with nonlin
distortion products, of order (m + n), at sum 

cies of mfa ± nfb, where m, n = 0, 1, 2, 
terms are those for which m or n is not 

For example, the second order terms are (fa + fb) 
fb) and the third order terms are (2 fa + fb), 

a - fb), (fa + 2 fb) and (2 fb - fa). The IMD products 
are expressed as the decibel ratio of the RMS sum of the mea
sured input signals to the RMS sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Nonlinearity: ±7.6 ppm max (1/2 LSB @ 16-Bit 

Accuracy) 
Fast Acquisition Time to ±0.00076%: 3.5 ... s 
Low Droop Rate: 0.02 ... V/ ... s 
Aperture Jitter: 150 ps 
±10 V Input Range 
Hold Mode Feedthrough Rejection of -106 dB 
14-Pin Metal DIP 
Gain of +1 V/V 
Low Cost 

APPUCATIONS 
Medical and Analytical Instrumentation 
Automatic Test Equipment 
Data Acquisition for Signal Processing 
Simultaneous Sample-and-Hold 
Peak Measurement Detection 
Event Analvsis 

GENERAL DESCRIPTION 
The AD1l54 is a high accuracy, low cost sample-and-hold 
amplifier (SHA) designed to be used in high resolution data 
acquisition systems. It is complete with internal hold capacitor 
and proprietary capacitor trimmed compensation circuitry. Its 
accuracy (0.00076% of full scale range) and dynamic perform
ance allow it to be used with high speed 16-bit AID converters. 
The AD1l54's low price enables users to upgmde the front end 
performance of 14-bit systems without increasing system cost. 
Its gain accuracy and droop mte in "hold" mode also allow accu
rate conversion by slower 16-bit AID converters having conver
sion times of up to 7.6 ms. 

The AD1l54 is a hybrid noninverting sample-and-hold amplifier 
(SHA) with a gain of + 1 VN. It can be utilized in most invert
ing SHA applications by inverting the digital data. The AD 1154 
is packaged in a compact 14-pin metal DIP. 

Typical applications for the AD 1154 include data acquisition 
systems, strobed measurement systems, peak hold circuits and 
simultaneous sample-and-hold functions. The AD1154 is avail
able in two grades, both operating over the -25°C to +85°C 
temperature mnge. The "A" grade is specified for IS-bit accu
mte systems, while the "B" gmde offers superior performance 
for true 16-bit applications. 

REV. A 

Low Cost, 16-Bit Accurate 
Sample-and-Hold Amplifier 

ADl154 I 
FUNCTIONAL BLOCK DIAGRAM 

SHA 
CONTROL 

PRODUCT mGHLIGHTS 

AGNDI OFFSET 
DACOMP ADJ 

1. Fast acquisition and low jitter make it the right choice for 
high speed, high accumcy data acquisition. 

2. Its low droop rate (0.02 ~ VI~s) allows it to be used in slower 
systems without noticeable performance degradation. 

3. The AD1154 is ideal for systems requiring wide dynamic 
range. 

4. Low price reduces overall system cost. 

5. Unity gain buffer architecture allows ease of use. 
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ADll54-SPECIFICATIONS (typical @ 25°C and nominal power supply of :t15 V unless othanvise noted) 

Model ADlI54AW ADlIS4BW Units 

ANALOG INPUT 
Voltage Range ±lOmin * V 
Overvoltage (No Damage) ±Vs * V 
Input Impedance 1012 * 0 
Input Capacitance 10 * pF 

DIGITAL INPUT (TIL COMPATIBLE) 
Sample Mode Logic "I" 2.0 min * V 
Hold Mode Logic "0" o.s max * V 
Logic "1" Current I * ,.A 
Logic "0" Current 3 * ,.A 

ANALOG OUTPUT 
Voltage (RLOAo"'=2 kO) ±lOmin * V 
Short Circuit Current 20 * rnA 
Impedance 0.1 * O@lkHz 

DC ACCURACY/STABILITY 
Gain +1 * VN 
Gain Error ±0.003 (±0.01 max) * % 
Gain Temperature Coefficient ±O.I (±1 max) * ppmrc 
Non1inearity 

Sample Mode' ±0.0015 * % 
Hold Mode ±0.00l5 max ±0.00076 max % 
Per mV of Offset Adjust (Hold Mode) ±0.3 * ppm/mV 

Offset Error (Adjustable to Zero) ±3 (±20 max) * mV 
Offset Error @ T nUn' T ma'/ ±0.6 * mV 
Offset Tempco per m V of Offset Adjust ±0.5 * ",Vl"ClmV 

SAMPLE MODE DYNAMICS 
Small Signal Bandwidth (-3 dB) 1 * MHz 
Full Power Bandwidth 120 * kHz 
Slew Rate 10 * VI",s 
Noise (de to I MHz) 40 * ",Vrms 

SAMPLE-TO·HOLD SWITCHING 
Aperture Delay 80 * ns 
Aperture Uncertainty Gitter) 150 * ps 
Offset Step (Pedestal) ±S * mV 
Switching Transient 

Amplitude ±75 * mV 
Settling to ±0.003% 0.4 * "'. 
Settling to ±0.OOO76% I * ",s 

Dielectric Absorption Error (Uncompensated) 0.003 * % 

HOLD MODE DYNAMICS 
Droop Rate 0.2 (0.7 max) 0.1 (0.35 max) ",VI",. 
Droop Rate @ T ma. 5 2.5 ",V/fJ-S 
Feedthrough Rejection (20 V p.p @ 10 kHz) -106 (-% max) * dB 

HOLD·TO-TRACK SWITCHING 
Acquisition Time to ±0.OOO76% of 20 V' 5 (S max) 3.5 (5 max) ",S 

POWER REQUIREMENTS 
Nominal Voltage for Rated Performance (V s) ±15 (±3%) * V 
Power Supply Rejection 20 * ",VN 
Supply Current 

+Vs 10 * rnA 
-Vs 10 * rnA 

Power Dissipstion 300 * mW 

TEMPERATURE RANGE 
Rated Performance -25 to +S5 * "C 
Storage -40 to +125 * "C 

PACKAGE I4-Pin DIP * 
NOTE 
'The AD1I54 was designed specifically for 16·bit accurate sample/hold applications (tailored for hold mode 
performance), but it may be used as a track-and-hold amplifier with IS-bit accurate tracking performance. 

'Error at + 25'C adjusted to zero. 
'Tested with S kG load. 
*Specification same as AD1I54AW. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimeosions are shown in inches and (mm). 

14-LEAD METAL PLATFORM DIP 

PIN 1 

'" D4 .•. 

1 . 7 

C··874122.,II=====-j :f_ 
~ 

~ 
..... 1 •• 511 _11_ -.l I-
0.01810.41) II "'I 

0.100 12.54) BBC 

f-~-1 I r·· ... 112
.
50lll 

8 I :._17.48~ I 

~ 0.600 '12.7) --i 

.L @I@@@@@I@ 
-(D (D- --.l ..... 

0.180 IOTTOMV1!W -- -fl2.031 ( .... 1 ,- -(D (D 
@@@@@@@ 

~ "=t" ~ 
STANDOfF DETAIL 

PIN DESIGNATIONS 

PIN DESCRIPTION PIN DESCRIPTION 
1 SHACONTROL • SHA OUTPUT 
2 NO CONNECTION 9 OFFSET ADJUST 
3 NO CONNECTION 10 NO CONNEcnON 

• DIGITAL GROUND " +15V 

5 NO CONNEcnON 12 ANA GND/DA COMP 

• ANALOG GROUND 13 SHAINPUT 
7 OFFSET ADJUST 14 -15V 
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Figure 1. Acquisition Time vs. Final Error Band for 20 Volt Figure 2. Droop Rate vs. Temperature 
Step 

Figure 3. Hold-to-Sample Acquisition Time Figure 4. Sample-to-Hold Settling Time 
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Figure 5. Input Feedthrough Figure 6. Acquisition Time Test Circuit 
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AD1154 
TERMINOLOGY 
Accuracy is the peak deviation of the output from a straight line 
through the endpoints of the transfer function. It is expressed as 
a percentage of the full scale output range. Note that this 
parameter is measured in hold mode because the actual voltage 
to be converted is the voltage present at the output of the device 
during the hold mode. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample/track cOm
maild has been given assuming that the input amplifier has set
tled. This includes switch delay time, slewing time and settling 
time for a given output voltage change. 

Aperture Time is the time required after the hold command for 
the switch to open fully. The sample is, in effect, delayed by 
this interval, and the hold command would have to be advanced 
by this amount for precise timing. 

Aperture Jiner is the range of variation in the aperture time. If 
the aperture time is "tuned out" by advancing the hold com
mand a suitable amount, this spec establishes the ultimate tim
ing error, hence, the maximum sampling frequency to Ii given 
resolution. 

Charge Transfer (or offset step or pedestal) is the charge trans
ferred to the storage capacitor when switching to the hold mode. 

Droop Rate is the rate of change in output voltage over time 
while in the hold mode. The droop rate will determine how 
long a signal can be accurately held before it changes more than 
1 LSB. 

F eedthrough is the fraction of the input signal variation or ac 
input waveform that appears atthe output in hold. It is caused 
by stray capacitive coupling from the input to the stOrage capac
itor, principally across the open switch. 

Small Signal Banilwidth is the maximum analog signal frequency 
that can be tracked before the gain is reduced by] dB. This 
assumes the signal amplitQde is small enough so as not to be 
slew rate limited: 

Switching Transient Settling Time is the time required for the 
device to stabilize in the hold mode to within specified limits of 
its fmal value after the hold mode sigiw has been given. 

Figure 7. TIH Characteristics 
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INVERTING VS. NONINVERTING ARCHITECTURE 
The ADl154 has a gain of + 1 VIV. Many SIH amplifiers use an 
inverting architecture and hence have a gain of - 1 V IV. The 
AD1154, because of its noninverting architecture, does not have 
an externa1ly accessible summing point. This pin is found on 
most inverting SlHs and is typically not used. In applications 
where the summing junction is not connected,the AD1154 can 
be used as a direct hardware replacement by tying Pin 12 to 
ground, but the output is of opposite polarity. 

GROUNDING CONSIDERATIONS 
The AD1154 is a true l6-bit performance sample/hold amplifier. 
In order to insure proper operation of the deVlce, great care 
must be taken in managing the ground tracks. It is recom
mended that Pins 4, 6 and 12 of the AD1154 be tied together 
directly outside of the package. This point should then be tied 
to the analog ground of the AID converter, as shown in Figure 
8. This track should be as short and wide as possible to mini
mize voltage drops. Also note from the figure that any other 
analog grounds in the signal path should be joined to the AID 
converter analog ground. 

-15V 

ANALOG 
POWER SUPPl V 

+15V 

10p.F 10p.F 

DIGITAL 
POWER SUPPLY 

+5V 

AD1376 

Figure 8. Basic Grounding and Power Supply Bypassing 
Practice 

DmLECTRIC ABSORPTION COMPENSATION 
The hold capacitor used in the AD 1154 is a high quality ceramic 
chip capacitor. This capacitor's dielectric absorption characteris
tics are typieally better than high quality film capacitors, In 
addition, the AD1154 provides a means for compensating for 
the dielectric absorption of the capacitor if better perfotmance is 
required. If dielectric absorption compensation is not used, Pin 
12 should be tied to grol1Ild. PleaSe refer to the section titled 
"DISCUSSION OF DIELECTRIC ABSORPTION" for more 
detailed information. 

POWER SUPPLY BYPASSING 
The AD1l54 utilizes high speed amplifiers in its design. These 
amplifierS require quiet power supplies that are fn:e from 
spikes. For maximum performance it is recommertded that both 
power supplies be bypassed with 0.1 ILF ceramic capacitors in 
parallel with IOILF tantalum capacitors located as close to the 
device as possible (see Figure 8). 
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DISCUSSION OF DIELECTRIC ABSORPTION 
The hold capacitor of the AD 1154 was chosen for its low dielec
tric absorption (D.A.) characteristics. D.A. is directly affected 
by the sample/hold mode switching durations and input levels. 
The AD1154 provides tlte user witlt a pin for external D.A. 
compensation circuitry. The AD1154's uncompensated D.A. 
performance is inherently superior, and in most applications the 
D.A. compensation pin should be connected to ground. Where 
additional compensation is desired to tailor tlte AD1154 to a 
specific user's application, only three resistors and a capacitor 
are required to optimize the AD1154's D.A. performance (see 
Figure 11). 

If a capacitor is charged to a voltage, discharged for a moderate 
period of time, and tlten open circuited, the voltage on the 
capacitor will begin to creep back towards its initial value. This 
creep voltage is known as dielectric absorption. Dielectric 
absorption occurs because the dielectric material doesn't polarize 
instantly, the molecules need time to align tltemselves. As a 
result, not all of tlte energy stored in a capacitor can be quickly 
recovered upon discharge. 

A first order model of tlte hold capacitor to include dielectric 
absorption effects is shown in Figure 9. In addition to tlte main 
capacitance, CM' and the insulation resistance, RI , tltere is an 

+15V 

C R, 

~1"'PF 

ADl154 

Figure 9. First Order Model of D. A. Effects 

ROA and a COA. When the capacitor is charged to some value, 
COA is also charged. When tlte capacitor is discharged, COA also 
discharges. But it must discharge tltrough ROA> and, if tlte 
capacitor is not discharged for a long enough period of time, 
COA will not completely discharge. As a result, when the capaci
tor is open circuited, COA will discharge into CM causing tlte 
voltage across it to creep back towards its initial value. The 
actual model of tlte capacitor should contain additional RoAs 
and COAS with increasing time constants in parallel with the one 
shown. 

Figure 10 shows a circuit suitable for measuring the dielectric 
absorption of samplelhold amplifiers. The circuit operates as 
follows: Rl and Cl set tlte frequency of tlte SHA control; R2 
and C2 set the amount of acquisition time allowed fot the SHA. 
See the timing diagram of Figure 10. 

+15V 

SHA CONTROL 

+10 V ----, I r------1 
SHAANALOGINP~~ ____ ~ _____ L-

I I I 
I I I I 

+5V I I I t 

SHA CONTRc?~ 
I I I I 

~TA--t--TB~ Tc:--
I . I I I 

Figure 10. Dielectric Absorption Measurement Circuit 

During T B, the CONTROL line is high, tlte AD1154 is in tlte 
sample mode and tlte analog input charges the hold capacitor to 
+ 10 V. During T c tlte analog input to the SHA is switched to 
ground, effectively shorting tlte hold capacitor for the remainder 
of tlte sample period. During T A> the SHA is switched into hold 
mode and the hold capacitor is open circuited. The dielectric 
rebound can be observed on the oscilloscope during T A' Refer 
to Figure 12. 

Note that the dielectric absorption error is dependent on several 
factors: it is a function of how long the capacitor is charged 
(T B), how long it is discharged (T c) and how long it is observed 
while open circuited (T A)' These parameters can be modified by 
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changing RI, R2, Cl and C2. 

The AD 1154 provides a pin to compensate for dielectric absorp
tion. To use it, the circuit of Figure 11 must be employed. 

To find the optimum values for RI, RZ, R3 and Cl follow this 
procedure: 
I. Adjust the D.A. measurement circuit (see Figure 10) to rep

resent a typical sampling rate. 

2. Observe the dielectric absorption error on the osci11oscope. 

3. Pick (RIIIR2) • CI to be equal to the approximate time con
stant (T con,,) of tlte dielectric rebound on tlte oscilloscope 
(see photo in Figure 12). 
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ADll54 
4. R3 is used to adjust the magnitude of the compensation. To 

frod an initial approximation for R3, the following relation
ship can be used: 
R3 = [Magnitude of D.A. error x(RI + R2)]/IO x 

lI(e-Tc/TcoNsT _e-TAITCONST) 

5. R3 can then be fine trimmed for the flattest output during 
hold. 

Using this method it is possible to reduce the effect of dielectric 
absorption by a factor of four or five. The typical values for 
resistors and capacitor given in Figure II are for a sample time 
of 20 ILS, acquisition time of 5 ILS and a hold time of 20 ILS. 
When determining the values, R3 should be less than 10 n, and 
CI should be as small as possible. 

IN 

R3 
30 

Figure 11. DIA Compensation Circuit with Typical Values 

DYNAMIC SIGNALS 
The primary purpose of using a sampleJhold in front of an AID 
converter is to hold the input constant while the AID performs 
its conversion. Without a sampleJhold, a 16-bit AID converter 
would not be able to accurately digitize any signal whose slew 
rate exceeded I LSB divided by the conversion time. Or, for a 
15 ILS AID with an input range of ± 10 V this says: 

Input Signal Slew RateMAX = I LSB + Conversion Time 
=20.3 VIS 

Since the maximum slew rate of a sinusoid is defined as: 

Slew RateMAx = 2 • 1T • Amplitude. Frequency 

This translates into a maximum input frequency of: 

FIN MAX = Slew RateMAx + (2. 1T. Amplitude) = 0.32 Hz 

By using a sampleJhold, however, the maximum slew rate of the 
input signal is now limited by the aperture jitter of the sample! 
hold, which is usually orders of magnitude better than a conver
sion time. Specifically, for an AD1154 the analysis is: 

Input Signal Slew RateMAX = I LSB + Aperture Jitter = 
2.035 V/lLs. 

Now the maximum input frequency becomes: 

FIN MAX = Slew RateMAx + (2 • 1T • Amplitude) = 32.4 kHz. 

Figure 12. Dielectric Absorption 
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This represents a dramatic improvement over using the AID 
converter by itself. The AD 1154's 222 kHz throughput 
(lI(TACQ + TSETT)) and 150 ps aperture jitter allow it to digi
tize input signals of up to 32 kHz to 16-bit accuracy or up to a 
128 kHz signal to 14-bits. 

+15V 

t 

Figure 13. Offset Adjust Circuit 

OPERATING INSTRUCTIONS 
Offset Adjust 
In most data acquisition systems only one offset adjusttnent is 
made. Usually the offset adjust of the AID converter is used to 
null the combined system offsets. However, the offset or pedes
tal of the AD1154 can be nulled by connecting a trim potenti
ometer between Pins 7 and 9, and tying the wiper to + 15 V 
(refer to Figure 13.) To null the pedestal, ground the input of 
the SHA and toggle the SHA CONTROL. Then adjust the pot 
until the output of the SHA in hold mode reads 0 V. Please 
note that each millivolt of offset adjust adjusttnent degrades lin
earity by 0.3 ppm. 

APPLICATIONS 
50kHz Sampling AID System 
Figure 14 shows a typical connection of the AD 1154 to the 
AD1376 (16-bit 15.5 ILS AID converter). This combination will 
result in an AID conversion system capable of sampling a 
25 kHz signal at a 50 kHz throughput rate. (Where Throughput 
Rate = T ACQ + T SETTLE + T CONY = 3.5 ILS' + I ILS + 
15.5 ILS = 20 ILs.) This example has an input range of ±IO V, 
power consumption of < I W and 16-bit resohition. The 
accuracy of this system is limited to the AD 1376's 14-bit 
performance. 

Track-and-Hold 
The AD 1154's design is optimized for sample-and-hold applica
tions and is internally compensated to guarantee 16-bit 
(0.00076%) hold mode gain nonlinearity. Even though the 
AD1154 is tailored specifically as a SHA, it may be used as a 
track-and-hold amplifier providing 15-bit (0.0015%) track mode 
gain nonlinearity. 

-1SV +15V +5Y 

Figure 14. 50 kHz Sampling AID Conversion System 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Excellent Hold Mode Distortion 

-88 dB @ 30 MSPS (2.3 MHz V1N) 

-83 dB @ 30 MSPS (12.1 MHz V1N) 

-74 dB @ 30 MSPS (19.7 MHz V1N) 

16 ns Acquisition Time to 0.01% 
<1 ps Aperture Jitter 
250 MHz Tracking Bandwidth 
83 dB Feedthrough Rejection @ 20 MHz 
3.3 nV /\/Hz Spectral Noise Density 

APPLICATIONS 
A/D Conversion 
Direct IF Sampling 
Imaging/FLIR Systems 
Peak Detectors 
Radar/EW/ECM 
Spectrum Analysis 
CCD ATE 

GENERAL DESCRIPTION 
The AD9100 is a monolithic track-and-hold amplifier which sets 
a new standard for high speed and high dynamic range applica
tions. It is fabricated in a mature high speed complementary 
bipolar process. In addition to innovative design topologies, a 
custom package is utilized to minimize parasitics and optimize 
dynamic performance. 

Acquisition time (hold to track) is 13 ns to 0.1% accuracy, and 
16 ns to 0.01 %. The AD9100 boasts superlative hold-mode fre
quency domain performance; when sampling at 30 MSPS hold 
mode distortion is less than - 83 dBfs for analog frequencies up 
to 12 MHz; and -74 dBfs at 20 MHz. The AD9100 can also 
drive capacitive loads up to 100 pF with little degradation in 
acquisition time; it is therefore well suited to drive 8- and 10-bit 
flash converters at clock speeds to SO MSPS. With a spectral 
noise density of 3.3 nV/y'Hz and feedthrough rejection of 83 dB 
at 20 MHz, the AD9l00 is well suited to enhance the dynamic 
range of many 8- to 16-bit systems. 

'Patent pending. 
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Ultrahigh Speed 
Monolithic Track-and-Hold 

AD9100* I 
FUNCTIONAL BLOCK DIAGRAM 

CLK CLK 

V'ND-W .... -t 

The AD9100 is "user friendly" and easy to apply: (1) it requires 
+5 V/-S.2 V power supplies; (2) the hold capacitor and switch 
power supply decoupling capacitors are built into the DIP 
package; (3) the encode clock is differential ECL to minimize 
clock jitter; (4) the input resistance is typically 800 kG; (5) the 
analog input is internally clamped to prevent damage from volt
age transients. 

The AD9100 is available in a 20-lead side-brazed "skinny DIP" 
package. Commercial, industrial, and military temperature grade 
parts are available. Consult the factory for infortnation about the 
availability of surface mount packages and 883-qualified devices. 

PRODUCT mGHLIGHTS 
1. Hold Mode Distortion is guaranteed. 

2. Monolithic construction. 

3. Analog input is internally clamped to protect against over-
voltage transients and ensure fast recovery. 

4. Output is short circuit protected. 

S. Drives capacitive loads to 100 pF. 

6. Differential ECL clock inputs. 
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AD91 00 ~ SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) .............•.... , .... ±6 V 
Continuous Output Current .........•.... : .... 70 mA 
Analog Input Voltage2 .............•......... ±5 V 

Junction Temperature ...••...••.•••• ; •..... ·+175·C 
Storage Temperature ....•......•.... -65"C to +l50"C 
Lead Soldering Temperature (10 sec) ............ +300·C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, +Vs = +5 V; -Vs = -5.2 V; RLOAD = 1000; RIM = 500) 

Test AD9100JD/ADISD3 

Parameter Conditions Temp Level Min Typ Max Units 

DC ACCURACY 
Gain ilVrN = 2 V Full VI 0.989 0.994 VN 
Offset VIN = OV Full VI -5 ±l +5 mV 
Output Resistance 25"C V 0.4 n 
OutpUt Drive Cspability Full VI ±4O ±60 mA 
PSRR ilVs = 0.5 V p-p Full VI 48 55 dB 
Pedestsl Sensitivity to Supply ilVs = 0.5 V p-p Full VI 0.9 3 mVN 

ANALOG INPUT/OUTPUT 
Output Voltage Range Full VI +2 ±2.2 -2 V 
Input Bias Current 25"C VI -8 ±3 +8 jJ.A 

Full VI -16 +16 jJ.A 
Input Overdrive Current4 VrN = ±4 V 25"C V ±22 mA 
Input Capacitance 25"C V 1.2 pF 
Input Resistance 25"C, Tmax VI 350 800 kO 

Tmin VI 200 kO 

CLOCK/CLOCK INPUTS 
Input Bias Current CUCL = -1.0V Full VI 4 5 mA 
Input Low Voltage (VIL) Full VI -1.8 -1.5 V 
Input High Voltage (VIH) Full VI -1.0 -0.8 V 

TRACK MODE DYNAMICS 
Bandwidth (-3 dB) VOUT :50.4 V p-p Full IV 150 250 MHz 
Slew Rate 4-Volt Step 25"C IV 550 850 V/jJ.s 

4-Volt Step Tmio' Tmax IV 500 700 VljJ.s 
OverdIive Recovery Time4 (to 0.1%) VIN = ±4 V to 0 V 25"C V 21 ns 
2nd Harm. Dist. (20 MHz, 2 V p-p) Full V -65 dBc 
3rd Harm. Dist. (20 MHz, 2 V p-p) Full V -75 dBc 
Integrated Output Noise (1-200 MHz) 25"C V 45 jJ.V 
RMS Spectral Noise @ 10 MHz 2S"C V 3.3 nV/y'Hz 

HOLD MODE DYNAMICS 
Worst Harmonic (2.3 MHz, 30 MSPS) VOUT = 2 Vp-p 2S·C V -83 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VOUT = 2 Vp-p 2S"C IV -81 -72 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VOUT=2Vp-p Tmax IV -76 -70 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VoUT =2Vp-p Tmin IV -73 -68 dBfs 
Worst Harmonic (19.7 MHz, 30 MSPS) VOUT = 2 Vp-p 25"C V -74 dBfs 
Hold Noise' 25"C V 300 x tH VIs rms 
Droop Rate6 VIN = 0 V 25"C VI 1 6 ±mV/jJ.s 

Tmin VI 7 40 ±mV/jJ.s 
Tmax VI 5 30 ±mV/jJ.s 

Feedthrough Rejection (20 MHz) VIN = 2 Vp-p Full V 83 dB 

TRACK-TO-HOLD SWITCHING 
Aperture Delay 25"C V +800 ps 
Aperture Jitter 25"C V <1 ps 
Pedestsl Offset VrN = 0 V 25"C VI -5 ±1 +5 mV 

Full VI -10 +10 mV 
Transient Amplitude VrN = 0 V Full V ±6 mV 
Settling Time to 1 mV Full IV 7 10 ns 
Glitch Product VrN = OV 25"C V 15 pV-s 

HOLD-TO-TRACK SWITCHING 
ACquisition Time to 0.1% 2 V Step 25·C V 13 ns 
Acquisition Time to 0.01 % 2 V Step Full IV 16 23 ns 
Acquisition Time to 0.01% 4 V Step 25"C V 20 ns 
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AD91 00 
Test AD9100JD/AD/SD3 

Parameter Conditions Temp Level Min Typ Max Units 

POWER SUPPLY 
Power Dissipation Full VI 1.05 l.2S W 
+Vs Current Full VI 96 118 mA 
-Vs Current Full VI 116 132 mA 

NOTES 
I Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2 Analog input voltage should not exceed ± V s. 
3The "Full" temperature specifications refer to the ambient temperature for the DIP package only after a power soak. AD9100JD: O°C to +70°C. AD9100AD: 
-40'C to +85'C. AD9100SD: -55'C to +125'C. aJA ~ 38'CIW; this is valid with the device mounted flush to a grounded 2-oz copper clad hoard with 16 sq. 
inches of surface area and no air flow. 

4The input to the AD9100 is internally clamped at ::!:2.3 V. The internal input series resistance is nominally 50 fl. 
sHold mode noise is proportional to the length of time a signal is held. For example, if the hold time (tH ) is 20 ns, the accumulated noise is typically 6 f.LV 
(300 V /s x 20 ns). This value must be combined with the track mode noise to obtain total noise. 

6Min and max droop rates are based on the military temperature range (- 55°C to + 125°C). Refer to the "Droop Rate vs Temperature" chart for minimax limits 
over the commercial and industrial ranges. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 
II 100% production tested at + 2S'C, and sample tested at 

specified temperatures. 
III Periodically sample tested. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 2S'C. 100% 

production tested at temperature extremes for 
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extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 

Model' 

AD9100JD 
AD9100AD 
AD9100SD 

NOTES 

ORDERING GUIDE 

Temperature 
Range 

O'C to +70'C 
-40'C to +8S'C 
-SS'C to + 12S'C 

Package 
Option2 

D-20 
D-20 
D-20 

lConsult factory about availability of parts in LCC packages, as well as parts 
screened to MIL-STD-883. 

2D = Ceramic DIP. For outline information see Package Information 
section. 
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AD91 00 

DIP PIN DESCRIPTIONS/CONNECTIONS 

Pin No. Description Connection 

1 -Vs -5.2 V Power Supply 
2 GND Common Ground Plane 
3 GND Common Ground Plane 
4 VIN Analog Input Signal 
5 -Vs -5.2 V Power Supply 
6 BYPASS 0.1 IJ.F to Ground 
7 -Vs -5.2 V Power Supply 
8 GND Common Ground Plane 
9 VOUT Track-and-Hold Output 
10 GND Common Ground Plane 
11 GND Common Ground Plane 
12 GND Common Ground Plane 
13 GND Common Ground Plane 
14 +Vs + 5 V, Power Supply 
15 BYPASS 0.1 IJ.F to Ground 
16 +Vs + 5 V, Power Supply 
17 GND Common Ground Plane 
18 CLK Complement ECL Clock 
19 CLK ''True'' ECL Clock 
20 +Vs + 5 V Power Supply 

LCC PIN DESCRlPTIONS/CONNECnONS 

Pin No. Description Connection 

I GND Common Ground Plane 
2 GND Common Ground Plane 
3 NC None 
4 -Vs -5.2 V Power Supply 
5 -Vs -5.2 V Power Supply 
6 NC None 
7 VIN Analog Input Supply 
8 -Vs -5.2 V Power Supply 
9 -Vs -5.2 V Power Supply 
10 NC None 
11 -Vs -5.2 V Power Supply 
12 -Vs -5.2 V Power Supply 
13 -Vs -5.2 V Power Supply 
14 BYPASS O.IIJ.F to Pin 16 
IS VOUT Track-and-Hold Output 
16 BYPASS 0.1 IJ.F to Pin 14 
17 +Vs +5 V Power Supply 
18 +Vs + 5 V Power Supply 
19 +Vs + 5 V Power Supply 
20 HOLDCAP External Hold Capacitor 
21 HOLDCAP External Hold Capacitor 
22 +Vs +5 V Power Supply 
23 +Vs +5 V Power Supply 
24 GND Common Ground Plane 
25 +Vs +5 V Power Supply 
26 +Vs +5 V Power Supply 
27 CLOCK Complement ECL Clock 
28 CLOCK "True" ECL Clock 
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DIP PINOUTS 

CLK 

eLK 

AD9100 GND 

TOP VIEW .v" 
(Not to Seala) 

BVPASS 

.Va 

GND 

GND 
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I~ ~ =r 

5 -Va 

GND 24 8 NC 

AD9100 7 V .. 

BOTTOM 8 -VB 

HOLDCAP 21 
VIEW 

9 -Va (Not to Scala) 
HOLDCAP 20 10 Ne 

+Vs 19 II-v" 

Acquisition Time is the amount of time it takes the AD9100 to 
reacquire the analog input when switching from hold to track 
mode. The interval starts at the 50% clock transition point and 
ends when the input signal is reacquired to within a specified 
error band at the hold capacitor. 

Analog Delay is the time required for an analog input signal to 
propagate from the device input to output. 

Aperture Delay tells when the input signal is actually sampled. 
It is the time difference between the analog propagation delay of 
the front-end buffer and the control switch delay time. (The 
time from the hold command transition to when the switch is 
opened.) For the AD9100, this is a positive value which means 
that the switch delay is longer than the analog delay. 

Aperture Jitter is the random variation in the aperture delay. 
This is measured in ps-ems and results in phase noise on the 
held signal. 

Droop Rate is the change in output voltage as a function of 
time (dV/dt). It is measured at the AD9100 output with the de
vice in hold mode and the input held at a specified dc value; the 
measurement starts immediately after the TIH switches from 
track to hold. 
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AD9100 Timing Diagram 

F eedthrough Rejection is the ratio of the input signal to the 
output signal when in hold mode. This is a measure of how well 
the switch isolates the input signal from feeding through to the 
output. 

Hold to Track Switch Delay is the time delay from the track 
command to the point when the output starts to change and ac
quire a new signal. 

Pedestal Offset is the offset voltage step measured immediately 
after the AD9100 is switched from track to hold with the input 
held at zero volts. It manifests itself as an added offset during 
the hold time. 

Track to Hold Settling Time is the time necessary for the track 
to hold switching transient to settle to within I m V of its final 
value. 

Track to Hold Switching Transient is the maximum peak 
switch induced transient voltage which appears at the AD9100 
output when it is switched from track to hold. 

THEORY OF OPERATION 
The AD9100 utilizes a new track and hold architecture. Previ
ous commercially available high speed track and holds used a 
front end open loop input buffer, followed by a diode bridge, 
hold capacitor, and output buffer (closed or open loop) with a 
FET device connected to the hold capacitor. This architecture 
required mixed device technology and, usually, hybrid construc
tion. The sampling rate of these hybrids has been limited to 20 
MSPS for 12-bit accuracy. Distortion generated in the front-end 
amplifierlbridge limited the dynamic range performance to the 
"mid-70 dBfs" for analog input signals of less than 10 MHz. 
Broadband and switch-generated noise limited the SNR of previ
ous track and holds to about 70 dB. 

The AD9100 is a monolithic device using a high frequency com
plementary bipolar process to achieve new levels of high speed 
precision. Its patent pending architecture breaks from the tradi
tional architecture described above. (See the block diagram on 
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the first page.) The switching type bridge has been integrated 
into the first stage closed loop input amplifier. This innovation 
provides error (distortion) correction for both the switch and 
amplifier, while still achieving slew rates representative of an 
open-loop design. In addition, acquisition slew current for the 
hold capacitor is higher than standard diode bridge and switch 
configurations, removing a main contributor to the limits of 
maximum sampling rate and input frequency. 

Switching circuits in the device use current steering (versus volt
age switching) to provide improved isolation between the switch 
and analog sections. This results in low aperture time sensitivity 
to the analog input signal, and reduced power supply and analog 
switching noise. Track to hold peak switching transient is typi
cally only 6 m V and settles to less than I m V in 7 ns. In addi
tion, pedestal sensitivity to analog input voltage is very low 
(0.6 mVN) and being first order linear does not significantly 
affect distortion. 

The closed-loop output buffer includes zero voltage bias current 
cancellation, which results in high-temperature droop rates 
equivalent to those found in FET type inputs. The buffer also 
provides first order quasistatic bias correction resulting in an 
extremely high input resistance and very low droop sensitivity 
vs. input voltage level (typically less than 1.5 mVN-lLs.) -This 
closed-loop architecture inherently provides high speed loop cor
rection and results in low distortion under heavy loads; 

The extremely fast time constant linearity (7 ns to 0.01% for a 
2 V step) ensures that the output buffer does not limit the 
AD9100 sampling rate or analog input frequency. (The acquisi
tion and settling time are primarily limited only by the input 
amplifier and switch.) The output is transparent to the overall 
AD9100 hold mode distortion levels for loads as low as 250 n. 
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Full-scale track and acquisition slew rates achieved by the 
AD9100 are 800 and 1000 V/!,-s, respectively. When combined 
with excellent phase margin (typically 5% overshoot), wide 
bandwidth, and dc gain accuracy, acquisition time to 0.01% is 
only 16 ns. Though not tested, settling to 14-bit accuracy 
(-88 dB distortion @ 2.3 MHz) can be inferred to be 20 ns. 

Acquisition Time 
Acquisition time is the amount of time it takes the AD9100 to 
reacquire the analog input when switching from hold to track 
mode. The interval starts at the 50% clock transition point and 
ends when the input signal is reacquired to within a specified 
error band at the hold capacitor. 

The hold to track switch delay (tDHt) can not be subtracted 
from this acquisition time because it is a charging time delay 
that occurs when moving from hold to track; this is typically 4 
to 6 ns and is the longest delay. Therefore, the track time re
quired for the AD9100 is the acquisition time, which includes 
tDHT. Note that the acquisition time is defmed as the settled 
voltage at the hold capacitor and does not include the delay and 
settling time of the output buffer. The example below illustrates 
why the output buffer amplifier does not contribute to the over
all AD9100 acquisition time. 

-VCH 

-- VOUT 

ACQUISTION TIME 
ATC H TOX% 

TRACK 

TIME --. 

Figure 1. Acquisition Time Diagram 

The exaggerated illustration in Figure I shows that V CH has. set
tled to within x% of its fmal value, but VOUT (due to slew rate 
limitations, finite BW, power supply ringing, etc.) has not set
tled during the track time. However, since the output buffer 
always "tracks" the front end circuitry, it "catches up" during 
the hold time and directly superimposes itself (less about 600 ps 
of analog delay) to V CH. Since the small-signal settling time of 
the output buffer is about 1.8 ns to ± I m V and is significantly 
less than the specified hold time, acquisition time should be ref
erenced to the hold capacitor. 

Note that most of the hold settling time and output acquisition 
time are due to the input buffer and .the switch network. For 
output acquisition time, the output buffer contributes only 
about 5 ns of the total; in hold mode, it contributes only 1.8 ns 
(as stated above). 
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A stricter defmition of acquisition time would total the acquisi
tion and hold times to a defmed accuracy. To obtain 12 bit + 
distortion levels and 30 MSPS operation, the recommended 
track and hold times are 20 ns and 13.5 ns, respectively. To 
drive an 8-bit flash converter with a 2 V p-p full-scale input, 
hold time to I LSB accuracy will be liinited primarily by the 
encoder, rather than by the AD9100. This makes it possible to 
reduce track time to approximately 13 ns, with hold time chosen 
to optimize the encoder's performance. 

Hold vs. Track Mode Distortion 
In many traditional high speed, open loop track-and-holds, track 
mode distortion is often much better than hold mode distortion. 
Track mode distortion does not include nonlinearities due to the 
switch network, and does not correlate to the relevant hold 
mode distortion. But since hold mode distortion has traditionally 
been omitted from manufacturer's specification tables, users 
have had to discover for themselves the effective overall hold 
mode distortion of the combined TIH and encoder. 

The architecture of the AD9100 minimizes hold mode distortion 
over its specified frequency range. As an example, in track 
mode the worst harmonic generated for a 20 MHz input tone is 
typically -65 dBfs. In hold mode, under the same conditions 
and sampling at 30 MSPS, the worst harmonic generated is 
-74 dBfs. The reason is the output buffer in hold mode has 
only dc distortion relevancy. With its inherent linearity (7 ns 
settling to 0.01 %), the output buffer has essentially settled to its 
dc distortion level even for track plus hold times as short as 
30 ns. For a traditional open-loop output buffer, the ac (track 
mode) and dc (hold mode) distortion levels are often the same. 

Droop Rate 
Droop rate does not necessarily affect a track and hold's distor
tion characteristics. If the droop rate is constant versus the input 
voltage for a given hold time, it manifests itself as a dc offset to 
the encoder. For the AD9100, the droop rate is typically 
± I mV/!'-s. If a signal is held for I !,-S, a subsequent encoder 
would see a I m V offset voltage. If there is no droop sensitivity 
to the held voltage value, the I m V offset would be constant 
and "ride" on the input signal and introduce no hold-mode 
nonlinearities. 

In instances in which droop rate varies proportionately to the 
magnitude of the held voltage signal level, a gain error only is 
introduced to the AID encoder. The AD9I00 has a droop sensi
tivity to the input level of I.S mVN-!,-sec. For a 2 V p-p input 
signal, this translates to a 0.15%I!,-s gain error and does not 
cause additional distortion errors. 

For the AD9100, droop sensitivity to input level is insignificant. 
However, hold times longer than about 2 fJ-S can cause distortion 
due to the R x CH time constant at the hold capacitor. In addi
tion, hold mode noise will increase .linearly vs. hold time and 
thus degrade SNR performance. 

Layout Considerations 
For best performance results, good high speed design techniques 
must be applied. The component (top) side ground plane should 
be as large as possible; two-ounce copper cladding is preferable. 
All runs should be as short as possible, and decoup1ing capaci
tors must be used. 

Figure 2 is the schematic of a recommended AD9I00 evaluation 
board. (Contact factory concerning availability of assembled 
boards.) All 0.01 !,-F decoup1ing capacitors should be low induc-

REV,,6, 



tance surface mount devices (PIN 05085C103MT050 from AVX) 
and connected on the component side within 30 mils of the des
ignated pins; with the other sides soldered directly to the top 
ground plane. 

The 10 I1F low frequency power supply tantalum decoupling 
capacitors should be located within 1.5 inches of the AD9100. 
The common 0.01 I1F supply capacitors can be wired together. 
The common power supply bus (connected to the 10 I1F capaci
tor and power supply source) can be routed to the underside of 
the board to the daisy chain wired 0.01 I1F supply capacitors. 

For remote input and/or output drive applications, controlled 
impedances are required to minimize line reflections which will 
reduce signal fidelity. When capacitive and/or high impedance 
levels are present, the load and/or source should be physically 
located within approximately one inch of the AD9100. Note that 
a series resistance, Rs, is required if the load is greater than 
6 pF. (The Recommended Rs vs. CL chart in the "Typical Per
formance Section" shows values of Rs for various capacitive 
loads which result in no more than a 20% increase in settling 
time for loads up to 80 pF.) As much of the ground plane as 
possible should be removed from around the VIN and V OVT 

pins to minimize coupling onto the analog signal path. 

AD91 00 
While a single ground plane is recommended, the analog signal 
and differential ECL clock ground currents follow a narrow path 
directly under their common voltage signal line. To reduce're
flections, especially when terminations are used for transmission 
line efficiency, the clock, VIN, andVoVT signals and respective 
ground paths should not cross each other; if they do, unwanted 
coupling can result. 

High current ground transients via the high frequency decou
piing capacitors can also cause unwanted coupling to the V IN 

and V OVT current loops. Therefore, these analog terminations 
should be kept as far as possible from the power supply decou
piing capacitors to minimize feedthrough. 

Using Sockets 
Pin sockets (PIN 6-330808-3 from AMP) should be used if the 
device can not be soldered directly to the PCB. High profile or 
wire wrap type sockets will dramatically reduce the dynamic 
performance of the device in addition to increasing the case-to
ambient thermal resistance. 

-Vs TP2 TP3 TPl +vs 
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Figure 2. AD9100 Application Diagram 
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Driving the Encode Clock 
The AD9100 requires a differential ECL clock command. Due 
to the high gain bandwidth of the AD9I00 internal switch, the 
input clock should have a slew rate of at least 100 V/ILs. 

To obtain maximum signal to noise performance, especially at 
high analog input frequencies, a low jitter clock source is re
quired. The AD9100 clock can be driven by an AD96685, an 
ultrahigh speed ECL comparator with very low jitter. 

-5.2V -5.2V 

Clock/Clock Input Stage 

Driving the Analog Input 
Special care must be taken to ensure that the analog input signal 
is not compromised before it reaches the AD9100. To obtain 
maximum signal to noise performance, a very low phase noise 
analog source is required. In addition, input filtering and/or a 
low harmonic signal source is necessary to maximize the spuri
ous free dynamic range. Any required ftitering should be done 
close to the AD9100 and away from any digital lines. 

Overdriving the Analog Input 
The AD9100 has input clamps that prevent hard saturation of 
the output buffer, thereby providing fast over-voltage recovery 
when the analog input transitions to the linear region (±2 V). 
The clamps are set internally at ±2.3 V and cannot be altered 
by the user. The output settles to 0.1% of its value 21 ns after 
the over-voltage condition is alleviated. When the analog input 
is outside the linear region, the analog output will be at either 
+2.2 V or -2.2 V. 

Matching the AD9100 to AID Encoders 
The AD9100's analog output level may have to be offset or am
plified to match the full-scale range of a given AID converter. 
This can generally be accomplished by inserting an amplifier 
after the AD9100. For example, the AD671 is a 12-bit 500 ns 
monolithic ADC encoder that requires a 0 to + 5 V full-scale 
analog input. An AD84X series amplifier could be used to con
dition the AD9100 output to match the full-scale range of the 
AD67 1. 

Ultralow DistortionlLow Resistive Load Applications 
When driving low resistive loads or when the widest possible 
spurious free dynamic range is required, system performance 
can be improved by isolating the load from the AD9100. (See 
Figure 3.) The AD9620 low distortion closed-loop buffer ampli
fier has an input resistance of 800 kO and generates harmonics 
that are less than those generated by the AD9100. Other buffers 
should not be considered if their harmonics are not lower than 
those of the AD9100. 
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Figure 3. Using AD9620 as Isolation Amplifier 

Super Nyquist Signals/Low Distortion 
The AD9100 can be used to sample super-Nyquist signals, mak
ing high fidelity direct IF sampling practical. For applications in 
which the analog input signal is >20 MHz, some improvement 
in system level performance may be achieved if the analog input 
to the AD9100 is reduced, then gained up at the output by a 
low distortion amplifier such as the AD9617. See Figure 4. 

LOW 
LEVEL 

SOURCE 

TO 
ENCODER 

Figure 4. Using AD9617 as Post-Amp for AD9100 

Low Noise Applications 
When processing low level single event signals in which noise 
performance is the primary concern, amplification ahead of the 
AD9100 can increase overall system signal to noise ratio. Front
end amplification often results in an increase in hold mode dis
tortion levels because of the track mode limitations of the 
amplifier which is used. Depending on the ~ignallevels and 
bandwidth, the AD961810w noise high gain amplifier is a possi
ble candidate for this application. See Figure 5. 

As a general rule, if the goal is maximize SNR (miuimize noise), 
pre-AD9100 amplification is recommended. When the system 
goal is to maximize the spurious free dynamic range (minimize 
distortion), post-AD9100 amplification is recommended. 

LOW 
LEVEL 

SOURCE 

TO 
ENCODER 

Figure 5. Using AD9618 as Pre-Amp for AD9100 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Four Independent Sample·and·Holds 
• Internal Hold Capacitors 
• High Accuracy -12·Blt 
• Very Low Droop Rate (2mV/s Typ) 
• Output Buffers Stable for CL S 500pF 
• TTUCMOS Compatible Logic Inputs 
• Single or Dual Supply Applications 
• Monolithic Low Power CMOS Design 

APPLICATIONS 

• Signal Processing Systems 
• Multichannel Data Acquisition Systems 
• Automatic Test EqUipment 
• Medical and Analytical Instrumentation 
• Event Analysis 
• DAC DegJltchlng 

ORDERING INFORMATION t 

PLASTIC 
16-PIN 

PACKAGE 

CERDIP 
16·PIN 

OPERATING 
TEMPERATURE 

RANGE 

SMP04EP 
SMP04Estt 

Consult factory for 883 data sheet. 

SMP04A0I883' 
SMP04EQ 

MIL 
XIND 
XIND 

Burn·in is available on extended industrial temperature range parts in CerDIP 
and plastic DIP packages. 

II For availability and burn·in information on SO packages, contact your local 
sales office. 

PIN CONNECTIONS 

vour. Voo 
16·PIN CERDIP Vour, vour. 

(O·Sufflx) VIN' VOur4 
N.C. 4 Vss 16·PIN PLASTIC DIP 

VIN4 (P·Suffix) 

16·PINSO 
(S·Sufflx) 

Manulactured under the following U.S. patent: 4,739,281 

REV. B 

CMOS Quad 
Sample-and-Hold Amplifier 

SMP-04 I 
GENERAL DESCRIPTION 

The SMP-04 is a monolithic quad sample-and-hold; it has four 
internal precision buffer amplifiers and internal hold capacitors. 
It is manufactured in PMl's advanced oxide isolated CMOS 
technology to obtain high accuracy, low droop rate and fast ac
quisition time required bydata acquisition and signal processing 
systems. The device can acquire an 8-bit inputsignalto±1/2 LSB 
in.less than seven microseconds. The SMP-04 can operate from 
single or dual power supplies with TTUCMOS logic compatibil
ity. Its output swing includes the negative supply. 

The SMP-04 is ideally suited for a wide variety of sample-and-
hold applications including amplifier offset or VCA gain adjust- 4 
ments. One or more can be used with a single or multiple DACs 
to provide multiple set points within a system. 

The SMP-04 offers significant cost and size reduction over 
equivalent module or discrete designs. It is available in a 16-pin 
hermetic or plastic DIP and surface mount SOIC packages. It is 
specified over the extended industrial temperature range of 
-40°Cto +85°C. See SMP-04/883 data sheetfor-55°Cto+ 125°C 
specifications. 

FUNCTIONAL DIAGRAM 

voo 

VIN' 
2 

vour, 

8.1-1, 

VIN. vour. 

8.1-1. 

VIN. 
15 

Vour" 

8.1-13 

VIN4 
14 

VOur4 

8.1-1. 

DGND Vss 
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SMP .. Q4.·· 

ABSOLUTE. MAXIMUM RATINGS (T A = +25°C unless other

wise noted) 

V DD to DGND ........................................................... -o.3V, 17V 

V DD to Vss •.•••••••••.••••••••..•..•••••••.•..••••••••••...•.••••••••••.• -0.7V, 17V 

VLOGIC to DGND •••••.•.•.•.•••••••..•.••••••••.•.••.•••..•..•..•••..•. -0.3V, V DD 
VIN to DGND ................................................................ V SS' V DD 
V OUT to DGND .........•..•...•...•.•........•••.•......•••••.•.•..••••••.. V ss' V DD 

Analog Output Current ••••••.••.•.••.••.•..•.•.•.••..•..•.••••....•..•.. ±2OmA 

(Not short-circuit protected) 

Digital Input Voltage toDGND .•....••••••••••.••••• -o.3V, V DD +0.3V 

Operating Temperature Range· 

EO, EP, ES ••.•.....•......•..•.••.•..•.•. : .................... -40°C to +85°C 

AQ ............................................................... -55°C to + 125°C 

Junction Temperature .................................................. +150°C 

Storage Temperature .•••••••..•..•.••••..•..•...•••.•... -65°C to + 150°C 

Lead Temperature (Soldering, 60 sec) •..••••.••.•.•.••••••... +300°C 

PACKAGE TYPE 9;A (Note 1) .91C UNITS 

16·Pin CerDIP (Q) 94 12 °CIW· 

16·Pin Plastic DIP (P) 76 33 °CIW 

16·Pin SO (S) 92 27 °CIW 

NOTE: 
1. 9.A is specified forworst case mounting conditions, I.e., 9.A is specified fordevice 

i~ socket for CerDIP and P-DIP packages; 9.A is specified for device soldered 
to printed circuit board for SO package. ' 

CAUTION: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and function 
operation at or above this specification is not implied. Exposure to the above 
maximum rating conditions for extended periods may affect device reliability. 

2. Digital inputs and outputs are protected; however; permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep units in 
conductive foam or packaging at all times until ready to use. Use proper anti· 
static handling procedures. 

3. Remove power before inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS at V DD = +12.0V, VSS= DGND = OV, RL = No Load, TA = Operating Temperature Range 

specified in Absolute Maximum Ratings, unless otherwise specified. 

SMP-04 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error O.Q1 % 

Buffer Offset Voltage Vos VIN =6V -10 ±2.5 +10 mV 

Hold Step VHS VIN =6V ±4 mV 

Droop Rate tN/At VIN = 6V, TA = +25°C 2 25 mV/s 

Output Source Current ISOURCE VIN = 6V (Note 1) 1.2 rnA 

Output Sink Current I.SINK V'N = 6V (Note 1) 0.5 rnA 

Output Voltage Range OVR 
RL =20kO 0.06 10.0 

V 
RL = 10kO 0.06 9.5 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 V 

Logic Input Low Voltage VINL 0.8 V 

Logic Input Current lIN 0.5 jlA 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time tA TA = +25°C, Oto 10Vstepto 0.1% 7 jls 

Acquisition Time tA T A = +25°C, 0 to 10V step to 0.01 % 9 jls 

Hold Mode Settling Time tH To lmV 

Slew Rate SR RL = 20kO (Note 3) 

Capacitive Load Stability CL <30% Overshoot 

Analog Cros~talk Oto 10V step 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR 10.8"Voo " 13.2V 

Supply Current 100 

Power Dissipation POlS 

NOTES: 
1. Outputs are capable of sinking and sourcing over 20mA but linearity and offset 

are guaranteed at specified load levels. 
2. All input control signals are specified with tr =tf = 5ns (1 0% to 90% of +5V) and 

timed from a voltage level of 1.6V. 
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jlS 

3 4 V/jlS 

500 pF 

-80 dB 

60 75 dB 

4 7 rnA 

84 mW 

3. Slew rate is measured in the sample mode with a 0 to 10 volt step from 20 to 
80%. 
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SMP-04 
ELECTRICAL CHARACTERISTICS at V 00= +5.0V, V ss=-5.0V, DGND = O.OV, RL = No Load, TA = Operating Temperature Range 
specified in Absolute Maximum Ratings, unless otherwise specified. 

SMP·04 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error .01 % 

Buffer Offset Voltage Vos V'N =OV -10 ±2.5 +10 mV 

Hold Step VHS V'N =OV -1 :b4 mV 

Droop Rate 4V14t V'N =OV.TA =+25"C 2 25 mVis 

Output Resistance ROUT a 
Output Source Current ISOURCE V'N = OV (Note 1) 1.2 mA 

Output Sink Current IS'NK V'N = OV (Note 1) 0.5 mA 

OUtput Voltage Range OVR RL =20kO -3.0 +3.0 V 

LOGIC CHARACTERISTICS 

Logic Input High Voltage V'NH 2.4 V --Logic Input Low Voltage V'NL 0.8 V 

Logic Input Current I'N 0.5 fIA 
DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time tA -3 to +3V step to 0.1 % 7 I'" 

Acquisition Time tA -3 to +3V step to 0.01 % 9 I'" 

Hold Mode Setdlng Time tH To lmV I'" 

Slew Rate SR RL = 20kO (Note 3) 3 VII'" 

Capacitive Load Stability CL <30% Overshoot 500 pF 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR ±5sVooS±6V 60 75 dB 

Supply Current 100 3.5 5.5 mA 

Power Dissipation Po,s 55 mW 

NOTES: 
1. OUtputs are capable of sinking and sourcing over 20mA but linearity and offset 3. Slew rate is measured in the sample mode with a -3 to +3 volt step from 20 to 

are guaranteed at specified load levels. 80%. 
2. All input control signais are specified with tr -tf .5ns (10% to 90% of+5V) and 

timed from a voltage level of 1.6V. 
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SMP-04 
DICE CHARACTERISTICS 

DIE SIZE 0.080 X 0.120 Inch, 9,600 sq. mils 
(2.032 x 3.048 mm, 6.193 sq. mm) 

1. VOUTZ 

2. VOUT ' 

3. VIN , 

4. N.C. 
5. V1NZ 

6. SIH, 
7. 81Hz 
8. DGND 

9. SII\ 
10. SlH4 

11. VIN3 
12. VIN4 
13. Vss 
14. VOUT4 

15. VOUT3 
16. VDD 

WAFER TEST LIMITS at Voo = +12.0V.Vss = DGND = OV. RL = No Load. TA= +25°C. unless otherwise specified. 

8MP·04G 
PARAMETER SYMBOL CONDITIONS LIMITS 

Buffer Offset Voltage Vos V'N=6V il0 

Hold Step VHS V'N=6V ±4 

Droop Rate AV/At V'N =6V 25 

Output Source Current ISOURCE V'N=6V 1.2 

Output Sink Current IS'NK V'N=6V 0.5 

RL =20kO 0.06110.0 
RL=10kO 0.06/9.5 

Output Vollage Range OVR 

LOGIC CHARACTERISTICS 

Logic Input High Vollage V'NH 2.4 

Logic Input Low Voltage V'NL 0.8 

Logic Input Current I'N 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR 60 

Supply Current 100 7 

Power Dissipation POlS 84 

NOTE: 

UNITS 

mVMAX 

mVMAX 

mVisMAX 

mAMIN 

mAMIN 

V MINIMAX 

VMIN 

V MAX 

IlAMAX 

dB MIN 

mAMAX 

mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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SMP-04 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 

OFFSET VOLTAGE 
va TEMPERATURE SUPPLY CURRENT va VDD 

90 

SAMPLE MODE 
POWER SUPPLY REJECTION 

0 

-1 
:;; 
.s 
w 

~ -2 

V~=+II2V 

""'" 
VSS·OV 

....... 
VIN-..sv 

...... RL=10kn 

r... 100.. ..... 

7 

6 

VSS·ov I V RL=co 

+1125'C / 'r 
V 

80 

iii 70 
:2-

60 0 

~ 50 

1~~~1~11~~1 
VSs·ov 

"" 
f"-r 1m Ii +BV 

" i(SRR 

g 

I 
-3 

~ 1"--0 <t: V ,:p--~ 
z 
0 40 

! 30 

-PSR~ .. 
~ ~ 1.c ~ 

-4 1,....000-
2 

20 

r I 10 

-5 
-55 -35 -15 5 25 45 85 85 105 125 6 8 10 12 14 16 18 

o 
10 100 lk 10k lOOk 1M 

TEMPERATURE ('C) Voo (VOLTS) . FREQUENCY (Hz) 

GAIN, PHASE SHIFT 
va FREQUENCY 

OUTPUT IMPEDANCE 
vs FREQUENCY 

MAXIMUM OUTPUT VOLTAGE 
vs FREQUENCY 

90 35 

45 30 

o 

-135 

o 

~ 

I' ,.. 

" ~I 

i[ 
g 
~ 

25 

e. ~ 
Ii; 0 20 

ili ~ 
::Ii 15 w § ! a. 

a. 5 10 
0 

-180 5 

-5 -225 o 

t 

II 
... 

15 

iii 
:; 12 

~ 
5 5 9 
o 

" ili 6 
a. 

~ 
~ 
~ 

TA~~~!b 
Voo = +BV 
Vss=-<lV 

" 

~I'" lllll 
100 lk 10k lOOk 1M 10M 10 100 lk 10k lOOk 1M 

o 
10k lOOk 1M 

FREQUENCY (Hz) 
10M 

FREQUENCY (Hz) 

GENERAL INFORMATION 

The SMP-04 is a quad sample-and-hold w~h each track-and-hold 
having its own input, output, control, and on-chip hold capacitor, 
The combination of four high-performance track-and-hold ca
pacitors on a single chip greatly reduces board space and de
sign time while increasing reliability, 

After the device selection, .the primary considerations in using 
track-and-holds are the hold capacitor and layout. The SMP-04 
eliminates most of these problems by having the hold capaci
tors internal, eliminating the problems of leakage, feed-through, 
guard-ring layout and dielectric absorption, 
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FREQUENCY (Hz) 

POWER SUPPLIES 
The SMP-04 is capable of operating with either single or dual 
supplies over a voltage range of 7to 15 volts. Based onthe supply 
voltages chosen, V DO and V ss establish the output voltage range, 
which is: 

Vss + ,05Vs VOUTSVoo-2V 

Note that several specifications, including acquisition time, off
set and output voltage compliance will degrade for a total supply 
voltage of less than 7V, Positive supply current is typically 4mA 
with the outputs unloaded, The SMP-04 has an internally regu
lated TTL supply so that TTLtCMOScompatibility will be main
tained over the full supply range, 
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Single Supply Operation Grounding Considerations - In 
single supply applications, it is extremely important that the V ss 
(negative supply) pin be connected to a clean ground. This is 
because the hold capacitor is internally tied to V I;S. Any noise or 
disturbance in the ground will directly couple to the output of the 
sample-and-hold, degrading the signal-to-noise performance. It 
is advisable thatthe analog and digital ground traces on the circuit 
board be physically separated to reduce digital switching noise 
from entering the analog circuitry. 

Power Supply Bypassing - For optimum performance, the V DO 
supply pin must also be bypassed with a good quality, high
frequency ceramic capacitor. The recommended value is 0.1I1F. 
In the case where dual supplies are used, V Sl! (negative supply) 
bypassing is particularly important. Again this is because the 
internal hold capacitor is tied to V ss. Good bypassing prevents 
high frequency noise from entering the sample-and-hold ampli
fier. A 0.111F ceramic bypass capacitor is generally sufficient. For 
high noise environments, adding a 1 OI1F tantalum capacitor in 
parallel with the 0.111F provides additional protection. 

Power Supply Sequencing - It may be advisable to have the 
VOD turn on prior to having logic levels on the inputs. The SMP-
04 has been designed to be resistant to latch-up, but standard 
precautions should still be taken. 

OUTPUT BUFFERS (Pins 1, 2,14, and 15) 
The buffer offset specification is ±1 OmV; this is less than 1/2 LSB 
of an S-bit DAC with 10V full scale. Change in offset over the 
output range is typically 3mV. The hold step is the magnitude of 
the voltage step caused when switching from sample-to-hold 
mode. This error is sometimes referred to as the pedestal error 
or sample-to-hold offset, and is about 1 mV with little variation. 
The droop rate of a held channel is 211V/ms typical and ±2511V1 
msmaximum. 

The buffers are designed primarily to drive loads connected to 
ground. The outputs can source more than 1.2mA each, over 
the full voltage range and maintain specified accuracy. In split 
supply operation, symmetrical output swings can be obtained 
by restricting the output range to 2V from either supply. 

On-chip SMP-04 buffers eliminate potential stability problems 
associated with external buffers; outputs are stable with capaci
tive loads up to 500pF. However, since the SMP-04's buffer 
outputs are not short-circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 

SIGNAL INPUT (Pins 3, 5, 11, and 12) 
The signal inputs should be driven from a low impedance volt
age source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-04's fast 
acquisition time characteristics are to be maintained. As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (Vss S VIN S Voo) to avoid the possibility of set
ting up a latch-up condition. 

The internal hold capacitance is typically 60pF and the internal 
switch ON resistance is 4kO. 
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SMP-04 
H single supply operation is desired, op amps such as the OP-
21, OP-SO, or OP-90 that have input and output voltage compli
ances including ground, can be used to drive the inputs. Split 
supplies, such as ±7.5V, can be used with the SMP-04 and the 
above mentioned op amps. 

APPLICATION TIPS 
All unused digital inputs should be connected to logic LOW and 
the analog inputs connected to analog ground. For connector
driven analog inputs that may become temporarily disconnected, 
a resistor to V ss or analog ground should be used with a value 
ranging from 0.2 to 1 MO. 

Do not apply signals to the SMP-04 with power off unless the 
input current's value is limited to less than 10mA. 

Track-and-holds are sensitive to layout and physicalconnections. 
For the best performance, the SMP-04 should not be socketed. 

FREQUENCY DOMAIN PERFORMANCE 
The SMP-04 has been characterized in the frequency domain 
for those applications that require capture of dynamic signals. 
See Figure 1 afortypical86.1 kHz sample rate and an 8kHz input 
signal. Typically, the SMP-04 can sample at rates up to 85kHz. 
In addition tothe maximum sample rate, a minimum sample pulse 
width will also be acceptable for agiven design. Our testing shows 
a drop in performance as the sample pulse width becomes less 
than 411S. 

a) 

b) 

FIGURE 1: Spectral response at a sampling frequency of 
86kHz. Photo (a) shows a 20kHz carrier frequency, and photo 
(b) shows an 8kHz frequency. 
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SMP-04 
Optimizing Dynamic Performance of the SMP-04 - Various 
operating parameters such as input voltage amplitude. sampling 
pulse width and. as mentioned before. supply bypassing and 
grounding all have an effect on the signal-to-noise ratio. Table 1 
shows the. SNR versus input level for the SMP-04. 
Distortion of the SMP-04 is reduced by increasing the supply 
voltage. This has the effect of increasing the positive slew rate. 
Table 2 shows data taken at 12.3kHz sample rate and 2kHz in
put frequency. Total harmonic distortion is dominated by the 
second and third harmonics. 

Table 3 shows the effect of sampling pulse width on the SNR of 
the SMP-04. The recommended operating pulse width should 
be a minimum of 51J.S to achieve a good balance between acqui
sition time and SNR for the 1.4Vp-p signal shown_ For larger 

TABLE 1: SNR vs. VIN 

INPUT 
VOLTAGE 

(Vp-p) 

1 
2 
3 
4 
5 
S 

SNR 
(dB) 

-61 
-53 
-50 
-47 
-45 
-44 

Conditions: Vs =±SV. fs = 14.4kHz. fiN = 108kHz. tpw = 10 IJ.S. 

TABLE 2: SNR vs. Supply Voltage 

SUPPLY 2nd 
VOLTAGE (dB) 

10V -49 
12V -55 
14V -60 
15V -62 
1SV -63 
17V -65 

TABLE 3: SNR vs. Sample Pulse Width 

SAMPLE 
PULSE WIDTH SNR 

(I1S) (dB) 

1 
2 
3 
4 
5 
S 
7 

-37 
-44 
-50 
-54 

-54_9 
-55 

-55.3 

3rd 
(dB) 

-62 
-71 
-SO 

<-80 
<-83 
<-851 

Conditions: V s = ±SV. VIN = 1.4Vp-p. fs =14.4kHz. fiN = 1.8kHz 
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swings the pulse width will need to be larger to account for the 
time required for the signal to slew the additional voltage. This 
could be used as a method of measuring acquisition time indi
rectly. 

Sample-Mode Distortion Characteristics - Although de
signed as a sample-and-hold. the SMP-04 may be used as a 
straight buffer amplifier by configuring it in a continuous sample 
mode. This is done by connecting the 5tH control pin to a logic 
LOW. Its buffer bandwidth is primarily limited by the distortion 
content as the signal frequency increases. Figure 2 shows the 
distortion characteristics of the SMP-04 versus frequency. It 
maintains less than 1% total harmonic distortion over a voice
band of 8kHz. 

0·001.~1I~~!t~1j~~1I~ 
0.000520 1k 

FREQUENCY (Hz) 

FIGURE 2: THD+N vs_ Frequency 

Sampled Data Dynamic Performance - In continuous 
sampled data applications such as voice digitization orcommu
nication circuits. it is important to analyze the spectral response 
of a sample-and-hold. Figures 1 a and b show the SMP-04 sam
pling at a frequency of 8SkHz with a 1.4Vp-p pure sine wave input 
of 20kHz and 8kHz respectively. The photos include the sam
pling carrier frequency as well as its multiplying frequencies_ 
In the case of the 20kHz carrier frequency. the second harmonic 
measures 41 dB down from the fundamental. because the sec
ond is dominant. the signal-ta-noise ratio is -40.9dB. The 8kHz 
case produces an improved SIN performance of -48 dB. 

Inthe V.32 and V.33 modem environment. where a 1.8kHz carrier 
signal frequency is applied to the SMP-04. Figure 3 compares 
the spectral responses of the SMP-04 under three different 
sampling frequencies of 14.4kHz. 9.SkHz and 7.2kHz. The 
signal-to-noise ratios measure to be 58.2dB. 59.3dB andSOdB 
respectively. 
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SMP-04 

a) b) c) 

FIGURE 3: SMP-04 spectral response with a 1.8kHz carrier frequency. (a) shows the sampling frequency at 14.4kHz; it exhibits a 
SIN ratio of 58.2dB. (b) shows a 59.3dB SIN at a sampling frequency of 8.6kHz. (c) shows a 60dB SIN at 7.2kHz. 

FIGURE 4: SMP-04 spectral response with an input carrier 
frequency of 3kHz and the sampling frequency of 15. 7kHz. 
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5tH. INPUTS DECODE 

5tH. 

FIGURE 5: Multiplexed Quad DAC 
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Figure 4 depicts SMP-04's spectral response operating with voice __ 
frequency of 3kHz sampling at a 15.7kHz rate. Under this 
condition, the signal-to-noise measures 53dB. 

APPLICATIONS 

MULTIPLEXED QUAD DAC (Figure 5) 
The SMP-04can be used todemultiplex asingle DAC converter's 
output into four separate analog outputs. The circuit is greatly 
simplified by using a voltage output DAC such as the DAC-8228. 
To minimize output voltage perturbation, 5lts should be allowed 
to settle to its final voltage before a sample signal is asserted. 
Each sample-and-hold amplifier must be refreshed every second 
or less in order to assure the droop does not exceed 1 OmV or 
1/2 LSB. 

+12V 

SMP-04 

2 
VOUf1 

VOUT2 

15 
VOUT. 

14 
VOUT. 

OGND 

SAMPLEITRACK-HOLD AMPLIFIERS 4-95 



SMP-04 
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DGND 

FIGURE 6: Positive and Negative Peak Detector with Hold Control 

POSITIVE AND NEGATIVE PEAK DETECTOR WITH HOLD 
CONTROL (Figure 6) 
In this application the top amplifier (amplifier A) is the positive 
peak detector and the bottom amplifier (amplifier B) is the nega
tive peak detector. Operation can be analyzed as follows: Assume 
that the 8/H switch is closed. As a positive increasing voltage is 
applied to AIN, O2 turns on, and 01 turns off, closing the feedback 
loop around amplifier A and the SMP-04, causing the output to 
track the input. Conversely, in the negative peak detector circuit 
atthe bottom, 04 turns off and 03 turns on, holding the last most 
negative input voltage on the SMP-04. This voltage is buffered 
to the VO(NEG) output. 

As VIN falls in voltage the above conditions reverse, causing the 
most positive peak voltage to be held at VO(POS) output. This 
voltage will be held until the input has a more positive voltage 
than the previously held peak voltage, or a reset condition is 
applied. 

An optional HOLD control can be used by applying a logic HIGH 
to the POtH inputs. This HOLD mode further reduces leakage 
current through the reverse-biased diodes (02 and 04) during 
peak hold. 

GAIN OF 10 SAMPLE-AND-HOLD (Figure 7) 
This application places the SMP-04 in a feedback loop of an 
amplifier. Because the SMP-04 has no sign inversion and the 
amplifier has very high open-loop gain, the gain of the circuit is 
set by the ratio ofthe sum ofthe source and feedback resistances 
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8.66i<ll 34011 

FIGURE 7: Gain of 10 Sample-and-Hold Amplifier 

VOUT 
OVTO 
10V 

to the source resistance. When a logic LOW is applied to the 
81H control input, the loop is closed around theOP-490, yielding 
a gain of 10 (in the example shown) amplifier. When the 8tH 
control goes HIGH, the loop opens and the SMP-04 holds the 
last sampled voltage. The loop remains open and the output is 
unaffected by the input until a logic LOW is reapplied to the 5tH 
control. The pair of back-to-back diodes from the output of the 
op amp to the output of the track-and-hold prevents the op amp 
from saturating when thetrack-and-hold is in the hold mode and 
the loop is open. 
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SAMPLE AND DIFFERENCE AMPLIFIER (Figure 8) 
This circuit uses two sample-and-holds to measure the voltage 
difference of a signal between two time points, tl and l:!. The 
sampled voltages are fed into the differential inputs of the AMP-
02 instrumentation amplifier. A single resistor RG sets the gain 
of this instrumentation amplifier. Using two of the SMP-04s in 
this application has the advantage of matched sample-and-hold 
performance, since they are both on the same chip. 

____ v, 

v. VIN (0 TO 8V) 

S/H 6 

SiH (DELAYED) 7 

+12V 

112 SMP-04 

FIGURE 8: Time Delta Sample-and-Difference Measurement 

GUARD 

+ INPUT ! 

SiH 

GUARD 

-INPUT! 

+12V 

GUARD 
DRIVE 

15 

"::" 

SMP-04 
SINGLE SUPPLY, SAMPLING, INSTRUMENTATION AM
PLIFIER (Figure 9) 
This application again uses two channels of the SMP-04 and an 
instrumentation amplifier to provide a sampled difference sig
nal. The sample-and-hold signals in this circuit are tied together 
to sample at the same point in time. The other two parts of the 
SMP-04 are used as amplifiers by grounding their control lines 
so that they are always sampling. One section is used to drive a 
guard to the common-mode voltage and the other to generate a 
+6V reference to serve as an offset for single supply operation. 

DGND 
8 

INSTRUMENTATION AMP 

+12V 

-5VOR-12V"::" 

1 
VOUT 

1,4 +BV REFERENCE 1 

VOUT=G(V,- V2) 

G=5~ +1 

FIGURE 9: + 12V Single Supply Sampling Instrumentation Amplifier with Guard Drive 
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SMP-04 
D/A CONVERTER DEGLITCHER . 
Most D/A cOnverters output an appreciable amount of glitch 
energy during a transition from one code to another. The glitch 
amplitude can range from several millivolts to hundreds of milli
volts. This may become unacceptable in many applications. By 
selectively delaying the DAC's outputtransition, the SMP-04 can 
be used to smooth the output waveform. Figure 10 shows the 
schematic diagram of such a deglitcher circuit. Two simple logic 
gates (an OR and a NAND gate) provide the proper timing se
quence forthe DAC WR strobe and the 51H control signal to the 
SMP-04. In this example a linear ramp signal is generated by 
feeding the most significant 8-bits of the 1 O-bit binary counter to 
the DAC. The two least significant bits are used to produce the 
delayed WR strobe and the 5/H control signals. Referring to 

+15V 

0.1)11= 

,8 ~ 

Figure 11 a, new data to the DAC input is set up at the 5IH's fail
ing edge, but the DAC output does notchange yet until a WR 
strobe goes active. During this period, theSMP-04 is in asample 
mode whose output tracks the DAC output. When 5tH goes 
HIGH, the current DAC output voltage is held by the SMP-04. 
After 1.2J.lS settling, the WR strobe goes LOW to allow the DAC 
output to change. Any glitch that occurs at the DAC output is 
effectively blocked by the SMP-04. As soon as the WR strobe 
goes HIGH, the digital data is latched; at the same time the 5tH 
goes LOW, allowing the SMP-04 to track to the new DAC output 
voltage. 

Figure 11 bshows the deglitching.operation. Thetop trace shows 
the DACoutputduring atransition, while the bottom trace shows 
the deglitched output of the SMP-04. 

4 
+5V A, vee vREFOur 

Ie-BIT 
COUNTER 

ClOCK 
GENERATOR 

FIGURE 10: DAC Deglitcher 

a) 

1/4 DAC-6426 

DB2,DIlg 

vss AGND DGND WR 

3 

~+---~.5 __ -+6 __ -4 ________ r-______ ~ 

-=-
~rr~+---------~ 

DIlg 

DB, 

,..----------I 

I 
I 
I I 

: DEGUTCH LOGIC 1147400: l __________________ ~ 

DB, 

WR 

5/H 

b) 

+15V AGND 

FIGURE 11: (a) shows the logic timing of the ~/itche!: The top two traces are the two least significant bits, DBa and OBI' 
respectively, These are used to generate the WR and SIH signals which are shown in the bottom two traces, (b) shows the typical 
glitch amplitude of a DAC (top trace) and the deglitched output of the AMP-04 (bottom trace). 
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SIMPLIFIED SCHEMATIC 

BURN-IN CIRCUIT 

R3 

4kn 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Internal Hold Capacitors 
• Low Droop Rate 
• TTUCMOS Compatible logic Inputs 
• Single or Dual Supply Operation 
• Break-Before-Make Channel Addressing 
• Compatible With CD4051 Pinout 
• LowCost 

APPLICATIONS 

• Multiple Path Timing Deskew for A.T.E. 
• Memory Programmers 
• Mass Flow/Process Control Systems 
• Multichannel Data Acquisition Systems 
• Robotics and Control Systems 
• Medical and Analytical Instrumentation 
• Event Analysis 
• Stage Lighting Control 

ORDERING INFORMATION' 

PACKAGE: 16·PIN DIPISO 

CERDIP PLASTIC 
16-PIN 16-PIN 

TBA' 
SMP08FQ SMP08FP 

SMP08FS 

ConsulllaclOry for 883 data sheet 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 

Burn-In is available on Industrial temperature range parts in CerDIP and plas
tic DIP packages_ 

PIN CONNECTIONS 

voo 16-PIN CERDIP 
(Q-Sufflx) 

INPUT' 

CH,.OUT • 16-PIN EPOXY DIP 
CHsOUT • " CH.OUT (P-Sufflx) 

11 ACONTROL 
,. BCONTROL 16-PINSO 
• CCONTROL (S-Sufflx) 

GENERAL DESCRIPTION 

The SMP-OS is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capac~ors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 

Manufactured under the following U.S. palent: 4,739.281 

REV. B 

Octal Sample-and-Hold 
with Multiplexed Input 

SMP-08 I 
fast acquisition time. The SMP-OS has a typical linearity error of 
only 0.01 % and can accurately acquire a 10-bit input signal to 
±112 LSB in less than seven microseconds. The SMP-OS's out
put swing includes the negative supply in both single and dual 
supply operation. 

The SMP-OS was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration makes the SMP-OS ideal 
for calibration requirements that have previously required an 
ASIC, or high cost multiple D/A converters. 

The SMP-OS is also ideally suited for a wide variety of sample- II 
and-hold applications including amplifier offset or VCA gain ad- I 

justments. One or more SMP-OSs can be used with single or 
multiple DACs to provide multiple set points within a system. 

The SMP-OS offers significant cost and size reduction over 
discrete designs. It is available in a 16-pin hermetic or plastic 
DIP, or surface mount sOle package. 

FUNCTIONAL DIAGRAM 

(LSB) 
INPUT A B 

(MSB) 
C INH 

r-~--~~~~~---j~------~DGND 

l,-'--r--.-.--r-,-~r-~~--~~D 
CH.OUT 
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SMP~08 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

VootoDGND ............................................................ -o.3V.17V 

VootoVss •• , ............................................................. -o.3V.17V 

VlOGlctoDGND ........................................................ -o.3V. Voo 

V IN to DGND ................................................................. Vss' VOO 

VOUT to DGND •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Vss' Voo 

Analog Output Current ••••••••••••••••••••••••••••••••••••••••••.••.••••• ±20mA 

(Not short-circuit protected) 

Operating Temperature Range 

FP. FS ........................................................... :-40·Cto +S5'C 

Junction Temperature ................................................... +150'C 

Storage Temperature ••••••••••••••••••••••••• ; .••••••••• -65'C to + 150'C 

Lead Temperature (Soldering. 60 sec) ••••••••••••••••••••••••• +300'C 

PACKAGE TYPE 8.., (Note 2) 8JC UNITS 

1 &-Pin Hennetic DIP (Q) 94 12 "C/W 

1 S-Pin Plasdc DIP (P) 76 33 "C/W 

IS-PinSO(S) 92 27 'C/W 

NOTES: 
I. Absolute maximum ratings apply to bo!h DICE and packaged parts. unless 

o!herwlse noted. 
2. 8y. Is.pacified forworstcaae mountingcondilions, i.e., ~A is specified fordevice 

In socket for CerDIP and P-DIP packages; 8 JA is specified for device soldered 
to printed circuit board for SO package. 

CAUTION: 
I. Slresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to !he device. This Is a slress rating only and functional 
operation at or above !his specificalion is not implied. Exposure to the above 
maximum rating conditions for extended periods may affect device reliabilily. 

2. Digllal inpuls and oulpuls are protected; however. permanent damage may 
occur on unprotected unils from high-energy electroSlatic fields. Keep unils in 
conductive foam or packaging at all times until ready to use. Use proper and
static handling procedures. 

3. Remove power before inserting or removing unils from their sockets. 

ELECTRICAL CHARACTERISTICS at Voo = +5V, Vss = -5V, DGND = OV. Rl = No Load. T A = -40'C to +S5°C for SMP-OSF, 

unless otherwise noted. 

SMP-08F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearily Error -3V S VIN S +3V 0.01 % 

Buller Ollset Vollage Vos 
TA =+25'C 2.5 10 

mV 
-40'C "T AS +85'C 3.5 20 

HoldSlep VHS VIN=OV 4 mV 

Droop Rale l!.VCH/l!.t T A = +25'C. VIN • OV 2 20 mVts 

OUlput Source Current ISOURCE VIN = OV (Note I) 1.2 mA 

Output Sink Current ISINK VIN = OV (Note I) 0.5 mA 

OUlput Voliage Range RL=20kO -3.0 +3.0 V 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 V 

Logic Input Low vollage VINL 0.8 V 

Logic Input Current liN VIN =2.4V 0.5 pA 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time tAO T A = +25'C, -3V to +3V to 0.1% 7 JLS 

Hold Mode SeWing Time tH To ± ImV of Final Value JLS 

Channel SelectTlme tCH 90 ns 

Channel Deselect Time locs 45 ns 

Inhibit Recovery Time ~R 90 ns 

Slew Rate SR 3 V/JLS 

Capacitive Load Stabilily <30% Overshoot 500 pF 

Analog Crosstalk . -3V to +3V Step -72 dB 
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SMP-08 
ELECTRICAL CHARACTERISTICS at V DD = +SV, Vss = -5V, DGND = OV, RL = No Load, TA = --40·C to +SS·C for SMP-OSF, 

unless otherwise noted. Continued 

PARAMETER SYMBOL CONDITIONS 

SUPPLY CHARACTERISTICS 

Power SUpply Rejection Ratio PSRR Vs =±5Vto±6V 

Supply Current 100 
TA=+25'C 
-40'C S T A S +8S'C 

NOTES: 
1. Outputs are capable 01 sinking and sourcing over 20mA but offset is guaran· 

teed at specilied load levels. 

SMP-08F 
MIN TYP MAX UNITS 

60 75 dB 

S.S 7.S 
mA 

7.5 9.5 

2. All input control signals are specified with t,.~_Sns(10% to 90% 01 +SV) and 
timed from a voltage level 01 1.6V. 

ELECTRICAL CHARACTERISTICS atVDD -+12V, VSS=OV, DGND=OV, RL =NoLoad, TA =--40·Cto+SS·CforSMP-OSF, unless 

otherwise noted. 

SMP-08F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error 60mVsV,Nsl0V 0.01 % 

Buffer Offset Voltage Vos 
TA =+25'C 2.S 10 

mV 
-40'C ST" S +8S'C 3.S 20 

Hold Step VHS V,N=6V 4 mV 

Droop Rate I1VCH'l1t TA = +25'C, V'N = 6V 2 20 mVis 

Output Source Current ISOURCE V'N = 6V (Note 1) 1.2 mA 

Output Sink Current ISINK V'N =6V (Note 1) O.S inA 

Output Voltage Range 
RL =20kn 0.06 10.0 

V 
RL = lOkI} 0.06 9.5 

LOGIC CHARACTERISTICS 

Logic Input High Voltage V,NH 2.4 V 

Logic Input Low voltage V,NL O.B V 

Logic Input Current l'N V'N =2.4V 0.5 j1A 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time tAO TA=+25'C,Otol0VtoO.l% 9 I'" 

Hold Mode Settling Time tH TO±lmVol Final Value I'" 

Channel Select Time tCH 90 ns 

Channel Deselect Time 'ncs 45 . rlS 

Inhibit Recovel}' Time ~R 90 ns 

Slew Rate SR RL = 2Okl} (Note 3) 3 VII'" 

Capacitive Load Stability <30% Overshoot SOO pF 

Analog Crosstalk 010 10VStep -72 dB 

SUPPLY CHARACTERISTICS 

Power SUpply Rejection Ratio PSRR 10.BVSVoo SI3.2V 60 75 dB 

Supply Current 100 
TA=+2S'C 6.0 B.O 

mA 
-40'C S T" S +BS'C B.O 10.0 

NOTES: 
1. Outputs are capable 01 sinking and sourcing over 20mA but offset is guaran· 

teed at specified load levels. 
2. All input control signals are specified with t, = ~ = Sns (10% to 90% 01 +SV) and 

timed lrom a voltage level 01 1.6V. 
3. Slew rate is measured in the sample mode with a 0 10 1 OV step from 20% to 

Bo%. 
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SMP-08 

DICE CHARACTERISTICS 

DIE SIZE 0.080 x 0.120 Inch, 9,600 sq. mils 
(2.032 x 3.048 mm, 6.193 sq. mm) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

CH4 0UT 9. CCONTROL 
CH.OUT 10. BCONTROL 
INPUT 11. A CONTROL 
CH7 0UT 12. CH3 0UT 
CHsOUT 13. CHoOUT 
INH 14. CH, OUT 
Vss 15. CH2 0UT 
DGND 16. Voo 

WAFER TEST LIMITS at Voo _+12V. Vss= DGND =OV, RL = No Load, TA _+25°C. unless otherwise specified. 

PARAMETER SYMBOL 

Buffer Offset Voltage Vas 

Droop Rate IJ.Vc./lJ.t 

Output Source Current ISOURCE 

Output Sink Current ISINK 

Output Voltage Range 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 

Logic Input Low Voltage VINL 

Logic Input Current liN 

SUPPLY CHARCTERISTICS 

Power Supply Rejection Ratio PSRR 

Supply Current IDO 

NOTE: 

CONDITIONS 

VIN = +6V 

VIN=+6V 

VIN = +6V 

VIN =+6V 

RL =20kn 
RL = 10kll 

VIN =2.4V 

10.8V SVoo S 13.2 

SMP-oSGBC 
LIMITS 

20 

20 

1.2 

0.5 

0.06/10.0 
0.0619.5 

2.4 

0.8 

60 

8.0 

UNITS 

mVMAX 

mV/sMAX 

mAMIN 

mAMIN 

VMAXtMIN 

V MIN 

V MAX 

pAMAX 

dB MIN 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not guaranteed for 
slandard product dica. Consull factory 10 nagotiate specifications based on dice lot qualifications through sample 101 assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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SMP-08 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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BURN·IN CIRCUIT 
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APPLICATIONS INFORMATION 
The SMP-OS, a multiplexed octal S/H, minimizes board space in 
systems requiring cycled calibration or an array of control 
voltages. When used in conjunction with a low cost 10-bit O/A, 
the SMP-OS can easily be integrated into microprocessor based 
systems. Since the SMP-OS features break-before-make 
switching and an internal decoder, no external logic is required. 
The SMP-OS has an internally regulated TTl supply so that TTlI 
CMOS compatibility is maintained overthe full supply range. See 
Figure 1 for channel decode address information. 

POWER SUPPLIES 
The SMP-OS is capable of operating with either single or dual 
supplies, over a voltage range of 7 to 15 volts. Based on the 

supply voltages chosen, Voo and V 55 establish the input and output 
voltage range, which is: 

(V 55 + O.06V) S V OUT/IN S (V DO -2V) 

Note that several specifications, including acquis~ion time, offset 
and output voltage compliance will degrade for supply voltages 
of less than 7V. 

If split supplies are used, the negative supply should be bypassed 
with a O.1~F capacitor in parallel with a 10~F to ground. The 
internal hold capac~ors are connected tothis supply pin and any 
noise will appear at the outputs. 

In single supply applications, it is extremely important that the 
V ss (negative supply) pin is connected to a clean ground. The 
hold capacitors are internally tied to the V ss (negative) rail. Any 
ground noise or disturbance will directly couple to the output of 
the sample-and-hold, degrading the signal-to-noise perfor
mance. The analog and digital ground traces on the circuit board 
should be physically separated to reduce dig~al switching noise 
from entering the analog circuitry. 

POWER SUPPLY SEQUENCING 
Voo should be applied to the SMP-OS before the logic input 
signals. The SMP-OS has been designed to be immune to latch
up, but standard precautions should still be taken. 

REV. B 

OUTPUT BUFFERS (Pins 1, 2, 4, 5,12,13,14,15) 
The buffer offset specification is 10m V; this is less than 112 LSB 
of an S-bit OAC with 1 OVfull scale. The hold step (magnitude of 
step caused in the output voltage when switching from sample
to-hold mode, also referred to as the pedestal error or sample
to-hold offset), is about 2mV with little variation overthefull output 
voltage range. The droop rate of a held channel is 2mV/s typical 
and 20mVls maximum. 

The buffers are designed to drive loads connected to ground. 
The outputs can source more than 20mA, over the full voltage 
range, but have lim~ed current sinking capability near V ss.ln split 
supply operation, symmetrical output swings can be obtained 
by restricting the output range to 2V from either supply. 

On-chip SMP-OS buffers eliminate potential stability problems 
associated with external buffers; outputs are stable with 
capacitive loads upto 500pF. However, since the SMP-OS's buffer 
outputs are not short-circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 

SIGNAL INPUT (Pin 3) 
The signal input should be driven from a low impedance voltage 
source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-OS's 
acquisition time characteristics are to be maintained. As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (V ss S VIN S V DO) to avoid the possibility of latch
up. If single supply operation is desired, op amps such as the 
OP-21 , OP-SO, or OP-90 that have input and output voltage 
compliances including ground, can be used to drive the inputs. 
Split supplies, such as ±7.5V, can be used with the SMP-OS. 

APPLICATION nps 
All unused digital inputs should be connected to logic LOW and 
unused analog inputs connected to analog ground. For 
connector-driven analog inputs that may become temporarily 
disconnected, a resistor to V DO' V ss or analog ground should be 
used with a value ranging from 200kO to 1 MO. 
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SMP-08 

+12V 

DIGITAL ..--------\1 

INPUTS '-----II 

WR -------' 

ADDRESS ..--------'\1 
BUS '--___ II 

ADDRESS 
DECODE 

13 
CHo 

14 
CH, 

15 
CH2 

11 A 

10 B 
12 CH3 

I-------'''-!C 

CH. 

CH5 

CHANNEL DECODING 
PINg PIN10 PIN11 PIN6 

C B A INH CH PIN 

0 0 0 0 0 13 CH6 

0 0 1 0 1 14 
0 1 0 0 2 15 
0 1 1 0 3 12 
1 0 0 0 4 1 

6 1 0 1 0 5 5 INH CH7 
1 1 0 0 6 2 
1 1 1 0 7 4 
X X X 1 NONE 

Vss 

+12V o----_---U--... 

FIGURE 1: B-Channel Multiplexed DIA Converter 

Do not apply signals to the SMP-OS with power off unless the 
input current is limited to less than 10mA. 

TYPICAL APPLICATIONS 
AN &'CHANNEL MUL nPLEXED D/A CONVERTER 
Figure 1 illustrates a typical multiplexing function of the SMP
os. It is used to sample-and-hold eight different output voltages 

4-108 SAMPLEITRACK-HOLD AMPLIFIERS 

corresponding to eight different dig~al codes from a D/A con
verter. The SMP-OS's droop rate of 20mV/s requires a refresh 
once every 500ms, before the voltage drifts beyond 1/2 LSB ac
curacy (1 LSB of an S-bit DAC is equivalent to 19.5mV, out of a 
full-scale voltage of 5V). For a 1 O-bit DAC, the refresh rate must 
be less than 120ms, and, for a 12-b~ system, 31 ms. This im
plementation is very cost-effective compared to using multiple 
DACs as the number of output channels increases. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

SMP-10 
• Low Droop Rate .................................................. 5.011V/ms 
• Linearity Error ......................................................... 0.005% 
• High Sample/Hold Current Ratio .....•......•••••••.••.•... 2 x 109 

SMP-11 
• Low Droop Rate Over Temperature .........•••••• 2400l1V/ms 
• High Sample/Hold Current Ratio .......•..•..•.•••...... 1.7 x 108 

BOTH SMP-10 AND SMP-11 
• Fast Acquisition Time, 10V Step to 0.1% •••••....•.•••.• 3.511S 
• High Slew Rate ........................................................ 10Vll1s 
• Low Aperture Time ..................................................... 50ns 
• Trimmed for Minimum Zero-Scale Error .............. 0.45mV 
• Feedthrough Attenuation Ratio ................................ 96dB 
• Low Power Dissipation .......................................... 160mW 
• DTL, TTL & CMOS Compatible Logic Input 
• HA-2420, HA-2425, SHM-IC-1, and AD583 Socket 

Compatible 
• Available In Ole Form 

ORDERING INFORMATION t 

DROOP 
vzs RATE IN 

(mV) IlVims 

1.5 20 
1.5 20 
3.0 50 
1.5 200 
3.0 500 
1.5 200 
3.0 500 
7.0 900 
7.0 900 
7.0 900 

PACKAGE 

14-PIN DIP 
HERMETIC LCC 

SMP10AY· 
SMP10EY 
SMP10FY 
SMPllAY· 
SMPll BY' SMPll BRC/883 
SMP11EY 
SMPllFY 
SMPllGY 
SMP11GS 
SMP11GP 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
COM 
COM 
MIL 
MIL 

COM 
COM 
COM 
XIND 
XIND 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The SMP-10/11 are precision sample-and-hold amplifiers that 
provide the high accuracy, the low droop rate and the fast ac
quisition time required in data acquisition and signal processing 
systems. Both devices are essentially non inverting unity gain 
circuits consisting of two very high input impedance buffer am
plifiers connected together by a diode bridge switch. 

HIGH ACCURACY AND LOW DROOP RATE 
The high input impedance and the low droop rates olthe SMP-1 0 
and the SMP-11 are achieved by using bipolar Darlington circuits 
and an ion implant process that creates "super beta" transistors_ 

The output buffer's input stage converts to a super beta Darling
ton configuration during the hold mode, which resu~s in a very 

REV.C 

Low Droop Rate/Accurate 
Sample-and-Hold Amplifiers 

SMP-l0/SMP-ll I 
low droop rate with no penalty in acquisition time. The use of bi
polar transistors achieves a low change in droop rate over the 
operating temperature range. Continued 

PIN CONNECTIONS 

16-PINSOL 
(S-Sufflx) 

NULL 

N.C. 

N.C. 

N.C. 

N.C. 

'-'9' ""'0' r.,::1, ","'""" 

Q S Q Q :: 
Z f!: Z Z 

•• SAMPLEIHOLD CONTROL 

5 
SMP-11BRC/883 
LCCPACKAGE 

(RC-Sufflx) 

14-PIN DIP (Y -Suffix) 
14-PIN EPOXY DIP (P-Sufflx) 

• PINS 1 AND 8 ARE NOT INTERNALLY 
CONNECTED, IN UNITY GAIN APPLICA
TIONS, SMP-l0 AND SMP-ll CAN RE
PLACE HA-2425, HA-2420, SHM-IC-l 
AND AD-5B3 DIRECTLY. 

FUNCTIONAL DIAGRAM 

SAMPl.MIOlD 
CONl1IOI. 

(SIll) 

cY..I....-,r--. .... 
LOGIC 

CONTROL 

SIH MODE 
o Sample 

Hold 

3 • 

NULL 

y+ v-

VLC=OV FOR TTL INPUT CAMaUTY 

Manufactured under thelollowing pa1ants:4,109.215 and 4.142.117. 

OUTPUT 
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SMP;.10/sMP-ll 
GENERAL DESCRIPTION Continued 

FAST ACQUISITION 
A unique supercharger provides up to 50mA of charging current 
to the hold capacitor, which resuks in smooth, fast charging with 
minimum noise. As the hold capacitor voltage nears its final value, 
the low current diode bridge controls the final settling time. This 
unique combination of linear functions in a monolithic circuit 
enables the system designer to achieve superior performance. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage (V+ minus V-) ••..•.••.•••••••.••••••..•••..•••••••.••.••• 36V 
Derate Above 100·C •••••••••••••••••....•••••.•••.•••••••..••••••••• 10mWrC 
Input Voltage ••••••••••••••.••••..•••.•••••••.•.••• Equal to Supply Voltage 
Logic and Logic Reference 
Vo~age •••••••••••••••••••••••••••••••••••••••...••• Equal to Supply Voltage 

Output Short-Circuit Duration •••.••••••••.•••.•••••••.••••••••••• Indefinite 
Hold Capacitor Short-Circuit Duration .••.•••••••.•.•••••••••••..•• 60 sec 
Storage Temperature Range ••.•••••••••••••••••••••• -65·C to + 150·C 
Lead Temperature (Soldering, 60 sec) •..••••••..•••••.•••••••..• 300·C 

Operating Temperature Range 
SMP-1 OAY •••••••••••••••••••••• ; ............................ -55·Cto + 125·C 
SMP-1 OEY, FY .................................................. O·C to + 70·C 
SMP-11AY, BY, BRC .................................. -55·Cto+125·C 
SMP-11 EY, FY, GY ........................................... O·C to + 70·C 
SMP11 GS, GP •••••••••••••••••••••••••••••••••••••••••••••• -40·C to +85·C 

Junction Temperature (T,) •••••••••••••••••••••••••••••• -65·Cto +150·C 

PACKAGE TYPE 8 1A (Note 2) 81C UNITS 

14-Pln Hermetic DIP (V) 108 16 "CIW 

14-Pin Epoxy DIP (~ 83 39 "CIW 
1f1-Pin SOL (S) 98 30 "CIW 
20-C0ntact LCC (RC) 98 38 "CIW 

NOTES: 
1. A~solute ratings apply to both DICE and packaged parts. unless otherwise 

noted. 
2. 8JA is specified for worst case mounting conditions. i.eo, 8jA is specified for 

device in socket for CerOlP and LCC packages. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 0.005J.LF, VLC connected to ground, T A = +25·C, unless otherwise noted. 

SMP-10AlE SMP-10F 
SMP-11A1E SMP·11BIF SMP·11G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Zero· Scale Error 
Vzs VIN=O 0.45 1.5 0.60 3.0 1.5 7.0 mV (Hold Mode) VSIH=3.5V, (Note 2) 

Input Bias Current Ie VIN=O 35 65 55 90 90 160 nA 

Leakage 
lOR 

SMp·l0 0.10 0.25 nA (Droop) Current SMP-ll 1.00 2.50 4.5 

Droop Rate dVCHldt SMP-l0 5 20 5 50 
I1Vlms SMp·ll 60 200 70 500 80 900 

Input Resistance RIN (Note 1) 2.0 3.0 1.4 2.5 2.0 Gn 

Sample Mode 
Voltage Gain Av VIN=±10V. RL=5kn 0.99963 0.99983 - 0.99953 0.99978 - 0.99940 0.99975 VN 

or VIN = ±5V, RL = 2.5kn 

10V Step to Within 10mV 3.5 3.5 3.5 j1S of Final Value (0.1 %) Acquisition Time taq 10V Step to Within 1.0mV 
of Final Value (0.01%) 5.0 5.0 5.0 j1S 

Aperture Time tap 50 50 50 ns 

Hold Mode 
tHm 

Settling to 1 mV SMP-l0 7 7 7 
Settling Time of Final Value. SMp·l1 1.5 1.5 1.5 j1S 

Charge Transfer at VIN=O 5 5 5 pC VSIH=3.5V 

Slew Rate SR VIN=±10V 10 10 10 V/j1S RL=2.5kn 

Hold CapaCitor 
ICH VIN - VOUT" ±3V 30 50 20 50 50 mA Charging Current 

Sample/Hold 
IcWIOR 

SMP-l0 3.108 2.109 8.107 8.108 
mA/mA Current Ratio SMP-ll - 1.7.109 - 1.5'108 - 1.5'108 

Feedthrough 
FA 

Input _ 20V pop 1 kHz 
86 98 80 90 90 dB Attenuation Ratio RI.=5kn, (Note 1) 

Full Power 
Fp ±10Vpop 100 100 100 kHz Bandwidth (Dissipation Limited) 
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SMP-l0/sMP-ll 
ELECTRICAL CHARACTERISTICS at Vs = ±1SV, CH = O.OOSI/-F, VLC connected to ground, T A = +2S·C, unless otherwise noted. 
Continued 

SMP·10AlE SMP·10F 
SMp·11A1E SMP·11B/F SMP·11G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage Range 
andlor Output RL=2.5kn ±II ±11.5 ±10.5 ±11.5 ±10.5 ±11.5 V 
Voltage Swing 

Output Resistance Ro 0.15 0.15 0.15 n 
Power Supply 

PSRR 
Sample Mode 

82 92 77 92 72 92 dB 
Rejection Ratio V. =±9Vto±18V 

Power 
Po Sample Mode V1N = 0 160 180 170 210 180 240 mW 

Consumption (DC) 

NOTES: 
I. Guaranteed by design. 2. Measured 50D\UI after hold command. 

ELECTRICAL CHARACTERISTICS - SMp·10 ONLY at Vs = ±1SV, CH = O.OOSI/-F, VLC = OV, T A = +2S·C, device fully warmed 
up, unless otherwise noted. 

SMp·10A/E SMp·10F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Hold Step VHS VIN=O -1.0 +1.5 +4.0 -3.0 +1.5 +6.0 mV 

Linearity Error NL VIN =±IOV, RL-5kn 0.005 0.007 %ofiOV 

Output Noise EN (RMS) 
Wideband Noise 100Hz 

40 50 "VRMS to I OOkHz Sample Mode 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, CH = O.OOSI/-F, VLC connected to ground, O·C s TA S +70·C, unless otherwise 
noted. 

SMP·10E SMP·10F 
SMP·11E SMp·11F SMp·11G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Zero· Scale Error Vzs VIN =0, Vs/H =3.5V, (Note I) 0.75 2.0 1.0 4.0 2.7 10 mV 

Input Bias Current 18 VIN=OV 50 90 80 140 120 250 nA 

Leakage 
lOR 

SMP'IO 0.05 0.25 0.080 0.65 
nA 

(Droop) Current SMP-II 0.5 1.8 0.6 2.8 0.7 5 

Droop Rate dVcHidt 
SMP-IO 10 50 16 130 

"Vlms SMPll 100 360 120 560 140 1000 

Sample Mode 
Voltage Gain Av VIN =±IOV, RL=5ka 0.99955 0.99976 0.99950 0.99972 0.99930 0.99970 VN 

or V1N = ±5V, RL=2.5kn 

Power Supply 
PSRR 

Sample Mode 
80 90 75 80 70 90 dB 

Rejection Ratio Vs·±9Vto±18V 

Logic Control 
ILC VLC=OV -I -2 -I -3 -I -4 J1A Input Current 

Sample Mode 
-5 -15 -5 -15 -5 -15 J1A VstH =0.6V 

Logic Input IStH Hold Mode 
VStH=5.0V 

0.2 0.2 0.2 nA 

Dilferential Logic 
VTH 0.8 1.3 2.0 0.8 1.3 2.0 0.8 1.3 2.0 V 

Threshold 

NOTE: 
1. Measured 50D\UI after hold command. 
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SMP-l0ISMP-ll 
ELECTRICAL CHARACTERISTICS at Vs= ±1SV, CH = O.OOS",F, VLC connected to ground, -SsoC:5 TA:5+12SoC, 

otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Zero-Scale Error Vzs V'N = O. VS/H = 3.SV. (Note 1) 

Input Bias Current Is V'N= OV 

TA =-SSoC 
SMP-l0 

Leakage (Droop) Current IDA TA = +12SoC 
TA = Full Range SMP-ll 

TA=-SSoC 
SMP-l0 

Droop Rate dVCH/dt TA=+12SoC 

TA = Full Range SMP-ll 

Sample Mode 
Voltage Gain Av V'N = ±10V. RL = SkO 

or V'N = ±SV. RL = 2.5kO 

Power Supply 
PSRR 

Sample Mode 
Rejection Ratio Vs =±9V to ±18V 

Logic Control Input Current ILe VLe = OV 

Sample Mode 

Logic Input IS/H 
VslH =0.6V 
Hold Mode 
VS/H = S.OV 

Differential Logic 
VTH Threshold 

NOTES: 
1. Measured SOO~s after hold command. 

BURN-IN CIRCUIT 

-18Vo-............. M......-'-I 

1-"--+-.... --'1;""'-..... -0 +18V 
R = 5000 

r----- -----, 
I I 
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I 
I 

SMP-10A SMP-10 
SMP-11A SMP-11B 

MIN TYP MAX MIN TYP MAX 

1.2S 3.0 1.60 S.S 

90 180 160 280 

0.050 O.SO 0.080 1.22 
12 20 16 2S 
12 20 16 25 

10 100 16 2S0 
2400 4000 3200 SOOO 
2400 4000 3200 SOOO 

0.99950 0.99972 0.99940 0.99968 

78 88 72 90 

-1 -3 -1 -S 

-S -15 -S -IS 

0.2 0.2 

0.6 1.3 2.0 0.6 1.3 2.0 

unless 

UNITS 

mV 

nA 

nA 

~Vlms 

V/V 

dB 

~A 

~A 

nA 

V 
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DICE CHARACTERISTICS 

SMP-10 

2. INPUT 
3. NULL 
4. NULL 
5. NEGATIVE SUPPLY 

(SUBSTRATE) 
7. OUTPUT 
9. POSITIVE SUPPLY 

11. HOLD CAPACITOR (CH) 
13. LOGIC THRESHOLD 

CONTROL (VLe) 
14. SAMPLE/HOLD 

COMMAND 

DIE SIZE 0.088 X 0.083 inch, 7304 sq. mils 
(2.235 x 2.108 mm, 4.711 sq. mm) 

SMP-l0/sMP-ll 

2. INPUT 
3. NULL 
4. NULL 
S. NEGATIVE SUPPLY 

(SUBSTRATE) 
7. OUTPUT 
9. POSITIVE SUPPLY 

11. HOLD CAPACITOR (CH) 
13. LOGIC THRESHOLD 

CONTROL (VLe) 
14. SAMPLE/HOLD 

COMMAND 

WAFER TEST LIMITS at Vs = ± 15V, CH = O.005I'F, VLC connected to ground, TA = 25°C, unless otherwise noted. 

SMP-10N SMP-10G 
SMP-11N SMP-11G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Zero·Scale Error Vzs 
V,N = 0, VS/H = 3.5V 

Hold Mode, (Note 2) 
1.5 3.0 mVMAX 

Input Bias Current I. V,N=OV 60 90 nAMAX 

Leakage (Droop) Current 
SMP-10 0.10 0.25 

lOR SMP-11 2.5 
nAMAX 

SMP-10 20 50 
~Vlms MAX Droop Rate dVCH/dt 

SMP-11 200 500 

Sample Mode 
Voltage Gain Av V 1N =±10V 0.99963 0.99953 V/v MIN 

orV,N =±5V 

Hold Capacitor 
ICH V1N - VOUT ~ ±3V 30 20 mAMIN 

Charging Current 

Input Voltage Range and/or 
RL =2.5kll ±11 ±10.5 VMIN 

Output Voltage Swing 

Power Supply 
PSRR 

Sample Mode 
82 77 dBMIN 

Rejection Ratio Vs= ±9Vto ±18V 

Power Consumption Po Sample Mode Y'N = 0 180 210 mWMAX 

Logic Control Input CUrrent ILC VLC=OV -2 -3 ~AMAX 

Sample Mode 
-15 -15 ~AMAX 

Logic Input IS/H 
VSJH = 0.6V 
Hold Mode 

0 0 nAMAX 
VS/H= 5V 

Differential Logic 2.0 2.0 V MAX 
Threshold 

VTH VLC=O 
0.8 0.8 VMIN 

NOTES: 
1. Measured 500jts after hOld command. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = O.005I'F, VLC connected to ground, TA = 25°C, unless 
otherwise noted. 

SMP-10N SMP-10G 
SMP-11N SMP-11G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Acquisition Time tag 10V step to 0.1% of final value 3.S 3.S ~s 

Aperture Time tap 50 SO ns 

Charge Transfer at Y,N = 0, VSJH = 3.SV 5 S pC 

Slew Aate SA Y,N = ±10V, RL = 2.Skll 10 10 Vlp.s 

REV.C SAMPLEITRACK-HOLD AMPLIFIERS 4-113 



SMP-l0/SMP-ll 

TYPICAL PERFORMANCE CHARACTERISTICS 

-10 

;; -1.0 
5 
lh 
I;; 

~ 
-0.1 <I 

-0.01 
0 

-4000 

-3000 

~ 

CHAt.lGE IN HOLD STEP 

vIs/H~ 
dt 

r"'-:~ !L 

1"-
~ 

='WOUT= 3.0 

.1 

"-

I J~~~~oo.VI 
IIIII III 

1.0 10· 

SIH dV/dt LOGIC INPUT SLEW RATE (VIliS) 

SMP-10 
DROOP RATE 

VI TEMPERATURE 

CHI: o.ob ••• 1 

100 

;; -2000 

~ 
~ -1000 
Q 

L 
I' '" X 

-5 -• -55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE tOCI 

100 

0 

INPUT BIAS CURRENT 
VI TEMPERATURE 

1\ 

" " 

-100 -60 50 
TEMPERATURE rei 

100 150 
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AMPLITUDE CHANGE IN 
HOLD STEP VI 

INPUT VOLTAGE 
+3~--~--~--'----r---r---' 

NORMALIZED TO 
o VOL 18 V IN @25°C 

-3'----'----'----'----'----'-----' 
-15 -10 -5 +15 

-400 

-300 

-200 

-100 

100 

200 

INPUT VOLTAGE (VOL lS) 

SMP-11 
DROOP RATE 

VI TEMPERATURE 

I 
V 

kI' 
l..--" V 

LL 
II 

-55 -35 -15 5 25 45 65 86 105 126 

12 

10 

2 

0 

TEMPERATURE (OC) 

ACQUISITION TIME 
VI HOLD CAPACITOR 

\ RECOMMENDED HOLD 
CAPACITOR IS 5000pF 

\"\ 

"' I'. 
l'r-,. 

r"""'--
10V STEP TO WITHIN HOrnV 
0. rlNALI VALUE 10.1%1 

18 18 14 12 10 

CH InF. lnF =,OOOpF) 

80 

60 

HOLD MODE 
POWER SUPPLY REJECTION 

TYPICAL D.C. NEGATIVE POWER SUPPL V 
REJECTION RATIO = 86dB 

111111 '"11111 '"111111 '""'" '"' TYPICAL D.C. POSITIVE POWER SUPPLY 
REJECTION RATIO'" 84dB 

11111111 '1111 
POSITIVE SUPPLY 
(+15V +lV SIN wTI 

40 H-tttttHt--tittttlHrt 

1: -10 

!5 
a: 
a: 
::> " -g 
:!i 
I 

9 -0. 

1 

1 

VeH 
VSlH 

FREQUENCY (Hz) 

DROOP CURRENT 
VI TEMPERATURE 

OV 
5V 

1M 

~ -~ 
L 

...1 J 
80 70 eo 90 100 110 120 130 

1 

'i 
.3 -2 .... 
ffi 
a: 
a: -3 
il 
~ -4 

" ~ -• 
• 
1 

TEMPERATURE rCI 

LOGIC INPUT CURRENT 

, HOl.'D 

I-r--roc 

r- .. de 
...l 

r- 12.od -I 

..J. l. 1 
SAMPLE VLC = O.OV (PIN 13) 

1 1 i.IN j41 VbL TAGE 

LOGIC INPUT VOLTAGE (VOLTS) 
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SMP-l0/SMP-ll 
TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
z 
0 
;:: 

'" ~ 
C 

" z 
0 

" '" ;i! 

~ 

GAIN ERROR 

TA " 25"C 
SAMPLE MODE 

-3~----~----~----~----~ 
-10 -5 0 +5 +10 

,. 
'2 

'0 

o 
'0 

INPUT VOLTAGE (VOLTS) 

OUTPUT RESISTANCE 
VI FREQUENCY 

RO Ugro MOg~"~ RO ~l~PLE ~OD'~ 

[1 

~ 

'00 ,. '0' lOOk 

INPUT FREQUENCY jHz) 
'M 

TOTAL HARMONIC 
DISTORTION VI FREQUENCY 

'0 

0.' 

0.01 

0.001 
'00 

SAMPLE MODE _ SUPER CHARGER LIMITS 
VSUP= ±15V - INCREASE IN THO AT 
TA "'2SOC - H\Gr. ~~~?UE~CV 

V'N"2VP~ 

VIN'" 10Vp 

I 

VIN -O.4Vp 

IIIIII ,. 'Ok lOOk 

FREQUENCY 1Hz) 
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~ .s 
2 
0 
;:: 
~ 
~ 
Q 

I 

~ 
ill c z 
;! 
'" 

POWER DISSIPATION VI 

INPUT FREQUENCY = Vp SIN wT 
600 

V+= 15V 
V- = -15V 

400 

I'N' '0 Vo l 
VLC=GND 

I-CH" O.OO5#,lF 
5VO V 

300 

200 

'00 

o ,. 

1,000 

'00 

j "OVp 

~~ > ~2.l!l 

10k lOOk 'M 
INPUT FREOUENCY (Hz) 

OUTPUT WIDEBAND NOISE 
VI BANDWIDTH (0.1 Hz TO 
FREQUENCY INDICATED) 

HOLD MODEL 

r 
SAMPLE MODE 

~ 
'0 

'Ok '00k 'M 
BANDWIDTH 1Hz) 

'OM 

SAMPLE MODE 
POWER SUPPLY REJECTION 

'00 ,-,-mTml"-n"TT1lnr-,..,. 

FREOUENCY (Hzl 
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SMP-l0/sMP-ll 

SMP-10/SMP-11 ACQUISITION TIMES 

ACQUISITION TIME 
-10Yto OY 

ACQUISITION TIME 
+10YtoOY 

ACQUISITION TIME 
-1.0YtoOY 
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I - ' . 
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ACQUISITION TIME 
+1.0Yto OY 

ACQUISITION TIME 
-100mYto OY 

ACQUISITION TIME 
+100mYtoOY 

~y -i_'" 

II -, 
lilli' 

I 
001 lp I 

APPLICATIONS INFORMATION 
During the null adjustment, the amplifier should be switched 
continuously between the "sample" and "hold" mode. The 
error should be adjusted to read zero when the unit is in the 
"hold" mode. In this way, both 'offset voltage errors and 
charge transfer errors are adjusted to zero. 

ZERO-SCALE NULL ADJUSTMENT 

v+ 

INPUT o-c-----=-i 

2.' 
k<l 

S/H VLC 

v-

>--'----0 OUTPUT 
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As shown in the Figure, the sample/hold mode control is 
accomplished by steering the current (11) through 01 or 02, 
thus providing high-speed switching and a predictable logic 
threshold. For TTL and DTL interface, simply ground VLC 
(Pin 13). For CMOS, HTL and HNILinterface, the appropriate 

LOGIC CONTROL 

S/H 

CURRENT TO CONTROL 
SAMPlElHoLD MODES 

VS/H TRIP POINT = VLC + 2VBE 
FOR TTL COMPATIBILITY SET VLC = OV 

REV.C 



threshold voltage, allowing for 2 diode drops for D1 and VeE 
of 03, should be applied to VLC. 

For proper operation, the VLc (logic control) must always be 
at least 3.5V below the positive supply and 2.0V above the 
negative supply. 

Sample-and-hold control voltage (5tH) must always be at 
least 2.8V above the negative supply. 

LOCAL 
ANALOG 
GROUND 

REV.C 

SMP-l0/SMP-ll 
GUARDING AND GROUNDING LAYOUT 
The use of a ground plane is strongly recommended to 
minimize ground path resistances. Separate analog and 
digital grounds should be used, and it is advisable to keep 
these two ground systems isolated until they are tied back to 
the common system ground. Digital currents should not flow 
back to the system ground through the analog ground path. 

HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) acts as a memory element and also 
as a compensating capacitor for the sample-and-hold 
amplifier. For stable operation, a minimum value of 2000pF is 
recommended, with no limit set for the maximum value. The 
devices have been internally trimmed for CH= 5000pF. Other 
values of CH will cause a zero-scale shift, which can be 
calculated from the following equation: 

tN ( V) = 5 (pC) X 103 

zs m CH (pF) 

The hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85°C, polystyrene capacitors are recommended, 
while teflon capacitors are recommended for higher 
temperature applications. 
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r.ANALOG 
WDEVICES 

FEATURES 
High Speed Version of SMP-08 
Internal Hold Capacitors 
Low Droop Rate 
TTLICMOS Compatible Logic Inputs 
Single or Dual Supply Operation 
Break-Before-Make Channel Addressing 
Compatible With CD4051 Pinout 
Low Cost 

APPUCATIONS 
Multiple Path Timing Deskew for A.T.E. 
Memory Programmers 
Mass FlowlProcess Control Systems 
Multichannel Data Acquisition Systems 
Robotics and Control Systems 
Medical and Analytical Instrumentation 
Event Analysis 
Stage Lighting Control 

GENERAL DESCRIPTION 
The SMP-IS is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 
fast acquisition time. The SMP-IS has a typical linearity error of 
only 0.01% and can accurately acquire a 10-bit input signal to 
± 112 LSB in less than 2.5 microseconds. The SMP-IS's output 
swing includes the negative supply in both single and dual sup
ply operation. 

The SMP-IS was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration make the SMP-IS ideal for 
calibration requirements that have previously required an ASIC, 
or high cost multiple D/A converters. 

The SMP-18 is also ideally suited for a wide variety of sample
and-hold applications including amplifier offset or VCA gain 
adjustments. One or more SMP-lSs can be used with single or 
multiple DACs to provide multiple set points within a system. 

REV. A 

Octal Sample-and-Hold 
with Multiplexed Input 

SMP-18 I 
FUNCTIONAL BLOCK DIAGRAM 

(LSB) (MSB) 
INPUT A B C INH 

The SMP-lS offers significant cost and size reduction over dis
crete designs. It is available in a 16-pin hermetic or plastic DIP 
or surface mount SOIC package. The SMP-lS is a higher speed 
direct replacement for the SMP-OS. 

SAMPLEITRACK-HOLD AMPLIFIERS 4--119 

II 



SMP-18 SPECIFICATIONS 
ELECT' R'ICAL CHA"RACTER'I'SYIC' S (@Voo =+5V, Vss ~ -5 V, OSNO = 0 V, RL = No Load, TA = -4uOC to +85·C for 

SMP-18F, unless otherwise noted) 

Parameter Symbol Conditions Min 

Linearity Error -3 V :5 VIN :5 +3 V 
Buffer Offset Voltage Vos TA = +25°C, VIN = 0 V 

-40°C :5 TA :S +85°C, VIN = 0 V 
Hold Step VHS VIN = 0 V 
Droop Rate t:.VCH/t:.t TA = +25°C, VIN = 0 V 
Output Source Current ISOURCE VIN = 0 Vi 1.2 
Output Sink Current ISINK VIN = OVI 0.5 
Output Voltage Range RL = 20kO -3.0 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH 2.4 
Logic Input Low Voltage VINL 
Logic Input Current lIN VIN = 2.4 V 

DYNAMIC PERFORMANCE2 

Acquisition Time tAQ TA = +25°C, -3 V to +3 V to 0.1% 
Hold Mode Settling Time tH To ±I mVofFinal Value 
Channel Select Time tCH 
Channel Deselect Time toes 
Inhibit Recovery Time tIR 
Slew Rate SR 
Capacitive Load Stability <30% Overshoot 
Analog Crosstalk -3 V to +3 V Step 

SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio PSRR Vss = ±5 Vto ±6V 60 
Supply Current 100 TA = +25°C 

-40°C :5 TA :5 +85°C 

NOTES 
'OutpUts are capable of sinking and sourcing over 10 rnA but offset is guaranteed at specified load levels. 
'All input control signals are specified with t, = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
Specifications subject to change without notice. 

Typ Max Units 

0.01 % 
2.5 10 mV 
3.5 20 mV 
4 6 mV 
2 40 mVls 

mA 
mA 

+3.0 V 

V 
0.8 V 

0.5 1 I1A 

3.5 I1S 
I I1S 
90 ns 
45 ns 
90 ns 
6 V/l1s 
500 pF 
-72 dB 

75 dB 
5.5 7.5 mA 
7.5 9.5 mA 

ELECTRICAL CHARACTERISTICS (@Voo =+12V, Vss ~ 0 V, OGNO = 0 V, RL = No Load, TA = -40·C to +85·C for 
SMP-18F, unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

Linearity Error 60 mV :5 VIN :5 10 V 0.01 % 
Buffer Offset Voltage Vos TA = +25°C, VIN = 6 V 2.5 10 mV 

-40°C:5 TA:5 +85°C, VIN = 6 V 3.5 20 mV 
Hold Step VHS VIN = 6 V 4 6 mV 
Droop Rate t:.vcH/t:.t TA = +25°C, VIN = 6 V 2 40 mVl8 
Output Source Current ISOURCE VIN = 6 Vi 1.2 mA 
Output Sink Current ISINK VIN = 6VI 0.5 mA 
Output Voltage Range RL = 20kO 0.06 10.0 V 

RL = 10 kO 0.06 9.5 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH 2.4 V 
Logic Input Low Voltage VINL 0.8 V 
Logic Input Current lIN VIN = 2.4 V 0.5 1 I1A 

DYNAMIC PERFORMANCE2 

Acquisition Time tAQ TA = +25°C, 0 to 10 V to 0.1% 2.5 118 
Hold Mode Settling Time tH To ± I mV of Final Value 1 118 
Channel Select Time tcH 90 ns 
Channel Deselect Time tocs 45 ns 
Inhibit Recovery Time tIR 90 ns 
Slew Rate3 SR 7 V/l1s 
Capacitive Load Stability <30% Overshoot 500 pF 
Analog Crosstalk o to 10 V Step -72 dB 
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SMP-18 
Parameter Symbol Conditions Min 

SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio PSRR 10.8 V :5 VDD :5 13.2 V 60 
Supply Current IDD TA = +25°C 

-40°C :5 T A :5 + 85°C 

NOTES 
lOutputs are capable of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
'All input control signals are specified with t, = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
'Slew rate is measured in the sample mode with a 0 to 10 V step from 20% to 80%. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS I 
VDD to DGND ...................... -0.3 V, 17 V 
VDD to Vss ........................ -0.3 V, 17 V 
VLOGIC to DGND .................... -0.3 V, VDD 

VIN to DGND ......................... V ss' V DD 

Package Type 

16-Pin Hermetic DIP (Q) 
16-Pin Plastic DIP (P) 
16-Pin SOIC (S) 

VOUT to DGND ........................ Vss, VDD NOTES 

Typ Max Units 

75 dB 
6.0 8.0 mA 
8.0 10.0 mA 

flJA 
1 

flJe Units 

94 12 0c/w 
76 33 0c/w 
92 27 0c/w 

Analog Output Current .................... ±20 mA 
(Not short-circuit protected) 

Operating Temperature Range 

I. Absolute maximum ratings apply to both DICE and packaged parts, un
less otherwise noted. 

FQ, FP, FS ..................... -40°C to +S5°C 
Junction Temperature ...................... + 150°C 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

2. aJA is specified for worst case mounting conditions, i.e., aJA is specified 
for device in socket for cerdip and plastic DIP packages; aJA is specified 
for device soldered to printed circuit board for SOlC package. 

CAUTION ______________________________________________________________________ __ 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to 

the device. This is a stress rating only and functional operation at or above this specification is not 
implied. Exposure to the above maximum rating conditions for extended periods may affect 
device reliability. 

2. Digital inputs and outputs are protected; however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 

WARNING! cJ 
~~EDEVICE 

3. Remove power before inserting or removing units from their sockets. 

PIN CONNECTIONS 

CH.OUT Voo 

CHsOUT CH20UT 

INPUT CHi OUT 

CH7 0UT SMP-18 CHoOUT 

CH 5 OUT TOP VIEW CH 3 0UT 
(Not to Scale) 

INH A CONTROL 

Vss BCONTROL 

DGNO CCONTROL 

REV. A 

ORDERING GUIDE· 

Package: 16-Pin DIP/SOIe 

Cerdip Plastic 
I6-Pin I6-Pin 

TBAt 
SMP-1SFQ 

NOTES 

SMP-lSFP 
SMP-1SFS 

Operating 
Temperature 
Range 

MIL 
XIND 
XIND 

*Burn-in is available on industrial temperature range 
parts in cerdip and plastic DIP packages. 

j'Consult factory for 883 data sheet. 
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SMP-18 
DICE CHARACTERISTICS 

DIE SIZE 0.080 x 0.120 INCH, 9,600 sq. mils 
(2.032 x 3.049 mm, 6.193 sq. mm) 

1. CH4 0UT 

2. CHaOUT 

3. INPUT 

4. CH70UT 

5. CHSOUT 

6. INH 

7. VSS 

8. DGND 

9. CCONTROL 

10. B CONTROL 

11. A CONTROL 

12. CH30UT 

13. CHOOUT 

14. CH10UT 

15. CHZOUT 

16. VDD 

WAFER TEST LIMITS ~iac~:d~ +12 V, Vss = DGND = 0 V, RL = No Load, TA = +25°C for SMP-18GBC, unless otherwise 

Parameter Symbol Conditions Limits Units 

Buffer Offset Voltage Vos VIN = +6 V 20 mVmax 
Droop Rate t.VCHltlt VIN = +6 V 40 mV/s max 
Output Source Current IsouRCE VIN = +6V 1.2 mAmin 
Output Sink Current ISINK VIN = +6 V 0.5 mAmin 
Output Voltage Range RL = 20 kG 0.06110.0 V maximin 

RL = 10 kG 0.0619.5 V maximin 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH 2.4 V min 
Logic Input Low Voltage VINL 0.8 V max 
Logic Input Current liN VIN = 2.4 V 1 !1A max 

SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio PSRR 10.8 V,,; Voo"; 13.2 60 dB min 
Supply Current 100 8.0 mAmax 

NOTE 
Electrical lesls are performed al wafer probe 10 the limils shown. Due 10 variations in assembly methods and normal yield loss, yield afler packaging is nol 
guaranleed for srandard prodUCI dice. Consull faclory 10 negoriale specifications based on dice 101 qualifications throngb sample 101 assembly aod testing. 

4-122 SAMPLEnRACK-HOLD AMPLIFIERS REV. A 



100 

~ 10 
E 
I 

W 

i 1 

B 
COol 

0.01 

r--

VDD = +12V ~ 
Vss=DV J Y,N = +6V 
RL=lOkQ I 

L 
./ 

,/ 

-40 -20 0 20 40 80 80 100 

TEMPERATURE - ·C 

Droop Rate vs. Temperature 

o 

-5 

~ 
I 0 

~ 
j'!-2 
6 
>-4 
Iii 
1f-6 

~ 
-6 

-10 

TA = +2S·C 
VDD= +12V 
Vss =ov 
NO LOAD 

... 
I---r- ..... I--- -- ..... ..... 

012345676910 

INPUT VOLTAGE - Volta 

Hold Step vs. Input Voltage 

TA=+2S·C 
VDD = +12V 

RL= 00 Vss =DV 

~~ ~ 
~ ..... --l-I'- " RL=20kQ i' ..... I'-"'). 

~ i' , 
RL= lOkQ. f- \ -, , 

o 1 2 3 4 5 6 7 8 9 10 

INPUT VOLTAGE - Volta 

Offset Voltage VS. Input Voltage 

REV. A 

Typical Performance Characteristics-SMP-18 

..... I'- ..... I'--
TA =+25·C 
VDD= +12V 
vss =DV 
NO LOAD 

-3 Li ~ 

-5 
012345678910 

INPUT VOLTAGE - Volta 

Droop Rate VS. Input Voltage 

1.5 

~ 
I 0.5 

~ 
C 6 -0.5 
:z: 

-1 

-1.5 

-2 

VDD = +12V 
-vss=ov 
_ Y,N =6V 

NO LOAD 

r--.. 

-55 -35 -15 5 25 45 as as 105 125 

20 

15 

~ 
I 10 

W :i 5 
.... 
6 0 
> 
.... -5 

~ -10 

-15 

-20 

TEMPERATURE - ·C 

Hold Step VS. Temperature 

TA= +&S·C 
VDD= +12V 
Vss= ov 

r- RL= 00 

I'l. I 
....... 

R 1=2~Q "I ..... ..... ........ " f- I , , \ R L= 10kQ 

I 
o 1 2 3 4 5 6 7 8 9 10 

INPUT VOLTAGE - Volts 

Offset Voltage VS. Input Voltage 

130 

110 
.............. 

TA = +8S·C 
VDD= +12V 

10 :-
E 90 
I 

..... 
"-

Vss= DV 
NO LOAD 

'" W 

i 70 

a. 
0 50 0 
a: 
C 

30 

"-
r'\ 

"\ 
r\. 

10 
o 1 2 3 4 5.;6 6 8 9 10 

INPUT VOLTAGE - Volts 

Droop Rate vs. Input Voltage 

30 

25 

o 

~ 
I 0 

W 
CI 
j'!-2 ... 
!i!-4 
Iii t-6 
0-6 

-10 

VDD = +12V V TA= +2S·C 
Vss=DV / NO LOAD 

+SR ...... / 

/ 
...... 

C- -SR -
10 11 12 13 14 15 16 17 18 

VDD-Volta 

Slew Rate vs. Voo 

TA=-40·C 
VDD= +12V 

RL= 00 Vss=OV 

I~ '- :.J.1 
11" .;::: i::::t-=:I--f-RL=2OkQ t ..... 1'-~ RL=lOkQ-

1- I I 

o 1 2 3 4 5 6 7 8 9 10 

INPUT VOLTAGE - Volts 

Offset Voltage VS. Input Voltage 

SAMPLEITRACK-HOLD AMPLIFIERS 4-123 

• 



SMP-18 - Typical Performance Characteristics 
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APPLICATIONS INFORMATION 

D1 

The SMP-18, a multiplexed octal S/H, minimizes board space in 
systems requiring cycled calibration or an array of control volt
ages. When used in conjunction with a low cost IO-bit D/A, the 
SMP-18 can easily be integrated into microprocessor based sys
tems. Since the SMP-18 features break-before-make switching 
and an internal decoder, no external logic is required. The 
SMP-18 has an internally regulated TTL supply so that TTLI 
CMOS compatibility is maintained over the full supply range. 
See Figure I for channel decode address information. 

POWER SUPPLIES 
The SMP-18 is capable of operating with either single or dual 
supplies, over a voltage range of 7 to IS volts. Based on the sup
ply voltages chosen, V DD and V ss establish the output voltage 
range, which is: 

(Vss + 0.06 V) :5 VOUT :5 (V DD - 2 V) 

Note that several specifications, including acquisition time, off
set and output voltage, compliance will degrade for supply volt
ages of less than 7 V. 

If split supplies are used, the negative supply should be by
passed with a 0.1 JJ.F capacitor in parallel with a 10 JJ.F to 
ground. The internal hold capacitors are connected to this sup
ply pin and any noise will appear at the outputs. 

In single supply applications, it is extremely important that the 
V ss (negative supply) pin is connected to a clean ground. The 
hold capacitors are internally tied to the V ss (negative) rail. Any 
ground noise or disturbance will directly couple to the output 
of the sample-and-hold, degrading the signal-to-noise perfor
mance. The analog and digital ground traces on the circuit 
board should be physically separated to reduce digital switching 
noise from entering the analog circuitry. 

REV. A 

SMP-18 
POWER SUPPLY SEQUENCING 
Voo should be applied to the SMP-18 before the logic input 
signals. The SMP-18 has been designed to be immune to iatch
up, but standard precautions should still be taken. 

OUTPUT BUFFERS (Pins 1, 2, 4, 5, 12, 13, 14, 15) 
The buffer offset specification is 10m V; this is less than 112 
LSB of an 8-bit DAC with 10 V full scale. The hold step (mag
nitude of step caused in the output voltage when switching from 
sample-to-hold mode, also referred to as the pedestal error or 
sample-to-hold offset) is about 4 mV with little variation over 
the full output voltage range. The droop rate of a held channel 
is 2 mV!s typical and 40 mV/s maximum. 

The buffers are designed to drive loads connected to ground. 
The outputs can source more than 20 rnA, over the full voltage 
range, but have limited current sinking capability near V ss' In 
split supply operation, symmetrical output swings can be ob- • 
tained by restricting the output range to 2 V from either supply. ~ 

On-chip SMP-18 buffers eliminate potential stability problems 
associated with external buffers; outputs are stable with capaci-
tive loads up to 500 pF. However, since the SMP-18's buffer 
outputs are not short circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 

SIGNAL INPUT (Pin 3) 
The signal input should be driven from a low impedance voltage 
source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-18's ac
quisition time characteristics are to be maintained. As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (V ss :5 VIN :5 V 00) to avoid the possibility of 
latch-up. If single supply operation is desired, op amps such as 
the OP-21, OP-80, or OP-90 that have input and output voltage 
compliances including ground, can be used to drive the inputs. 
Split supplies, such as ±7.5 V, can be used with the SMP-18. 

APPLICATION TIPS 
All unused digital inputs should be connected to logic LOW. 
For analog inputs that may become temporarily disconnected, a 
resistor to V DD' V ss or analog ground should be used with a 
value ranging from 200 kO to I MO. 

Do not apply signals to the SMP-18 with power off unless the 
input current is limited to less than 10 mAo 
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SMP-18 
TYPICAL APPLICATIONS 
An 8-Channel Multiplued D/A CODverter 
Figure I illustrates a typiCal multiplexing function of the SMP-
18. It is used to sample-and-hold eight different output voltages 
corresponding to eight different digital codes from a D/A con
verter. The SMP-lS's droop rate of 40 mV/s requires a refresh 

once every 250 ms before the voltage drifts beyond 112 LSB ac
curacy (I LSB of an S-bit DAC is equivalent to 19.5 mY, out of 
a full-scale voltage of 5 V). For a 10-bit DAC, the refresh rate 
must be less than 60 ms, and for a 12-bit system, IS ms. This 
implementation is very cost effective compared to using multiple 
DACs as the number of output channels increases. 

CHANNEL DECODING 

PIN 9 PIN 10 PIN 11 PIN 6 
C B A INH CH PIN 

0 0 0 0 0 13 
0 0 1 0 1 14 
0 1 0 0 2 15 
0 1 1 0 3 12 
1 0 0 0 4 1 
1 0 1 0 5 5 
1 1 0 0 6 2 
1 1 1 0 7 4 
X X X NONE -

Figure 1. 8-Channel Multiplexed DIA Converter 
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~ Switches & Multiplexers 0 en 
en 
~ CMOS SWitches (i 

~ Leakage Current RoN Ohms Package Temp 
Model Function nAmax max Latched Options' Rangel Page Comments 

!l!> 

s: *ADG411 QuadSPST 0.25 35 2,3,6 I,M C II S-73 Second Source to DG411, DielectricaJly Isolated 

~ *ADG412 QuadSPST 0.25 35 2,3,6 I,M C II S-73 Second Source to DG412, Die1ectrica1ly Isolated 

::::! *ADG441 QuadSPST 0.25 80 2,3,6 I,M C II S-75 Second Source to DG441, Upgrade for DG20lAlADG20lA, 
;!! Dielectrica1ly Isolated 

~ *ADG442 QuadSPST 0.25 80 2,3,6 I,M C II S-75 Second Source to DG442, Upgrade for DG202A1ADG20lA, 

~ 
DielectricaJly Isolated 

*ADG444 QuadSPST 0.5 80 2,3,6 I,M C II S-77 Superior Second Source to DG444, Die1ectrica1ly Isolated 
*ADG445 QuadSPST 0.5 80 2,3,6 I,M C II S-77 Superior Second Source to DG445, Dielectrica1ly Isolated 
ADG201HS QuadSPST 1 50 2,3,4,5,6 C,I,M C II >-49 High Speed Quad Switch, 44 V Supply Maximum Ratings 
ADG201A QuadSPST 1-2 90 2,3,4,5,6 C,I,M C II >-43 44 V Supply Maximum Ratings 
ADG202A QuadSPST 1-2 90 2,3,4,5,6 C,I,M C II >-43 44 V Supply Maximum Ratings 
ADG221 QuadSPST 1-2 90 X 2,3,4,5,6 C,I,M C II >-65 Latched Input, 44 V Supply Maximum Ratings 
ADG222 QuadSPST 1-2 90 X 2,3,4,5 C,I,M C II >-65 Latched Input, 44 V Supply Maximum Ratings 
AD7510DI QuadSPST S-10 100 2,3,4,5 C,M C II S-17 DiCMOS, DielectricaJly Isolated 
AD7511DI QuadSPST S-10 100 2,3,4,5 C,M C II S-17 DiCMOS, Die1ectrica1ly Isolated 
AD7590DI QuadSPST 5 90 X 2,3,4,5 C,I,M CII S-25 DiCMOS, Latched Input, Dielectrica1ly Isolated 
AD7591DI QuadSPST 5 90 X 2,3,4,5 C,I,M CII S-25 DiCMOS, Latched Input, DielectricaJly Isolated 

*sSM-2404 QuadSPST 10 85 2,6 I C II S-147 "Clickless" Quad Audio Switch (CBCMOS) 
ADG21lA QuadSPST 5 115 2,5,6 C C II S-57 Low Cost, 44 V Supply Maximum Ratings 
ADG212A QuadSPST 5 115 2,5,6 C C II S-57 Low Cost, 44 V Supply Maximum Ratings 
AD7512DI DualSPDT S-10 100 2,3,4,5 C,M CII S-17 DiCMOS, Die1ectricaJly Isolated 
AD7592DI DualSPDT 5 90 X 2,3,4,5 C,M C II S-25 DiCMOS, Latched Input, DielectricaJly Isolated 

Bipolar JFET SWitches 
Leakage Current RoN Ohms Package Temp 

Model Function nAmax max Options' Range' Page Comments 

SW-OI Quad SPST 1.0 100 3 I C II 12-4 Improved DG201 
SW-02 QuadSPST 1.0 100 3 I C II 12-4 Improved DG202 
SW-06 QuadSPST 2.0 80 2,3,4,6 I,M C II S-149 Improved LF11333/13333 
SW-201 QuadSPST 10.0 150 2,6 I C II S-161 Improved Low Cost DG201 
SW-202 QuadSPST 10.0 150 2,6 I C II S-161 Improved Low Cost DG202 
SW-7510 QuadSPST 1.0 75 3,4 I,M ell 12-4 Improved HI-7510 
SW-7511 QuadSPST 1.0 75 3,4 I,M ell 12-4 Improved HI-7511 
SSM-2402 DualSPST 10.0 85 2,6 I C II S-133 "Clickless" Bilateral Audio Switch 
SSM-2412 DualSPST 10.0 85 2,6 I CII S-133 Fast, Dual Audio Switch 
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Analog CMOS Multiplexers 
Leakage Current RoN Ohms Package Temp 

Model Function nAmax max Latched Optionsl Range' Page Comments 

*AD75019 16:16 10 300 5 C,I cn 5-39 16 x 16 Analog Crosspoint, Serial Interface 
ADG506A 16:1 1 280 2,3,4,5,6 C,I,M C n 5-79 Superior Second Source to DG506A 
ADG526A 16:1 1 280 X 2,3,4,5,6 C,I,M C n 5-95 Superior Second Source to DG526A 

*AD7506 16:1 1-5 300 2,3,4 C,M C II 5-13 
ADG507A Diff.8:1 1 280 2,3,4,5,6 C,I,M C II 5-79 Superior Second Source to DG507 A 
ADG527A Diff.8:1 1 280 X 2,3,4,5,6 C,I,M C II 5-95 Superior Second Source to DG527 A 

*AD7507 Diff.8:1 1-5 300 2,3,4 C,M C II 5-13 
*ADG408 8:1 0.5 100 2,3,6 C,I,M C II 5-71 Superior Second Source to DG408 
ADGS08A 8:1 1 300 2,3,4,5,6 C,I,M C n 5-87 Superior Second Source to DG508A 
ADG528A 8:1 1 300 X 2,3,4,5 C,I,M C n 5-103 Superior Second Source to DG528A 
AD7501 8:1 1-5 300 2,3,4 C,M C II 5-9 
AD7503 8:1 1-5 300 2,3,4 C,M C II 5-9 

*ADG409 Diff.4:1 0.5 100 2,3,6 C,I,M C n 5-71 Superior Second Source to DG409 
ADG509A Diff.4:1 1 300 2,3,4,5,6 C,I,M C II 5-87 Superior Second Source to DG509A 
ADG529A Diff.4:1 1 300 X 2,3,4,5 C,I,M Cn5-103 Superior Second Source to DG529A 
AD7502 Diff.4:1 1-5 300 2,3,4 C,M C II 5-9 

Analog Bipolar JFET Multiplexers 
Leakage Current RoN Ohms Package Temp 

Model Function nAmax max Optionsl Range' Page Comments 

MUX-08 8:1 1.0 300 2,3,4,6 C,I,M C n 5-111 Improved DG508 
MUX-16 16:1 1.0 380 2,3,4,5 I,M C n 5-123 Improved DG506 
MUX-24 Diff.4:1 1.0 300 2,3,4,6 C,I,M C n 5-111 Improved DG509 
MUX-28 Diff.8:1 1.0 380 2,3,4,5 I,M C n 5-123 Improved DG507 
MUX-88 8:1 100 400 3 I C II 12-4 8-Chaunel Telecom Multiplexer 

Video Multiplexer 
Full Power Crosstalk 
BW Rejection 
MHz f= 10 MHz Package Temp 

Model Function min dB Optionsl Range' Page Comments 

AD9300 4:1 30 75 3,4 C,M C n 5-31 Wideband Video Mux 

'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Cao; 8 = Hermetic Metal Cao DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-in·Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92. 

'Temperature Ranges: C = Commercial, 0 to +7O'C; I = Industrial, -400C to +85"C (Some older products -2S"C to +8S"C); M = Military, -S5"C to +12S"C. 
Boldface Type: Product recommended for new design. 
'New product since the publication of the most recent Databooks 
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Orientation 
Switches & Multiplexers 
Solid~state analog multiplexers and switches have become an 
essential and ubiquitous component in the design of many elec
tronic systems which require the ability to control and select a 
specified transmission path for an analog signal. These semi
conductor devices are utilized in a wide range of applications 
including data acquisition, process control, instrumentation, 
video systems, and telephony systems. Analog Devices offers a 
complete line of monolithic analog multiplexers and switches in 
the commercial, industria1, and military grades which are well 
suited for these applications and environments. 

In selecting analog multiplexers and switches, attention must be 
paid to severa1 key specifications which affect a system's perfor
mance. The acquisition of an analog input signal within a speci
fied time and error band is a primary concern affected by the 
on-channel resistance (RoN) and the effective output capacitance 
(CrxON~ specifications in conjunction with the effective load 
impedance. The total output capacitance, consisting of both the 
multiplexer/switch output and load capacitance, will form an 
R-C constant with RoN' thus affecting both the bandwidth and 
the settling time to within a specified error band. A low RoN 
which remains relatively constant over the analog input range 
will ensure minimum signa1 attenuation and distortion. High 
crosstalk and off-isolation specifications prevent unselected sig
nals from affecting the signal path, thus maintaining a high 
signal-to-noise ratio. Break-before-make switching ensures that 
no two channel inputs are simultaneously connected, thus avoid
ing potential damage to the input signal sources. Switching time 
and settling time will determine the maximum handling frequency 
of the multiplexer as determined by the sampling theorem. Volt
age offset contributions from a multiplexer/switch are a result of 
the effective leakage currents flowing through RoN' RsoURCE, 
andRLOAo• 

Our product line can be categorized by the particular fabrication 
process employed into the following three distinct product fami
lies: CMOS, bipolar-JFET, and advanced bipolar (video). An 
understanding of the advantages and limitations of each of these 
processes is beneficial in selecting the best analog switch or mul
tiplexer for a particular application. Devices fabricated on a 
CMOS or a bipolar-JFET process are bidirectional, and their 
input and output may be transposed, thus allowing a multi
plexer to be configured as a demultiplexer. 

The CMOS process utilizes both N- and P-channe1 MOSFETs 
in the design of the analog switch, digital control logic, and 
switch driver circuits. These bidirectional analog switches con
sist of a parallel combination of P- and N-channel MOSFETs, 
allowing the analog input voltage range to extend to the supply 
rails while maintaining a fairly constant ON channel resistance 
(RoN). This process and architecture allow these devices to op
erate over a +5.0 V to + 16.5 V single and dual supply range 
with the tradeoff being an increase in RoN and switching time 
for decreasing supply ranges. Low power consumption and leak
age currents are some of the intrinsic characteristics and advan
tages of CMOS processes. Various parasitic device capacitances 
in conjunction with the load resistance can adversely affect both 
crosstalk and off isolation, thus limiting the effective bandwidth 
of these devices to below 100 kHz for a 12-bit system. 
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Our current portfolio of CMOS multiplexers and switches are 
fabricated on either a low cost, enhanced LC2MOS junction
isolated or a dielectrically isolated process. The LC2 MOS pro
cess features high breakdown voltages and very low parasitic 
capacitances which increase both the switching time and isola
tion. These junction-isolated devices are designed to restrict the 
incidence of SCR latch-Up to conditions of excessive misuse. 
The dielectrica1ly isolated process eliminates the parasitic junc
tions which cause SCR latch-up, thus extending the overvoltage 
protection at the analog ports to ±25 V above the power sup
plies while maintaining low RoN and low leakage currents. 

Analog multiplexers and switches fabricated on the bipolar
JFET process consist of high quality ion-implanted P-Channel 
JFET switches. The digital control logic and switch driver cir
cuits for these switches consist of both bipolar and JFET de
vices. JFET switches tend to exhibit slightly lower RoN' RoN 
variation over the analog input range and parasitic device capaci
tance, resulting in improved bandwidth, isolation, crosstalk, and 
harmonic distortion specifications when compared to CMOS de
vices. The analog input range extends from the negative supply 
to approximately 4 volts (VPlNCH'()FF) below the positive sup
ply. This radiation-hard process is not plagued by the SCR 
latch-Up tendency, and is less susceptible to both ESD and ana
log over-voltage destruction, unlike traditional CMOS processes. 
The limitations of this process, when compared to CMOS, are 
an increase in power consumption, a lower analog input range, 
and a restricted power supply operating range. 

The advanced bipolar process exhibits a minimum full-power 
bandwidth of 30 MHz and provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 75 dB at 
10 MHz. As these specifications suggest, this process is best 
suited for video applications. Some other key specifications in
clude gain flamess and tolerance, differential gain and phase, 
settling time, and input impedance. The AD9300 4 x I video 
multiplexer uses this process to achieve the high performance 
characteristics required for video applications which are unat
tainable through the other processes. 

DEFINmONS OF SPECIFICATIONS 
Analog Input Leakage Current-ls(oFF) 
The algebraic sum of leakage currents into or out of an 
OFF -channel source input due to parasitic reverse-bias diode 
junctions. 

Analog Output Leakage Current-loUT or ID(oFF) 
The algebraic sum of leakage currents into or out of an 
OFF-channel "D" output due to parasitic reverse-bias diode 
junctions. 

Analog Output-to-Input Capacitance-Cos(OFF) 
The equivalent capacitance which shunts an open switch effec
tively between "S" and "D" output. This will determine a 
switch's isolation over frequency. 



Analog Input/Output ON Capacitance-Cs(ON), CO(ON) 
The capacitance between the analog "S" input or "D" output 
and ground with the channel ON. 

Analog Input OFF Capacitance-Cs(OFF) 
The capacitance between an analog "S" input and ground with 
the channel OFF. 

Analog Output OFF Capacitance-Co(OFF) 
The capacitance between the analog "D" output and ground 
with the channel OFF. High frequency transmission and output 
settling time characteristics are highly influenced by this param
eter in conjunction with RoN' 

Break-Before-Make Delay-(toPEN) 
The elapsed time between the turn-off of one analog input and 
the subsequent turn-on of another input as determined by the 
appropriate instantaneous change in the digital input code for 
both inputs measured between the outputs' 50% transition 
points. 

Channel Capacitance-CsS(OFF), COO(OFF) 
The capacitance between the "D" ("S") terminals of any two 
channels. 

Charge Transfer-Q 
Charge transfer appears as a voltage step (pedestal) on the out
put capacitance after switch turn-OFF due to charge coupling 
from the switch driver to the analog switch. 

Crosstalk-CT 
The proportionate amount of cross-coupling from an analog in
put channel to another output channel, expressed in dB. It is 
measured by driving the source. of any channel with a specified 
input signal and observing the voltage which appears at the out
put with a specified load. 

Digital Input Capacitance-CorG or CrN 

The capacitance between a digital input and ground. 

Digital Input Current -(lrNL or IrNHl 
The current flowing into a digital input when a specified low 
level or high level voltage is applied to that input. 

Digital Input Voltage-(VlNL and VlNHl 
The maximum threshold input voltage for Logic "0" and the 
minimum threshold input voltage for Logic "1." 

Negative/Positive Voltage Supply-(V-, Vss and V+, Voo) 
The most negative and most positive voltage supply with respect 
to ground. 

Off Isolation - IsO(oFF) 
The proportionate amount of a high frequency analog input sig
nal which is coupled through the channel of an OFF device. 
This feedthrough is transmitted through the COS(OFF) to a load 
comprised of CD(OFF) in parallel with an external load. Isolation 
generally decreases by 6 dBloctave with increasing frequency. 

ON Resistance-RoN 
The series ON-channel resistance measured between "S" input 
and "D" output terminals under specified conditions. 

ON Resistance Match-RoN Match or RON Between Switches 
The channel-to-channel matching of ON resistance when chan
nels are operated under identical conditions. 

ON Resistance Variation-RoN or RoN vs. Vs 
The variation of ON resistance produced by the specified analog 
input voltage change with a constant load current. 

ON Channel Analog Leakage Current -1D(oN) + Is(oN) or 
lOUT-Is 
Current loss (or gain) through an ON-channel resistance creating 
a voltage offset across the device. Specified as an absolute value 
since the direction of the current flow is unpredictable. 

Output Enable Delay Time OFF -toFF(EN) 
The required time for a multiplexer to disconnect the analog 
output from the selected analog input. It is measured from the 
50% point of ENABLE input logic change to the time the out
put reaches 10% of the initial value. 

Output Enable Delay Time ON -toN(EN) 5 
The required time for a multiplexer to connect the analog out-
put to the selected analog input. It is measured from the 50% 
point of ENABLE input logic change to the time the output 
reaches 90% of the final value. 

Output OFF Switching Time-toFF 
The time required to disconnect the analog output from the ana
log input. The time is measured from the 50% point of the logic 
input change to the time the output reaches 10% of the initial 
value. 

Output ON Switching Time-tON 
The time required to connect the analog output to the analog 
input. The time is measured from the 50% of the logic input 
change to the time the output reaches 10% of the final value. 

Output Settling Time-ts 
The elapsed time for the analog output to reach its final value 
within a specified error band after the corresponding digital in
put code has been changed. It is measured from the 50% point 
of the logic input change to the time the output reaches a fmaJ 
value within a specified error bimd. 

Power Supply Rejection-PSSR 
The ratio of the change in switch contact voltage (V 0) to the 
change in voltage supply (V + or V - ) that causes it. 

Switching Time- tn.ANSITlON 
The time required to switch and slew from one analog input 
channel to another analog input with a full-scale differential be
tween inputs with a high impedance output load. The time is 
measured from the 50% point of the logic input change to the 
time the output reaches 80% of the fmaJ value. 

Total Harmonic Distortion-THD 
The ratio of the signal power at the fundamental frequency to 
the signal power of all harmonics observed at the switch output 
(V D) with a pure sinusoid applied to the switch input (V s). 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
DTUTTUCMOS Direct Interface 
Power Dissipation: 30 .... W 
RON: 170n 
Standard 16-Pin DIPs and 20-Terminal Surface 

Mount Packages 

GENERAL DESCRIPTION 
The AD7S01 and AD7S03 are monolithic CMOS, 8-channel 
analog multiplexers which switches one of 8 inpu ts to a 
common output depending on the state of three binary ad
dress lines and an "enable" input. The AD7S03 is identical 
to the AD7S01 except its "enable" logic is inverted. All 
digital inputs are TTLlDTL and CMOS logic compatible. 

The AD7S02 is a monolithic CMOS dual 4-channel analog 
multiplexer. Depending on the state of 2 binary address in
puts and an "enable", it switches two output buses to two 
of 8 inputs. 

CMOS 
4/8 Channel Analog Multiplexers 

AD7501/AD7502/AD7503 I 
FUNCTIONAL BLOCK DIAGRAMS 

AD7501lAD7503 
EN A2 AD 

AD7S02 

EN A1 AD 

vDD.....,1 DTL!TTL TO CMOS lEVEL TRANSLATOR I 
(+'.VI I 

o-J DECODER/DRIVER I 

(-;:I~ n-1 nil 
Lr -E--=r -c_-=F--iJ 
OUT 81 S4 S5 sa OUT 
1.-4 5-8 

TRUTH TABLES 

AD7S01 AD7S03 AD7S02 

A2 At Ao EN "ON" A2 At Ao EN "ON" AI Ao EN "ON" 

0 0 0 1 1 0 0 0 0 1 0 0 1 1 & 5 
0 0 1 1 2 0 0 1 0 2 0 1 1 2&6 
0 1 0 1 3 0 1 0 0 3 1 0 1 3&7 
0 1 1 1 4 0 1 1 0 4 1 1 1 4&8 
1 0 0 1 5 
1 0 1 1 6 

1 0 0 0 5 
1 0 1 0 6 

X X 0 None 

1 1 0 1 7 1 1 0 0 7 
1 1 1 1 8 1 1 1 0 8 
X X X 0 None X X X 1 None 

REV. A CMOS SWITCHES & MUL TIPLEXERS 5-9 

• 



AD7501/AD7502lAD7503 -SPECIFICATIONS ~~~;is;!:~:'is = ~15V unless 
@2"C OVER SPECIFIED 

TEMP. RANGE 
PARAMETER VERSION' SWITCH AD7S01, 

CONDITION AD7501, AD7S03 AD7S02 AD7,03 AD7,02 

ANALOG SWITCH 

RON All ON 1701'1 typ, 3001'1 max · 
RON VS. Vs All ON 20% typ · 
RON vs. Temperatu"re All ON O.S%i'C typ · l\RON Between Switches All ON 4% typ · RON vs. Temperature Between 

±O.Ol%tC · Switches All ON 

Is K OFF O.2DA typo 20A max · SOnA max · S OFF O.SnA max · SOnA max · 
loUT K OFF InA typ, lOnA max O.6nA typo SnA max 250nA max 125nA max 

S OFF SnA max 3nA max 2S0nA max 125nA max 

IlouT -lsi K ON 12nA max 7nA max 300nA max 175nA max 
S ON S.SnA max 3.SnA max 300nA max 17SnA max 

DIGITAL CONTROL 
VINL All O,8V max · 
V INH All 2.4V min · 
IINL or IlNH All lOnA typ 

~ All 3pF typ · 
DYNAMIC CHARACTERISTICS 

'oN All O.81ls typ · 
tOFF All 0.81's typ · 
Cs All OFF SpF 'yp · 
COUT All OFF 30pF typ !SPF typ 
CS'()UT All OFF O.SpF typ 
Css Between Any Two Switches All OFF O.SpF typ · 

POWER SUPPLY 

100 All SOO#-lA max · SOOIlA max · Iss All SOOSJA max · SOOp.A max · 
100 All 800llA max 8001lA max · 'ss All 800IJA max · 800J.l.A max · 

NOTES 
·Same specifications as AD7501 a'Ad AD7503. 0 0 0 0 

1 KN version specified forO to +70 C, KQ version for -25 C to +85 C; and SQ, SE versions for -55 C to +125 C. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A ~ + 25'C unless otherwise noted) 

VOD to GND ................ . 
VSS toGND ................. . 
V Between Any Switch Terminals (see Note I) 
Digital Input Voltage Range ........ . 

+17V 
-17V 

. 2SV 
Voo to GND 

Vss, Voo 
3SmA 

Operating Temperature 
Commercial (KN Version) 
Industrial (KQ Version) 
Extended (SQ, SE Versions) 

Storage Temperature .... . 
Lead Temperature (Soldering, 1000c) 
CAUTION 

TEST CONDITIONS 

-IOV" Vs " +IOV 
'so l.OmA 

Vs = OV, 's = l.0rnA 

Vs = -lOY, VOUT "" +10V and 
Vs = +IOV, VOUT = -IOV 

Vs = -lOY, VOUT = +10V and 
Vs = +IOV, VOUT = -lOY 

AD7S01/02, Enable LOW 
AD7S03, Enable HIGH 

Vs = 0 

VIN = 0 to +S.OV 
(See Test Circuit 2) 

All Digital Inputs Low 

All Digital Inputs High 

. .. 0 to +70°C 
- 2SoC to + 8S'C 

- S5°C to + 12SoC 
- 6SoC to + ISO°C 
..... +300'C 

Overvoltage at Your (V S) . . . . • • . . . • . 
Switch Current (Is, cOntinuous One Channel) 
Switch Current (Is, Surge One Channel) 

Ims Duration, 10% Duty Cycle 
Power Dissipation (Any Package) 

SOmA 1. Do not apply voltages higher than V DO and V ss to any other terminal, 
especially when V ss ~ V DO ~ OV all other pins should be at OV. 

Up to +75°C ..... . 
Derates above + 7SoC by . . . 

4S0mW 
6mWrC 

2. The digital control inputs are diode protected; however, permanent damage 
may occur on unconnected units under bigh energy electrostatic fields. Keep 
unused units in conductive foam at all times. 

CAUTION: 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the deStination socket before devices are inserted. 
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ORDERING GUIDE 

Temperature Package 
Model' Range Option' 

AD7501KN O°Cto + 70°C N-16 
AD7501KQ - 25°C to + 85°C Q-16 
AD7501SQ - 55°C to + 125°C Q-16 
AD7501SE - 55°C to + 125°C E-20A 

AD7502KN O°Cto + 70°C N-16 
AD7502KQ - 25°C to + 85°C Q-16 
AD7502SQ - 55°C to + 125°C Q-16 
AD7502SE - 55°C to + 125°C E-20A 

AD7503KN O°Cto + 70°C N-16 
AD7503KQ - 25°C to + 85°C Q-16 
AD7503SQ - 55°C to + 125°C Q-16 
AD7503SE - 55°C to + 125°C E-20A 

NOTES 
'To order MIL-STD-883, Class B processed parts, addl883B 10 part number. 
See the Analog Devices' 1990 Military Databook for military data 5heet. 

'E = Leadless Ceramic Chip Carrier; N = Narrow Plastic DIP; Q = 
Cerdip. For outline information see Package Information section. 

Typical Performance Characteristics 

1. RoN Versus Vs 
RoN to) 

TA " ~25'C 
... 
/' 

V ........ <:: 200 

I 
- ~~:~;~~v 

..,... """- mv -~ .....- t';;y-=::. 
'00 

EN • 

.2 5 

NC • 
sa 7 

57 8 

RoNlm 
300 

2" -l-

I---f-,., 
l-I---

AD7501/AD7502lAD7503 
PIN CONFIGURATIONS 

DIP 

Q 
Z :; ~ ~ ,; 0 

3 2 , 20 19 

U 
AD7501/AD7503 

TOP VIEW 
INotto Seaktl 

9 10 " 12 13 

I 
~c 

T, ~''''cl 
-I r-

Toll .. -65"c 

i 
j 

" Vs tV) 

LCCC 

18 Voo EN • 

17 5' O~I 5 ,. NC NC • ,. OUT 58 , 

14 52 57 8 

Ne = NOCONNECT 

~ u 
~ ,; 0 z 

3 2 , 20 19 

,. 
AD7502 

TOP VIEW 
(Nol to Scale) 

9 10 " 12 13 

17 S1 

16 NC 

1S OUTl_4 

14 $2 

2. Digital Threshold Voltage 
(VINH, VIm) 

I IV ,. 
8 . 
8 

2 

VINL,VINH 

... 
v •• 

~ 

. 

TA ,,+2t!"c 

V "",I·lv .. 1 
I-" 

AD7501K/AD7601$ 
A07502KJAD71502S 

14 " 
VDD.V .. IVI 

At Different Power Supplies At Different Temperatures VI. Power Supply 

2.2 

--
I-- ,. 

/---+-=r-~.: r-- ~NL 

1--+-+----;<;--+-1--+- :=:~:g: 

vs. Temperature VI. Digital Input Voltage 

REV. A 

4 •. Power Dissipation 

"olmWJ 

0.' 
" 

"01\1001 

,., 

PoNes i 

, ... 
IIHzl 

VI. Logic Frequency (5096 Duty Cycle) 
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AD7501/AD7502lAD7503 
TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT I 

V,N 

(5VfD'V) 

VOUT 

(10V/DlV) 

V,N 

+5Vo---...... --...... --t---, 
AD7501 r-

VOO Q--1 r=TT""'LL..fD-TL-.T--O--eJ.M-OS--LE-V-ELLT--R-A--NS--L..JAT=O:-1R I 
(+15V) I I 
GNOo-J DECODER/DRIVER I 

'~'11~lli-+------+~~~q,_J ,.~:~ i 
'=' ":" 

Ills/DIV Ills/DIV 

V,N 

(5V/DIVI 

VOUT 

(10V/DIV) 

V, '"' -10V, V2 = +10V V1 "' +lOV, V2 '" -lOY 

5-12 CMOS SWITCHES & MULT/PLEXERS 

TEST CIRCUIT 2 

IIlS/DIV Ills/DIV 

V,N V,N 
(!iV/DIV) (SV/DIV) 

VOUT 
VOUT (5V/DIVI 

(SV!DIV) 

Vs =+10V 
IllsIDIV 

Vs =-10V 

V,N 
(5VfDIV) 

VOUT 
,: 

(O.5V/OIV) I'I . 

Vs = OPEN 

REV. A 



r'III ANALOG 
WDEVICES 

CMOS 
8- and lS-Channel Analog Multiplexers 

FEATURES 
RoN: 3000 
Power Dissipation: 1.5mW 
TTUDTUCMOS Direct Interface 
Break-Before-Make Switching 
Standard 28-Pin DiPs and 28-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7506 is a monolithic CMOS 16·channel analog multiplexer 
packaged in a 28-pin DIP or a 28·terminal surface mount package. 
It switches a common output to one of 16 inputs, depending on 
the state of four address lines and an "enable." The AD7507 is 
identical to the AD7506 except it has two outputs switched to 
two of 16 inputs depending on three binary address states and 
an "enable." 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 
Voo-GND .............. . 
Vss-GND .............. . 
V Between Any Switch Terminals (see Note I) 
Digital Input Voltage Range ...... .. . 
Overvoltage at V OUT (V s) . . . . . . . . . . . 
Switch Current (Is, Continuous One Channel) 
Switch Current (Is, Surge One Channel) 

Ims Duration, 10% Duty Cycle 
Power Dissipation (Any Package) 

Up to + 50°C ..... . 
Derates above + 50°C by . 

Operating Temperature 
Commercial (KN Versions) 

+17V 
-17V 

. 25V 
Vooto GND 

Vss, Voo 
20mA 

3SmA 

l000mW 
10mWI"C 

o to +70°C 
- 25°C to + 85°C Industrial (KQ Versions) . 

Extended (TQ, TE Versions) - 55°C to + 125°C 
Storage Temperature ..... -65°C to + 150°C 
Lead Temperature (Soldering, 100ec) ..... +300°C 

CAUTION: 
'Do not apply voltage higher than V DD and V ss to any other terminal, especially 
when V ss = V DO = OV all other pins should be at OV. 

2The digital control inputs are diode protected; however, permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

·Stresses above those listed under "Absolute Maximum Ratings'" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicatecl in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. Only one Absolute Maximum Rating 
may be applied at anyone time. 

REV. A 

AD750S/AD7507 I 
FUNCTIONAL DIAGRAMS 

EN A3 A2 Al AD 

AD7S06 

EN A2 A1 AD 

AD7507 

ORDERING GUIDE 

Temperature Package 
ModeJl Range Option' 

AD7S06KN O°C to +70°C N-28 
AD7506KQ -25°C to +85°C Q-28 
AD7506TQ - 55°C to + 125°C Q-28 
AD7506TE -55°C to + 125°C E-28A 

AD7507KN O°C to +70°C N-28 
AD7507KQ - 25°C to + 85°C Q-28 
AD7507TQ - 55°C to + 125°C Q-28 
AD7507TE - 55°C to + 125°C E-28A 

NOTES 
'To order MIL·STD·883, Class B, processed partS, add/883B to pan num
ber. See Analog Devices Military Products Databook (1990) for military data 
sheet. 

'N = Plastic DIP; Q = Cerdip; E = Leadless Ceramic Chip Carrier (LCCC). 
For olltline information see Package Information section. 
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AD750S/AD7507 -SPECIFICATIONS (Voo = +15V. Vss = -15V unless otherwise noted.) 

Over Specified 
Switch Temperature 

Parameter Version' Condition @ +25°C Range 

ANALOG SWITCH 
RON K ON 300n typ, 4S0n max sson max 

T ON 400n max soon max 

RON vs. Vs All ON 15% typ 
RON vs. Temperature All ON O.5%fC typ 
.lRoN Between Switches All ON 4% typ 
RON vs. Temperature Between Switches All ON O.Os%fC typ 

Is (OFF) K OFF O.OsnA typ, snA max sOnA max 
T OFF O.OsnA typ, InA max sOnA max 

lOUT (OFF) AD7s06 K OFF 0.3nA typ, 20nA max sOOnA max 
T OFF O.3nA typ, 10nA max sOOnA max 

AD7s07 K OFF O.3nA typ, IOnA max 2s0nA max 
T OFF O.3nA typ, snA max 2s0nA max 

lOUT-Is AD7s06 K ON O.3nA typ, 20nA max sOOnA max 
(Any Switch ON) T ON O.3nA typ, IOnA max sOOnA max 

AD7s07 K ON O.3nA typ, IOnA max 2s0nA max 
T ON 0.3nA typ, snA max 2s0nA max 

DIGITAL CONTROL 
VINL All 0.8V max 
VINH All 2AV min 

IINL or IINH All IOfLA max 30fLA max 

CIN All 3pF typ 

DYNAMIC CHARACTERISTICS' 

tTRANSITION All 700ns typ, 1000ns max 

tOPEN All lOOns typ 

tON (En) All I.sfLs max 

tOFF (En) All IfLS max 

"OFF" Isolation All 70dB typ 

Cs All OFF spF typ 

COUT AD7s06 All OFF 40pF typ 
AD7s07 All OFF 20pF typ 

CS-OUT All OFF O.spF typ 

Css Between Any Two Switches All OFF O.spF typ 

POWER SUPPLY 
Inn K OFF O.OsmA typ, ImA max 

T OFF O.OsmA typ, ImA max 2mA max 

Iss K OFF O.OsmA typ, ImA max 
T OFF O.OsmA typ, lmA max 2mA max 

Inn K ON O.3mA typ, ImA max 
T ON O.3mA typ, ImA max 2mAmax 

Iss K ON O.OsmA typ, ImA max 
T ON O.OsmA typ, ImA max 2mAmax 

NOTES 
'KN Version specified for 0 to +70°C; KQ Version for -25°C to +85 oC; and TQ. TE Versions for -55°C to + 125°C. 
2Sampie tested to ensure compliance. 
Specifications subject to change without notice. 
CAUTION ______________________________________________ _ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

5-14 CMOS SWITCHES & MULTIPLEXERS 

Test Conditions 

Vs=-IOV to +lOY, Is=lmA 

Vs=OV,Is=lmA 

Vs=-IOV, VOUT=+IOV 
and 

Vs=+IOV, VouT=-IOV 
"Enable" Low 

Vs=OV 

VIN: 0 to 3.0V 

VEN: 0 to 3.0V 

VEN=O, RL =200n, CL =3.0pF, 
Vs=3.0V rms, f=sOkHz 

All Digital Inputs Low 

All Digital Inputs High 

WARNING! c:J 
~~[DEVICE 
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TRUTH TABLES 

AD7S06 

A, A, A, Ao F.,. "ON" 

0 0 0 0 1 1 
0 0 0 1 1 2 
0 0 1 0 1 3 
0 0 1 1 1 4 
0 1 0 0 1 S 
0 1 0 1 1 6 
0 1 1 0 1 7 
0 1 1 1 1 8 
1 0 0 0 1 9 
1 0 0 1 1 10 
1 0 1 0 1 11 
1 0 1 1 1 12 
1 1 0 0 1 13 
1 1 0 1 1 14 
1 1 1 0 1 15 
1 1 1 1 1 16 
X X X X 0 None 

AD7S07 

A, A, Ao F.,. "ON" 

0 0 0 1 1&9 
0 0 1 1 2& 10 
0 1 0 1 3 & 11 
0 1 1 1 4& 12 
1 0 0 1 S & 13 
1 0 1 1 6& 14 
1 1 0 1 7 & 15 
1 1 1 1 8& 16 
X X X 0 None 

815 • 
514 • 
513 7 

512 8 

5" , 
S10 10 .. " 

AD7506/AD7507 
PIN CONFIGURATIONS 

. 
~ ~ 8 '5 ,: = ;;; > 0 

4 3 2 , 28 27 26 

L • 

AD7506 
TOP VIEW 

(Hutto Sa", 

12 13 14 15 18 11 '8 

Ii ~ ~ ~ :( ~ 15 
c 

OUT 

v" 
sa 

so .. 
S4 

DIP 

NC = NO CONNECT 

LCCC 

25 57 515 • 
.. 55 514 • 
23 55 513 7 

22 S4 512 8 

21 53 S" 8 

20 52 S10 10 

'1 51 .. " 
Ne = NO CONNECT 

! 
n ~ = 
'282726 

AD7507 
TOP VIEW 

INot to ScaJel 

OU1 
,~ 

v" 
sa 
87 

" ss .. 

2587 

.. 55 

2355 

2284 

2183 

.. 52 

~::~~~~~~~'9 51 
12 13 14 15 ,. 17 ,. 

~~~~:c~~ 

Typical Performance Characteristics 
1. RoN VI. Vs 

... ... 
560 

52 ... 
440 

400 

380 

32 

280 

240 

200 

0 

0 

RoN (U) 

/ 

<7J'" ....., 
:!:10V 

:t12SV 

:t16V 

A 

'\ 

./ l'\c .,,-
L 
/' 

-10 -8 ~ -4 -2 0 8 10 
Vs (V) 

At Different Power Supplies 

3. loUT VI. T A 

loUT InAI 

100.0 

10.0 

0,' 

0,01 
-80 -40 _20 0 20 40 60 80 100 120 140 

TA (Gel 

REV,A 

RoN lUI 
soo 

I I vJ. -1&V 

"- I I 
Voo = +15V 
Is= 1rnA 

...... ...... ........ TA = +l25"C 

I I r--. 

450 

400 

350 

300 

2SO 
....... f- TA = +25°C ~ 

; •. l.·c ...... 
200 

'50 

I I 
-10 -8 6 -4 8 '0 

At Different Temperatures 

4. tTRANSlflON VI. VIN 

trRANSITION (nsl 
,000 1-'-=1""=,---,---..,..--.., 

Vss. -15V 
900 I----I----I-----t---VDD· +15V 
800 1---_1-_f.=5:::'.:.:to~S,"_+---T.;;.-.-+-25-·C___l 

700 t--+"'"rl---+--+_---t 
8OOt--+-~~~~~-S-,-to-S'-6+--~ 

5OO~-+-__l-::::::::*'"' ..... """--="""" 
4001-'--1-'--1---+---+---1 
~I-'--I--I---+---+---I 

3,0 4,0 ',0 

2. lOUT vs. VOUT 

'"0 
+200 

+150 

+'00 

+50 

-50 

_100 

., .. 
-200 

-Z5O 

lOUT (pAl 

\.. 
l'.. 

I'-... 
I"-

-10 -8 ~ -4 -2 

Vss"' -15V 
Voo = +15V 
VIN = OV 

T:O~ ~~flc <: +10V 

- "-
" 
8 '0 

VOUT (V) 

S. Po vs. Logic Frequency 

O·\=OO,-----.,':!-k-... /O::"--,'::':Ok,.-----:':= .. ::-k
f{Hz, 
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AD7506/AD7507 
TYPICAL SWITCHING CHARACTERISTICS 

TEST CIRCUIT 1 

Y,N 
(5VIDIVI 

VOUT 

(1OVIDIVI 

5, = -10V, 5,6 = +10V, 
52 - 5,5 = OV, RL = 1K 

Y,N 
(SVIDIVI 

YOUT 

(1OVIDIVI 

O.5j.1s/DlV 

5, = +10V, 52 = -10V, 
52 - 5,5 = OV, RL = 00 

5-16 CMOS SWITCHES & MUL TIPLEXERS 

TEST CIRCUIT 2 

VIN 
(SVIDIVI 

VOUT 

(5VIDIVI 

5, through 5,6 = +10V 

Y,N 
(5VIDIVI 

VOUT 
(O.SVIDIVI 

Y,N 
(SVIDIVI 

VOUT 

I5VIDIVI 

O.5j.1s1D1V 

5, through 5,6 = -10V 

5, through 5,6 = OV 
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~ANALOG 
WDEVICES 

FEATURES 
Latch-Proof 
Overvoltage-Proof: ±25V 
Low RON: 750 
Low Dissipation: 3mW 
TTLJCMOS Direct Interface 
Silicon-Nitride Passivated 
Monolithic Dielectrically-Isolated CMOS 
Standard 14-116-Pin DIPs and 

20-Terminal Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7510DI, AD7511DI and AD7512DI are a family of 
latch proof dielectrically isolated CMOS switches featuring over
voltage protection up to ± 25V above the power supplies. These 
benefits are obtained without sacrificing the low "ON" resistance 
(750) or low leakage current (500pA), the main features of an 
analog switch. 

The AD7510DI and AD751lDI consist offour independent 
SPST analog switches packaged in either a 16-pin DIP or a 20-
terminal surface mount package. They differ only in that the 
digital control logic is inverted. The AD7512DI has two inde
pendent SPDT switches packaged either in a 14-pin DIP or a 
20-terminal surface mount package. 

Very low power dissipation, overvoltage protection and TTU 
CMOS direct interfacing are achieved by combining a unique 
circuit design and a dielectrically isolated CMOS process. Silicon 
nitride passivation ensures long term stability while monolithic 
construction provides reliability. 

CONTROL LOGIC 

AD7510DI: Switch "ON" for Address "HIGH" 

AD7511 DI: Switch "ON" for Address "LOW" 

AD7512DI: Address "HIGH" makes SI to Out I and S3 to 
Out 2 

REV. A 

01 CMOS 
Protected Analog Switches 

A0751 OOl/A07511 01/A0751201 I 
DIP FUNCTIONAL DIAGRAMS 

NC = NO CONNECT 

ORDERING GUIDE 

Temperature Package 
Modell Range Option2 

AD7510DIKN Oto + 7O"C N-16 
AD7510DIKP Oto + 7O"C P-20A 
AD7510DIKQ - 25"C to + 85°C Q-16 
AD7510DISQ - 55°C to + 125°C Q-16 
AD7510DISE - 55°C to + 125°C E-2OA 

AD7511DIKN Oto + 70°C N-16 
AD7511DIKP Oro + 70°C P-20A 
AD751lDIKQ - 25"C to + 85"C Q-16 
AD7511 DISQ - 55"C to + 125"C Q-16 
AD751lDITE - 55°C to + 125°C E-2OA 

AD7512DIKN Oto +7O"C N-14 
AD7512DIKP Oto +7O"C P-20A 
AD7512DIKQ - 25"C to + 85°C Q-14 
AD7512DITQ - 55°C to + 125"C Q-14 
AD7512DITE - 55°C to + 125°C E-2OA 

NOTES 
'To order MIL-STD·883, Class B, processed parts, addI883B to 
part Dumber. See Analog Devices Military Products Databook (1990) 
for military data sheet. 

2E = LeadlessCeramicChipCarrier(LCCC);N = Plastic DIP; 
P = Plastic Leaded Chip Carrier (PLCC);Q = Cerdip. For outliDeiDformatioD 
see Package luformation section. 
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AD751 ODI/AD7511 DI/AD7512DI-SPECIFICATIONS 
(VDD = + 15V, Vss = -15V, unless otherwise noted.) 

INDUSTRIAL VERSION (K) 

PARAMETER MODEL VERSION +2S·C o to +70·C (N, P) TEST CONDITIONS 
(N,P,Q) -2S·C to +SS·C (Q) 

ANALOG SWITCH 

RON 
, 

All K 7sn typo lOon max l7Sn max -lOV.e;;; VD .e;;;.+lOV 
RON vs VD (Vs ) All K 20% typ IDS = LOrnA 

RON Drift All K +O.S%i"c typ 
RON Match All K 1% typ VD = 0, IDS = LOrnA 
RoN Drift 

All .K O.Ol%'·C typ Match 

ID (IS)OFF' All K O.5nA typo SnA max SOOnA max VD = -lOY. Vs = +lOV and 
VD = +lOV, Vs = -lOY 

ID (IS)ON' All K lOnAmax Vs - VD = +lOV 

VS=VD=-lOV 

loUT 
, 

AD7Sl2DI K lSnA max lSOOnA max VS1 = VOUT = ±lOV. VS2 = HOV 
and VS2 = VOUT = ±lOV. VS1 = =FlOV 

DIGITAL CONTROL 
VINL 

, 
All K O.BV max 

VINH 
, 

All 2.4V min 

~ All K 7pF typ 

IINH 
, 

All K lOnAmax VIN = VDD 

IINL 
, 

All K 10nAmax VIN = 0 

DYNAMIC 
CHARACTERISTICS 

tON AD7Sl0DI K lBOns typ 
AD7S11DI K 3S0ns typ VIN = 0 to +3.0V 

tOFF AD7SlODI K 3S0ns typ 
AD7S1IDI K lBOns typ 

trRANSrrlON AD7S.12DI K 300ns typ 

Cs (CD)OFF All K BpF typ 
Cs (CD)ON All K l7pF typ 

CDS (CS- OUT ) All K lpF typ VD (VS) = OV 

CDD (CSS ) All K O.SpF typ 
COUT AD7Sl2DI K l7pF typ 

~J All K 30pC typ Measured at S or D terminal. 
~ = lOOOpF. VIN = 0 to 3V. 
VD (Vs) = +lOV to -lOY 

POWER SUPPLY 

IDD 
, 

All K BOOj.tA max BOOj.tAmax All digital inputs = VINH 

Iss' All K SOOj.tAmax BOOj.tAmax 

IDD 
, 

All K SOOj.tA max SOOj.tAmax . All digital inputs = VINL 

Iss' All K SOOj.tAmax SOOj.tAmax 

NOTES 
I 100% tested. 

Specifications subject to change without notice. 
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AD751 ODl/AD7511 Dl/AD7512D1 
EXTENDED VERSIONS (S, T) 

PARAMETER MODEL VERSION +2S·C -SS·C to +12S·C TEST CONDITIONS 

ANALOG SWITCH 

RON 
I All S, T loon max 17SSl max -IOV " Vo " +IOV 

los = ImA 

10 (IS)OFF 
I All S, T 3nA max 200nA max Vo = -IOV, Vs = +IOV and 

Vo = +IOV, Vs = -IOV 

10 (ls)ON I All S, T 10 Vs = Vo = +IOV and 
Vs = Vo = -IOV 

lOUT 
I AD7Sl2D1 S, T 9nA max 600nA max VS1 = VOUT = ±IOV 

VS2 = +lOV and 
VS2 = VOUT = ±IOV 
V51 = +lOV 

DIGITAL CONTROL 
VINL 

I All S, T O.SV max 

VU"iH 1,2 AD7SIODI S 2.4V min 
AD7S11Dl T 2.4V min 
AD7S12DI T 2.4V min 
AD7S11Dl S 3.0V min 
AD7S12DI S 3.0V min 

lIN" I All S,T 10nA max VIN = Voo 
IINLI All S, T 10nA max VIN = 0 

DYNAMIC 
CHARACTERISTICS 

tON 3 AD7Sl0Dl S, 1.01" max VIN = 0 to +3V 
AD7SIIDI S, T 1.01" max 

toFF 3 AD7SIODI S, T 1.01" max 
AD7SlIDI S,T 1.01" max 

'TRANS1T1ON3 AD7S12DI S, T 1.01" max 

POWER SUPPLY 

loll. 
I All S, T SOOj.<A max All digital inputs = VIN" 

Iss All S, T SOOj.<A max 

100 All S, T SOOj.<A max All digital inputs = VINL 
I I All S, T SOOI'A max SS 

NOTES 
1100% tested. 
:& A pullup resistor, typically 1-2kn is required to make AD1511DISQ and AD7512DISQ TTL compatible. 
I Guaranteed, not production tested. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
VDDtoGND ... . 
Vss to GND ..... . 
Overvoltage at V D 01 s) 

(l second surge) 

(Continuous) .. 

+17V 
-17V 

VDD +2SV 
orVss -2SV 
VDD +20V 

orVss -20V 
or 2OmA, Whichever Occurs First 

Switch Current (IDs, Continuous) . . SOmA 
Switch Current (IDs, Surge) 

Ims Duration, I()% Duty Cycle 
Digital Input Voltage Range 
Power Dissipation (Any Package) 

Up to +7S·C ..... . 
Derates above + 7S·C by . . 

CAUTION 

. I SOmA 
. OV to VDD +O.3V 

4S0mW 
6mWI"C 

Lead Temperature (Soldering, lOsee) 
Storage Temperature ...... . 
Operating Temperature 

Commercial (KN, KP Versions) 
Industrial (KQ Versions) . . . . 
Extended (SQ, TQ, SE, TE Versions) 

..... +300OC 
-6S·C to + ISO·C 

... 0 to +70OC 
- 2S·C to + 8S·C 

- SS·C to + 12SOC 

·Stresses above those listed under "Absolute Maximum Rstings" may 
cause permanent damage to the device. This is a stress ratingonIy, and 
functional operation of tbe device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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AD7510Dl/AD7511D1/AD7512D1-Circuit Description 
.-------.... --------...,.----oVoo +15V 

CONT~t A 
INPUT 

LEVEL 
SHIFTERI 
DRIVER 

On-) 

~-----------_oD 

'-----.... -------------oVss-15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 1. Typical Output Switch Circuitry of AD7510DI Series 

CIRCUIT DESCRIPTION 
CMOS devices make excellent analog switches; however, problems 
with overvoltage and latch-up phenomenon necessitated protection 
circuitry. These protection circuits, however, either caused 
degradation of important switch parameters such as RON 
or leakage, or provided only limited protection in the event of 
overvoltage. 

The AD7510DI series switches utilize a dielectrically isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in + ) is V DD and 
(in - ) is V ss from the driver circuits. Device numbers I and 2 
are "OFF" and number 3 in "ON". Hence, the backgates of the 
p- and N-c1uulnel output devices (numbers 4 and 5) are tied 
together and floating. The circled devices are located in separate 
dielectrically isolated pockets. Floating the output switch backgates 
with the signal input increases the effective threshold voltage for 
an applied analog signal, thus providing a flatter RoN versus V s 
response. 

For an "OFF" switch, device number 3 is "OFF," and the 
backgates of devices 4 and 5 are tied through IkO resistors (RI 
and R2) to the respective supply voltages through the "ON" 
devices I and 2. 

If a voltage is applied to the S or D (OUT) terminal which 
exceeds VDD or Vss, the S- or D-to-backgate diode is forward 
biased; however, RI and R2 provide current limiting action to 
the supplies. 

An equivalent circuit of the output switch element in Figure 3 
shows that,indeed, the Ikn limiting resistors are in series with 
the backgates of the P- and N-channel output devices - not in 
series with the signal path between the S and D terminals. 
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It is possible to turn on an "OFF" switch by applying a v,oltage 
in excess of V DD or V ss to the S or D terminal. If a positive 
stress voltage is applied to the S or D terminal which exceeds 
VDD by a threshold, then the P-channel (device 5) will turn on 
creating a low impedance path between the S and D terminals. 
A similar situation exists for negative stress voltages which 
exceed V ss. In this case the N-channel provides the low impedance 
path between the Sand D terminals. The limiting factor on the 
overvoltage protection is the power dissipation of the package 
and is ± 20V continuous (or 20mA whichever occurs first) above 
the supply voltages. 

VDO 
+15V 

lk 

r---- ---, 
: p+ p+ I 

So--.~I~*-~N-~~~I~.--oD 
L _______ ~ 

P CHANNEL 

N- CHANNEL r - - -P=- - - -l 

lk 

-15V 
Vss 

Figure 2. AD7510DI Series Output Switch 
Diode Equivalent Circuit 
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Typical Performance Characteristics-AD751 ODl/AD7511 Dl/AD7512D1 

Ro 1111 N 

300 
AD7510DI 
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AD7512DI 
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-12 -10 -B -8 -4 10 12 
AT DIFFERENT SUPPLIES VD IVsl (V) 

RON as a Function of Vo (Vs) 
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300 
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250 :g~~~g: -
200 

VDD .. +15V 
VSS = -15V-
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AD7510DI, AD7511DI 
VDD • +15V 

t--Vss -l5V -
TA _+25°C_ t---

10 12 
Vs (V) 

tTRANSITION Inll ... f-t 
AD751201 

\ 

~:::_~~~V_ 
TA - +2S"C 

\.. 

... 
400 

300 

"'- OUT 1 TO S2 

f"'oo- OUT 1 TO S1 
200 

100 

o l.....t 
o 

trRANSITlON as a Function of Oigital Input Voltage 

tON. toFF (ns) 

100 ~--~----+----+----+----+----+----4----+----4 

o~~---..... L----_~m----~---~~---~~---.~O----~.O----1~00----'~2-0" 
TA (OC) 

tON, tOFF as a Function of Temperature 

tTRANSlTlON (n.1 ... 
AD7512DI ... VDD· +15V 
Vss· -16V 
VIN " 0 to +3,OV 

~ 
400 

300 I--- I-- OUT 1 to S1 
~ 

200 

100 

o .... 

-
OUT 1 to S2 

..... -m m ~ so so 

tTRANSITlON as a Function of Temperature 
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AD751 ODl/AD7511 Dl/AD7512D1 

TYPICAL SWITCHING CHARACTERISTICS AD7510DI, AD7S11DI 

Y,N 
(6V1DIV) 

v. 
(6V/DIV) 

Y,N 
(6V/DlV) 

V. 
(lV/DlV) 

O.5~s/DlV 

Switching Waveforms for Vo = -10V 

O.S~slDIV 

Switching Waveforms for Vo = Open 

Y,N 
(SV/DIV) 

v. 
(SV/DIV) 

Y,N 
(SV/DIV) 

Vs 
(O.S/DIV) 

AD7S10DI, AD7511Dl TEST CIRCUIT 

r-------' 
o---f---D--{>- 0---1----<1 vD 

Y,N - I 
I Oo--:I-----."'V,...s--, 
I lk 
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O.5~slDlV 

Switching Waveforms for Vo = +10V 

O.5~s/DIV 

Switching Waveforms for Vo = OV 

SCOPE 
10MnnpF 
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Y,N 
(5V/DIV) 

v. 
(10V/DIV) 

Y,N 
(5V/DIV) 

v. 
(O.5V/DIV) 

REV. A 

AD7512DI 

O.Sps/DIV 

Switching Waveforms for 
VS1 = -10V, VS2 = +10V, RL = 1k 

O.SpslDIV 

Switching Waveforms for 
VS1 and VS2 = OV, RL = 00 

Y,N 
(5V/DIV) 

v. 
(lOv/DlV) 

Y,N 
(5V/DlV) 

v. 
(O.5/DIV) 

AD7S12DI TEST CIRCUIT 

r-----' 
I vs, 

VINo-f--{>-- I 

I Y I OV I 82 

~;~ 
Vss GND Voo 

(-15V) (+15V) 

AD751 ODI/AD7511 Dl/AD7512D1 

O.SpslDIV 

Switching Waveforms for 
VS1 = +10V, VS2 = -10V, RL = 00 

O.Slls/DIV 

Switching Waveforms for 
VS1 and VS2 = Open, RL = 1k 

SCOPE 
10MU/7pF 
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AD7510Dl/AD7511 DI/AD7512D1 
TERMINOLOGY 
RoN Ohmic resistance between terminals D and S. 

RoN Drift 
Match 

RoN Match 

Cos 

Difference between the RoN drift of any 
two switches. 

Diffctence between the RoN of any two 
switches. 

Current at terminals D or S. This is a leakage 
current when the switch is "OFF". 

Leakage current that flows from the closed 
switch into the body. (rhis leakage will 
show up as the difference betWeen the 
current 10 going into the switch and the 
outgoing current Is.) 

Analog voltage on terminal D (S). 

Capacitance between terminal S (D) and 
ground. (This capacitance is specified 
for the switch open and closed.) 

Capacitance between terminals D and S. 
(This will determine the switch isolation 
over frequency.) 

£OFF 

tTRANSlTlON 

VINL 

VINH 

IINL(IINH) 

CIN 

Voo 

Vss 

100 

Iss 

Capacitance between terminals D (S) of any 
two switches. (This will determine the cross 
coupling between switches vs. frequency.) 

Delay time between the 50% points of the 
digital input and switch "ON" condition. 

Delay time between the 50% points of the 
digital input and switch "OFF" condition. 

Delay time when switching from one address 
state to another. 

Maximum input voltage for a logic low. 

Minimum input voItagefor a logic high. 

Input current of the digital input. 

Input capacitance to ground of the digital 
input. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 

PIN CONFIGURATIONS 

AI. ... 
NCI 

Al7 

A4 I I 

LCCC 

!'.P!I ;;!; 
1212019 

'U 
AD1510DI 
AD7511DI 

TOPVlEW 
(Not to ScII'-J 

I 10 " 12 13 

i!'} i! 11 ;S 
NC = NOCONNECT 

18 52 A1 4 

17 D2 Ne -5 

11NC A28 

1583 NC7 

" D3 
Nt I 

LCCC 

I:I~.§ 
3: 2 1 20 19 

00 
00 .. 

AD7512DI 
TOP VIEW 

INottoSclile1 

910111213 

!!l ,II !! !i 12 
NC 1'0' NO CONNECT 

Vss 

GNO 

AI 

A2 

A3 

NC = NO CONNECT 
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81 

01 

52 

02 

S3 

03 

S4 

D4 

1152 

17NC 

I ... 

1& Ne 

14 OUT 2 

Al • 

A4 • 

PLCC 

I>·~;;Q 
3212019 

o 

AD7510DI 
AD751101 
Topvrew 

iNOTTOSCALEI 

9 '0 " 12 13 

l! ; II 11 ;s 
Ne = NO CONNECT 

GNO 

A2 

NC 

NC = NO CONNECT 

PLCC 

~ :I ~ U; § 
321201. 

o 

AD7512DI 
TOP VIEW 

fNot to Scalel 

eo '0 " 12 13 

!i ; !! !! 12 
Ne = NO CONNECT 

81 

OUT 1 

52 

S4 

OUT 2 

NC 

14 OUT 2 
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1IIIIIIII ANALOG 
WDEVICES 

01 CMOS 
Analog Switches with Data Latches 

FEATURES 
SCR Latch-Proof 
Overvoltage-Proof: ±25V 
Low RON: eontyp 
Buffered Switch logic 
TTL, CMOS Compatible 
Monolithic Dielectrlcelly-lsolated CMOS 
Pin Compatible with AD7510DI Seri .. 

GENERAL DESCRIPI10N 
The AD7590DI, AD7591DI and AD7592DI are a family of 
protected (latch-proof) dielectrically isolated CMOS switches 
featuring overvoltage protection up to ± 25V above the power 
supplies. Microprocessor interfacing is facilitated by the provision 
of on-chip data latches. 

The AD7590DI and AD7S91DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the switch control logic is invened. The AD7S92DI 
has two independent SPDT switches packaged in a 14-pin DIP. 

REV. A 

AD7590DI/AD7591DI/AD7592DI I 
FUNCTIONAL BLOCK DIAGRAMS 

16-PinDIP 

AD759OD1 
AD759IDI 

TOP VIEW 
(Not to Scale) 

14-PinDlP 

AD7592DI 

r-~-",-,Sl 

OUTI 

S2 

s;--,.-,-,-,S4 

TOP VIEW 
(NottoScale) 

NC = NO CONNECT 

OUT2 

CONTROL LOGIC (WI HELD LOW) 
AD7S90DI: Switch "ON" for Address "HIGH" 

AD759IDI: Switch "ON" for Address "LOW" 

AD7S92DI: Address "HIGH" makes SI to Out I and S3 to 
Out 2 
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AD7590DI/AD7591 DI/AD7592DI-SPECIFICATIONS~~~~~ = -15V UE 

Parameter Model 

ANALOG SWITCH 
Analog Signal Range All 
RON 

, 
All 
All 

RON Match2 AU 
RoN Match Drift' All 
IoOFF' AD7590DI 

AD7591DI 
Is OFF' AU 

.10 (Is) ON' All 

IOUTI AD7592DI 

Cs(Co)OFF' All 
Cs(Co)ON' AU 
Cos (CS-<>UT) All 
Coo (Css)' All 
COUT 

, 
AD7592DI 

DIGITAL CONTROL 
VINL 

, 
All 

V INH 
, 

AU 
CIN3 All 
IINLorIINH i ,4 All 

DYNAMIC CHARACTERISTICS 
tON2 AD7590DI 

AD759IDI 
tOFl AD7590DI 

AD7591DI 
[TRANSITION 

, 
AD7592D1 

Write Pulse-Width (tWRl' All 
Address Setup Time (tAS)' All 
Addres. Hold Time (tAH)' All 
Off Isolation' 

(Analog Input to Analog Output) All 

Cro •• tslk' I 
(Digitsl Inputto Analog Output) All 

QINJ 
, 

(Charlle Injection) 

POWER SUPPLY 
Inn 

, 
Iss t 

NOTES 
1100% tested. 
2Guaranteed, not production tested. 

All 

All 
All 

3Typical values for information only I not subject [0 test. 
4Inputs are MOS gates typical current less than IOnA. 

Specifications subject to change without notice. 

T A = +25"<: 
(K,B,T) 

±IO 
60 
90 
2 
0.01 
0.5 
5 
0.5 
5 
0.5 
5 
I 
10 
10 
30 
I 
0.5 
40 

0.8 
2.4 
7 
I 

250 
400 
400 
250 
350 
250 
300 
20 

-85 

5 

55 

1 
1 

T A = 
Oto +7O"C(K) 
-25"<: to + 85'C(B) - 55"<: to + 125'C(T) Units Test Conditions/Comments 

±IO ±10 Volts. 
Otyp -lOV:!SO Vs:5ii + lOV,Ios= ImA; 

120 ISO o max Test Circuit 1 
Otyp Vs=O,Ios= lmA 
nrCtyp Vs=O,Ios=lmA 
nAtyp Test Circuit 2 

50 200 nAmax 
nAtyp Test Circuits 2 & 4 

50 200 nAmax 
nAtyp Test Circuit 3 

50 200 nAmax 
nAtyp Test Circuit 4 

100 400 nAmax 
pFtyp 
pFtyp 
pFtyp 
pFtyp 
pFtyp 

0.8 0.8 V max 
2.4 2.4 V min 
7 7 pFtyp 
I I tAAmax VIN=OorVOD 

380 380 nsmax Test Circuit 5 
500 500 nsmax 
500 500 nsmax Test Circuit 5 
380 380 nsmax 
450 450 nsmax Test Circuit 6 

300 400 nsmin SeeFigurel 
300 400 nsmin See Figure 1 
30 40 nsmin SeeFigurel 

dBtyp A, WR=0.8V;V.= lOV(Pk-Pk); 
f= lkHz,RL= IOkO 

mVpeak,typ RL = IMO, CL = l5pF; 
V1NH =3V, V1NL=OV; 
!BISJ3 = tpALL == 20n8; 
WR held HIGH 

pCtyp Test Circuit 7 

1.5 2 mAmax Digital Inputs = V INL or V INH 

1 1 mAmax 

TIMING AND CONTROL SEQUENCE 

Figure 1 shows the timing sequence for latching the switch 
address inputs. The latches are level sensitive and, therefore, 
while WR is held low the latches are transparent and the switches 
respond to the address inputs. The digital inputs are latched on 
the rising edge of WR. 

NOTE: All digital input signals rise and fall times measured 
from 10% to 90% of 3V. tR=tF=2Ons. 
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A1. A2.IA3.A41 :J 'C 
I, ~-:----.... -_--: -.-... l--

3V __ -+ __ 

ViR : '\ 1. 
ov I "I 

~t,.s---"'I 

tAH: A1-A4 VALID TO WB HOLD TIME 
tA5: A1·A4 VALID TO WR SETUP TIME 
tWR: WR PULSE WIDTH 

Figure 1. Timing and Control Sequence 
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ABSOLUI'EMAXIMUM RATINGS· 
(T A = + 2S"C unless otherwise noted) 

VootoGND ............. . 
Vss toGND •.•.••.•..••••. 

+l7V 
-l7V 

OvervoltageatVo(Vs),OneSwitchOnly 
(lsee surge) • Voo +2SV 

orVss -2SV 
Voo +20V 

orVss -20V 
or 20mA, Whichever Occurs First 

(Continuous) 

Switch Current (los, Continuous) • . SOmA 
Switch Current (los, Surge) 

lms Duration, 10% Duty Cycle 
Digital Input Voltage Range 
Power Dissipation (Any Package) 

Up to + 7S"C . . . . . . 
Derates above + 7S"C by 

Storage Temperature .. 
Operating Temperature 

Plastic (KN Versions) . 
Cerdip (BQ Versions) . 
Cerdip (TQ Versions) . 

. lSOmA 
-O.3V to Voo +O.3V 

· .••. 4S0mW 
· .... 6mWrc 
- 6S"C to + lSO"C 

· .. 0 to +70"C 
- 2S"C to + 8S"C 

- SS"C to + l2S·C 

*Suesses above those Hated under "Absolute Maximum RaIiDp" may 
cause permanent damage to the device. This is a stress rating ODly, and 
furu:tionaI operatinn of the device at these or any other conditions above 
those indicated in the operational sectinns of this specifu:atinn is nnt 
implied. Exposure to absolute maximum rating cOnditions for extended 
periods may affect device reliability. 

CAUTION: 

AD7590Dl/AD7591D1/AD7592D1 
ORDERING GUIDE 

Temperature Package 
Modell Range Option2 

AD7590DlKN O·Cto + 70°C N-16 
AD7590DlKP O°Cto + 70°C P-20A 
AD7590DlBQ - 25°C to + 85°C Q-16 
AD7590DlTQ - 55°C to + 125°C Q-16 

AD759IDIKN O°Cto + 70°C N-16 
AD759IDIKP O°Cto + 70°C P-20A 
AD759IDIBQ - 25°C to + 85°C Q-16 
AD7591DlTQ - 55°C to + 125°C Q-16 

AD7592DlKN O°Cto + 70°C N-14 
AD7592DlKP O°Cto + 70°C P-20A 
AD7592DlBQ - 25°C to + 85°C Q-14 
AD7592DlTQ - 55°C to + 125°C Q-14 

NOTES 
'To order MIL-STD-883C, Class B processed parts, add 1883B to part 
number. Refer to the An3Jog Devices Military Products Databook (1990) for 
military data sheet. 

'N = NarrowPlasticDIP;P = Plastic LeadedChipCarrierQ = Cerdip. For 
Hermetic Surface Mount packase, contact your local sa1es office. For outline 
information see Package Information section. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! 0 
~~EDEVICE 

PIN CONFIGURATIONS 

16-PinDIP 14-PinDlP 

Ne ... NO CONNECT 

LCCC 0 ; PLCC 0 ; § z !! ;;; c z !! ;;; 
1= OJ OJ 

0 = " 
0 ; z ;;; C z ~ ;; " • 2 , .. ,. • 2 , .. ,. 

" > z " 0 
3 2 , .. ,. 3 2 , .. ,. 0 0 

" " AU " '" 52 
A' 4 " '" 52 

.. .. 
AD7S90D' 17 Ne 

AD7590Dl 
A2 • ,. DO NC 5 AD7591DI AD7592D1 

AD7591DI AD7592DI ,.54 TOP VIEW TOP VIEW NC. TOP VIEW 11 NC ... TOP VIEW INot to Sale) (Not to Seala) 

AS' (Not to Scale) 1583 NC' 
INot to Scale) 15 Ne 

.. I 14 D3 NCS 1" OUT2 A4 I 14 D3 NC I 14 OUT2 

• 10 " 12 13 • 10 11 12 13 • ,. 11 12 13 • ,. 11 12 I. 
I~ 8 " i!i : NC = NOCONNECT II } " !! = I~ } l! i!i : He = NOCONNECT I~ } l! " = > z z z 
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AD7590Dl/AD7591 D1/AD7592D1 
....-------.... -----------4vDD .,5V 

A 

TTL 
CONTROL 

INPUTS iiiii 

LATCH 
AND 

LEVEL 
SHIFTERI 
DRIVER 

(in-I 

(In+1 

'------------00 

'------__ ----------~VSS-15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 

Figure 2. Typical Output Switch Circuitry of AD7590DI Series 

CIRCUIT DESCRIPTION 
CMOS devices make excellent analog switches; however, problems 
with overvoltage and latch-Up phenomenon necessitated protection 
circuitry. These protection circuits, however, either caused 
degradation of important switch parameters such as RoN 
or leakage, or provided only limited protection in the event of 
overvoltage. 

The AD7590DI series switches utilize a dielectricaIly-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 

A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an "ON" switch, (in + ) is V DD and 
(in - ) is V ss from the driver circuits. Device numbers 1 and 2 
are "OFF" and number 3 in "ON". Hence, the backgates of the 
P- and N-channel output devices (numbers 4 and 5) are tied 
together and floating. The circled devices are located in separate 
dielectrically isolated pockets. Floating the outputswitch backgates 
with the signal input increases the effective threshold voltage for 
an applied analog signal, thus providing a flatter RoN versus V s 
response. 

For an "OFF' switch, device number 3 is "OFF," and the 
backgates of devices 4 and 5 are tied through lkO resistors (RI 
and R2) to the respective supply voltages through the "ON" 
devices I and 2. 

If a voltage is applied to the S or D (OUT) terminal which 
exceeds VDD or Vss, the S- or D-to-backgate diode is forward 
biased; however, RI and R2 provide current limiting action to 
the supplies. 

An equivalent circuit of the output switch element in Figure 3 
shows that, indeed, the lkO limiting resistors are in series with 
the backgates of the P- and N-channel output devices - lIOC in 
series with the signal path between the S and D terminals. 
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It is possible to turn on an "OFF" switch by applying a voltage 
in excess of V DD or V ss to the S or D terminal. If a positive 
stress voltage is applied to the S or D terminal which exceeds 
VDD by a threshold, then the P-channel (device 5) will turn on 
creating a low impedance path between the S and D terminals. 
A similar situation exists for negative stress voltages which 
exceed V ss. In this case the N-channel provides the low impedance 
path between the S and D terminals. The limiting factor on the 
Dvervoltage protection is the power dissipation of the package 
and is ±20V continuous (or 20rnA whichever occurs first) above 
the supply voltages. 

VDD 
.15V 

lk 

r-;- --;.-"] 
so--.~I~*-~N_~~~I~~-oD 

L _______ ~ 

PCHANNEL 

N- CHANNEL 
r---- ---, 
I P- I 

lk 

-15V 
Vas 

Figure 3. AD7590DI Series Output Switch Diode-Equivalent
Circuit 
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AD7590Dl/AD7591 Dl/AD7592DI 

Typical Performance Characteristics and Test Circuits 

150 

120 

A ...... L 
,1\ ±7.5V 

............. -.,/ -±10V-

-.. ~15V 
~t 90 

r2 60 

30 

o 
-20 -15 -10 -5 0 5 10 15 20 

REV. A 

.. 
Vs - VOLTS 

RON AS A FUNCTION OF Vo IV.I 
FOR DIFFERENT SUPPLY VOLTAGES 

TEST CIRCUIT 1 

1mA -
__ V1--.~~1 

Vs'=" V1 
~ RON = 1mA 

TEST CIRCUIT 3 

.=..±10V 

~ 
B. AD7590DI, AD7591DI 

51 

52 OUT 

.=... ±10V 

~ 
b. AD7592 

150 

120 

r..... 
125"C 

./ - -I .... ./ 
"- -25"C 

190 

~ 60 

30 

o 
-20 -15 -10 -5 0 . 10 15 20 

V.- VOLTS 

RON AS A FUNCTION OF V. (Vol 
FOR DIFFERENT TEMPERATURES 

.. 

TEST CIRCUIT 2 
(AD7S90DI. AD7S'lDl) 

TEST CIRCUIT 4 
(AD7S'2DI ONLY) 
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AD1590Dl/AD7591D1/AD7592D1 
Typical Switching Characteristics and Test Circuits 
Nota: All digital input signal rise and fall times measured from 10% to !IO% of 3V. IF = If = 2Oos. 

±10V 

±10V 

.10V 

r-----' 

TEST CIRCUIT S 
SWITCIUNG TIME OF AD7S90DI AND AD759IDI, toN, tow 

+15V -15V 

14pF 

3V ADDRESS 
AD7590DI 50% 1. _________ \ DRIVE (V,N) 

OV~ 1'-. __ _ 

3V I Ir--__ 

AD7591DI ~OV 1 - - - - - - - _11 ADDRESS --~~\ f, DRIVE (V,N) 

I II: 90% ! ~O% i : i OUTPUT (Vo) 

--+i-J I I 
-I :-- --I I-

tON tOFf 

S D I---_-_-Vo 

TEST CIRCUIT 6 
SWITCIUNG TIME OF AD7S92DI, lnANsmON 

+15V -15V 

S1 

S2 

3V ADDRESS 

OUT ~---1"---_-O Vo 
~---------\- DRIVE (V,N) 

ov i I 

+15V -15V 

14pF 
I 90% I I I 
I I 
I I 

_ ...... ---J I 

-l --I 

TEST CIRCUIT 7 
CHARGE INJECTION 

tTRANSITION tTRANSITION 

( R I 
I S I 3V SWITCH ON 

( I 

L~-t--J 
Vo v;;:;-\ r-

oV· ~ SWrCH OFF 

~I1Vo 
o,NJ=C.X I1Vo t 
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r'IIII ANALOG 
WDEVICES 

FEATURES 
34MHz Full Power Bandwidth 
±0.1dB Gain Flatness to 8MHz 
72dB Crosstalk Rejection @ 10MHz 
0.03'/0.01% Differential Phase/Gain 
Cascadable for Switch Matrices 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 

GENERAL DESCRIPTION 
The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 

Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. 

An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 72dB at 
IOMHz. Full power bandwidth is a minimum 27MHz. The 
device can be operated from ± IOV to ± ISV power supplies. 

4 x 1 Wideband 
Video Multiplexer 

AD9300 I 
FUNCTIONAL BLOCK DIAGRAM 

(Based on Cerdip) 

BYPASS 

~ 0.'.' 

The AD9300K is available in a 16-pin ceramic DIP and a 20-pin 
PLCC and is designed to operate over the commercial temperature 
range of 0 to + 70'C. The AD9300TQ is a hermetic 16-pin 
ceramic DIP for military temperature range ( - SS'C to + 12S'C) 
applications. This part is also available processed to MIL-STD-
883. The AD9300 is available in a 20-pin LCe as the model 
AD9300TE, which operates over a temperature range of - ssoe 
to + 12S'e. 

The AD9300 Video Multiplexer is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9300/883B data sheet for detailed 
specifications. 

PIN DESIGNATIONS 

DIP 

• OUTPUT 

BYPASS 

+vs GROUND 4 

AD9300 GROUND RETURN lN2 5 

TOP VIEW ENABLE GROUND 6 
(Not to Scalel 

A, 
GROUND 7 

A, 
1N38 

REV. A 

LCC and PLCC 
c c ... <II Z Z ::> <II ::> ::> i!: 1t 0 0 

if a: a: ::> >-

" " 0 " 3 2 , 20 ,. 
' , 
U 

AD9300 

TOP VIEW 
INot to Scale) 

9 10 11 12 13 

~ i ~ f .[ 
~ ~ 
" " (PLCC PINOUTS SAME AS LCC) 

18 +Vs 

17 GROUND RETURN 

16 GROUND 

15 ENABLE 

14 Ao 
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AD9300-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (:t:Vs = :t:12V:t: 5%;c.. =111pF;a.. = 2kO,unlessalll8lwisa1llllld) 

COMMERCIAL 
O"C to + 1O"C 

Test AD9300KQIKP 
Parameter (Coadidons) Temp Level Min Typ Max Uaits 

INPUT CHARACTERISTICS 
Input Offset Voltage +2S"C I 3 10 mV 
Input Offset Voltage Full VI 14 mY' 
Input Offset Voltage Drif~ Full V 75 ".VI"C 
Input Bias Current +2S"C I 15 37 ".A 
Input Bias Current Full VI 55 tJ.A 
Input Resistance +25"C V 3.0 MO 
Input Capacitance +25"C V 2 pF 
Input Noise Voltage (de to 8MHz) +2S"C V 16 ".Vrms 

TRANSFER CHARACTERISTICS 
VoitageGain3 +25"C I 0.990 0.994 VN 
VoirageGain3 Full VI 0.985 VN 
DC Linearity4 + 25°C V 0.01 % 
Gain Tolerance (V IN = ± IV) 

det05MHz +25"C I 0.05 0.1 dB 
5MHzt08MHz +25"C I 0.1 0.3 dB 

Small-Signs! Bandwidth +25"C V 350 MHz 
(VIN = l00mVp-p) 

Full Power Bandwidths + 25°C I 27 34 MHz 
(VIN = 2Vp-p) 

Output Swing Full VI ±2 V 
Output Current (Sinking@ = 25"C) + 25°C V 5 rnA 
Output Resistance +25"C IV,V 9 15 0 

DYNAMIC CHARACTERISTICS 
Slew Rate6 +25"C I 170 215 V/".s 

. Settling Time 
(toO.l%on ±2VOutput) +25"C IV 70 100 ns 

Overshoot 
ToT-Step7 + 25°C V <0.1 % 
To Pulse8 +25"C V <10 % 

Differential Phase9 +25"C IV 0.03 0.1 ° 
Differential Gain 9 +25"C IV 0.01 0.1 % 
Crosstalk Rejection 

Three Channelslo +25"C IV 68 72 dB 
One Channell I +25"C IV 70 76 dB 

SWITCHINGCHARACTERISTICSI2 

Ax Input to Channel HIGH Time13 + 25°C I 40 SO ns 
(tHIGH) 

Ax Input to Channel LOW Timel4 +25"C I 35 45 ns 
(tLOW) 

Ensble to Channel ON Timels +25"C I 35 45 ns 
(toN) 

Enable to Channel OFF Timel6 + 25°C l 35 45 ns 
(tow) 

Switching Transient 17 +25"C V 60 mV 

EXPLANATION OF TEST LEVELS 

- 100% production tested. 
- 100% production tested at + 2S"C, and sample tested at specified temperatures. 
- Sample tested only. 
- Parameter is guaranteed by design and characterization testing. 
- Parameteris atypical value only. 

Test Level I 
Test Level II 
Test Level III 
Test Level IV 
Test Level V 
Test Level VI - All devices are 100% production tested at + 2S"C. 100% production tested at temperature ""tremes for 

military temperature devices; sample tested at temperature extremes for commerciaVindustrial 
devices. 
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COMMERCIAL 
OOCto +700c 

Test AD9300KQIKP 

Parametu(Conditions) Temp Level Min Typ Max 

DIGITAL INPUTS 
Logic "1" Voltage Full VI 2 
Logic "0" Voltage Full VI 0.8 
Logic "1" Current Full VI 5 
Logic "0" Current Full VI 1 

POWER SUPPLY 
Positive Supply Current ( + 12V) +25"<: I 13 16 
Positive Supply Current ( + 12V) Full VI 13 16 
Negative Supply Current ( -12V) +25"<: I 12.5 15 
Negative Supply Current ( -12V) Full VI 12.5 16 
Power Supply Rejection Rstio Full VI 67 75 

(±Vs = ± 12V ± 5%) 
PowerDissipation(± 12V)lB + 25°C V 306 

NOTES 
Ipermanent damage may occur if anyone absolute maximum rating is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended voltages for extended periods of time. 

2 Measured at extremes of temperature range. 
3 Measured as slope of VOUT versus V IN with V IN ~ ± IV. 
4Measured as worst deviation from end-point fit with VIN ~ ± IV. 
'Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW ~ SRl211'VPEAK 

"Measured between 20% and 80% transition points of ± I V output. 
'T-Step ~ Sin'X Step, when Step between OV and + 700mV points has 10%-tD-90% risetime ~ 125ns. 
'Measured with a pulse inpot baving slew rate >250V/,.... 
"Measured at output between O.28Vdc and 1.0Vdc with VIN ~ 284mV p-p at 3.58MHz and 4.43MHz. 

AD9300 

Units 

V 
V 
,.A 
,.A 

mA 
mA 
mA 
mA 
dB 

mW 

"'This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and IOMHz 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 750, value is approximately 6dB higher. 

"This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and IOMHz 2V p-p signal 
applied to one other channel. If selected channel is grounded through 750, value is approximately 6dB higher. Minimum specification in () applies to DIPs. 

"Consult system timing diagram. 
"Measured from address change to 90% point of -2V to +2V output LOW-to-HIGH transition. 
l4Measured from address change to 90% point of + 2V to - 2V output HIGH-tD-LOW transition. 
"Measured from 50% transition point of ENABLE input to 90% transition of OV to - 2V and OV to + 2V output. 
'"Measured from 50% transition point of ENABLE input to 10% transition of + 2V to OV and - 2V to OV output. 
17 Measured while switching between two grounded channels. 
18 Maximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 

16-Pin Ceramic alA ~ 87"CIW; 0IC ~ 25'c/w 
20-Pin LCC alA ~ 74'c/w; 0IC ~ IO"C/W 
20-Pin PLCC 0IA ~ 71 'CIW; 0IC ~ 26'c/w 

Specifications subject to change without notice. 

ABSOLUTEMAXlMUMRATINGSl 

Supply Voltages (± V s) . • • . . 
Analog Input Voltage Bach Input 

(INl thru IN.) ....... . 
Differential Voltage Between Any Two 

Inputs (INl thru IN.) .•...•.. 
Digital Input Voltages (Ao, Ah ENABLE) 

±16V 

±3.5V 

. . 5V 
-O.5V to +5.5V 

Output Current 
Sinking •.......... 
Sourcing ••........ 

Operating Temperature Rsnge 
AD9300KQ/KP ••..•• 

Storage Temperature Rsnge • 
Junction Temperature . 
Lead Soldering (10see) 

ORDERING GUIDE 

Temperature 
Device Range Description 

AD9300KQ Oto +7O"C 16-Pin Cerdip, Commercial 
AD9300TBl883B2 - 55"<: to + 125"<: 20-Pin LCC, Military Temperature 
AD9300TQ/883B2 - 55"<: to + 125"<: 16-Pin Cerdip, Military Temperature 
AD9300KP Oto +70"<: 20-Pin PLCC, Commercial 

NOTES 
'E ~ Ceramic Leadless Chip Carrier; P ~ Plastic Leaded Chip Carrier; Q ~ Cerdip. Foroutline 
information see Package Information section. 

2Forspeci.fications, refer to Analog DevicesMilitmy Products Dal4book. 

Package 
Optionl 

Q-16 
E-20A 
Q-16 
P-20A 

6.0mA 
6.0mA 

O"C to + 7O"C 
- 65"<: to + 1500c 

+ 175"<: 
..... +300"C 
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AD9300 
AD9300 BURN·INDIAGRAM 

D._",,",~ _______ ---, 

SUGGESTED LAYOUT OF AD9300 

PC BOARD 

D,_'VV'._-----, 
D,_'W'~ __ -, S, .... ....:.. ............................ -'-__ 2.0V OUTPUT ••• Ea ..... .J GROUND 

1kU 
INPUT 

RESISTORS 

~EN~A~B~~~~ ........ ~--, 

GROUND 

S'--'VV'~H'N, 
GROUND 

S,-'VV'.,...-J-I 

S, -'VV\,...-J-I 

s,--"M,...-J-I 

ALLRESISTOAS :!: 5% 
ALL CAPACITORS ±20% 
ALLSUPPLYVOL TAGES ±5% 

2kn 

S,_ .................................... _+2.OV 

II 1I--+2.4V 

Do----.J L.J L +D.4V 

--I '00._ I--n n n n ---:2.4V 

0,--1 U U U L+O.4V 

D, .... ___ ..J 

BYPASS 

+V. 

OPnON#'ISTATtcIS,= -2.0V;Sz= +2.OY At 
Oo=D,= +2.4V:~=OV 

OPTION #2IDVNAMICI SEEWAVEFORMS 

A, 

-v. 

METALIZATION PHOTOGRAPH 

Suggested Layout of AD9300 PC Board 
lBottomVlaw-NottoScalel 

ComponentSlde Should beGround Plane 

GROUND 

MECHANICAL INFORMATION 

OUTPUT 
-VS 

BYPASS 

+V. 

A, 

Die Dimensions . 
Pad Dimensions . 
Metalization . . . 
Backing ..... 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

FUNCTIONAL DESCRIPTION 

Ao 

ENABLE 

-Vs 
+Vs 
OUTPUT 
BYPASS 

GROUND 
RETURN 

Four analog input channels. 
Analog input shielding grounds, not internally connected. Connect each to 
external low-impedance ground as close to device as possible. 
One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 
One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 
TTL-compatible chip enable. In enabled mode (logic HIGH), output signal 
tracks selected input channel; in disabled mode (logic LOW), output is high 
impedance and no signal appears at output. 
Negative supply voltage; nominally -IOV dc to - ISV dc. 
Positive supply voltage; nominally + IOV dc to + ISV dc. 
Analog output. Tracks selected input channel when enabled. 
Bypass terminal for internal bias line; must be decoupled externally 
to ground through 0 .ljLF capacitor. 
Analog signal and power supply ground return. 
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84x l04x 18 (max) mils 
4 x 4 (min) mils 

Aluminum 
None 

... -Vs 
Oxynitride 

Gold Eutectic 
1.2S mil, Aluminum; Ultrasonic Bonding 

or I mil, Gold; Gold Ball Bonding 

LOGIC TRUTH TABLE 

ENABLE Al Ao OUTPUT 

0 X X HighZ 

I 0 0 IN, 

I Ii I IN2 

I I 0 IN3 

1 1 1 IN4 
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ENABLE 

A, 

A, 

OUTPUT 

511% 

"'~H '<OW 
IN, "" IN4 ::::: -2VOLTS 
INz "" INa = +2 VOLTS 

AD9300 

HIGH ..... 
LOW 

HIGH 

LOW 

HIGH 

LOW 

+2V 

IN, GND 
-2V 

to~ to. 

AD9300 Timing 

THEORY OF OPERATION 
Refer to the functional block diagram of the AD9300. 

As shown on the drawing, this diagram is based on the pinouts 
of the DIP packaging of the models AD9300KQ and AD9300TQ. 
The AD9300KP and AD9300TE are packaged in 20-pin surface 
mount packages. The extra pins are used for ground connections; 
the theory of operation remains the same. 

The AD9300 Video Multiplexer allows the user to connect any 
one of four analog input channels (IN I - IN 4) to the output of 
the device, and to switch between channels at megahertz rates. 

The input channel which is connected to the output is determined 
by a 2-bit TTL digital code applied to Ao and AI. The selected 
input will not appear at the output unless a digital "I" is also
applied to the ENABLE input pin; unless the output is enabled, 
it is a high impedance. Necessary combinations to accomplish 
channel selection are shown in the Logic Truth Table. 

Bipolar construction used in the AD9300 insures that the input 
impedance of the device remains high, and will not vary with 
power supply voltages. This characteristic makes the AD9300, 
in effect, a switchable-input buffer. An on-board bias network 
makes the performance of the AD9300 independent of applied 
supply voltages, which can have any nominal value from ± IOV 
dc to ± ISV dc. 

Although the primary application for the AD9300 is the routing 
of video signals, the harmonic and dynamic attributes of the 
device make it appropriate for other applications. The AD9300 
has exceptional performance when switching video signals, but 
can also be used for switching other analog signals requiring 
greater dynamic range andlor precision than those in video. 

As shown in Figure 1, Input and Output Equivalent Circuits, 
each analog input is connected to the base of a bipolar transistor. 
If Channel 1 is selected, a current switch is closed and routes 
current through the input transistor for Channell., 

If Channel 2 is then selected by the digital inputs, the current 
switch for Channel 1 is opened and the current switch for Channel 
2 is closed. This causes current to be routed away from the 
Channel 1 transistor and into the Channel 2 input transistor. 
Whenever a channel's input device is carrying current, the 
analog input applied to that channel is passed to the output 
stage. 

The operation of the output stage is similar to that of the input 
stages. Whenever the output stage is enabled with a HIGH 
digital "I" signal at the ENABLE pin, the output transistor will 
carry current and pass the selected analog input. 

REV. A 

IN, 

CHANNEL { __ 
SELECTION 
IAoANDA,) __ 

+v. 

ENABLE {--
1"'''or''O'') __________ _ 

-v. 
OUTPUT 

+v. 

-v. 
INPUT 

OUTPUT 

+v. 

-v. 
DIGITAL 

Figure 1. InputandOutputEquivalentCircuits 

BIAS 

When the output stage is disabled (by virtue of the ENABLE 
pin being driven LOW with a digital "0"), the output current 
switch is opened. This routes the current to other circuits within 
the AD9300 which keep the output transistor biased "off'. 
These circuits require approximately lILA of bias current from 
the load connected to the output of the multiplexer. In the 
absence of a terminating load and the resulting dc bias, the 
output of the AD9300 "floats" at - 2.5V. 

In summary, when the AD9300 is enabled by the ENABLE pin 
being driven HIGH with a digital "1", the selected analog input 
channel acts as a buffer for the input; and the output of the 
multiplexer is a low impedance. When the AD9300 is disabled 
with a digital "0" LOW signal, the selected channel acts as an 
open switch for the input; and the output of the unit becomes a 
high impedance. This characteristic allows the user to wire-or 
several AD9300 Analog MUltiplexers together to form switch 
matrices. 
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AD9300 
AD9300 APPLICATIONS 
To ensure optimum performance from circuits using the AD9300, 
it is important to follow a few basic rules which apply to all 
high-speed devices. 

A large, low-impedance ground plane under the AD9300 is 
critical. Generally, GROUND and GROUND RETURN con
nections should be connected solidly to this plane. GROUND 
pin connections are signal isolation grounds which are not con
nected internally; they can be left unconnected, but there may 
be some degradation in crosstalk rejection. GROUND RETURN, 
on the other hand, serves as the internal ground reference for 
the AD9300 and should be connected to the ground plane wit1roul 
exception. 

The output stage of the unit is capable of driving a 2kOlil0pF 
load. Larger capacative loads may limit full power bandwidth 
and increase lapp (the interval between the 50% point of the 
ENABLE high-ta-low transition and the instant the output 
becomes a high impedance.) 

For applications such as driving cables (See Figure 2), output 
buffers are recommended. 

It is recommended that the AD9300 be soldered directly into 
circuit boards, rather than using socket assemblies. If sockets 
must be used, individual pin sockets are the preferred choice, 
rather than a socket assembly. A second requirement for proper 
high-speed design involves decoupling the power supply and 
internal bias supply lines from ground to improve noise immunity. 
Chip capacitors are recommended for connecting O.ljLF and 
O.OljLF capacitors between ground and the ± V s supplies 
(Pins 9 and 14), and the BYPASS connection (pin IS) . 

.. 
Figure 2. 4x 1 AD9300 Multiplexer with Buffered Output 
Driving 7512 Coaxial Cable 
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Figure 3. Harmonic Distortion vs. 
Frequency 

Figure 4. Outputvs. Frequency Figure 5. Crosstalk vs. Frequency 

.V· ________________ ~ 

.v _. __________ ~ 

ENABLE--~;::::;;=.l,::_::_-J_-~L_, 
ENABLE 

GROUND 

IN, 

GROUND 

IN, 

GROUND 

IN, 

GROUND 

'''' 

AD9300 

Figure 6. Test Circuit for Harmonic Distortion, Pulse 
Response, T-Step Response and Disable Characteristics 
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IN, 

GROUND 

Figure 7. Crosstalk Rejection TestCircuit 
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AD9300 

Figure 8. Pulse Response Figure 9. T-Step Response Figure 10. Enable to Channel 
"Off" Response 

CROSSPOINT CIRCUIT APPLICATIONS 
Four AD9300 multiplexers can be used to implement an 8 x 2 
crosspoint, as shown in Figure II. The circuit is modular in 
concept, with each pair of multiplexers (#1 and #2; #3 and 
#4) forming an 8 x I crosspoint. When the inputs to all four 
units are connected as shown, the result is an 8 x 2 crosspoint 
circuit. 

D 
D 
D 

. , 
, 

, 
, S 

s 
s, 
S, 

S, 
S. 
S, 
S. 

D. 
D. 
0, 

I " I .... 
E A, A. 

IN, 

IN, OUT 
IN, 
IN, #. 

I I K> OUT, 

E A, A. 
IN, 

IN, OUT 

IN, 

IN, #2 

I " I ... 
E A, A. 

IN, 

IN, OUT 

IN, 

IN. #3 

I J >-0 OUTz 

E A, A. 

IN, 

IN, OUT 

IN, 
IN, #. 

8 X 2 SIGNAL CROSSPOINT USING FOUR A09300 MULTIPLEXERS 

Figure ". 8 x 2 Signal Crosspoint Using Four A 09300 
Multiplexers 

REV. A 

The truth table describes the relationships among the digital 
inputs (Do - D5) and the analog inputs (S, - S8); and which 
signal input is selected at the outputs (OUT, and OUT2). The 
number of crosspoint modules that can be connected in parallel 
is limited by the drive capabilities of the input signal sources. 
High input impedance (3Mll) and low input capacitance (2pF) 
of the AD9300 help minimize this limitation. 

8 X 2 Crosspoint Truth Table 

D2 D) Do OUT) 
or or or or 
D5 D. D3 OUT2 
0 0 0 S, 
0 0 I S2 
0 I 0 S3 
0 I 1 S. 
1 0 0 S5 
I 0 I S6 
1 I 0 S7 
I I I S8 

Adding to the number of inputs applied to each crosspoint 
module is simply a matter of adding AD9300 multiplexers in 
parallel to the module. Eight devices connected in parallel result 
in a 32 x 1 crosspoint which can be used with input signals 
having 30MHz bandwidth and IV peak-to-peak amplitude. 
Even more AD9300 units can be added if input signal amplitude 
and/or bandwidth are reduced; if they are not, distortion of the 
output signals can result. 

When an AD9300 is enabled, its low output impedance causes 
the "off' isolation of disabled parallel devices to be greater than 
the crosstalk rejection of a single unit. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
256 Switches in a 16 x 16 Array 
Wide Signal Range: to Supply Rails of 24 V or :t12 V 
Low On-Resistance: 200 n typ 
TTL/CMOS/Microprocessor-Compatible Control Lines 
Serial Input Simplifies Interface 
Serial Output Allows Cascading for More Channels 
Low Power Consumption: 2 mW Quiescent 
Compact 44-Pin Package 

PRODUCT DESCRIPTION 
The AD75019 contains 256 analog switches in a 16 x 16 array. 
Any of the X or Y pins may serve as an input or output. Any or 
all of the X terminals may be programmed to connect to any or 
all of the Y terminals. The switches can accommodate signals 
with amplitudes up to the supply rails and have a typical on
resistance of 150 fi. 

Data is loaded serially via the SIN input and clocked into an 
on-board 256-bit shift register via SCLK. When all the switch 
settings have been programmed, data is transferred into a set of 
256 latches via PCLK. The serial shift register is dynamic, so 
there is a minimum clock rate of 20 kHz. The maximum clock 
rate of 5 MHz allows loading times as short as 52 .... s. The 
switch control latches are static and will hold their data as long 
as power is applied. 

REV. A 

16 x 16 Crosspoint 
Switch Array 

AD75019 I 
FUNCTIONAL BLOCK DIAGRAM 

xo 
ANALOG 

INPUTIOUTPUTS XI. DOND 

SIN ~_-:::===;:;-__ --, 
~-9~~~------r-~------

ANALOG 
OUTPUTSI 

INPUTS 

YI.-9~---------~-, 

AD75019 

SERIAL 
DATA 
FROM 
PRIOR 

STAGES 

PCLK SCLK SOUT 

To extend the number of switches in the array, you may cascade 
multiple AD75019s. The SOUT output is the end of the shift 
register, and may be connected to the SIN input of the next 
AD75019. 

The AD75019 is fabricated in Analog Devices' BiMOS II pro
cess. This epitaxial BiCMOS process features CMOS devices for 
low-distortion switches and bipolar devices for ESD protection. 

CMOS SWITCHES & MUL TfPLEXERS 5-39 



AD75019 -SPECIFICATIONS1 
(TA = +25°C, Voo and Vss = ±12 V, Vee = +5 V unless otherwise noted) 

AD7S019 Symbol Min Typ Max Units 
MULTIPLEXER 

Input Signal Range VIN Vss - O.S Voo + O.S V 
Switch ON Resistance, V 00 & V ss = ± 12 V, V SIGNAL = ± 12 V RoN ISO 300 0 
Switch ON Resistance, Voo & Vss = ±S V, VSIGNAL = ±S V RoN 300 SOO 0 
Switch ON Resistance Matching 2, V SIGNAL = ± 12 V ~RoN 20 30 0 
Leakage Current, V SIGNAL = ± 10 V 2 10 nA 
Input/Output Capacitance CIN 2S pF 
Isolation Between Any Two Channels 

Rs = 600 0, RL = 10 kO, V SIGNAL = 2 V p-p 
fSIGNAL = I kHz 92 dB 
fSIGNAL = 20 kHz 69 dB 
fSIGNAL = I MHz 38 dB 

Total Harmonic Distortion 
Rs = 600 0, RL = 10 kO, V SIGNAL = 2 V p-p 0.01 % 

Switch Frequency Response, - 3 dB 
Rs = 600 0, RL = 10 k~, V SIGNAL = 2 V p-p 20 MHz 

Propagation Delay 4 8 ns 
DIGITAL INPUTS (SIN, SCLK, PCLK) 

Logic Levels (TTL Compatible) 
Input Voltage, Logic "I" VIH 2.4 S.S V 
Input Voltage, Logic "0" VIL 0 0.8 V 
Input Current, V IH = 5.5 V IIH ±I !IA 
Input Current, VIL = 0.8 V IlL ±I !IA 

Input Capacitance CIN 10 pF 
DIGITAL OUTPUT (SOUT) 

Logic Levels (TTL Compatible) 
Output Voltage, Logic "I" VOH 2.8 V 
Output Voltage, Logic "0" VOL 0.4 V 
Output Current, V OH = 2.8 V IOH 3.2 !IA 
Output Current, VOL = 0.4 V IOL 3.2 fl.A 

POWER SUPPLY REQUIREMENTS 
Voltage Range, Total Analog Voo-V .. 9.0 2S.2 V 
Voltage Range, Positive Analog Voo - VOGNO (Vee - 0.5) 2S.2 V 
Voltage Range, Negative Analog Vss - VOONO -20.7 0 V 
Voltage Range, Digital Vcr - VOONO 4.5 5 5.S V 
Supply Current, SCLK = 5 MHz, IDD) Iss ±I mA 

VIL = 0.8 V, VIH = 2.4 V Icc SOO !IA 
Supply Current, Quiescent, IDD' Iss - ±400 !IA 

VIL = 0.8 V, VIH = 2.4 V lee - 100 fl.A 
TEMPERATURE RANGE 

Operatiog Tmio' Tmax -25 +8S 'C 
Storage -65 +ISO 'C 

NOTES 
I AU minimum and maximum specifications are guaranteed, and specifications shown in boldface are tested on all production units at fmal electrical tcst. Results from those tests are 
used to calculate outgOing Quality levels. 

2Switch resistance matching is measured with zero volts at each analog input and refers to the difference between the maximum and minimum values. 
Specifications subject to change without notice. 

PIN DESCRIPTION PIN CONFIGURATION 
Pin Name Description Pin Name Description .. 

~ § I I PCLK Parallel Clock Input 23 X8 Analog Input (or Output) () !i! ,Pili ~ ~~!i! z 
2 SCLK Serial Clock Input 24 X9 Analog Input (or Output) 
3 SIN Serial Data Input 2S XIO Analog Input (or Output) 
4 Vss Negative Analog Power Supply 26 Xli Analog Input (or Output) NC 

S NC No Internal Connection 27 XI2 Analog Input (or Output) Y14 Y7 

6 NC No Internal Connection 28 X13 Analog Input (or Output) Y13 Y8 
7 YI5 Analog Output (or Input) 29 XI4 Analog Input (or Output) Y5 
8 YI4 Analog Output (or Input) 30 XIS Analog Input (or Output) 

AD75019 Y4 
9 Y13 Analog Output (or Input) 31 YO Analog Output (or Input) 

TOPYIEW 
10 YI2 Analog Output (or Input) 32 YI Analog Output (or Input) (Not To Seele) 

Y3 

11 Yll Analog Output (or Input) 33 Y2 Analog Output (or Input) Y2 

12 YIO Analog Output (or Input) 34 Y3 Analog Output (or Input) Yl 
13 Y9 Analog Output (or Input) 35 Y4 Analog Output (or Input) xo 
14 Y8 Analog Output (or Input) 36 Y5 Analog Output (or Input) X15 
15 XO Analog Input (or Output) 37 Y6 Analog Output (or Input) 
16 XI Analog Input (or Output) 38 Y7 Analog Output (or Input) X2 Xl. 

17 X2 Analog Input (or Output) 39 NC No Internal Connection 
18 X3 Analog Input (or Output) 40 NC No Internal Connection It ;:H~ IH. Ilrl 0 ~ .. .. 
19 X4 Analog Input (or Output) 41 Voo Positive Analog Power Supply IC IC IC IC 

Ne • NO CONNECT 
20 X5 Analog Input (or Output) 42 Vee Digital Power Supply 
21 X6 Analog Input (or Output) 43 DGND Digital Ground 
22 X7 Analog Input (or Output) 44 SOUT Serial Data Output: Positive True 
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AD75019 

TIMING CHARACTERISTICS1 (1 A = T min to T mi.. rated power supplies unless otherwise noted) 

Parameter 

Data Setup Time 
SCLK Pulse Width 
Data Hold Time 
SCLK Pulse Separation 
SCLK to PCLK Delay 
SCLK to PCLK Delay and Release 
PCLK Pulse Width 
Propagation Delay, PCLK to Switches On or Off 
Data Load Time 
SCLK Frequency 
SCLK, PCLK Rise and Fall Times 
NOTES 
'Timing measurement reference level is 1.5 V. 

Specifications subject to change without notice. 

Symbol 

tl 
tz 
t. 
t., 
ts 
(ts + t.) 
t. 
-
-
-
-

Value Units Condition 

0 ns min 
100 ns min 
10 ns min 
100 ns min 
65 ns min 
5 ms max 
65 ns min 
70 ns max 
52 ,..s SCLK = 5 MHz 
20 kHz min 
1 ,..s max 

SCLK 
o 

_ LOAD DATA INTO __ 
SERIAL REGISTER 

DURING RISING EDGE 

1 =CLoaE 

SIN Y15-X14 
O=OPEN 

1------------------------------~~~~~==~~~~~~ 
PCLK 

OPERATION TRUTH TABLE 

Control Lines 
PCLK SCLK SIN SOUT 

Operation! 
Comment 

I 0 X X No operation. 

Datal Datal_ZS• The data on the SIN line is loaded into the serial register; data 
clocked into the serial register 256 clocks ago appears at the 
SOUT output. 

0 X X X Data in the serial shift register transfers into the parallel latches 
which control the switch array_ 

APPLICATIONS INFORMATION 
Loading Data 
Data to control the switches is clocked serially into a 256-bit 
shift register and then transferred in parallel to 256 bits of mem
ory. The rising edge of SCLK, the serial clock input, loads data 
into the shift register. The ftrst bit loaded via SIN, the serial 
data input, controls the switch at the intersection of row YI5 
and column XIS. The next bits control the remaining columns 
(down to XO) of row Y15, and are followed by the bits for row 
Y14, and so on down to the data for the switch at the intersec
tion of row YO and column XO. The shift register is dynamic, so 
there is a minimum clock rate, specifted as 20 kHz. 

After the shift register is ftlled with the new 256 bits of control 
data, PCLK is activated (pulsed low) to transfer the data to the 
parallel latches. Since the shift register is dynamic, there is a 
maximum time delay specifted before the data is lost: PCLK 
must be activated and brought back high within 5 ms after ftll
ing the shift register. The switch control latches are static and 
will hold their data as long as power is applied. 

To extend the number of switches in the array, you may cascade 
multiple AD75019s. The SOUT output is the end of the shift 
register, and may be directly connected to the SIN input of the 
next AD75019. 

REV. A 

Power Supply Sequencing and Bypassing 
All junction-isolated parts operating on multiple power supplies 
require proper attention to supply sequencing. Because BiMOS 
II is a junction-isolated process, parasitic d.iodes exist between 
Voo and Vee, and between Vss and DGND. As a result, Voo 
must always be greater than (Vee - 0.5 V), and V ss must al
ways be less than (DGND + 0.5 V). 

If you can't ensure that system power supplies will sequence to 
meet these cond.itions, external Schottky (e_g., IN5818) or sili
con (e.g., IN400I) diodes may be used. To protect the positive 
side, the anode would connect to Vee (Pin 42) and the cathode 
to Voo (pin 41). For the negative side, connect the anode to 
Vss (Pin 4) and the cathode to DGND (Pin 43). 

Each of the three power supply pins [Voo (Pin 41), Vee 
(Pin 42) and Vss (Pin 4)] should be bypassed to DGND (Pin 
43) through a 0.1 ,..F ceramic capacitor located close to the 
package pins. 

Transistor Count 
AD75019 contains 5,472 transistors. This number may be used 
for calculating projected reliability_ 
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AD75019 
ABSOLUTE MAXIMUM RATINGS. 

Min Max Units Conditions 

Vooto DGND -0.5 +25.2 V 
Vss to DGND -25.2 +0.5 V 
Vee to DGND -0.5 +5.5 V 
Voo to Vss -0.5 +25.2 V 
Vee to Vss -0.5 +25.2 V 
Digital Inputs to DGND -0.3 Vee +0.5 V 
Power Dissipation 1.0 W TA :5 75°C 
OperatiIig Temperature Range 0 +70 °C 
Storage Temperarure -65 +150 OC 
Lead Teinperarure +300 °C Soldering, 10 sec 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. These are stress ratiIigs only and functional operation of the 
device at these or any other conditions above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

CAUTION ________ -:---=----::-:--:--_-:-:-__ --=:--__ ---:_ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are Zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! G 
~~EDEVICE 

ORDERING GUIDE 

Model Temperature Range Package Option· 

AD75019JP O°C to +70°C P-44A 

.p = Plastic Leaded Chip Carrier (PLCC) Package. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
44V Supply Maximum Rating 
±15V Analog Signal Range 
Low RON (600) 
Low Leakage (0.5nA) 
Break Before Make Switching 
Extended Plastic Temperature Range 

( - 40"(; to + 85·C) 
Low Power Dissipation (33mW) 
Available in 16-Lead DIPI SOIC and 

20-Lead PLCC/LCCC Packages 
Superior Second Source: 

ADG201A Replaces DG201A, HI-201 
ADG202A Replaces DG202 

GENERAL DESCRIPTION 
The ADG20lA and ADG202A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in
creased signal handling capability of :!: ISV. These switches also 
feature high switching speeds and low RoN. 
The ADG201A and ADG202A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. All 
devices exhibit break before make switching action. Inherent in 
the design is low charge injection for minimum transients when 
switching the digital inputs. 

REV. A 

LC2MOS 
Quad SPST Switches 

ADG201A1ADG202A I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG201A ADG202A 

51 51 

INI INI 

01 01 

52 52 

IN2 IN2 

02 02 

53 53 

IN3 IN3 

03 03 

54 54 

INO INO 

0. 0. 

SWITCHES SHOWN FOR A LOGIC "1" INPUT 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range: 

These switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increased analog 
signal range of :!: lSV. 

2. Single Supply Operation: 
For applications where the analog signal is unipolar COV to 
lSV), the switches can be operated from a single + lSV 
supply. 

3. Low Leakage: 
Leakage currents in th~ range of SOOpA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 
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ADG201A1ADG202A-SPECIFICATIONS (VDD = +15V, Vss = ..,.15V, unless otherwise specified) 

KVemon 

Parameter 25"C 

ANALOG SWITCH 
Analog Signal Range ±Is 
RoN 60 

90 

RoNVS. Vn(Vs) 20 
RoN Drift 0.5 
RoN Match 5 

Is (OFF) 0.5 
OFF Input Leakage 2 

In (OFF) 0.5 
OFFOutputLeakage 2 

In (ON) 0.5 
ON Channel Leakage 2 

DIGITAL CONTROL 
V INH, Input High Voltage 
VINL' Input Low Voltage 
IINLor IINH 

DYNAMIC CHARACTERISTICS 

IoPllN 30 
loN' 300 

IoFF 
, 

250 
OFF Isolation 80 

Channel-to-Channel Crosstalk 80 
Cs(OFF) 5 
Cn(OFF) 5 
Cn,Cs(ON) 16 
CIN Digital Input Capacitance 5 
QINJ Charge Injection 20 

POWER SUPPLY 
Inn 0.6 
Inn 
Iss 0.1 
Iss 

Power Dissipation 

NOTES 
ISamp1e tested at 2SOC toensure compliance. 
SpecifICations subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise stated) 

VOO to VSS • 

VootoGND . 
VSS to GND .. 
Analog Inputs' 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

Ims Duration, 10% Duty Cycle 
Digital Inputs' 

-40"<: to 
+85"C 

± 15 

145 

100 

100 

200 

2.4 
0.8 
I 

2 

0.2 
33 

BVersion 

25"C 

±Is 
60 
90 

20 
0.5 
5 

0.5 
2 

0.5 
2 

0.5 
2 

30 
300 
250 
80 

80 
5 
5 
16 
5 
20 

0.6 

0.1 

-40"<: to 
+85"C 

±15 

145 

100 

100 

200 

2.4 
0.8 
I 

2 

0.2 
33 

. 44V 

. 25V 
-25V 

Vss -O.3V to 
Voo+0.3V 

30mA 

70mA 

Voltage at IN _ ...... . Vss -2V to 
Voo+2Vor 

20mA, Whichever Occurs First 

TVersion 
-55"Cto 

25"C + 125"C Units Test Conditions 

±15 ±Is Volts 
60 Htyp -IOV",Vs"'+IOV 
90 145 Hmax los=I.OmA 

Test Circuit I 
20 %typ 
0.5 %I"Ctyp 
5 %typ Vs=OV,lns= IrnA 

0.5 nAtyp Vo= ± 14V;Vs + 14V; Test Circuit 2 
I 100 nAmax 

0.5 nAtyp Vo= ± 14V; Vs=:;: 14V; Test Circuit 2 
I 100 nAmax 

0.5 nAtyp Vo = ± 14V; Test Circuit 3 
I 200 nAmax 

2.4 V min 
0.8 V max 
I .,.Amax 

30 nstyp 
300 nsmax Test Circuit 4 
250 D:smax Test Circuit 4 
80 dBtyp Vs= IOV(p-p);f= 100kHz 

RL = 75fl; Test Circuit 6 
80 dBtyp Test Circuit 7 
5 pFtyp 
5 pFtyp 
16 pFtyp 
5 pFtyp 
20 pCtyp Rs = on; CL = IOOOpF; V s = OV 

Test CircuitS 

0.6 mAtyp Digital Inputs = V INL or V INH 
2 mAmax 

0.1 rnAtyp 
0.2 mAmax 
33 m'Wmax 

Power Dissipation (Any Package) 
Up to +75°C ...... . 

Derates above + 75°C by 
Operating Temperature 

Commercial (K Version) 
Industrial (B Version) .. 
Extended (T Version) .. 

Storage Temperature Range . 
Lead Temperature (Soldering 10sec) 

NOTE 

470mW 
6mWI"C 

- 40°C to + 850C 
- 40°C to + 85°C 

- 550C to + 125°C 
-65°C to + 150°C 
..... +300°C 

'Overvoltage at IN, S or D wiD be clamped by diodes. Current should be 
limited to the Maximum Rating above • 

• COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This i. a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Ouly one Absolute Maximum Rating may be applied at 
anyone time. 
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ADG201 AlADG202A ·1 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! c8 
~~EDEVICE 

ORDERING GUIDE 

Temperature 
Modell Range 

ADG201AKN - 4O"C to + 85°C 
ADG201AKR - 400c to + 85°C 
ADG20lAKP - 40°C to + 85°C 
ADG201ABQ -40OCto + 85°C 
ADG201ATQ - 55°C to + 125°C 
ADG201ATE - 55°C to + 125°C 

ADG202AKN - 4O"C to + 85°C 
ADG202AKR - 40°C to + 85°C 
ADG202AKP -40OCto + 85°C 
ADG202ABQ - 40°C to + 85°C 
ADG202ATQ - 55°C to + 125°C 
ADG202ATE - 55°C to + 125°C 

DIP, SOIC 

IN2 

02 

S2 

Voo 

NC 

03 

NC = NO CONNECT 

Package 
Optionz 

N-16 
R-I6A 
P-20A 
Q-16 
Q-16 
E-20A 

N-16 
R-I6A 
P-20A 
Q-16 
Q-16 
E-20A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 1883B to T grade part 
numbers. See Analog Devices Military Products Databook (1990) for 
military data sheet. 

'N = Plastic DIP; R = O.IS· SmaIl Outline IC (sorC); P = Plastic Leaded 
Chip Csrrier (PLCC); Q = Cerdip; E = Lesdless Ceramic Chip Carrier 
(LCCC). For outline information see Package Information section. 

PIN CONFIGURATIONS 

LCCC PLCC 

E i " ~ s z 

E i " ~ S 3 2 1 20 I. Z 

• 2 1 2. 19 0 

, , S2 
81 • ' , 18 S2 .. 

ADG201A Voo 
v .. 5 ADG201A 17 VOO ADG202A 

ADG202A TOP VIEW NC 
NC. TOP VIEW 16 Ne INotto See .. , 

(Not to Scale) NC GNo 7 15 Ne 

848 14 53 S3 

9 10 11 12 13 9 ,. 11 12 13 

i! ~ !il !1 a i! . !il !1 a i!! 
NC = NO CONNECT NC = NO CONNECT 

ADG201AlADG202A FUNCTIONAL DIAGRAM 

+15V 

IN 

s 

L----r----' L-----o 0 

-11V 

REV. A 

IN 0---_.,.,.,--., 

Figure 1. Typicsl Digitsllnput Cell 

TO LEVEL 
SHlrnR 
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ADG201A1ADG202A-Typical Performance Characteristics 
The switches are guaranteed functional with reclucecI siDgle or dual supplies down to 4.SV. 

,so 

, .. 
=10 , 
J 

10 

3D 

• 

",-. 

.L TA ='+5"C v .... +5~A 
~ 

V .. __ IV 

I \ 
V\. 

VDD",,+1o.av 
V .. =-'O~r-.... 

r-. :-r ~ ~ 
VDD~+'5V 
v"=rsv 

-20 -11 -10 -5 .+5 +10 +15 +20 
VD lV.l- Volts 

RON as a Function of Vo (Vs): Dual Supply Voltage 

, .. 
• 

.. , 

Voo= + 16.5V Y Vas= -16.5V V 
~ 

'.CON' VV 
V /~ COFfI, '. COFfI V 

/" 
V vP; 

V ......... V 
,/ V 

..... V 
5 H a H H n _ • ~ rn m -TEMPERATURE - "c 

Leakage Current as a Function of Temperature (Note: 
Leakage Currents Reduce as the Supply Voltages Reduce) 

SOD 
TA = +25"C 

.... 
a 
' ... 
J 

200 

""-- toN 

, .. 
I--- '-

.. .7 :9 :11 ±13 ,.,. 
SUPPLY VOLTAGE - Volts 

Switching Time vs, Supply Voltage (Dual Supply) 
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,so 

, .. 
=10 , 
J 

50 

3D 

• 

T.=~5"C 

v .... +' •. 8V j\. vUj"v '\ 
vDD1+1sv I' -.-/( ~ v.=ov 

-20 -15 -10 -5 +1 +10 +15 +20 
VD IV.I- Volts 

RON as a Function of Vo (Vs): Single Supply Voltage 

2.5 

2.0 

! 
f'· 
~ 
15 11•0 

0.5 

• 

V///. 

5 

'///. r//// '///. 

" SUPPLY VOLTAGE - VaMs 

TA =+25'"C 

'///. 

'3 '5 

Trigger Level vs, Power Supply Voltage: Dual or Single 
Supply Voltage 

... 
T,,:c+25"C 

... 
1\ 

""-"-. --~ to. 

2 ... , 

J ... 
, .. 

r- '-

+5 +7 +1 +11 +13 +,s 
SUPPlY VOLTAGE - "oils 

Switching Time VB. Supply Voltage (Single Supply) 
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IDS 

Test Circuit 1 

+15V 

VD• 

Is IOFFI 

~v 
~ 

r------;----'O·~~-+----.-----~--oVo 

.------, 
I Rs I 
I 
I I 

~~: f--J 
'\l VIN .1L 

14pF 

+15V 

Test Circuit 2 

Test Circuit 4 

Vo 

Test Circuits-ADG201A1ADG202A 

~ 
~ ~IDIONI 

~ ,,14V 

Test Circuit 3 

3V 
ADG201A -::--\ 1 

VIN ~ 50% II 50% 

I I 

~v: I 
VON 50% 50% 

ADG202A I I 

I I 

; ~90% 
~; ! lL-

I I I I 
~ toN ~ ~ltOFF!---

Test Circuit 5. Charge Injection 

REV. A 

ADG201A V1N=5V 
ADG202A V1N=OV 

+15V 

Test Circuit 6. Off Isolation 

OFF ISOLATION = 
20 x LOG IVsNol ADG201A V1N=OV 

ADG202A VIN""SV 

+15V 

CHANNB.-TO-CHANNEL CROSSTALK = 
20 J( LOG/VsNol 

Test Circuit 7. Channel-to-Channel Crosstalk 
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ADG201A1ADG202A 
TERMINOLOGY 

RoN 
RoN Match 
Is (OFF) 

In (OFF) 

In (ON) 

Vn (Vs) 
Cs (OFF) 
Cn (OFF) 
C1N 

Cn, Cs (ON) 

Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two channels 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF" condition 
Switch output capacitance "OFF" condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 

5-48 CMOS SWITCHES & MUL TIPLEXERS 

topp 

V1NL 

V1NH 

IINL(II~ 
Vnn 
Vss 
Inn 
Iss 

Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 
Delay time between the 50% and 90% points of 
the digital input and switch "OFF' condition 
"OFF" time measured between 50% points of 
both switches, which are connected as a multi
plexer, when switching from one address state to 
another 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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IIIIIIII ANALOG 
WDEVICES 

FEATURES 
SOns max Switching Time Over Full Temperature 

Range 
Low RON (30.0 typl 
Single Supply Specifications for + 10.8V to 

+ 16.5V Operation 
Extended Plastic Temperature Range 

(-4O"C to +85"<:1 
Break-Before-Make Switching 
Low Leakage (100pA typl 
44V Supply max Rating 
Available in 16-Lead DIP/SOIC and 

20-Lead LCCC/PLCC Packages 
ADG201HS (K. B. TI Replaces HI-201HS 
ADG201HS (J. A. SI Replaces DG271 

GENERAL DESCRIPTION 
The ADG20lHS is a monolithic CMOS device comprising four 
independently selectable SPST switches. It is designed on an 
enhanced LC2MOS process which gives very fast switching 
speeds and low RoN. 
The switches also feature break-before-make switching action 
for use in multiplexer applications and low charge injection for 
minimum transients on the output when switching the digital 
inputs. 

ORDERING GUIDE 

Temperature Package 
Modell Range Option2 

ADG20IHS}N -40°Cto +8SoC N-16 
ADG20lHSKN - 40°C to + 8SoC N-16 
ADG20lHSKR -40°Cto + 85°C R-I6A 
ADG20lHSAQ -40°C to + 85°C Q-16 
ADG20lHSBQ -40°C to + 85°C Q-16 
ADG20IHS}P -40°C to + 85°C P-20A 
ADG20lHSKP -40°C to + 85°C P-20A 
ADG20lHSSQ - 55°C to + 1250C Q-16 
ADG20lHSTQ3 - 55°C to + 125°C Q-16 
ADG20lHSTE3 - 55°C to + 12SOC E-20A 

NOTES. 
ITo order MIL-STD-883, Class B processed parts, add 
1883B to T grade part numbers. See the Analog Devices 
Military Products Databook (1990) for military data sheet. 

'E = Leadless Ceramic Chip Carrier; N = Narrow Plastic 
DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; 
R = 0.15" Small Outline IC (SOlC). For outline 
infonnation see Package Information section. 

'Standard Military Drawing (SMD) approved by DESC. 
SMD numbers are 

REV. A 

5962-86716012X (ADG20IHSTEl883B) 
5962-867160IEX (ADG20IHSTQ/883B) 

LC2MOS 
High Speed, Quad SPST Switch 

ADG201HS I 
FUNCTIONAL BLOCK DIAGRAM 

IN1 

IN2 

IN3 

IN4 

PRODUCT HIGHLIGHTS 
I. sOns max toN and tOFF 

51 

01 

52 

02 

53 

03 

54 

D4 

The ADG20lHS top grades (K, B, T) have guaranteed sOns 
max turn-on and turn-off times over the full operating tem
perature range. The lower grades (}, A, S) have guaranteed 
75ns switching times over the full operating temperature 
range. 

2. Single Supply Specifications 
The ADG20lHS is fully specified for applications which 
require a single positive power supply in the + IO.8V to 
+ 16.5V range. 

3. Low Leakage 
Leakage currents in the range of lOOpA make these switches 
suitable for high precision circuits. The added feature of 
break-before-make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leqe 
errors to a mininlum. 

Truth Table 

Switch 
IN Condition 

0 ON 
I OFF 
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ADG201 HS-SPECIFICATIONS 
(VDD = +13.5V to +16.5V, Vss = -13.5V to -16.5V, GND = OV, 

Dual Supply VIN = 3V (Logic High Level) or O.BV (Logic Low Level) unless otherwise noted.) 

Parameter Version + 25°C Tmm-Tmu I Units Comments 

ANALOG SWITCH 
Analog Signal Range All Vss Vss Vmin 

All Voo Voo V max 

RoN All 30 Otyp -IOV",Vs'" + lOY, Ios= ImA; Test Circuit I 
All 50 75 o max 

RoN Drift All 0.5 %I"Ctyp -IOV",Vs"'+ IOV,Ios= ImA 
RoN Match All 3 %typ -IOV",Vs'" + lOY, Ios= ImA 

Is (OFF), OffInput Leakagel All 0.1 nAtyp Vo= ± 14V;Vs= + 14V;Test Circuit 2 
j,K,A,B 20 nAmax 
S,T 60 nAmax 

10 (OFF), Off Output Leakagel All 0.1 nAtyp Vo= ± 14V;Vs= + 14V; Test Circuit 2 
J,K,A,B 20 nAmax 
S,T 60 nAmax 

Io(ON), On Channel Leakagel All 0.1 nAtyp Vo= ± 14V; Test Circuit 3 
J,K,A,B I 20 nAmax 
S,T 60 nAmax 

DIGITAL CONTROL 
V INH, Input High Voltage All 2.4 2.4 V min 
V'Nl., Input Low Voltage All 0.8 0.8 V max 
IINLorIINH All I I fLAmax 
C'N All 8 8 pFmax 

DYNAMIC CHARACTERISTICS 
tON K,B,T 50 50 nsmax Test Circuit 4 

j,A,S 75 75 nsmax 

tOFFI K,B,T 50 50 nsmax Test Circuit 4 
j,A,S 75 75 nsmax 

tOFF2 All 150 nstyp Test Circuit 4 

tOPEN All 5 nstyp tow-lOFPl; Test Circuit 4 
Output Settling Time to 0.1 % All 180 nstyp VIN =3VtoOV;TestCircuit4 
OFF Isolation All 72 dBtyp V s = 3V rms, f = 100kHz, RL = IkO; 

CL = IOpF; Test Circuit 5 
Channel-to-Channel Crosstalk All 86 dBtyp V s = 3V rms, f = 100kHz, RL = IkO; 

CL = IOpF; Test Circuit 6 
QINJ' Charge Injection All 10 pCtyp Rs=OO, Vs =OV;TestCircuit7 
Cs(OFF) All 10 pFtyp 
Co (OFF) All 10 pFtyp 
Co,Cs(ON) All 30 pFtyp 
Cos (OFF) All 0.5 pFtyp 

POWER SUPPLY 
IDo AU 10 10 mAmax 

Iss AU 6 6 rnA max 

Power Dissipation AU 240 240 mWmax Voo = + 15V, Vss = -15V 

NOTES 
'Temperature ranges are as follows: ADG20IHSJ. K; -4O"C to + 85°C 

ADG201HSA,B; -40"<: to + 85°C 
ADG201HSS, T; - 55°C to + 125°C 

lLeakage specifications apply with aVo (V s)of ± 14V or with aVo (Vs) ofO.5V within the supply voltages (V DO, Vss). whichever is the minimum. 

Specifications subject to change without notice. 
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ADG201HS 

Single Supply (Y ... = + lO.BY to + l6.5V, Vss = GND = OV, VI. = 3V [logic High Level] or o.BY [Logic Low LeveO unless otherwise noted) 

Parameter Version +25"C T .... -T_ Units Comments 

ANALOG SWITCH 
Analog Signal Range All Vss Vss Vmin 

All Voo Von V max 

RoN All 65 fltyp OV,,;Vs";+ 10V,los= ImA;TestCircuit I 
All 90 120 flmax 

RoN Drift All 0.5 %1"Ctyp OV";Vs"; + 10V,los= ImA 
RoN Match All 3 %typ OV";Vs"; + IOV,los= lmA 

Is (OFF), OfT Input Leakage' All 0.1 nAtyp Vo= + IOVI+0.5V;Vs = +0.5VI+ IOV;TestCircuit2 
J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

10 (OFF), OfTOutput Leakage' All 0.1 nAtyp Vo= + IOVI+0.5V;Vs= +0.5VI+ IOV;TestCircuit2 
J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

lo(ON), OnChaune1 Leakage' All 0.1 nAtyp Vo= + IOVI+0.5V;TestCircuit3 
J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

DIGITAL CONTROL 
VINH, Input High Voltage All 2.4 2.4 V min • VINI., Input Low Voltage All 0.8 0.8 V max 
IINI.OrIINH All I I .,.Amax 
CIN All 8 8 pFmax 

DYNAMIC CHARACTERISTICS 

ioN K,B,T 50 70 nsmax Test Circuit 4 
J,A,S 75 90 nsmax 

tOFFI K,B,T 50 70 nsmax Test Circuit 4 
J,A,S 75 90 nsmax 

IoFF' All 150 nstyp Test Circuit 4 
tOPEN All 5 nstyp to,.-tOFF'; Test Circuit 4 
Output Setding Time to O. 1% All 180 nstyp VIN = 3V toOV; Test Circuit 4 
OFF Isolation All 72 dBtyp Vs =3Vrms,f= lOOkHz,RL= Ikfl; 

CL= 10pF; Test Circuit 5 
Channel-to-Channel Crosstalk All 86 dBtyp V s = 3V rms, f = 100kHz, RL = Ikfl; 

CL = IOpF; Test Circuit 6 
QIN), Charge Injection All 10 pCtyp Rs=Ofl, Vs =OV; Test Circuit 7 
Cs(OFF) All 10 pFtyp 
Co (OFF) All 10 pFtyp 
Co,Cs(ON) All 30 pFtyp 
Cos (OFF) All 0.5 pFtyp 

POWER SUPPLY 
100 All 10 10 mAmax 

Power Dissipation All ISO ISO mWmax Voo= +15V 

NOTE 
'The leakage specifications degrade marginally (typically InA at 25"C) with V D (V s) ~ V ... 
SpecifICations subject to change without Dotice. 
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ADG201HS 
ABSOLUTE MAXIMUM RA TINGS* 
(T A = 2S'C unless otherwise noted) 

VDD to Vss . 
VDD to GND 
Vss to GNDI 
Analog Inputs2 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

. .... 44V 

. -0.3V,2SV 
+0.3V, -2SV 

.......... Vss -2V to 
VDD +2Vor 

20mA, Whichever Occurs First 
.......... 20mA 

Ims Duration, 10% Duty Cycle ...... . 70mA 
Digital Inputs2 

Voltage at IN . . . . . . . . . . . . . . . . . . Vss -4V to 
VDD +4Vor 

20mA, Whichever Occurs First 

Power Dissipation (Any Package) 
Up to +7SoC ..... . 
Derates above + 7S'C by 

Operating Temperature 
Commerical (1, K Version) 
Industrial (A, B Version) 
Extended (S, T Version) . 

Storage Temperature Range . 
Lead Temperature (Soldering !Osec) 

NOTES 

470mW 
6mWI'C 

- 40°C to + 85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 

+ 300°C 

1 If V S5 is open circuited with V DD and GND applied, the V 55 pin will be pulled 
positive, exceeding the Absolute Maximum Ratings. If this possibility exists, 
a Schottky diode from V 55 to GND (cathode end to GND) ensures that the 
Absolute Maximum Ratings will be observed. 

20vervoltageat IN, S or D, will be clamped by diodes. Current 
should be limited to the maximum rating above. 

·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION: 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

IN1 

01 

51 

Vss 

GNO 

54 

04 

IN4 

DIP,SOIC 

• 

ADG201HS 
TOP VIEW 

(Not to 5calel 

NC = NO CONNECT 

IN2 

02 

52 

Voo 

NC 

53 

03 

IN3 

PIN CONFIGURATIONS 

LCCC 

~ N 
Q 

(.) N 
Z ~ Q 

3 1 20 19 

, 
I I 

51 4 I I 18 52 51 
.~ 

Vss 5 17 Voo Vss 
ADG201HS 

NC 6 TOP VIEW 16 NC NC 

GNO 
(Not to 5calel 

15 NC GNO 

54 8 14 53 54 

9 10 11 12 13 
<t <t (.) .., .., 
Q ~ Z ~ Q 

NC = NO CONNECT 

PLCC 

Q ~ (.) N 
Z ~ 

ADG201HS 
TOP VIEW 

(Not to 5calel 

<t <t (.) .., 
Q ~ Z ~ 

NC = NO CONNECT 
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Typical Periormance Characteristics-ADG201 HS 
The switches are guaranteed functional with reduced single or dual supplies down to 4.SV . 

• 0 

70 
Voo = +15V 
Vss = -15V 

60 
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125"C 
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----.. ........... V 25'C 
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• -20 -15 -10 -5 0 •• .5 2. 
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RON as a Function of Va (Vs): Dual Supply Voltage 
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VDD = + ••.• v/ '\ 
Vss = 0 V\ 

/\ 

'''' 
Voo = +15V 

~ Vss = 0 
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RON as a Function of Va (Vs): Single Supply Voltage, 
TA = +25°C 
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Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = + 25°C 
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Vss = -13.5V 
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Vss = -16.5V 

~ 

I.IOFFI ~::/ 
IDIO~ :/(IONI 
~;:/" 

~ ~ 
V 

-;:; V 
VV V 

V 

25 H a H " n " " ~ m m 
TEMPERATURE - 'C 

Leakage Current as a Function of Temperature Dual 
Supply Voltage. (Note: Leakage Currents Reduce as 
the Supply Voltages Reduce) 

.2Or----------,-----------r----------, 

.00r-~~-----+-----------r--------~ 

i 8Or---~~_+--~~--~--------~ , 

~ 80~--------~----~~~~~--~ 
~ 4Or----------+-----------r----------~ 

2Or----------+-----------r----------~ 

oL-________ ~ __________ ~ __________ ~ 
10k ,OOk 1M 10M 

FREQUENCY - Hz 

Dff Isolation vs. Signal Frequency; Dual or Single 15V 
Supplies, TA = + 25°C 
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ADG201HS-Typical Performance Characteristics (Continued) 
'60 

'40 
'om 

'20 

40 ~ .... .... , 
0 

9 10 " 12 13 14 15 
SUPPL V VOLTAGE - Volts 

Switching Time vs. Supply Voltage (Dual Supply): 
TA = +25°C. (Note: See Test Circuit 4. 
For Voo <10V, Vs = Voo) 
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VDD = +15V 
v .. = -11V 
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Switching Time vs. Temperature: Dual Supply Voltage 
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0 
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SOURCE VOLTAGE IVsI- Volts 

Charge Injection vs. Source Voltage (Vs) for Dual and 
Single 10.8V Supplies: TA = +25"C 
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891011'213141& 
SUPl'l.V VOLTAGE - V_ 

Switching Time vs. Supply Voltage (Single Supply): 
TA = +25°C. (Note: See Test Circuit 4. 
For Voo <10V, Vs = VOD) 
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Switching Time vs. Temperature: Single Supply Voltage 
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Test Circuits-ADG201HS 
Note: All digital input signal rise and fall times measured from 10% to 90% of 3V. tR = tp = Sns. Decoupling capacitors (O.OII1F 
min) from Voo and Vss to GND are recommended to achieve specified performance. 

REV. A 

TEST CIRCUIT 2 
Is (OFF), 10 (OFF) 

Voo 

Voo 

TEST CIRCUIT 4 

0.8V 

TEST CIRCUIT 3 
10 (ON) 

Voo 

Voo 

,S D 

I 
11'i_ oJ 

tON, tOPF, tOPEN, SETTLING TIME 

3V 

1"0"",;:+-"""--",,,-0 Va 
VON -:-\ .... s_O'%_D ____ ...JiSo% 

, I I 

TEST CIRCUIT 5 
OFF ISOLATION 

Voo 

Voo 

S 

Voo 

OFF ISOLATION = 
20 x LOGIV sfV 01 

3SpF Va 

TEST CIRCUIT 7 
CHARGE INJECTION 

Va 

, ~tOFF11_ 

: /90% ~ 
--,-....) , I 

_, tON ~ ~ tOFF2 f4-

TEST CIRCUIT 6 
CHANNEL·TO·CHANNEL CROSSTALK 

Vo 

Voo 
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ADG201HS' 
SINGLE SUPPLY DISK DRIVE APPLICATION 
The excellent performance of the ADG20lHS with single supply 
operation makes it suitable in applications such as disk drives 
where only positive power supply voltages are normally available. 
The accompanying circuit shows a typical application for the 
ADG20lHS in the read/write head switching section of a disk 
drive. The circuit allows data (Os and Is) to be written to and 
read from a disk. The principal advantage offered by the 
ADG20lHS is that it retains very fast switching speed with 
single supply operation (see Single Supply Specifications). This 
allows disk drives to run at higher data rates. 
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WRITE 
PATH --, r------------, 
12V~ I 

I 
I 
I 

I 
I 

ov~~.-----~~ I __ ..J L _____________ .J 

SWITCHES 1 TO 5 AU ADG201.HS 

SWITCH STATES/FUNCTION 

SWITCH WRITE 
NUMBER 1 • READ 

1 OFF ON OFF 
2 ON OFF OFF 
3 OFF OFF ON 
4 OFF OFF ON 
5 ON ON OFF 

READ 
PATH 
r- -. 

1...--

ADG201HS in the ReadlWrite Head Switching Circuit of a 
Disk Drive 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
44V Supply Maximum Rating 
± 15V Analog Signal Range 
Low RON (1150 max) 
Low Leakage (O.5nA typ) 
Break Before Make Switching 
Single Supply Operation Possible 
Extended Plastic Temperature Range 

( - 40°C to + 85°C) 
TTL/CMOS Compatible 
Available in 16-Lead DIP/SOIC and 

20-Lead PLCC Packages 
Superior Second Source: 

ADG211A Replaces DG211 
ADG212A Replaces DG212 

GENERAL DESCRIPTION 
The ADG211A and ADG212A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in
creased signal handling capability of ± ISV. These switches also 
feature high switching speeds and low RON. 

The ADG211A and ADG212A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. In 
multiplexer applications, all switches exhibit break-before-make 
switching action when driven simultaneously. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 
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IN1 

IN2 

IN3 

IN4 

LC2MOS 
Quad SPST Switches 

ADG211 AI ADG212A I 

ADG211A 

51 51 

IN1 

01 01 

52 52 

IN2 

02 02 

53 53 

IN3 

03 03 

54 54 

IN4 

04 04 

SWITCHES SHOWN FOR A LOGIC "1" INPUT 

PRODUCT HIGHLIGHTS 
I. Extended Signal Range: 

These switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± ISV. 

2. Single Supply Operation: 
For applications where the analog signal is unipolar (OV to 
ISV), the switches can be operated from a single + ISV 
supply. 

3. Low Leakage: 
Leakage currents in the range of SOOpA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for mUltiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 

ADG21lA 
IN 

o 

ADG212A 
IN 

I 
o 

Table I. Truth Table 

SWITCH 
CONDITION 

ON 
OFF 
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ADG211AlADG212A-SPECIFICATIONS ~~!d~ +15V. Vss = -15V. Vl = 5V. unless otherwise 

Parameter 

ANAl..OGSWITCH 
Analog Signal Range 

RoN 

RONVS. Vo(Vs) 
RoN Drift 
RoN Match 

Is (OFF) 
OFF Input Leakage 

10 (OFF) 
OFF Output Leakage 

10 (ON) 
ON Channel Leakage 

DIGITAL CONTROL 
V1NH, Input High Voltage 
V INL, Input Low Voltage 
IINLor IINH 
CIN, Digital Input Capacitance 

DYNAMIC CHARACTERISTICS 
tOPEN I 

tON I 

tOFF I 

OFF Isolation 

Channel-to-Channel Crosstalk 
Cs(OFF) 
Co (OFF) 
Cs,CD(ON) 
QINJ' Charge Injection 

POWER SUPPLY 
100 

100 

Iss 
Iss 
IL 

NOTE 
I Sample tested at 2SOC to ensure compliance. 
Specifications subject to change without notice. 

2S'C 

± 15 
115 

20 
0.5 
5 

0.5 
5 

0.5 
5 

0.5 
5 

5 

30 
600 
450 
80 

80 
5 
5 
16 
20 

0.6 
I 
0.1 
0.2 
0.9 
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ADG211AKN 
ADG212AKN 

-40"Cto +8S'C Units Test Conditions 

± 15 Volts 
175 nmax -10V,;;;Vs';;; + 10V, los = lmA, 

Test Circuit 1 
%typ 
%I"Ctyp 
%typ Vs =OV, los = lmA 

nAtyp Vo= ± 14V; Vs +14V; Test Circuit 2 
100 nAmax 

nAtyp Vo= ±14V;Vs =+14V;TestCircuit2 
100 nAmax 

nAtyp Vo = ± 14V; Test Circuit 3 
200 nAmax 

2.4 Vrnin TTL Compatibility is Independent of V L 
0.8 V max 
1 fLAmax 

pFtyp 

nstyp Test Circuit 4 
nsmax Test Circuit 5 
nsmax Test Circuit 5 
dBtyp Vs= 10V(p-p);f= 100kHz 

RL = 75n; Test Circuit 6 
dBtyp Test Circuit 7 
pFtyp 
pFtyp 
pFtyp 
pCtyp Rs = on; CL = lOOOpF; V s = OV 

Test Circuit 8 

mAtyp Digital Inputs = V INL or V INH 
mAmax 
mAtyp 
mAmax 
mAmax 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = 25°C unless otherwise stated) 

Voo to Vss . 
Voo to GND 
Vss to GND . 
VL toGND . 
Analog Inputs I 

Voltage at S, D 
Continuous Current, S or D 
Pulsed Current S or D 

lms Duration, 10% Duty Cycle 

. 44V 

. 2SV 
-2SV 

-0.3V,2SV 

Vss -O.3V to Voo +O.3V 
30mA 

70mA 

DigitalInputs I 
Voltage at IN 

Power Dissipation (Any Package) 
Up to +7S0C ..... . 
Derates above + 75°C by . 

Operating Temperature . . . 
Storage Temperature Range. 

ADG211A1ADG212A 

.......... Vss -2V to 
Voo +2Vor 

20mA, Whichever Occurs First 

· .... 470mW 
· .... 6mW;oC 

- 40°C to + 85°C 
- 65°C to + 150°C 

Lead Temperature (Soldering 10sec) · .... +300°C 
NOTE 
I Overvoltage at IN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 

*COMMENT: Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Raring may 
be applied at anyone time. 

CAUTION 
ESD (electrostatic discharge) sensItIve device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

PIN CONFIGURATIONS 

DIP,SOIC 

INI • IN2 

01 02 

SI 52 

ADG211A 
v •• ADG212A 

TOP VIEW VL (Not to Scale) 

S3 

03 

ORDERING GUIDE 

Temperature Package 
Model Range Option· 

ADG211AKN -40°Cto +SsoC N-16 
ADG211AKR - 4QOC to + SsoC R-l6A 
ADG211AKP - 40°C to + SsoC P-20A 
ADG2l2AKN - 40°C to + SsoC N-16 
ADG2l2AKR - 40°C to + SsoC R-l6A 
ADG2l2AKP -40°C to +SsoC P-20A 

*N = Plastic DIP; R =0.15" Small Outline IC (SOIC); 
P = Plastic Leaded Cbip Carrier (PLCC). For outline 
information see Package Information section. 

PLCC 

Q ~ U N 

Z ~ 

ADG211A 
ADG212A 
TOP VIEW 

(Not to Scale) 

~ .. u ... 
~ Z ~ 

NC = NO CONNECT 

N c 

52 

V •• 

NC 

VL 

14 S3 

'" c 
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ADG211A1ADG212A-Typical Performance Characteristics 
The switches can comfortably operate anywhere in the lOY to ISV single or dual supply range, 
with only a slight degradation in perfonnance. The following graphs show the relevant perfonnance 
curves. The test circuits and test conditions are given in a following section, ''Test Circuits." 

150 
Voo=15V 
V .. =-15V 

120 

:: 

~ 
~ I!o.. - 70"C 

.........: 25"C 
0 

I 90 

J 
60 

30 
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-20 -15 -10 -5 5 10 15 20 

VO (V.I - Volts 

Figure 1. RQNasaFunction ofVo(Vs): Dual :!: 15Supplies 

150 
Voo-10V 
Vss= -10V 

120 

:: 

~ / ~ - 70"C -
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Typical Perfonnance Characteristics - ADG211 AlADG212A 
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ADG211 AlADG212A ~ Typical Perfonnance Characteristics 
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Test Circuits-ADG211A1ADG212A 
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TestCircuit6. Offlsolation Test Circuit 7. Channel-to-Channel Crosstalk 
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ADG211A1ADG212A 
+5V VOD 

Vo 

TestCircuitB. Charge Injection 

TERMINOLOGY 

RoN 
RoN Match 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vo (Vs) 
Cs (OFF) 
Co (OFF) 
CIN 

Co, Cs (ON) 

Ohmic resistance between terminals OUT and S 
Difference between the RON of any two channels 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into rhe body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF" condition 
Switch output capacitance "OFF" condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 
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VINL 

VINH 

IINL (lINH) 

Voo 
Vss 
VI. 
100 
Iss 

5V 

v.::--\ r
ov '-----1 

-L 
~.1Vo 

- QINJ=C,x.1Vo -----l-

Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 
Delay time between the 50% and 90% points of 
the digital input and switch "OFF" condition 
"OFF' time measured between 50% points of 
both switches, which are connected as a multi
plexer, when switching from one address state to 
anorher 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Mostnegative voltage supply 
Logic supply voltage 
Positive supply current 
Negative supply current 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
44V Supply Maximum Rating 
::I: 1SV Analog Signal Range 
Low RON (6001 
Low Leakage (O.SnAI 
Break Before Make Switching 
Extended Plastic Temperature Range 

(-4O"C to +8S"C1 
Low Power Dissipation (2S.SmWI 
"P, TTL CMOS Compatible 
Available in US-Lead DIPISOle and 

zo..Lead PLCClLCCC Packages 
Surface Mount Packages 

Superior DG221 Replacement 

GENERAL DESCRIPTION 
The ADG221 and ADG222 are monolithic CMOS devices com
prising four independently selectable switches. On-chip latches 
facilitate microprocessor interfacing. They are designed on an 
enhanced LC2MOS process which gives an increased signal 
handling capability of ± 15V. These switches also feature high 
switching speeds and low RoN. 
The ADG221 and ADG222 consist of four SPST switches. They 
differ only in that the digital control logic is inverted. AU devices 
exhibit break before make switching action. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 

REV. A 

LC2MOS 
Quad SPST Switches 

ADG221/ADG222 I 
FUNCTIONAL BLOCK DIAGRAM 

S1 
IN1 

01 
52 

IN2 
02 
53 

IN3 
03 
54 

IN4 
D4 

Wii ADG221 
ADG222 

PRODUCT HIGHLIGHTS 
I. Easily Interfaced: 

Digital inputs are latched with a WR signal for microprocessor 
interfacing. A 5V regulated supply is internally generated 
permitting wider tolerances on the supplies without affecting 
the TTL digital input switching levels. 

2. Single Supply Operation: 
For applications where the analog signal is unipolar COV to 
15V), the switches can be operated from a single + 15V 
supply. 

3. Low Leakage: 
Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 
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ADG221/ADG222 -SPECIFICATIONS (Yoo == +15V, Vss = -15V, unless otherwise specified) 

KVersion BVersion TVersion 

-4O"Cto -4O"Cto -55·Cto 
Parameter 250C +85OC 25·C +85OC 25·C +125·C Units Test Conditions . 

ANALOG SWITCH 
Analog Signal Range ±IS ±IS ±IS ±IS ±IS ±IS Volts 
RoN 60 60 60 Otyp -IOV"Vs" + 10V 

90 145 90 145 90 145 o max Ins=1.0mA 
Test Circuit I 

RoNVS. Vo(Vs) 20 20 20 %typ 
RoN Drift 0.5 0.5 0.5 %I"Ctyp 
RoN Match 5 5 5 %typ Vs=OV,los= ImA 

Is (OFF) 0.5 0.5 0.5 nAtyp Vo '" ± 14V;Vs + 14V; Test Circuit 2 
OFF Input Leakage 2 100 2 100 I 100 nAmax 

10COFF) 0.5 0.5 0.5 nAtyp Vo= ± 14V;Vs= +14V;TestCircuit2 

OFF Output Leakage 2 100 2 100 I 100 nAmax 

10 CON) 0.5 0.5 0.5 nAtyp Vo - ± 14V; Test Circuit 3 
ON Channel Leakage 2 200 2 200 I 200 nAmax 

DIGITAL CONTROL 
VINH, Input High Voltage 2.4 2.4 2.4 Vmin 
VINL, Input Low Voltage 0.8 0.8 0.8 V max 
IINLor IINH I I I fJoAmax 

DYNAMIC CHARACTERISTICS 
tOPEN 30 30 30 nstyp 

IoNI 300 300 300 nsmax Test Circuit 4 
IoFF 

I 250 250 250 nsmax Test Circuit 4 
tw l Write Pulse Width 100 100 100 120 nsroin See Figure 2 
ts I Digital Input Setup Time 100 100 100 120 nsroin See Figure 2 
tHI Digital Input Hold Time 2Q 20 20 20 nsmin See Figure 2 

OFF Isolation 80 80 80 dBtyp Vs= IOV(p-p);f= 100kHz 
RL = 750; Test Circuit 6 

Chanhel-to-Channel Crosstalk 80 80 80 dBtyp test Circuit 7 
Cs(OFF) 5 5 5 pFtyp 
Co (OFF) 5 5 5 pFtyp 
Co,Cs(ON) 16 16 16 pFtyp 
CIN Digital Input Capacitance 5 5 5 pFtyp 
QINJ Charge Injection 20 20 20 pCtyp Rs = 00; CL = IOOOpF; V s = OV 

Test Circuit 5 

POWER SUPPLY 
100 0.6 0.6 0.6 mAtyp Digital Inputs = V INL or V INH 
100 1.5 1.5 1.5 mAmax 
Iss 0.1 0.1 0.1 mAtyp 
Iss 0.2 0.2 0.2 mAmax 
Power Dissipation 25.5 25.5 25.5 mWmax 

NOTE 
ISampie tested at 2S"C to ensure compliance. Specifications subject to change without notice. 
toN' tOFF are the same for both IN and WR digital input changes. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise stated) 

Voo to Vss . 
VootoGND . 
Vssto GND .. 
Analog Inputs' 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

1m. Duration, 10% Duty Cycle 
Digital Inputs' 

. 44V 

. 25V 
-25V 

Vss -O.3V to 
Voo +O.3V 

30mA 

70rnA 

Voltage at IN, WR ..... Vss -2V to 
Voo +2Vor 

20rnA, Whichever Occurs First 

Power Dissipation (Any Package) 
Up to +75°C ..... . 
Derates above + 75°C by 

Operating Temperature 
Commercial (K Version) 
Industrial (B Version) . 
Extended (T Version) .. 

Storage Temperature ... 
Lead Temperature (Soldering 10sec) 

NOTE 

470mW 
6mW/oC 

-40°C to +85°C 
-40°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 
..... +300°C 

'Overvoltage at IN, WR, S or 0 will be clamped by diodes. Current sbould be 
limited to the Maximum Rating above. 

·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" mayeause permanent damage to the device. This is a stress rating only 
aod functional operation of the device at these or aoy other conditions above thoae indicated in the operational sections of this specifieation is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device re1isbility. Only one Absolute Maximum Rating may be applied at 
anyone time. 
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ADG221/ADG222 
CAUTION 
ESD (electrostatic discharge) senS1l1ve device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 

ORDERING GUIDE 

Temperature Package 
Model' Range Option2 

ADG221KN - 40°C to + 85°C N-16 
ADG221KR -40°C to + 85°C R-I6A 
ADG221KP -40°Cto +85°C P-20A 
ADG22IBQ -40°Cto +85°C Q-16 
ADG221TQ - 55°C to + 125°C Q-16 
ADG221TE - 55°C to + 125°C E-20A 

ADG222KN - 40°C to + 85°C N-16 
ADG222KR - 40°C to + 85°C R-l6A 
ADG222KP - 40°C to + 85°C P-20A 
ADG222BQ - 40°C to + 85°C Q-16 
ADG222TQ - 55°C to + 125°C Q-16 
ADG222TE - 55°C to + 125°C E-20A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 1883B to T grade part 
numbers. See Analog Devices Military Products Databook (1990) for 
military data sbeet. 

2N ~ Plastic DIP; R ~ 0.15" Small Outline IC (SOIC); P ~ Plastic 
Leaded Chip Carrier (PLCC); Q ~ Cerdip; E ~ Leadle,s Ceramic Cbip 
Carrier (LCCC). For outline information see Package Information section. 

Voo 

5V 
GENERATOR 

lkll 
INo-------~~----i 

Vss 

Figure 1. Typical Digital Input Cell 

REV. A 

TO 
LATCHES 

PIN CONFIGURATIONS 

DIP,SOIC LCCC 

Q ~ " 
N 

II z ~ 
IN2 3 2 , 2. 19 

SI 4 ' , 18 52 
52 

Vss 5 AOG221 17 Voo 
Voo ADG222 

NC 6 TOP VIEW 16 NC 
WR (Not to Scale) 

15 iNA GNO 7 

54 8 14 53 

03 

9 I. 11 12 13 

~ ~ " 11 8 ~ Z 

NC "" NO CONNECT 

PLCC 

C ~ " ~ II z 

52 

ADG221 vOO 
ADG222 
TOP VIEW NC 

(Not to Scale) 
WR 

53 

g ~ ~ ~ 8 
NC = NO CONNECT 

TIMING AND CONTROL SEQUENCE 
Figure 2 shows the timing sequence for latching the switch 
digital inputs (INI - IN4). The latches are level sensitive and, 
therefore, while WR is held low the latches are transparent and 
the switches respond to the digital inputs. The digital inputs are 
latched on the rising edge of WR. 

3V 

IN1-:;;;Y V--::::J1\,--. --f:\-
3V : :~tw--.....: tH ~ 

WR : '\ t"---
I '------' , 
I. ts • I 

tH - IN1-IN4VALIDTOWRHOLDTIME 
ts - IN1-IN4VALIDTOWRSETUPTIME 
tw - WRPULSEWIDTH 

Figure 2. Timing and Control Sequence 
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ADG221/ADG222 - Typical Perfonnance Characteristics 
The switches are guaranteed functional with reduced single or dual supplies down to 4.SV. 
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Test Circuits-AOG221/AOG222 
IDS -

Is (OFF) 10 (OFF) 

• V1 .. 
~v 

SO'-oD 

~ 
±14V -=-

5 D ~ ~ 
Vs-=-

~ RON=V1/Ios 

Test Circuit 7 Test Circuit 2 Test Circuit 3 

+15V 3V 
ADG221 

~50% ,50% 
Voo 

I I 

Vo 3V I I 

.;:;} 50% \50% 
ADG222 

14pF I I 
I I 

I ,,90% :~ Vo I 

-l toN l- I I __ itoFFr--

Test Circuit 4 

+15V 

Test Circuit 5. Charge Injection 

ADG221 V1N =5V 
ADG222 Y'N = OV 

+15V 

VDD 

OFF ISOLA nON = 
20 x LOG IVslVDI 

Test Circuit 6. Off Isolation 
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ADG221 V,N=OV 
ADG222V,N =5V 

+15V 

CHANNEL· TO-CHANNEL 
CROSSTALK = 20 x LOGIVslVol 

Test Circuit 7. Channel-to-Channel Crosstalk 
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ADG221/ADG222 
TERMINOLOGY 

RoN 
RoN Match 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vo(Vs) 
Cs (OFF) 
Co (OFF) 
CIN 
Co, Cs (ON) 

Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two channels 
Source terminalleilkage current when the switch 
is off 
Drain terminal1eakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF' condition 
Switch output capacitance "OFF' condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 
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toN 

VINL 

VINH 

IINL (IINH) 

Voo 
Vss 
Ion 
Iss 

Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 
Delay time between the 50% and 90% points of 
the digital input and switch "OFF" condition 
"OFF" time measured between 50% points of 
both switches, which are connected as a multi
plexer, when switching from one address state to 
another 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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IIIIIIIIIII ANALOG 
WDEVICES 

LC2MOS 4/8 Channel 
High Performance Analog Multiplexers 

FEATURES 
44 V Supply Maximum Ratings 
Vss to VDD Analog Signal Range 
Low On Resistance «1000) 
Low Power Dissipation «2.2 mW) 
Fast Switching 
Latch Up Proof 
Plug-In Replacement for DG408/DG409 

APPLICATIONS 
Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 

plexers comprising S single channels and 4 
respectively. The ADG40S switches one 
mon output as determined by the 3 . 
AI, A2. The ADG409 switches on 
common differential output as det 
address lines AO and AI. An EN input on 
to enable or disable the device. When disabled, 
switched OFF. 

The ADG40S/ADG409 are designed on an enhanced LC2MOS, 
trench isolated process which provides low power dissipation yet 
gives high switching speed and low on resistance. Each channel 
conducts equally well in both directions when ON and has an 
input signal range which extends to the supplies. In the OFF 
condition signal levels up to the supplies are blocked. All chan
nels exhibit break-before-make switching action preventing mo
mentary shorting when switching channels. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 

The ADG40S/ADG409 are improved replacements for the 
DG40S/DG409 analog multiplexers. 

PRODUCT HIGHLIGHTS 
I. Extended Signal Range 

The ADG40S/ADG409 are fabricated on an enhanced 
LC2MOS process giving an increased signal range which 
extends to the supply rails. 

2. Low Power Dissipation 

ADG408/ADG409 I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG408 

51 

Al 

X 
0 
0 
I 
I 

3. Low RoN 

AD EN 

x 0 
o I 
1 1 
o 1 
1 1 
o 1 
1 1 
o 1 
1 1 

AO A1 EN 

On Switch 

NONE 
I 
2 
3 
4 
5 
6 
7 
8 

ADG4D9 Truth Table 

AD EN On Switch Pair 

X 0 NONE 
0 1 1 
1 1 2 
0 I 3 
I I 4 

4. Single/Dual Supply Operation 

5. Trench isolation guards against latch up. 

DA 

DB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADG408/ADG409-SPECIFICATIONS1 ~~~d~ +15 V, Vss = -15 V, GND = 0 V, unless otherwise 

B Version TVersion 
-40OCto -55OC to 

Parameter +25·C +85OC +25OC + 1250C Units Test Conditions/Comments 

Analog Signal Range ±15 ±15 ±15 ±15 V 

RoN 100 100 nmax Vo= ±10V,ls= -lmA 
IlRoN 15 15 nmax Vo =+10V,-IOV 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) 0.5 0.5 nAmax Vo = ±IOV, Vs = :;:10 V 
Drain OFF Leakage 10 (OFF) 0.5 0.5 nAmax Vo = ±10 V, Vs = :;:10 V 
Channel ON Leakage 10 (ON) I nAmax Vs = Vo = ±IOV 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 V max 
Input Current 

IINL or IINH ±10 ±IO .... Amax 
CIN Digital Input Capacitance 8 8 pFtyp 

DYNAMIC CHARACTERISTICS2 RL = 300 n, CL = 35 pF, Vs = ±IO V 

tTRANSITION 250 

toPEN 10 
toN (EN) 150 
topp (EN) 150 
Charge Injection 20 s = 0 V, Rs = 0 n, CL = 10 nF 
OFF Isolation -75 = 1 kn, f = 100 kHz 
Cs (OFF) 11 
Co (OFF) 

ADG408 
ADG409 

CD (ON) 
ADG408 
ADG409 

POWER REQUIREMENTS Voo = +16.5 V, Vss = -16.5 V 
Digital Inputs = 0 V or 5 V 

100 75 75 75 .."A max 

Iss 75 75 75 75 .."A max 

NOTES 
'Temperature ranges are as folloWli: B Versions: -4O"C to +85"C; T Versions: -55"C to + 125"C. 
2Sample tested @+25"C to ensure compliance. 

Specifications subject to change without notice. 

PIN CONFIGURATIONS (DIP/SOIC) 

A1 A1 

A2 GND 

GND VDD 
ADG408 
TOP VIEW VDD S1B 

(Not to Scale) 
55 S2B 

S6 S3B 

S7 S4B 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r'IIII ANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
±15 V Analog Signal Range 
Low On Resistance «35 ill 
Ultralow Power Dissipation (35 ,""WI 
Fast Switching Times 

tON <175 ns 
tOFF <145 ns 

Latch-Up Proof 
Plug in Replacement for DG4111DG412 

APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG411 and ADG412 are monoli 
prising four independently selectab 
signed on an enhanced LC2MOS, t 
which provides low power dissipation g 
speed and low on resistance. Trench isolati 
fits of dielectric isolation and ensures no latch
extreme over-voltage conditions. The on resistance proftle is 
very flat over the full analog input range ensuring good linearity 
and low distortion when switching audio signals. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction ensures ultralow power dissipation making 
the parts ideally suited for portable and battery powered 
instruments. 

Both the ADG411 and the ADG412 contain four independent 
SPST switches. They differ only in that the digital control logic 
is inverted. Each switch conducts equally well in both directions 
when ON and has an input signal range which extends to the 
supplies. In the OFF condition signal levels up to the supplies 
are blocked. All switches exhibit break before make switching 
action for use in multiplexer applications. Inherent in the design 
is low charge injection for minimum transients when switching 
the digital inputs. 

Table I. Truth Table 

ADG411 
IN 

o 
I 

ADG412 
IN 

I 
o 

Switch 
Condition 

ON 
OFF 

lC2MOS 
Precision Quad SPST Switches 

ADG411/ADG412 I 
FUNCTIONAL BLOCK DIAGRAM 

S1 S1 

IN1 

01 01 

S2 S2 

IN2 

02 02 

S3 S3 

IN3 

03 03 

S4 54 

IN4 

04 D4 

SHOWN FOR A LOGIC "1" INPUT 

h isolated process giving an increased signal 
h extends to the supply rails. 

4. Trench isolation guards against latch up. 

5. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG4ll1ADG412 can be operated from a single rail power 
supply. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADG411/ADG412 -SPECIFICATIONS ~~~;iS;!:~d~ss = -15 V, VL = +5 V, GND = DV, unless 

B Version T Version 
-40°C to -SS"C to Test Conditions! 

Parameter 25°C +8S"C 2S"C +l2S"C Units eominents 

ANALOG SIGNAL RANGE Voo to Vss Voo to Vss V 
RoN 25 25 ntyp Vo = ±8.5 V, Is = -1OmA 

35 45 35 45 nmax 

LEAKAGE CURRENTS Voo = +16.5 V, Vss = -16.5 V 
Source OFF Leakage Is (OFF) ±0.1 ±0.1 nA typ Vo == ±15.5, Vs = :;:15.5 V 

±0.25 ±20 ±0.25 ±20 nAmax 
Drain OFF Leakage 10 (OFF) ±0.1 ±0.1 nA typ Vo = ±15.5, Vs = :;:15.5 V 

±0.25 ±20 ±0.25 ±20 nAmax 
Channel ON Leakage 

10 (ON) + Is (ON) ±0.1 ±0.1 nA typ Vo = Vs = ±15.5V 
±0.4 ±40 ±0.4 ±40 nAmax 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 V max 
Input Current 

IINL or IINH 0.005 0.005 VIN = VINL or V1NH 
±O.s 

DYNAMIC CHARACTERISTICS2 

tON 110 RL = 300 n , CL = 35 pF 
175 Vs = ±IOV 

toFF 100 L = 300 n , CL = 35 pF 
Vs = ±10V 

Charge Injection Vs = 0 V, Rs = 0 n, CL = 10 nF 
OFF Isolation RL = .50 n, CL = 5 pF, f = 1 MHz 
Channel-to-Channel Crosstalk RL = 50 n, CL = 5 pF, f = 1 MHz 
CS (OFF) f=IMHz 
CD (OFF) f=IMHz 
CD + CS (ON) f=IMHz 

POWER REQUIREMENTS Voo = +16.5 V, Vss = -16.5 V 
Digital Inputs = 0 V or 5 V 

100 0.0001 0.0001 fLA typ 
1 5 1 5 fLA max 

Iss 0.0001 0.0001 fLA typ 
1 5 1 5 fLA max 

IL 0.0001 0.0001 
1 5 1 5 fLAmax 

NOTES 
'Temperature ranges are as CoUows: B Versions: -40'C to +85'C; T Versions: -55'C to + l25'C. 
'Sample tested @+25'C to ensure compliance. 
Specifications subject to change without notice. 

PIN CONFIGURATION 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future 'manufacture unless otherwise agreed to in writing. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
±15 V Analog Signal Range 
Low On Resistance «85 !1) 
Low Power Dissipation «1.6 mW) 
Fast Switching Times 

tON < 250 ns 
tOFF < 120 ns 

Latch Up Proof 
Plug-In Upgrade for 

DG201AIADG201A, DG2021ADG202A 
Plug-In Replacement for DG4411DG442 

APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG441 and ADG442 are m 
comprising four independently selec sw 
designed on an enhanced LC2MOS, trench ist) 
which provides low power dissipation yet gives switching 
speed and low on resistance. The on resistance profile is very 
flat over the full analog input range ensuring good linearity and 
low distortion when switching audio signals. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction ensures low power dissipation making the 
parts suitable for portable and battery powered instruments. 
The ADG4411ADG442 are also pin compatible with ADG20lAl 
DG20IA, ADG202A1DG202 devices thereby offering easy sys
tem upgrading. 

Both the ADG441 and the ADG442 contain four independent 
SPST switches. They differ only in that the digital control 
logic is inverted. Each switch conducts equally well in both 
directions when ON and has an input signal range which 
extends to the supplies. In the OFF condition signal levels up 
to the supplies are blocked. All switches exhibit break-before
make switching action for use in multiplexer applications. 
Inherent in the design is low charge injection for minimum 
transients when switching the digital inputs. 

LC2MOS 
Quad SPST Switches 

ADG441/ADG442 
FUNCTIONAL BLOCK DIAGRAMS 

Sl 

IN1 

01 

S2 

IN2 

02 

S3 

IN3 

03 

S4 

IN4 

04 

Truth Table 

In 

o 

ADG442 Switch 
In 

1 
o 

Condition 

ON 
OFF 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

The ADG4411ADG442 are fabricated on an enhanced 
LC2MOS process giving an increased signal range which 
extends to the supply rails. 

2. Low Power Dissipation 

3. Low RON 

4. Trench isolation guards against latch up. 

I 
Sl 

01 

S2 

02 

S3 

03 

S4 

04 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADG441/ADG442 _ SPECIFICATIONS 1 ~i~d~ +15 V. Vss = -15 V. GND = 0 V. unless otherwise 

B Version 

Parameter 

Analog Signal Range 

RoN 
LEAKAGE CURRENTS 

Source OFF Leakage Is (OFF) 
Drain OFF Leakage 10 (OFF) 
Channel ON Leakage 10 (ON), Is (ON) 

DIGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Current 

IINL or IINH 

DYNAMIC CHARACfERISTICS2 

toN 
toFF 
toFF 
Charge Injection 
OFF Isolation 
Channel-to-Channel Crosstalk 
Cs (OFF) 
Co (OFF) 
Co, Cs (ON) 

POWER REQUIREMENTS 

100 
Iss 

NOTES 

+25°C 

±15 
85 

0.25 
0.25 
0.4 

1 
60 
100 
4 
4 
16 

'Temperature ranges are as follows: B Versions: -4O"C to + 
'Sample tested @ + 2S"C to ensure compliance. 

Specifications subject to change without notice. 

-4O"C to 
+85"C 

±15 
100 

20 
20 
40 

2.4 
0.8 

±0.5 

250 
120 
170 

T Version 
-55"C to 

+25°C +125"C Units 

±15 ±15 V 
85 100 Gmax 

0.25 20 nAmax 
0.25 20 nAmax 
0.4 40 nAmax 

2.4 V min 
0.8 V max 

±0.5 jLA max 

250 nsmax 
120 nsmax 
170 

PIN CONFIGURATION 

IN2 

D2 

S2 
ADG441 
ADG442 voo 

NC 
TOP VIEW 

(Not 10 Scale) 

D3 

Test Conditions/Comments 

Vo = ±8.5 V, Is = -10 mA 

Voo = +16.5 V, Vss = -16.5 V 
Vo = ±15.5 V, Vs = +15.5 V 
Vo = ±15.5 V, Vs = +15.5 V 
Vo = Vs = ±15.5 V 

RL = 1 kG, CL = 35 pF, Vs = ±10 V 

ADG441 
2 

= 0 V, Rs = 0 G, CL = 1 nF 
= 50 G, CL = 5 pF, f = 1 MHz 

RL = 50 G, CL = 5 pF, f = 1 MHz 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
±15 V Analog Signal Range 
Low On Resistance «80 fi) 
Ultralow Power Dissipation (35 ",WI 
Fast Switching Times 

tON < 250ns 
toFF < 120 ns 

Latch Up Proof 
Plug-In Upgrade for 

DG2111ADG211A. DG212/ADG212A 
Plug-In Replacement for DG411/DG412 

APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG444 and ADG44S are mo 
comprising four independently selec 
designed on an enhanced LC2MOS, trench 
which provides low power dissipation yet gives SWlt 
speed and low on resistance. The on resistance profile is very 
flat over the full analog input range ensuring good linearity and 
low distortion when switching audio signals. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction ensures ultralow power dissipation making 
the parts ideally suited for portable and battery powered 
instruments. 

Both the ADG444 and the ADG44S contain four independent 
SPST switches. They differ only in that the digital control logic 
is inverted. Each switch conducts equally well in both directions 
when ON and has an input signal range which extends to the 
supplies. In the OFF condition signal levels up to the supplies 
are blocked. All switches exhibit break-before-make switching 
action for use in multiplexer applications. Inherent in the design 
is low charge injection for minimum transients when switching 
the digital inputs. 

Truth Table 

ADG444 ADG445 
In In 

o I 
1 0 

Switch 
Condition 

ON 
OFF 

LC2MOS 
Quad SPST Switches 

ADG444/ADG445 I 
FUNCTIONAL BLOCK DIAGRAMS 

Sl 

IN1 

01 

S2 

IN2 

02 

53 

1N3 

D3 

S4 

1N4 

D4 

SHOWN FOR A LOGIC "1·· INPUT 

trench isolated process giving an increased signal 
which extends to the supply rails. 

3. Low RoN 
4. Trench isolation guards against latch up. 

5. Single Supply Operation 
For applications where the analog signal is unipolar the 
ADG444/44S can be operated from a single rail power 
supply. 

Sl 

01 

S2 

D2 

53 

03 

S4 

04 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADG444/ADG445-SPECIFICATIONS1 ~~~d~ +15 V, Vss = -15 V, GND = 0 V, unless otherwise 

Parameter 

Analog Signal Range 
RON 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) 

Drain OFF Leakage ID (OFF) 

Channel ON Leakage ID (ON), Is (ON) 

DIGITAL INPUTS 
Input High Voltage, V1NH 
Input Low Voltlige, V1NL 
Input Current 

IINL or IINH 

DYNAMIC CHARACTERISTICS2 

tON 

lapp 

Charge Injection 
OFF Isolation 
Channel-to Channel Crosstalk 
Cs (OFF) 
CD (OFF) 
CD' Cs (ON) 

POWER REQUIREMENTS 

Iss 

NOTES 

B Version 
-40°C to 

+2SoC +SsoC 

±IS ±IS 
SO 100 

0.01 
0.5 20 
0.1 
0.25 20 
0.1 
0.5 40 

2.4 
O.S 

±0.5 

110 
175 

100 
14S 

S 

S 

TVersion 
-55°C to 

+2SoC +l2SoC 

±15 ±15 
SO 100 

0.01 
0.5 20 
0.1 
0.25 20 
0.1 
0.5 40 

2.4 
O.S 

±0.5 

110 

S 

S 

ITemperature ranges are as follows: B Versions: -40'C to +85°C; S Versions: -55'C to + 125°C. 
'Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 

PIN CONFIGURATION 
(DIP/sOIC) 

ADG444 
ADG445 

TOP VIEW 
(Not to Scale) 

1N2 

02 

S2 

Units 

V 
nmax 

nA typ 
nAmax 
nA typ 
nAmax 
nAtyp 
nAmax 

V min 
V max 

I.IA max 

I.IA max 

Test Conditions! . 
Comments 

VD = ±S.5 V, Is = -10 mA 

VDD = +16.5 V, Vss = -16.5 V 
VD = ±IS.S V, Vs = +IS.S V 

VD = ±15.S V, Vs = +15.S V 

VD =Vs =±IS.5V 

RL =300n,CL =35pF 
Vs = ±IO V 
RL = 300 n, CL = 35 pF 
Vs = ±IO V 
Vs = 0 V, Rs = 0 n, CL = I nF 

L = 50 n, CL = S pF, f = 1 MHz 
RL = 50 n, CL = S pF, f = I MHz 

VDD = +16.5 V, Vss = -16.S V 
Digital Inputs = 0 V or 5 V 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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~ANALOG 
L.III DEVICES 

CMOS 
8/16 Channel Analog Multiplexers 

FEATURES 
44V Supply Maximum Rating 
Vss to VDO Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges 110.8V to 16.5V) 
Extended Plastic Temperature Range 

( - 40°C to + 85OC) 
Low Power Dissipation (28mW maxi 
Low Leakage (20pA typ) 
Available in 28-Lead DIP, SOIC, PLCC and 

LCCC Packages 
Superior Alternative to: 

DG506A, HI-506 
DG507A, HI-507 

GENERAL DESCRIPTION 
The ADG506A and ADG507A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
The ADG506A switches one of 16 inputs to a common output 
depending on the state of four binary addresses and an enable 
input. The ADG507A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 

The ADG506A and ADG507 A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
V 55 to V DD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
IO.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN. 

PRODUCT HIGHLIGHTS 
I. SinglelDuai Supply Specifications with a Wide Tolerance: 

The devices are specified in the IO.8V to 16.5V range for 
both single and dual supplies. 

2. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of V ss to V DD. 

3. Break-Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
sig'nals are protected against momentary shorting. 

4. Low Leakage: 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 

REV. A 

51 

II 
II 
II 
II 
II 

ADG506A1 ADG507 A I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG506A 

o----_-QDA 

516 tr-t----o1 

AU A1 A2 A3 EN AU A1 A2 EN 

ORDERING INFORMATION 

Temperature Package 
Modell Range Option2 

ADG506AKN - 40°C to + 85°C N-28 
ADG506AKR - 400(: to + 85°C R-28 
ADG506AKP - 40°C to + 85°C P-28A 
ADG506ABQ - 40°C to + 85°C Q-28 
ADG506ATQ - 55°C to + 125°C Q-28 
ADG506ATE - 55°C to + 125°C E-28A 

ADG507AKN - 40°C to + 85°C N-28 
ADG507AKR - 40°C to + 85°C R-28 
ADG507AKP -40°C to + 85°C P-28A 
ADG507ABQ - 40°C to + 85°C Q-28 
ADG507ATQ - 55°C to + 125°C Q-28 
ADG507ATE - 55°C to + 125°C E-28A 

NOTES 
ITo order MIL-STD-883, Class B processed parts, add 1883B 
to part number. See Analog Devices Military Products 
Databook (1990) for military data sheet. 

2N = Plastic DIP; R = 0.3" Small Outline IC (SOlC); 
P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip; 
E = Leadless Ceramic Chip Carrier (LCCC). For outline 
information see Package Information section. 
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ADG506A1ADG507A -SPECIFICATIONS 
Dual Supply (Voo = +IO.BV to +IB.5V, Vss = -IO.BV to -IB.5V unless otherwise specified) 

ADGS06A 
ADGS07A 
KVersloa 

-4O'Cto 
Parameter +Z5"C +8S"C 

ANALOG SWITCH 
AnaJog Signal Range Vss V .. 

Voo Voo 

RoN 280 
450 600 
300 400 

RoN Drift 0.6 
RoNMatclt 5 

Is (OFF), Off Input Leakage 0.02 
I 50 

10 (OFF), Off Output Leakage 0.04 
ADG506A I 200 
ADG507A I 100 

10(ON),OuChannelLeakage 0.04 
ADG506A I 200 
ADG507A I 100 

101FF' Differential Off Output 
Leakage (ADG507AonIy) 25 

DIGITAL CONTROL 
VINH, Input High Voltage 2.4 
V INL, Input Low Voltage 0.8 
IINLorJINH I 
CIN DjJitallnput Capacitance 8 

DYNAMIC CHARACTERISTICS 
tTRANsmON 

I 200 
300 400 

IoPEN 
I 50 

25 10 

ioN (EN)' 200 
300 400 

Iopp(EN)1 200 
300 400 

OFF lso\stion 68 
50 

Cs(OFF) 5 
Co (OFF) 

ADG506A 44 
ADG507A 22 

QIN), Charge Injection 4 

POWER SUPPLY 
100 0.6 

1.5 

Iss 20 
0.2 

Power Dissipation 10 
28 

NOTE 
ISaJnp1etestedat25"C toensurecompliaJu:e. 
Specifications subject to cbaqe without notice. 

ADG506A 
ADG507A 
BVersion 

-4O'Cto 
+15"C +85"C 

Vss V .. 
Voo Voo 

280 
450 600 
300 400 

0.6 
5 

0.02 
I 50 

0.04 
I 200 
I 100 

0.04 
I 200 
I 100 

25 

2.4 
0.8 
I 

8 

200 
300 400 

50 
25 10 

200 
300 400 

200 
300 400 

68 
50 

5 

44 
22 
4 

0.6 
1.5 

20 
0.2 

10 
28 
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ADG506A 
ADG507A 
TVersloa 

-sS"Cto 
+25"C + lZ5"C Uaib Comments 

V .. V .. V min 
Voo Voo V max 

280 Otyp -IOV .. Vs"+lOV,los=lmA;TestCircuitl 
450 600 o max 

o max Voo=15V(± Ul%), Vss= -15V(± 10%) 
300 400 o max VDD=15V(±5%),V .. = -15V(±5%) 
0.6 %l"Ctyp -IOV"Vs" + 10V, los = ImA 
5 %typ -IOV"Vs" + 10V, los = ImA 

0.02 nAtyp VI= ± IOV, V2= + 10V; Test Circuit 2 
I 50 nAmax 

0.04 nAtyp VI= ±IOV, V2= + 10V; Test Circuit 3 
I 200 nAmax 
I 100 nAmax 

0.04 nAtyp VI= ± 10V, V2= + 10V; TestCircuit 4 
I 200 nAmax 
I 100 nAmax 

25 nAmax VI = ±IOV, V2=+IOV;TestCircuit5. 

2.4 V min 
0.8 V max 
I "A max VIN= =OtoVoo 

8 pFmax 

200 nstyp VI = ± 10V, V2= +IOV;TestCircuit6 
300 400 nsmax 

50 nstyp Test Circuit 7 
25 10 Dsmm 

200 nstyp Test Circuit 8 
300 400 nsmax 

200 nstyp Test Circuit 8 
300 400 nsmax 

68 dBtyp VEN =0.8V,RL = Ikll,CL= 15pF, 
50 dB min V s = 7V nus, f = 100kHz 

5 pFtyp VEN =0.8V 

44 pFtyp VEN =0.8V 
22 pFtyp 
4 pCtyp Rs =Ofi,Vs=OV; TestCircuit9 

0.6 mAtyp VIN=VINLorVINH 

1.5 mAmax 

20 "Atyp VIN= VlNLorVINH 

0.2 mAmax 

10 mWtyp 
28 mWmax 

REV. A 



ADG506A1ADG507A 
Single Supply (Yoo = +lD.8V to +16.5V. Vss = GND = DV unless othelWisa spacified) 

ADG506A 
ADG507A 
KVersioD 

-4O"C10 
Parameter +l5"<: +85"<: 

ANALOG SWITCH 
Anal08 Signal Range V .. Vss 

Voo Voo 
RoN 500 

700 1000 
RoN Drift 0.6 
RoNMatcb 5 

Is (OFF), Off Input Leakage 0.02 
I 50 

10 (OFFj, Off Output Leakage 0.04 
ADG506A I 200 
ADG507A I 100 

Io(ON),OnChannelLeakage 0.04 
ADG506A I 200 
ADG507A I 100 

IDlFF, Differeatial Off OUtput 
Leakage (ADG507Aonly) 25 

DIGITAL CONTROL 
VINH, Input High Voltsge 2.4 
V INL, Input Low VoItsge 0.8 
IINL Or1lNH I 
CIN Digital Input Capacitsnce 8 

DYNAMIC CHARACTERISTICS 
tTRANsmON 

I 300 
450 600 

toPEN 
, 

50 
25 10 

toN (EN)l 250 
450 600 

topp(EN)' 250 
450 600 

OFF Isolation 68 
50 

Cs(OFF) 5 
Co (OFF) 

ADG506A 44 
ADG507A 22 

QINj) Charge Injection 4 

POWER SUPPLY 
100 0.6 

1.5 

Power Dissipation 10 
25 

NOTE 
ISample tested at 2S"C to ensure compliance. 
Specifications subiect to c:haqe without notice. 

A3 A2 
X X 

0 0 

0 0 

0 0 

0 0 

0 , 
0 , 
0 1 

0 1 

1 0 

1 • 
1 • 
1 • 
1 1 

1 1 

1 1 

1 1 

REV. A 

ADG506A ADG506A 
ADG507A ADG507A 
BVersion TVersioD 

-4O"Cto -55"<:10 
+l5"<: +85"<: +Z5"<: + lZS"C UDits Commeats 

V .. Vss Vss "Y .. V min 
Voo Voo Voo Voo V max 
500 500 fityp OV:s;Vs:S; + 10V, Ios=0.5mA; Test Circuit I 
700 1000 700 1000 fimax 
0.6 0.6 %rCtyp OV";Vs "; + 10V,los =0.5mA 
5 5 %typ OV,,;Vs";+ IOV,Ios=0.5mA 

0.02 0.02 nAtyp VI = + 10VlOV, V2=OVl+ 10V; 
I 50 I 50 nAmo: Test Circuit 2 

0.04 0.04 nAtyp VI = + 10V/OV, V2=OV/+ 10V; 
I 200 I 200 nAmax Test Circuit 3 
I 100 I 100 nAmax 

0.04 0.04 nAtyp VI = + 10V/OV, V2=OV/+ 10V; 
I 200 I 200 nAmax Test Circuit 4 
I 100 I 100 nAmax 

VI = + 10VIOV, V2=OV/+ IOV; 
25 25 nAmax Test Circuit 5. 

2.4 2.4 V min 
0.8 0.8 V max 
I I IlAmax VIN=OtoVOD 

8 8 pFmax 

300 300 nstyp VI = + 10V/OV, V2=OV/+ IOV; Test Circuit 6 
450 600 450 600 nsmax 

50 50 nstyp Test Circuit 7 
25 10 25 10 DSmin 

250 250 nstyp Test Circuit 8 
450 600 450 600 nsmax 

250 250 nstyp Test Circuit 8 
450 600 450 600 nsmax 

68 68 dBtyp VBN=0.8V,RL = Ikfi,CL = 15pF, 
50 50 dB min Vs =3.5Vrms,f= 100kHz 

5 5 pFtyp VEN =0.8V 

44 44 pFtyp VBN =0.8V 
22 22 pFtyp 
4 4 pCtyp Rs=0!l,Vs =OV;TestCircuit9 

0.6 0.6 mAtyp VIN=VINLorVINH 
1.5 1.5 mAmax 

10 10 mWtyp 
25 25 mWmax 

TRUTH TABLES 
ON ON 

AI IIJl EN SWITCH SWITCH 
X X 0 NONE A2 AI AD EN PAIR 

0 0 I , X X X • NONE 

0 , , 2 • • • , , 
, 0 , , 0 • 1 1 2 , , 1 • 0 1 • 1 , 
0 0 , 5 • 1 1 1 • 
0 , , • I 0 • 1 5 

1 0 1 7 1 0 1 1 • 
1 1 1 8 1 1 • 1 7 

0 0 1 9 1 1 1 1 8 

• , , 10 ADG507A 
1 0 1 11 

1 1 1 12 

• 0 1 13 

• 1 1 ,. 
1 • 1 IS 
1 1 1 16 

X=Don'tCare 

ADG50BA 
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ADG506A1ADG507A 
ABSOLUTE MAXIMUM RATINGS· 
(fA = 2S·C unless otherwise noted) 

Voo to VSS . 
VootoGND 
VSS toGND. 
Analog Inputs' 

Voltage at S, D 

•• 44V 
... 2SV 
. -2SV 

Digital Inputs' 
Voltage at A, EN 

Power Dissipation (Any Package) 
Up to +7SOC •..... 
Derates above + 7SOC by 

Operating Temperature 

......•.•. Vss -4Vto 
Voo +4Vor 

20mA, Whichever Occurs First 

470mW 
6mWI"C 

Vss -2V to 
Voo +2Vor 

20mA, Whichever Occurs First 
20mA 

Commercial (K Version) -4OOC to +8SOC 
Industrial (B Version) . . -4OOC to + 8SOC 

Continuous Current, S or D 
Pulsed Current S or D 

Extended (f Version) • . - SSOC to + 12SOC 
Storage Temperature Range . - 6SOC to + lSO"C 

lms Duration, 10"A> Duty Cycle 40mA Lead Temperature (Soldering, 10secs) .......... + 3OO·C 

NOTE 
'Ovenoltage at A, EN, S or D will be clamped bydiodes. Current should be 
limited to the Maximum Raling above. 

·COMMENT; Stresses above those listed wider "Absolute Maximum Ratinga" IDlY cause permanent damage to the device. This is a 8tress ",ling only ami 
functional opemtion of the device at these or any other conditions above those indicated in the opemtiooai sections of this specification is not implied. Exposure 
to absolute maximum ",ling conditions for extended periods may affect device reliability. 
CA~ON ________________________ ~ ______________________ __ 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should be 
discharged to the destination socket before devices are removed. 

WARNING! 0 
~~EOEVICE 

DIP, SOIC 

Ne '" NO CONNECT 

NC '" NO CONNECT 

5-82 CMOS SWITCHES & MUL TIPLEXERS 

PIN CONFIGURATIONS 

815 5 

514 6 

S13 7 

&12 8 

sn 9 

S1010 

LCCC 

8 •• > a > fI) 

12827& 

U 

ADG506A 
TOPYIEW 

INotto Sceie' 

""~L==============J) 
12 13 14 '5 18 17 18 

!i!~~~c~c:i 

" NC z NO CONNECT 

.. 
" ~ 8 g ~ ! ill z ,. 

4 3 2 , 282728 

878 5 .. .... 
".7 
54 •• 

ADG501A 
TOP VIEW 

S3B 9 
(Not to Scele} 

82110 

S,81' 

12 13 14 15 18 17 18 

!il !;! !;! :I c ~ ~ 

" NC .. NO CONNECT 

26 87 

.. 58 

23S5 

,,84 
"&3 

" .. 
1951 

25 S7A 

.. S6A 

23 SSA 

22S4A 

21 SlA 

20S2A 

19 S1A 

PLCC . 
~ !i J .. ; III ;;; , 28 27 28 

25 87 

ADG506A 
TOP VIEW 

(Not to Scale) 

~ ~ ::z ~ :c :i! :5 
" 
Ne '" NO CONNECT 

; !;! ~ J g ; ! 

25 S7A 

ADG507A 
_VIEW 

(NottoScelal 

Stl 11 

12 13 14 15 16 17 ,. 
!i1 !Il !Il ~ C l! iii 
" He = NO CONNECT 
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Typical Performance Characteristics-ADG506A1ADG507A 
The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.SV. 

700 

600 
VDO = +5V 
Vss = -5V 11\ 

IJV \ 
500 

- VDD = +10.8V \ 
Vss = -,a.BV 

.)('-.. /' I'-., 
Veo = +~V i'-- V ...... ""----

200 

Vss = -15V 
.00 

o 
-20 -15 -10 -5 .0 '5 20 

VpIVs)-Volts 

RON as a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25°C 

.00 

vl = +~6.5V 
VDO = -16.5V 

/ 
lolONI / 

V 
lolOFV 
./ V 

V 
V 

V 
,/" 

./' 
,/'" 

,/" ~OFFI 
D.' 

/' 
V 

/ 
,./ 

25 35 45 55 65 75 85 95 105 115 125 

TEMPERATURE - "C .. 
Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 

800 

700 

800 \ 

'" ~GLE SUPPLY 

DUAL 
,.!, 
I'----. ~.t r---P-

2 
~ SOD 

~ 1 400 

300 

200 

.00 I 

5 8 10" 12 13 14 15 
SUPPLY VOLTAGE-Volts 

t7RANSITION vs. Supply Voltage: Dual and Single Supplies, 
TA = +25"C 
(Note: For Voo and /Vss/ < 10V; V1 = VooIV,ss, 
V2 = VsslVoo- See Test Circuit 6) 

REV. A 

700 

800 

500 

=400 , 
~ 

a:: 300 

200 

'00 

IJ( 
.f"\.. 

J r 
f~~'1-
X Vpo = +1SV 

v;..= ov 

" 
-20 -15 -10 -5 '0 '5 20 

VoIVs) - Vohs 

RON as a Function of Vo(Vs): Single Supply Voltage, 
TA = +25°C 

'.9 

'.8 

/' ~ 
II "'" ~ I---

~ '.6 

'.5 I I 

5 10 11 12 13 14 15 
SUPPLVVOLTAGE- Volts 

Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = + 25°C 

0.8 

0.6 -.. 
E , 
j 

0.4 
l..------.-

0.2 V ~ 

10 11 12 13 14 15 16 17 

SUPPLY VOLTAGE- Volts 

100 vs. Supply Voltage: Dual or Single Supply, TA 
+25"C 
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ADG506A1ADG507A - Test Circuits 
Note: All Digital Input Signal Rise and Fall Times Measured from 10% to 90% of 3V. tR = t~ = 20us. 

V. 

TEST CIRCUIT 1 
RoN 

IDS -
~-----V1-----4~ 

o 

TEST CIRCUIT 4 
ID(ON) 

Voo Vss 

o 

V1~ 
~ V2 

TEST CIRCUIT 2 
Is (OFF) 

Voo Vss 

o 

+O.8V 

TEST CIRCUIT 3 
ID(OFF) 

VOO v •• 

Voo V .. 

EN 
GND 

TEST CIRCUIT 5 
IDJFF 

Voo Vss 

EN O.8V 

DA 
A 

ADG507A 

DB 
A 

GND 

0 

+D.8V 

V V2 V V1 

IDIFF = 'OA (OFF)-IDB(OFF) 
TEST CIRCUIT 6 

SWITCHING TIME OF MULTIPLEXER, t'I1lANSITlON 

Voo Vss 

3V __ I I ADDRESS 
~EIVINI 

OV 1 1 
1 1 

Von Vss 

.-----........ "-1 A3 S1 V1 
I 1 
1 1 

A2 52 THRU S15 t-----, 

1 I 
1 1 
1 

A1 S16 

AO ADG506A* 
EN 

-l -f 
tTRANSITION 

'SIMILAR CONNECTION FOR AD507A 

TEST CIRCUIT 7 
BREAK·BEFORE-MAKE DELAY, toPEN 

VOD Vas 

V2 

35pF 

S1 t--~p-+5V 

~UT 
I , 

--I I
toPEN 

2.4V 

'SIMILAR CONNECTION FOR AD507A 

5-84 CMOS SWITCHES & MUL TIPLEXERS 

A1 
S16 

AO ADG506A* 

EN 

35pf 
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TEST CIRCUIT 8 
ENABLE DELAY, toN (EN), tow (EN) 

VDO Vss 

3V~NABLE 
----- DRIVE IV'N) 

OV 150% I 
I I 
I I 

A3 

~90% I I OUTPUT 1.1 10% 

--I toN l-:to I 
lEN) -IIEIil'II-

SOil 

'SIMILAR CONNECTION FOR AD507A 

3V\ r 
VIN L--.J 

OV -1 

TEST CIRCUIT 9 
CHARGE INJECTION 

A1 

A2 

VDO Vss 

A3 ADG506A* 

ADG506A1ADG507A 

S1 +5V 

35pF 

Vo ~vor----., 
I R. 
I V. r-'lNIr-iIl------+=-=--- l'c-.......:+_----I 

~--:r---j 
a'NJ = CL x .iVo ¢ V'N .I1.. 

'SIMILAR CONNECTION FOR AD507A 

SINGLE SUPPLY AUTOMATIVE APPUCATION The AD7S80 is a lO-bit successive approximation ADC which 
has an on-chip sample-hold amplifier and provides a conversion 
result in 20ILS. The ADC has a differential analog inputs and is 
configured in the application circuit for a span of 2.5V over a 
common-mode range 0 to + SV. Wider common-mode ranges 
can be accomodated. See the AD7S79/AD7S80 data sheet for 
more details. The complete system operates from + 12V (± 10%) 
and + SV supplies. The analog input signals to the ADGS07 A 
contain information such as temperature, pressure, speed etc. 

The excellent performance of the multiplexers under single 
supply conditions makes the ADGS06A/ADGS07A suitable in 
applications, such as automotive and disc drives, where only 
positive power supply voltages are normally available. The fol
lowing application circuit shows the ADGS07 A connected as an 
8-channel differential multiplexer in an automotive, data acquis
ition application circuit. 

TRANSDUCERS 
15VMAXI 

12VI±10%1 

Voo 

S1A DA 1----------_--1 V'NI+)A 

V'NI+)B 

seA DB t----------.... -i V'NI-IA 

V'NI-IB 

+5V 

S1B 

ADG507A AD7580 

REV. A 
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ADG507A in a Single Supply Automotive Data Acquisition 
Application. 
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ADG506A1ADG5Q7A 
TERMINOLOGY 

RoN 
RoN Match 
RoN Drift 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vs (Yo) 
Cs (OFF) 
Co (OFF) 

CIN 

toN (EN) 

Ohmic resistance between terminals 0 and S 
Difference between the RoN of any two channels 
Change in RoN venus temperature 
Source terminal leakage current when the switch 
is off . 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or 0 
Channel input capacitance for "OFF' condition 
Channel output capacitance for "OFF" 
condition 
Digital input capacitance 
Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 

5-86 CMOS SWITCHES & MUL TIPLEXERS 

topp(EN) 

tTRANsmON 

VINL 
VINH 

IINL (In~w 
Voo 
Vss 
100 
Iss 

Delay time between the 50% and 10% points of 
the digital input and switch "OFF" condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "1" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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11IIIIIIII ANALOG 
WOEVICES 

FEATURES 
44V Supply Maximum Rating 
Vss to Voo Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges 110.8V to 16.5V) 
Extended Plastic Temperature Range 

1-40"C to + 85·C) 
Low Power Dissipation 128mW max) 
Low Leakage 120pA typ) 
Available in 16-Lead DIP/SOIC and 

20-Lead PLCC/LCCC Packages 
Superior Alternative to: 

DG50BA, HI-50B 
DG509A, HI-509 

GENERAL DESCRIPTION 
The ADG50SA and ADG509A are CMOS monolithic analog 
multiplexers with S channels and dual 4 channels respectively. 
The ADG50SA switches one of S inputs to a common output 
depending on the state of three binary addresses and an enable 
input. The ADG509A switches one of 4 differential inputs to a 
common differential output depending on the state of two binary 
addresses and an enable input. Both devices have TTL and 5V 
CMOS logic compatible digital inputs. 

The ADG50SA and ADG509A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
Vss to VDD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
IO.SV to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN. 

PRODUCT HIGHLIGHTS 
I. Single/Dual Supply Specifications with a Wide Tolerance: 

The devices are specified in the IO.SV to 16.5V range for 
both single and dual supplies. 

2. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of V ss to V DD. 

3. Break-Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

4. Low Leakage: 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 

REV. A 
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ADG508A1 ADG509A I 
FUNCTIONAL BLOCK DIAGRAMS 

o----_-t'l D o----...... ODA 

o----<KJ DB 

sa Q--+----<r1 

AO A1 A2 EN AO A1 EN 

ORDERING GUIDE 

Temperature Package 
Modell Range Option2 

ADG50SAKN -40°C to +S5°C N-16 
ADG50SAKR -40°C to +S5°C R-l6A 
ADG50SAKP -40°C to +S5°C P-20A 
ADG50SABQ -40°C to +S5°C Q-16 
ADG50SATQ3 - 55°C to + 125°C Q-16 
ADG50SATE3 - 55°C to + 125°C E-20A 

ADG509AKN -40°C to +S5°C N-16 
ADG509AKR -40°Cto +S5°C R-l6A 
ADG509AKP -40°C to +S5°C P-20A 
ADG509ABQ -40°Cto +S5°C Q-16 
ADG509ATQ - 55°C to + 125°C Q-16 
ADG509ATE - 55°C to + 125°C E-20A 

NOTES 
ITo order MIL-STD-883, Class B processed parts, add 
/883B to part number. See AnsIog Devices Military 
Products Dat.book (1990) for military data sbeet. 

2E = Leadless Ceramic Cbip Carrier (LCCC); N = 
Plastic DIP; P = Plastic Leaded Cbip Carrier (pLCC); 
Q = Cerdip; R = 0.15" Small Outline IC (SOIC). 
For outline information see Package Iuformation section. 
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ADG508A1ADG509A-SPECIFICATIONS 
Dual Supply (VDD = +10.8V to +16.5Y, Yss = -10.BY to -16.5Y unless otherwise noted.) 

ADGSOBA 
ADG509A 
KVersion 

-4O"Cto 
Parameter +lS"C +85"C 

ANALOG SWITCH 
Analog Sigoal Range Vss Vss 

Voo Voo 

RoN 280 
450 600 
300 400 

RoN Drift 0.6 
RoN Match 5 

Is (OFF), Off Input Leakage 0.02 
I 50 

10 (OFF), Off Output Leakage 0.04 
ADG508A I 100 
ADG509A I 50 

10 (ON), OnChanne1 Leakage 0.04 
ADG508A I 100 
ADG509A I 50 

IotFF, Differential OIIOutput 
Leakage(ADG509Aoniy) 25 

DIGITAL CONTROL 
V INH, Input High Voltage 2.4 
VINL, Input Low Voltage 0.8 
IINLorlINH I 
CIN Digital Input Capacitance 8 

DYNAMIC CHARACTERISTICS 

tTRANsmON 
, 

200 
300 400 

toPEN 
, 

50 
25 10 

toN (EN)' 200 
300 400 

toFF(EN)' 200 
300 400 

OFF Isolation 68 
50 

Cs(OFF) 5 
CD (OFF) 

ADG508A 22 
ADG509A 11 

QINJ' Charge Injection 4 

POWER SUPPLY 
IDo 0.6 

1.5 

Iss 20 
0.2 

Power Dissipation 10 
28 

NOTE 
J Sample tested at 2S"C to ensure compliance. 

Spedfications subject to chaoge without notice. 

ADG508A 
ADGS09A 
BVersion 

-4O"Cto 
15"C +85"C 

Vss Vss 
Voo Voo 

280 
450 600 
300 400 

0.6 
5 

0.02 
I 50 

0.04 
I 100 
I 50 

0.04 
I 100 
I 50 

25 

2.4 
0.8 
I 

8 

200 
300 400 

50 
25 10 

200 
300 400 

200 
300 400 

68 
50 

5 

22 
11 
4 

0.6 
1.5 

20 
0.2 

10 
28 

~B8 CMOS SWITCHES & MUL TIPLEXERS 

ADG508A 
ADGS09A 
TVenion 

-5S"Cto 
+15"C +12S"C Uaits Comments 

Vss Vss V min 
Voo Voo V max 

280 Iltyp -IOV ... Vs'" + 10V, los = ImA; Test Circuit I 
450 600 Ilmax 

Ilmax VDo =15V(± 10%), Vss= -15V(± 10%) 
300 400 Ilmax VoD =15V(±5%), Vss= -15V(±5%) 
0.6 %l"Ctyp Vs=O,Ins=lmA 
5 %typ -IOV",Vs'" + 10V, Ins = lmA 

0.02 nAtyp VI = ± 10V, V2= + 10V; Test Circuit 2 
I 50 nAmax 

0.04 nAtyp VI = ± 10V, V2= +IOV;TestCircuit3 
I 100 nAmax 
I 50 nAmax 

0.04 nAtyp VI = ± lOY, V2= + IOV; Test Circuit 4 
I 100 nAmax 
I 50 nAmax 

25 nAmax VI = ± IOV, V2= +IOV;TestCircuit5. 

2.4 V min 
0.8 V max 
I !LA max V1N=OtOVOD 

8 pFmax 

200 nstyp VI = ± 10V, V2= +IOV;TestCircuit6 
300 400 nsmax 

50 nstyp Test Circuit 7 
25 10 nsmin 

200 nstyp Test Circuit 8 
300 400 nsmax 

200 nstyp· Test Circuit 8 
300 400 nsmax 

68 dBtyp VEN =0.8V,RL = IkIl,CL = 15pF, 
50 dBntin Vs =7Vrma,f= 100kHz 

5 pFtyp VEN =0.8V 

22 pFtyp VEN =0.8V 
11 pFtyp 
4 pCtyp Rs = on,vs = OV; Test Circuit 9 

0.6 mAtyp VIN=VINLOrVINH 
1.5 mAmax 

20 !LA typ VIN=VrNLOrVINH 

0.2 lllAmax 

10 mWtyp 
28 mWmax 
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Single Supply (Yuu = +10.8V to +16.5V, Vss = liND = OV unless otherwise noted.) 

ADG508A 
ADG509A 
KVersion 

-48"C1O 
Puameter +25"<: +85"<: 

ANALOG SWITCH 
Analog Signal Range GND GND 

Voo Voo 
RoN 500 

700 1000 
RoN Drift 0.6 
RoN Match 5 

Is (OFF), Offlnput Leakage 0.02 
I 50 

lo(OFF),OffOulputLeakage 0.04 
ADG508A I 100 
ADG509A I 50 

10 (ON), On Channel Leakase 0.04 
ADG508A I 100 
ADG509A I 50 

10lFF, Differential Off Output 
Leakase(ADG509Aoniy) 25 

DIGIT ALCONTROL 
VINH,lnputHigh Voltsse 2.4 
V1NL,InputLowVoltsse 0.8 
IlNLorllNH I 
C1N Digital Input Capacitsnce 8 

DYNAMIC CHARACTERISTICS 

tTRANsmON 
, 

300 
450 600 

!oPBN' 50 
25 10 

!oN(EN)' 250 
450 600 

!oFF (EN)' 250 
450 600 

OFF Isolation 68 
50 

Cs(OFF) 5 
Co (OFF) 

ADG508A 22 
ADG509A II 

QIN1' Charge Injection 4 

POWER SUPPLY 
100 0.6 

1.5 

Power Dissipation 10 
25 

NOTE 
ISample tested at 2SOC to ensure compliance. 
SpecifICations subject to c:bangc without notice. 

ADG508A ADG508A 
ADG509A ADG509A 
aVersion TVersion 

-48"C1O -55"<:10 
+25"<: +8S"<: +25"<: + 125"<: Units 

GND GND GND GND V min 
Voo Voo Voo Voo V max 
500 500 Utyp 
700 1000 700 1000 Umax 
0.6 0.6 %I"Ctyp 
5 5 %typ 

0.02 0.02 nAtyp 
I 50 I 50 nAmax 

0.04 0.04 nAtyp 
I 100 I 100 nAmax 
I 50 I 50 nAmax 

0.04 0.04 nAtyp 
I 100 I 100 nAmax 
I 50 I 50 nAmax 

25 25 nAmax 

2.4 2.4 V min 
0.8 0.8 V max 
I I ILAmax 

8 8 pFmax 

300 300 nstyp 
450 600 450 600 nsmax 

50 50 'nstyp 
25 10 25 10 nsmin 

250 250 nstyp 
450 600 450 600 nsmax 

250 250 nstyp 
450 600 450 600 nsmax 

68 68 dBtyp 
50 50 dB min 

5 5 pFtyp 

22 22 pFtyp 
II II pFtyp 
4 4 pCtyp 

0.6 0.6 mAtyp 
1.5 1.5 mAmax 

10 10 mWtyp 
25 25 mWmax 

TRUTH TABLES 

A2 Al AO EN ON SWITCH 

X X X 0 NONE Al AD 
0 0 0 I I 

0 0 I I 2 
X X 

0 I 0 I 3 
0 0 

0 I I I 4 
0 I 

I 0 0 I 5 
I 0 

I 0 I I 6 
I I 

I I 0 I 7 X=Don'tCare 

I I I I 8 

X=Ooo'tCare ADG508A 

ADG508A1ADG509A 

ColDDlcnts 

GND",Vs'" + IOV, los = O.5mA; Test Circuit I 

Vs=O,los=O.5mA 
GND",Vs'" + 10V, los =0.5mA 

VI= + 10V/GND, V2=GND/+ IOV; 
Test Circuit 2 

VI= + 10V/GND, V2=GND/+ 10V; 
Test Circuit 3 

VI = + 10V/GND, V2 = GNDI + IOV; 
Test Circuit 4 

VI = + 10V/GND, V2=GND/+ IOV; 
Test Circuit S. 

V1N=OtoVoo 

VI = + 10V/GND, V2 = GNDI + 10V; Test Circuit 6 

Test Circuit 7 

Test Circuit 8 

Test Circuit 8 

VEN =0.8V,RL = 1k!l,CL = 15pF, 
Vs =3.5Vnns,f= 100kHz 

VEN=0.8V 

VEN =0.8V 

Rs=on,Vs =OV; Test Circuit 9 

V1N = V1NLor V1NH 

ON 
SWITCH 

EN PAIR 

0 NONE 

I I 

I 2 

I 3 

I 4 

ADG509A 
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ADG5Q8A1ADG509A 
ABSOLUTE MAXIMUM RATINGS· 
(T A = 2S"C unless otherwise noted) 

Voo to VSS . 
VootoGND 
VSS toGND . 
Analog Inputs' 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

. 44V 

. 2SV 
-2SV 

Vss -2V to 
Voo+2Vor 

20rnA, Whichever Occurs First 
20rnA 

Ims Duration, 10% Duty Cycle 40mA 

Digital Inputs' 
Voltage at A, EN 

Power Dissipation (Any Package) 
Up to +7soG ..•.•• 
Derates above + 75"C by 

Operating Temperature 
Commercial (K Version) 
Industrial (B Version) .. 
Extended (T Version) .. 

Storage Temperature Range . 

NOTE 

..•••..... Vss -4V to 
Voo +4Vor 

20rnA, Whichever Occurs First 

470mW 
6mWrc 

- 4O"C to + 8S"C 
- 4()°C to + 85"C 

- 55°C to + 12S"C 
- 65°C to + I SO"C 

'Overvoltage at A, EN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 

*COMMENT: Stresaes above those listed under "Abaolute Maximum Ratinga" may cauae permaoent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above thoae indicated in the operational sections of this speciflClltion is not implied. Exposure 
to abaolutemaximum rating conditions for extended periods may affect device reliability. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

PIN CONFIGURATIONS 

DlP,SOIC LCCC 

iii ~ l! :c ~ 
3 2 , ,. ,. 

" Vss 4 .. 18 GND 

S, • 17 Veo 

NC • 
ADGS08A 

16 NC TOP VIEW 

S2 , INotto Scalel 15 55 

53 • "96 

9 10 " 12 13 

~ Q ~ = Iii NC=NOCONNECT 

iii ~ Ii :c ~ 
~ 

3 2 , 20 19 

" Vu' " 18 Voo .. 
S1A 5 17 51B 

NC' 
ADG509A 
TOP VIEW 16 Ne 

52. , lNottoScalel 15 S2B 

S3A 8 '4 S3B 

9 10 11 12 13 

~ g ~ :! ! NC = NO CONNECT 
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WARNING! ~ 

~~EDEVICE 

• 
:Ii 

iii 
3 

! 

PLCC 

ADG508A 
TOP \nEW 

(Not to Seale) 

10 " 12 

D Ii :li 

~ ~ :c 
2 , 2' 

0 

AOG509A 
TOP VIEW 

INotto Scalel 

l! Ii i!l 

" 
In NC = NO CONNECT 

~ 
~ ,. 

,. Vo> .,. 
NC ... 

I. .3. 

i Ne = NO CONNECT 
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Typical Performance Characteristics-ADG508A1ADG509A 
The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.SV. 

700 

600 

500 

:: 400 , 
~ 

II: 300 

200 

100 

Voo = +5V 
Vss = -5V 

IJV 
~ 

VDD = +10.8V 

V:SPZ 
VOD = +"'SV r--
Vss = -15V 

-20 -15 -10 -5 

~ 

\ 
\ 
/" '-... 

/ ...... ---
10 15 20 

RON as a Function of VoWs): Dual Supply Voltage, 
TA = +25°C 

100 

I I 
Voo = +16.5V 
Vss = -1S.SV 

10 ION) 

,/" 
./ 

rolOFFI 

/./ V 

./ 
V / 

,/ 

./ V V ~OFF) 
..... V V V 
..... V 

r 
0.1 

25 35 45 55 65 75 85 95 10S 115 125 

TEMPERATURE _ °C .. 
Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 

800 

700 

600 

~ 
, 500 

I 
~ 400 
:; 

300 

200 

100 

\ 
\ 

"-
DUAL 

~ 

SINGLE 
'SUPPLY 

~ 
'- ----- I 

5 8 10" 12 13 14 15 
SUPPLVVOLTAGE-Volts 

tTRANSITION vs. Supply Voltage: Dual and Single Supplies, 
TA = +25°C 
(Note: For Voo and /Vss/ < 10V; V1 = VooIV,ss, 
V2 = VssiVoo. See Test Circuit 6) 
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700 

600 

500 

:: 400 , 
~ 

II: 300 

200 

100 

If\. 
II" 

Voo = 1+ la.BV 
Vss = 0 

'f 
) VDD - +15V 

~;.. ~ 0 

"'" 

-20 -15 -10 -5 10 15 20 
VoIVs) - Volts 

RON as a Function of VoWs): Single Supply Voltage, 
TA = +25°C 

1.9 

1.8 

10 ""- ........ 

~ ---- -1.6 

1.5 
I I I 

5 10 11 12 13 14 15 
SUPPLVVOLTAGE- Volts 

Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = +25°C 

0.8 

0.6 

1 , 
; 

0.' -------
0.2 V ~ 

10 11 12 13 14 15 16 17 
SUPPLYVOLTAGE-VDIts 

100 vs. Supply Voltage: Dual or Single Supply, TA = +25OC 

CMOS SWITCHES & MUL TIPLEXERS 5-91 

• 



ADG508A1ADG509A ~ Test Circuits 
Note: All Digital Input Signal Rise and Fall Times Measured from 10% to 90% of 3V. tR = tp = 20na. 

TEST CIRCUIT 1 TEST CIRCUIT 2 TEST CIRCUIT 3 
RoN 

los -
V1 

Vs 

.,.. 

V1~ 

Is (OFF) 10 (OFF) 

v"" Vss 

VDD Vss 

D 

D 
+O.8V 

D EN 
+O.8V 

V1~ 
GND 

EN 
V1 -=- V2-=- GND 

~ ~ 
TEST CIRCUIT 5 

TEST CIRCUIT 4 IoJFP 
10 (ON) VDD V .. 

VDD Vss 

EN O.8V 

DA 
D 

A 

2.4V ADG509A 
EN 

DB 
A 

-=- V2 

~ GND 

~ ~ 
V1 

IDiFF = 'OA (OFF) - IDB (OFF) 

TEST CIRCUIT 6 
SWITCHINGTlME OF MULTIPLEXER, t"DlANSlTION 

Voo Vss 

3V __ I 1 ADDRESS 
~EIVINI 

OV 1 1 VOD Vss 

1 1 ....-----<t-+-; A2 S1 V1 
1 I 
I I 

A1 52 THRU S7 \-------, 

I I AO 58 
I I 
I 

ADG508A* 
EN 

-I 
tTRANSlTlON tTRANSlT/oN 

'SIMILAR CONNECTION FOR ADG509A 

TEST CIRCUIT 7 
BREAK·BEFORE-MAKE DELAY, tonN 

VOD Vss 

'SlMILAR CONNECTION FOR ADG509A 

V2 

OUTPUT 

35pF 
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IDIOFFI 

-=- V2 

~ 

V2 
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TEST CIRCUIT 8 
ENABLE DELAY, toN (EN), tow (EN) 

3V~NABLE 
----- DRIVE IV'N) 

OV 150% I 
I I 
I I 
! 90% rn OUTPUT 

--L1! ! ~O% I I 
-I tON f-- It I 

(EN) _I (~)I-

'SIMILAR CONNECTION FOR ADG509A 

V,:V, r 
ov "------1 

~ 

Voo Vss 

TEST CIRCUIT 9 
CHARGE INjECTION 

AD 

A, 

Voo Vss 

A2 ADG508A* 

ADG508A1ADG509A 

35pF 

Vo ~vor----..., 
I R. 
I v • ....-ONHI------t-=-:--o f"'0--=+ ..... ----1 
I - I 

a'NJ = CL x .1Vo 
L--:r--_.J 
~ V'N J1.. 

'SIMILAR CONNECTION FOR ADG509A 

SINGLE SUPPLY OCTAL DAC APPLICATION voltage reference on a monolithic CMOS chip. The entire system 
operates from a single + l5V power supply. The ADGS08A is 
ideally suited for the application because it has both low charge 
injection and Is (OFF) leakage current. 

The following circuit shows the ADG50SA connected as a de
multiplexer to provide eight separate digitally programmable 
voltages (0 to + lOY) from the AD7245. The AD7245 is a complete 
12-bit, voltage output DAC with output ampliflel' and Zener 

+'5V 

Voo 

D 

+'5V 

EN Voo 

ADG508A 

GND 

V •• 

AD A, A2 
,011 

S, 

S8 

ADG508A in a Single-Supply Octal DAC Circuit 
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ADG508A1ADG509A 
TERMINOLOGY 

RoN 
RoN Match 
RoN Drift 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vs (Vo) 
Cs (OFF) 
Co (OFF) 

CIN 

toN (EN) 

Ohmic resistance between terminals D and S 
Difference between the RoN of any two channels 
Change in RoN versus temperature 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" condition 
Channel output capacitance for "OFF' 
condition 
Digital input capacitance 
Delay time between the 50% and 900;. points of 
the digital input and switch "ON" condition 

5-94 CMOS SWITCHES & MUL TlPLEXERS 

toFF (EN) 

V1NL 

VINH 

IJNL (lINW 
Voo 
Vss 
100 
Iss 

Delay time between the 50% and 10% points of 
the digital input and switch "OFF" condition 
Delay time between the 50% and 900;. points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" time measured between 500;. points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "I" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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IIIIIIIIIII ANALOG 
IIIIIIIIIII DEVICES 

CMOS 
Latched 8/16 Channel Analog Multiplexers 

FEATURES 
44V Supply Maximum Rating 
Vss to Voo Analog Signal Range 
SinglelDual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5V) 
Microprocessor Compatible (100ns WR Pulse) 
Extended Plastic Temperature Range 

(-4O"C to +85°C) 
Low Leakage (20pA typ) 
Low Power Dissipation (28mW max) 
Available in DIP, SOIC, PLCC and LCCC Packages 
Superior Alternative to: 

DG526 
DG527 

GENERAL DESCRIPTION 
The ADG526A and ADG527 A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
On-chip latches facilitate microprocessor interfacing. The 
ADG526A switches one of 16 inputs to a common output de
pending on the state of four binary addresses and an enable 
input. The ADG527 A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 

The ADG526A and ADG527 A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
V~s to VDD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These mUltiplexers 
also feature high switching speeds and low RoN. 

REV. A 

ADG526A1 ADG527 A I 

FUNCTIONAL BLOCK DIAGRAMS 

ADG526A 

s'. o----rQD o----"'ODA 

II 

" II II 
II 
II 

" S'6o--+--..... r-! 

AOA1 A2A3 ENRS 

PRODUCT HIGHLIGHTS 

AD A1 A2 EN AS 

1. Single/Dual Supply Specifications with a Wide Tolerance: 
The devices are specified in the 10.8V to l6.5V range for 
both single and dual supplies. 

2. Easily Interfaced: 

DB 

The ADG526A and ADG527 A can be easily interfaced with 
microprocessors. The WR signal latches the state of the 
Address controllioes and the Enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro
processor reset pin. 

3. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased 3I)alog signal range of V S5 to V DD. 

4. Break-Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

5. Low Leakage: 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 
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ADG526A1ADG527 A -SPECIFICATIONS 
Dual· Supply (VDD = + lD.BY to + l6.5Y, Yss = -lD.BY to -16.5Y unless otherwise noted.) 

< 

ADGSl6A 
ADGSl7A 
KVersion 

-4O"Cto 
Parameter +2S"C +8S"C 

ANALOG SWITCH 
Analog Sisna1 Range Vss V .. 

VDD VDD 

RoN 280 
450 600 
300 400 

RoN Drift 0.6 
RoN Match 5 

Is (OFF), Offlitput Leakage 0.Q2 
I 50 

ID (OFF), Oft'Output Leakage 0.04 
ADG526A I 200 
ADG527A I 100 

ID(ON), OnChsnnel Leskage 0.04 
ADG526A I 200 
ADG527A I 100 

IDlFF, Differential Off Output 
Leakage (ADG527 A only) 25 

DIGITAL CONTROL 
V INH, Input High Voltage 2.4 
V lNL, Input Low Voltage 0.8 
IINLor IINH I 
CIN Digital Input Capacitance 8 

DYNAMIC CHARACTERISTICS' 

tTRANsmON 200 
300 400 

!oPEN 50 
25 10 

!oN(EN,WR) 200 
300 400 

!oFF(EN,RS) 200 
300 400 

tw Write Pulse Width 100 120 
ts Address, Enable Setup Time 100 
tH Address, Enable Hold Time 10 
tRS Reset Pulse Width 100 

OFF Isolation 68 
50 

Cs(OFF) 5 
CD(OFF) 

ADG526A 44 
ADG527A 22 

<lINJ' Charse InjectiQn 4 

POWER SUPPLY 
IDD 0.6 

1.5 

Iss 20 
0.2 

Power Dissipation 10 
28 

NOTE 
ISample tested at + 2S"C toensurecompiiance. 
Specifications subject to change without notice. 
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ADGSlM ADGSl6A 
ADGS17A ADGSl7A 
BVersion TVeninn 

-4O"Cto -sS"Cto 
+2S"C +8S"C +2S"C +12S"C Units 

Vss Vss V .. Vss V min 
VDD VDD VDD VDD V max 

280 280 {ltyp 
450 600 450 600 {lmax 
300 400 {lmax 

300 400 {lmax 

0.6 0.6 %l"Ctyp 
5 5 %typ 

0.02 0.02 nAtyp 
1 50 1 50 nAmax 

0.04 0.04 nAtyp 
I 200 I 200 nAmax 
I 100 I 100 nAmax 

0.04 0.04 nAtyp 
I 200 1 200 nAmax 
I 100 I 100 nAmax 

25 25 nAmax 

2.4 2.4 V min 
0.8 0.8 V max 
I I IloAmax 

8 8 pFmax 

200 200 n.typ 
300 400 300 400 nsmax 

50 50 nstyp 
25 10 25 10 nsmin 

200 200 nstyp 
300 400 300 400 nsmax 

200 200 nstyp 
300 400 300 400 nsmax 
100 120 100 130 nsmin 

100 100 nsmin 
10 10 DSmin 

100 100 nsmin 

68 68 dBtyp 
50 50 dB min 

5 5 pFtyp 

44 44 pFtyp 
22 22 pFtyp 
4 4 pCtyp 

0.6 0.6 mAtyp 
1.5 1.5 mAmax 

20 20 IloA typ 
0.2 0.2 mAmax 

10 10 mWtyp 
28 28 mWmax 

Comments 

-IOV"Vs" + 10V, IDS = lmA;TestCircuit 

VDD = ISV(± 10%), Vss= -ISV(± 10%) 
VDD =15V(±5%), Vss= -15V(±S%) 
-IOV"Vs" + IOV,IDS = lmA 
-IOV"Vs" + IOV,IDS = lmA 

VI= ±IOV, V2=:;:IOV;TestCircuit2 

VI = ± lOY, V2= :;:IOV;TestCircuit3 

VI = ± IOV, V2= :;:IOV;TestCircuit4 

VI = ± 10V, V2= :;:IOV; Test Circuit 5 

VlN =0 to VDD 

VI = ± 10V, V2= :;:IOV;TestCircuit6 

Test Circuit 7 

Test Circuits 8 and 9 

Test Circuits 8 and 10 

SeeFisure I 
SeeFisure I 
SeeFisure I 
SeeFisure2 

VEN =0.8V,RL= IIdl,CL= 15pF, 
Vs=7Vrms,f= 100kHz 

VEN=0.8V 

VEN=0.8V 

Rs = 00, Vs = OV; Test Circuit 11 

VlN=VlNLOrVINH 

VlN=VlNLOrVINH 
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ADG526A1ADG527 A 
Single Supply (VDD = +10.8V to +lS.5V, Vss = GNU = OV unless otherwise noted.) 

ADG526A 
ADG527A 
KVersion 

-4O'Cto 
Parameter +25'C +85'C 

ANALOG SWITCH 
AnsJog Signal Range Vss Vss 

Voo Voo 
RoN 500 

700 1000 
RON Drifl 0.6 
RoN Malch 5 

Is (OFF), Offinpul Leakage 0.02 
I 50 

lo(OFF), OffOulpul Leakage 0.04 
ADG526A I 200 
ADG527A I 100 

lo(ON), On Channel Leakage 0.04 
ADG526A I 200 
ADG527A I 100 

IDlFF, Differential Off Output 
Leakage (ADG527 A only) 25 

DIGITAL CONTROL 
V INH, Input High VolIage 2.4 
V INL, Input Lciw Voltage 0.8 
IINLOrilNH I 
CIN Digital Input Capacitance 8 

DYNAMIC CHARACTERISTICS I 

tTRANSITION 300 
450 600 

tOPEN 50 
25 10 

toN(EN,WR) 250 
450 600 

toFF(EN,RS) 250 
450 600 

tw Write Pulse Width 100 120 
ts Address, Enable Setup Time 100 
tH Address, Enable Hold Time 10 
tRS Reset Pulse Width 100 

OFF Isolation 6B 
50 

Cs(OFF) 5 
Co (OFF) 

ADG526A 44 
ADG527A 22 

QINJ' Charge Injection 4 

POWER SUPPLY 
100 0.6 

1.5 

Power Dissipation 11 
25 

NOTE 
ISample tested at +25OC to ensure complianc:e. 
SpcciflCl.tions subject to cbaqe without norke. 
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ADG526A 
ADG527A 
BVersion 

-·4O"Clo 
+25'C +8S'C 

Vss Vss 
Voo Voo 
500 
700 1000 
0.6 
5 

0.02 
I 50 

0.04 
I 200 
1 100 

0.04 
I 200 
I 100 

25 

2.4 
0.8 
I 

8 

300 
450 600 

50 
25 10 

250 
450 600 

250 
450 600 
100 120 

100 
10 
100 

68 
50 

5 

44 
22 
4 

0.6 
1.5 

11 
25 

ADG526A 
ADG527A 
TVenion 

-55'Cto 
+ 25'C + 12S'C Units Comments 

Vss Vss V min 
Voo Voo V max 
500 OIYP OV",Vs'" + IOV,los=0.5mA;TesICircuill 
700 1000 o max 
0.6 %/'Clyp OV"'Vs"'+ IOV,los=0.5mA 
5 %Iyp OV",Vs'" + IOV,los=0.5mA 

0.02 nAtyp VI = + IOV/OV, ""2=OV/+ IOV; 
I 50 nAmax Test Circuit 2 

0.04 nAtyp VI = + 10V/OV, V2=OV/+ 10V; 
I 200 nAmax TeslCircuil3 
I 100 .nAmax 

0.04 nAlyp VI = + IOVlOV, V2=OV/+ 10V; 
I 200 nAmax Test Circuit 4 
I 100 nAmax 

VI= + IOVlOV, V2=OV/+ 10V; 
25 nAmax Test Circuit 5 

2.4 V min 
0.8 V max 
I I<Amax VIN=OtOVoo 

8 pFmax 

300 nstyp VI = + 10VlOV, V2=OVl+ IOV; 
450 600 nsmax Test Circuit 6 

50 nstyp Test Circuit 7 
25 10 nsmin 

250 nstyp Test Circuits 8 and 9 
450 600 nsmax 

250 nstyp Test Circuits 8 and 10 
450 600 nsmax 
100 130 nsmin See Figure I 

100 nsmin SeeFignre I 
10 nsmin See Figure I 
100 nsmin See Fignre 2 

68 dBtyp VEN =0.8V,RL= lkO,CL = 15pF, 
50 dB min VS= 3.5Vrms, f= 100kHz 

5 pFtyp VEN=0.8V 

44 pFtyp VEN=0.8V 
22 pFtyp 
4 pCtyp Rs=OO,Vs=OV; Test Circuit II 

0.6 mAtyp VIN=VINLOrVINH 

1.5 mAmax 

11 mWtyp 
25 mWmax 
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ADG526A1AD~527A 
TIMING DIAGRAMS 

WR 3V'I.5V I 
O-~tW=:J 
__ -. I- to --I It< I-

EN. !:. AI. A2. (A31 X 2.0V O.8V-X== 
o I I 

Figure 1. 

Figure I shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the -latches are transparent and the switches 
respond to the address and enable inputs. This input data is 
latched on the rising edge of WR. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

Voo to Vss . 
VootoGND . 
Vss to GND .. 
Analog Inputs l 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

. 44V 

. 25V 
-25V 

Vss -2V to 
Voo+2Vor 

20rnA, Whichever Occurs First 
20rnA 

lms Duration, Hl% Duty Cycle 
Digital Inputs l 

40mA 

Voltage at A, EN, WR,RS . 

PoWer Dissipation (Any Package) 
Up to +75°C ..... . 
Derates above + 75°C by 

CAUTION: 

Vss -4V to 
Voo +4Vor 

20rnA, Whichever Occurs First 

470mW 
6mWrC 

iii 3V \ 1.5V I 
OV-E·=:j 

toFFiRSl~ 
SWITCH Vo ~ 
OUTPUT 0.8 Vo ~ OV ~ 

Figure 2. 

Figure 2 shows the Reset Pulse Width, tas, and Reset Tum-off 
Time, toFF (RS). 

Note: All digital input signals rise and fall times measured from 
10% to 90% of 3V. ta=tp=2Ons. 

Operating Temperature 
Commerical (K Version) 
Industrial (B Version) .. 
Extended (T Version) .. 

Storage Temperature Range . 
Lead Temperature (Soldering, 100ec) 

NOTE 

- 400C to + 850C 
- 40°C to + 85°C 

- 550C to + 125°C 
- 65°C to + 1500C 
..... +300OC 

'Overvoltage at A, EN, WR, RS, S or D will be clamped by diodes. Current 
should be limited to the maximum rating above. 

'COMMENT: Stresses above those listed under" Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Temperature 
Modell Range 

ADG526AKN - 40°C to + 85°C 
ADG526AKR - 40°C to + 85°C 
ADG526AKP - 40°C to + 85°C 
ADG526ABQ - 40°C to + 85°C 
ADG526ATQ3 - 550C to + 125°C 
ADG526ATE3 - 550C to + 125°C 

ADG527AKN - 40°C to + 85°C 
ADG527AKR - 40°C to + 85°C 
ADG527AKP - 40°C to + 85°C 
ADG527ABQ - 400C to + 85°C 
ADG527ATQ3 - 55°C to + 125°C 
ADG527ATE3 - 55°C to + 125°C 
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Package 
Optionl 

N-28 
R-28 
P-28A 
Q-28 
Q-28 
E-28A 

N-28 
R-28 
P-28A 
Q-28 
Q-28 
E-28A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 
1883B to part number. See Analog Devices Military 
Products Databook (1990) for military data. 

2E ~ Leadless Ceramic Chip Carrier; N ~ Narrow Plastic 
DIP; P ~ Plastic Leaded Cbip Carrier; Q ~ Cerdip; 
R ~ 0.3" Small Outline IC (SOlC). For outline 
information see Package Information section. 

'Standard Military Drawing (SMD) assigned by DESC. 
SMD numbers are 

5%2-897100I3X (ADG526ATEl883B) 
5%2-897100IXX (ADG526ATQ!883B) 
5%2-89710023X (ADG527ATEl883B) 
5%2-8971002XX (ADG527ATQ/883B) 
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TRUTH TABLES 

A3 Al Al AO EN WlI. ItS ONSWlTCH 

X X X X X .F I Retains Previous Switch Condition 
X X X X X X 0 NONE (Address and Enable 

Latches Cleared) Al Al AO 

X X X X 0 0 I NONE X X X 
0 0 0 0 I 0 I I X X X 
0 0 0 I I 0 I 2 
0 0 I 0 I 0 I 3 X X X 
0 0 I I I 0 I 4 0 0 0 
0 I 0 0 I 0 I 5 0 0 I 
0 I 0 I I 0 I 6 0 I 0 
0 I I 0 I 0 I 7 0 I I 
0 I I I I 0 I 8 I 0 0 
I 0 0 0 I 0 I 9 I 0 I 
I 0 0 I I 0 I 10 I I 0 
I 0 I 0 I 0 I II I I I 
I 0 I I I 0 I 12 
I I 0 0 I 0 I 13 X=Don'tCare 
I I 0 I I 0 I 14 
I I I 0 I 0 I 15 
I I I I I 0 I 16 

x = Don'tCarc 

ADG526A 

PIN CONFIGURATIONS 
DIP, SOIC 

LCCC 

v .. I! If!! 8 J iii .. > " sa 

57 

.6 25 87 

55 

54 
ADG526A 
TOP VIEW .. (Not to Seel_, 

S2 .'0 .,0 51 
59 

59 EN 

GND AO 

Wi AI " II ::I ~ c :! iii z 

" AI A2 
Ne == NO CONNECT 

NC = NO CONNECT 

DA ! If!! .. J I!! J a " v .. 4 3 2 1 28 Z1 .. 
5SA 

0 

57A 25 S7A 

S8A 

S5A ADG527A 

TOI'VIEW 
S4A (Not to Salle' 

S3A 

S2A 
51. 11 'I S1A ... .,A 

EN 
12 1 ,. tI to 17 18 

GND AO i II ~ ~ c :! iii 
Wi AI 

CO 

Ne= NO CONNECT 
NC A2 

Ne = NOCONNECT 

REV. A 

EN 

X 
X 

0 
I 
I 
I 
I 
I 
I 
I 
I 

ADG526A1ADG527A 

WlI. RS ON SWITCH PAIR 

I I Retains Previous Switch Condition 
X 0 NONE (Address and Enable 

Latches Cleared) 
0 I NONE 
0 I I 
0 I 2 
0 I 3 
0 I 4 
0 I 5 
0 I 6 
0 I 7 
0 I 8 

ADG527A 

12 13 14 15 ,. 17 '8 

~IP1~C:iili 
Ne = NOCONNECT 

57. & .... 
sa. 7 

S48 • .... 
52810 

S1B 11 

! If!! I! J l! J a 
4321282728 

lJ 

ADG527A 
TOP VIEW 

fNottos..1 

12 13 14 15 'I 17 " 

~1I!!~c:!iIi 
NC ... NOCONNECT 

25 a7A 

.. S8A 

22 8IA 

22 S4A 

21 S3A 

20 S2A 

'9 StA 
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ADG526A1ADG527A 

Typical Perfonnance Characteristics 
The multip1exers are guaranteed functional with reduced single or dual supplies down to 4.SV. 

7GO 

100 

500 

c::, 
~ 

'"300 

200 

100 

o 

A 
A 

I I 
VDD = +10.BV 

I(f=ov 1-
~ 

VDO ,. +15V 

~;. = 0 

"'-. 

-20 -15 -10 -5 10 15 20 
VD(Vsl- Volts 

RON as a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25OC 
100 

v~ = +,lsv 
Vas = -,a.5V 

~ 1'0 ! 
I 

V 
10iONI /" 

V 
10 10-"" 
/' V 

V V / 

0.1 

// 
/' V V I.IOFF) 

.... v V V 

...... v 
H ~ ~ ~ ~ ~ H H ~ m m 

TEMPERATURE - 'C .. 
Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 

100 

700 

\ 
'\. 

100 

~NGLE BUPPLI 
DUAL """I: 

I'---~::l r-- --1-.-
I-. 

300 

200 

100 I I 

8 • 10 " 12 13 14 15 
SUPPLYVOLTAGE-V_ 

tTRANS/770N vs. Supply Voltage: Dual and Single Supplies, 
TA = +25OC 
(Note: For Voo and /Vssl < fOV; Vf = VooIV,ss, 
V2 = VsslVoo- See Test Circuit 6) 

5-100 CMOS SWITCHES & MULTIPLEXERS 

800 

VDD = +6V 
11\ V .. = -5V 

J'v \ 
500 

I-- ¥OD = +10.8V \ 
Vas = -to.IV 

~A / r-..... 
Voo = ~~v I'..... 17 ..... r--

c:: 400 

J300 

200 

Vas = -'sv 
100 

-20 -15 -10 -5 10 15 20 
VoIVsl-Voks 

RON as a Function of Vo(Vs): Single Supply Voltage, 
TA = +25OC 

1.9 

1.8 

! , 
~ 1.7 

I 
1.8 

U 

II' ~ 
....... 

~ r-.-. --
578 • ~ tl ~ U M W 

euPPLYVOLTAGE-V_ 

Trigger Levels vs. Power Supply Voltage, Dual or Single Sup
ply, TA = + 250C 

0.8 

0.8 

0.2 V 
l..-- ----...... 

l---~ 

9 ~ tl ~ U M W M U 
SUPPLYVOLTAGE-Voks 

'00 VB. Supply Voltage: Dual or Single Supply, TA = 
+25OC 
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REV. A 

TEST CIRCUIT 1 RoN 
lao -

V. 

TEST CIRCUIT 2 Is(OFF) 

TEST CIRCUIT 3 ID (OFF) 

Voo Vss 

TEST CIRCUIT 4 ID(ON) 

YDD Vss 

YOD Vss 

V1~ GND 

~ V2 

TEST CIRCUIT 5 IDIFF 

Voo Vas 

VDD Vss 

EN O.IV 

GND 

\7 V1 
10I1'f' - 10... (OFF) -IDII (OFF) 

Test Circuits-ADG526A1ADG521A 
TEST CIRCUIT 6 SWITCHING TIME OF MULTIPLEXER, tTRANSJTION 

VDD Vas 

3V _I I ADDRESS 
~E(VIN) 

OV I I 
I I 
I 1 
1 1 

VON 

V1 

1 I 
.1 1 
1 

-l -I 
tTRANItTION 

·SIMILAR CONNEcnON FOR ADG527A 

TEST CIRCUIT 7 BREAK·BEFORE·MAKE DELAY, 'oPEN 

-U--=r 
I 1 

~I ,--..... 
TEST CIRCUIT 8 ENABLE DELAY, toN (EN), 'oFF (EN) 

You vs. 

3V~NA8I.E 
----- DRIVE (YIN) 

OV 150% I 
I 1 
I I 
! 90% ri\ OUTPUT 

-.l...J! ! ~ 
-.I to. 1-:. 1 

IENI ---t Iml ~ 

·SIMILAR CONNECTION FOR ADG627A 

TESTCIRCUIT9 WRiTETURN·ONTlME,toN(WR) 

3V~Wii 
50% DRIVE (YIN) 

DY-I 
I 

: 'OUTPUT 
I /20% 
I I 
I-- t~ IWRI--! 

NOTE: DEVjg MUST BE RESET PHIOR TO 
APPL VING WR PULSE 

VOl) Vss 

Voo Vss 

2.4V ., +IV 

TESTCIRCUITIO RESETTURN·OFFTlME,toFF(RS) 

OV ~RSDRIYEIVIN) 
50% 

OV --t 
I 
I 

: ~TPUT 
I _ I 
..... to •• (RS) ...... 

NOTE: ViR MUST BE tyLSED LOW 
PRteR TO APPl VING RS PULSE. 

Vao Vas 

2.4V ., +5V 

3Sp' 

01" 

.... 
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ADG526A1 ADG527 A 
TEST CIRCUIT 11 CHARGE INJECTION 

·SIMILAR CONNECTION FOR ADG527A 

TERMINOLOGY 

RoN 
RoN Match 
RoN Drift 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vs (Vo) 
Cs (OFF) 
Co (OFF) 
CIN 

toN (EN) 

Ohmic resistance between terminals D and S 
Difference between the RoN of any two channels 
Change in RoN versus temperature 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF' cOndition 
Channel output capacitance for "OFF" condition 
Digital input capacitance 
Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 

5-102 CMOS SWITCHES & MULTIPLEXERS 

v .. 

toFF (EN) 

tTRANsmoN 

VINL 

VINH 
IINL (l1l~W 
Voo 
Vss 
100 
Iss 

2.4V 

Delay time between the 50% and 10% points of 
the digital input and switch "OFF" condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "I" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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11IIIIIIII ANALOG 
WDEVICES 

CMOS 
Latched 4/8 Channel Analog Multiplexers 

FEATURF.S 
44V Supply Maximum Rating 
Vss to VDD Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges 110.8V to 16.5VI 
Microprocessor Compatible (1OOns WR Pulsel 
Extended Plastic Temperature Range 

1-40·C to +85OCI 
Low Leakage 120pA typl 
Low Power Dissipation 128mW maxi 
Available in 16-Lead DIP and 

20-Lead LCCC/PLCC Packages 
Superior Alternative to: 

DG528 
DG529 

GENERAL DESCRIPTION 
The ADG52SA and ADG529A are CMOS monolithic analog 
multiplexers with S channels and dual 4 channels respectively. 
On-chip latches facilitate microprocessor interfacing. The 
ADG52SA switches one of 8 inputs to a common output depending 
on the state of three binary addresses and an enable input. The 
ADG529A switches one of 4 differential inputs to a common 
differential output depending on the state of two binary addresses 
and an enable input. Both devices have TTL and 5V CMOS 
logic compatible digital inputs. 

The ADG528A and ADG529A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
Vss to VDD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
IO.SV to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN. 

PRODUCT HIGHLIGHTS 
1. Single/Dual Supply Specifications with a Wide Tolerance: 

The devices are specified in the IO.SV to 16.5V range for 
both single and dual supplies. 

2. Easily Interfaced: 
The ADGS2SA and ADG529A can be easily interfaced with 
microprocessors. The WR signal latches the state of the 
address control lines and the enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro
processor reset pin. 

REV. A 

51 
II 
II 
II 
II 
II 
II 
II 
II 

ADG528A1 ADG529A I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG528A 

o-----...ODA 

D--P"<,) DB 

58 "0--+----01 

AO Al A2 EN RS AO A1 EN RS 

3. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of V ss to V DD. 

4. Break-Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

5. Low Leakage: 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision ci(cuits. 

ORDERING GUIDE 

Temperature Package 
Modell Range Option2 

ADG52SAKN -40°C to +85OC N-28 
ADG528AKP - 400C to + 85°C P-20A 
ADG52SABQ -40°Cto + 85°C Q-IS 
ADG52SATQ3 - 55°C to + 12SOC Q-IS 
ADG528ATE3 - 55°C to + 125°C E-2OA 

ADG529AKN -40°Cto + S50C N-18 
ADG529AKP -40·Cto +85·C P-20A 
ADGS29ABQ - 4O"C to + 8SoC Q-18 
ADGS29ATQ3 - SS·C to + 12S·C Q-IS 
ADGS29ATE3 - SsoC to + 12SoC E-20A 

NOTES 
ITo order MIL-STD-883, C1ass B.processed parts, add 
1883B to part number. See Analns Devices Military 
Products Databook (1990) for military data sheet. 

'E = Leadless Ceramic Chip Carrier (LCCC); N = 
Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip. For outline information see Package Infor
mation section. 
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ADG528A1ADG529A-SPECIFICATIONS 
Dual Supply (VDD = +10.8V to +lB.5V, Vss = -lO.BV to -16.5V unless otherwise noted.) 

ADGSlBA 
ADGS19A 
KVeraion 

-4O"Cto 
""""eter +lS"C +&S"C 

ANALOG SWITCH 
Ana10g SipaJ Range Vss v .. 

Voo Voo 

RoN l80 
450 600 
300 400 

RoN Drift 0.6 
RoNMalch 5 

Is(OFF),OfflnpulLeakaae 0.02 
I 50 

10 (OFF), 'OffOulPUI Leakaae 0.04 
ADG52&A I 100 
ADG519A I 50 

10 (ON), On Channel Leakaae 0.04 
ADG52&A I 100 
ADG529A I 50 

10IFF' Differential Off Output 
Leakaae (ADG529A ooIy) 25 

DIGITAL CONTROL 
V'NH,lnpulHigh Voltage 2.4 
V 1NL,lnPUI Low Voltage 0.& 
IlNLorllNH I 
CIN DigitallnpulCapodtanc:e & 

DYNAMIC CHARACTERISTICS' 
t11tANsmow 200 

300 400 

IoPEN 50 
25 10 

ioN (EN,WR) 200 
300 400 

Iopp(EN,RS) 200 
300 400 

I .. Wrile Pulse Width 100 120 
Is Address, Enable Setup Time 100 
IH Address, Enable Hold Time 10 
IRS Reset Pulse Width 100 

OFF Isolation 68 
50 

Cs(OFF) 5 
Co (OFF) 

ADG528A 22 
ADG529A 11 

Q'NJ' Chsrge Injection 4 

POWER SUPPLY 
100 0.6 

1.5 

Iss 20 
0.2 

Power Dissipation 10 
28 

NOTE 
ISample:teatedlt +2S"CtoCllSllftc:ompliaace. 
Specif'acationssubiect tocbaqewitbout DOIic:e. 

ADGSlSA 
ADGS19A 
BVenioa 

-4O"Cto 
+lS"C +8S"C 

Vss Vss 
Voo Voo 

280 
450 600 
300 400 

0.6 
5 

O.Ol 
I 50 

0.04 
I 100 
I 50 

0.04 
I 100 
I 50 

25 

2.4 
0.& 
I 

& 

200 
300 400 

50 
25 10 

200 
300 400 

200 
300 400 
100 120 

100 
10 
100 

68 
50 

5 

22 
11 
4 

0.6 
1.5 

20 
0.2 

10 
28 

5-104 CMOS SWITCHES & MULTIPLEXERS 

ADGSlSA 
ADGS19A 
TVeraion 

-5S"Cto 
+lS"C +llS"C Vails CommeD18 

Vss Vss Vmin 
Voo Voo VDW< 

280 (hyp -IOV .. Vs"+ 10V,los~ lmA;TestCircuit I 
4~0 600 ODW< 

o max VDD= 15V(:!: UI%), VBS= -15V(:!: 10%) 
300 400 o max Voo=15V(:!:5%), Vss. -15V(:!:5%) 
0.6 %l"Ctyp -IOV .. Vs"+ IOV,los=lmA 
5 %typ -IOV .. Vs"+ 10V,los=lmA 

O.Ol nAtyp VI=:!: 10V, Vl=+IOV;TeslCircuiI2 
I 50 nAmu 

0.04 nAtyp VI=:!: 10V, V2= + 10V; Test Circuit 3 
I 100 nAmax 
I 50 nAmax 

0.04 nAtyp VI=:!: 10V, V2= + 10V; Test Circuil 4 
I 100 nAmax 
I 50 nAmax 

25 nAmax VI= :!:IOV, V2= + 10V; Test Circuit 5 

2.4 V min 
0.& VDW< 
I pAmax VIN=OtoVoo 

& pFmax 

200 nstyp VI=:!: 10V, Vl= + 10V; Test Circuil 6 
300 400 nsmax 

50 nsIYP Test Circuil 7 
25 10 nsmin 

200 nstYi> Test Circuits & ana 9 
300 400 nsmax 

200 nstyp TeslCircuits&and 10 
300 400 nsmax 
100 130 DSmin See Figure I 

100 namin See Figure I 
10 nsmin See Figure I 
100 nsmin See Figure 2 

68 dBtyp VEN = O.8V,RL = lkO,CL= 15pF, 
50 dB min V s = 7V nos, r = 100kHz 

5 pFtyp VEN=O.8V 

22 pFtyp VEN =0.8V 
11 pFtyp 
4 pCtyp Rs=OO, Vs=OV;TestCircuilll 

0.6 mAtyp VIN=VlNLorVINH 

1.5 mAmax 

20 pAtyp VIN= VINLor VINH 

0.2 mAmax 

10 mWtyp 
28 mWmax 
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ADG528A1ADG529A 
Single Supply (Voo = +10.BV to +16.5V, Vss = GND = OY unless otherwise noted.) 

ADG528A 
ADG529A 
kVenioD 

-40"<:10 
P ....... eter +2S'C +85'C 

ANALOGSWITCH 
Analog Signal Range GND GND 

Voo Voo 
RaN 500 

700 1000 
RaN Drifl 0.6 
RaN Malch 5 

Is(OFF),OfflnpuILeakage 0.02 
I 50 

10 (OFF), OffOuIpUI Leakage 0.04 
ADG528A I 100 
ADG529A I 50 

10 (ON), On Channel Leakage 0.04 
ADG528A I 100 
ADG529A I 50 

IolFF, Differential OffOUIPUI 
Leakage (ADG529A only) 25 

DIGITAL CONTROL 
V1NH,InPUIHigh Voltage 2.4 
V INL, Inpul Low Voltage 0.8 
IINLorl1NH I 
CIN Digital Inpul Capacitance 8 

DYNAMIC CHARACTERISTICS' 
tTRANsmON 300 

450 600 

!oPEN 50 
25 10 

!oN (EN,WR) 250 
450 600 

!oFF(EN,~) 250 
450 600 

I ... Write Pulse Width 100 120 
Is Address, Ensble Selup Time 100 
IH Address, Enable Hold Time 10 
IRS Resel Pulse Width 100 

OFF Isolation 68 
50 

Cs(OFF) 5 
Co (OFF) 

ADG528A 22 
ADG529A II 

QINJ' Charge Injection 4 

POWER SUPPLY 
100 0.6 

I.S 

Power Dissipation II 
25 

NOTE 
ISampJe resud at + 25"C roensurccompJiallCC. 
Spec:ulCIrions subject tocbaqewitbout notice. 
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ADG528A 
ADG529A 
BVersion 

-40"<:10 
+2S'C +85'C 

GND GND 
Voo Voo 
500 
700 1000 
0.6 
5 

0.02 
I 50 

0.04 
I 100 
I 50 

0.04 
I 100 
I 50 

25 

2.4 
0.8 
I 

8 

300 
450 600 

50 
2S 10 

250 
450 600 

250 
450 600 
100 120 

100 
10 
100 

68 
50 

5 

22 
II 
4 

0.6 
I.S 

II 
25 

ADG528A 
ADG529A 
TVersion 

-SS'CIO 
+2S'C + 12S'C Units Comments 

GND GND V min 
Voo Voo V max 
500 Otyp GNDsVss + IOV,los =O.5mA;TeslCircuiII 
700 1000 o max 
0.6 %l"Ctyp GND .. Vs" + IOV, los =0.5mA 
5 %typ GND"Vs"+ 10V,Ios=0.5mA 

0.02 nAtyp VI = + 10V/GND, V2=GND/+ 10V 
I 50 nAmax Tesl Circuil2 

0.04 nAtyp VI= + 10VlGND, V2=GND/+ 10V 
I 100 nAmu Tesl Circuil3 
I 50 nAmax 

0.04 nAtyp VI = + 10V/GND, V2 =GNDI + IOV 
I 100 nAmax Tesl Circuil 4 
I 50 nAmax 

VI= + IOV/GND,V2=GND/+ 10V 
25 nArou Tesl Circuil 5. 

2.4 V min 
0.8 V max 
I jJAmax VIN=OIOVoo 

8 pFmax 

300 nstyp VI= +IOVlGND,V2=GND/+ IOV;TesICircuiI6 
450 600 nsmax 

50 nstyp Tesl CircUil7 
2S 10 nsmin 

250 nstyp Tesl Circuits 8 and 9 
450 600 nsmax 

250 nstyp Tesl CircuilS 8 and 10 
450 600 nsmax 
100 130 nsmin SeeFisurel 

100 nsmin SeeFisurel 
10 nsmin SeeFisurel 
100 nsmin See Fisure 2 

68 dBlyp VEN =0.8V,RL = IIdl,CL = 15pF, 
50 dB min Vs =3.5Vnns,f= 100kHz 

5 pFtyp VEN=0.8V 

22 pFtyp VEN= 0.8V 
II pFtyp 
4 pCtyp Rs=OO,Vs=OV; TestCircuil1l 

0.6 mAtyp V1N = VINLotVINH 

I.S mAmax 

II mWtyp 
25 mWmax 
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ADG528A1ADG529A 
ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2SoC unless otherwise noted) Digital Inputs' 

Voltage at A, EN, WR, RS .......... Vss -4V to 
Von +4Vor 

ZOmA, Whichever Occurs First 
Von to Vss . 
Von to GND 
Vss to GND . 
Analog Inputs' 

. 44V 

. zSV 
-2SV Power Dissipation (Any Package) 

Up to +7SOC ..... . 470rnW 
6mWfC Voltage at S, D Vss -2V to 

Vnn+ZVor 
2OrnA, Whichever Occurs First 

20mA 

Derates -above + 7SoC by 

Continuous Current, S or D 
Pulsed Current S or D 

Operating Temperature 
Commerical (K Version) 
Industrial (B Version) .. 
Extended (T Version) .. 

-40°C to +SSOC 
- 40°C to + SsoC 

- 55°C to + 125°C 
Ims Duration, 10% Duty Cycle 40mA Storage Temperature Range . -65°C to + 1500C 

NOTE 
Lead Temperature (Soldering, IOsec) ..... +~OO°C 

'OvervoltageatA, EN, WR, RS, S or D will be clamped by diodes. Current 
should be limited to the maximum rsting above. 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specifICation is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, pernlanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

PIN CONFIGURATIONS 

DIP LCCC 

Wii 
;11 U!:c 
• • 1 ZG , • 

EN' U "" 
11 OND EN ~ Va' 

ADGI28A ,. VDO VA ~ TOP VIEW 

." 
{NottclSclleI .. SO S1F, 

53' '4 II!' :F. 
910111213 

" Q ~ I 1ft NC. NOCONN£CT 

Wii 
= \; ~ ~ :c , . 120" 

.... U " ... 
17 Y. 

EN • Va' 

SlA' 
AnGS_ 

,. S,8 VA • TOPYIEW ... , INottG ..... , " ... 51_ · .... ,.538 S2A , ... · 910" 12 13 

! n!! NC == NO CONNECT 

TRUTH TABLES 

AZ Al AO EN WR as ONSWlTCHPAIR 

x X x X I 1 Retains Previous Switch Condition 
X X X X X 0 NONE (Addresa and Enable 

Latches Cleared) 
X X X 0 0 1 NONE Al AO EN WI D 
0 0 0 1 0 I 1 X X X .f 1 
0 0 1 1 0 1 2 X X X X 0 
0 1 0 1 0 1 3 
0 1 1 1 0 1 4 X X 0 0 1 
1 0 0 1 0 1 S 0 0 1 0 1 
I 0 1 1 0 1 6 0 1 1 0 1 
I 1 0 1 0 I 7 1 0 1 0 1 
I 1 1 1 0 1 8 1 1 1 0 1 

X=Don'tCsre ADG52BA X=Don'tCsre 

5-106 CMOS SWITCHES & MUL TlPLEXERS 

WARNING! cJ 
~~EDEVICE 

PLCC 

; Ii ~ ~ 
, • .. " 

,. .. 
~ GND ADG528A 

lOPVIOW e VDO 
(Not to Sa".' g .. 

" .. 
'11'011"11'211'3 
~ a ~ • ; NC '" NO CONNECT 

= \; ~ II , . 1 .. ,. 

AOOSZOA 

TOP""''' INotto sc.1_, 

• ,,11 1213 

i ~ ~ ! NC • NO CONNECT 

ONSWlTCHPAIR 

Retains Previous Switch Condition 
NONE (Address and Enable 
Latches Cleared) 
NONE 
1 
2 
3 
4 

ADG529A 
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ADG528A1ADG529A 
TIMING DIAGRAMS 

WR 3V\1.5V I 
D-~IW==:! 

I-Is-l IH I-
3V ---""V2.DV D.BVV-EN,AD,Al, (A2) A "--
D--~I I 

Figure 1 

Figure 1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the latches are transparent and the switches 
respond to the address and enable inputs. This input data is 
latched on the rising edge of WR. 

Typical Performance Characteristics 

liS 3V \ 1.5V I 
DV-Es~ 

tOFF iRS)--1 
SWITCH Vo ~ 
OUTPUT D.B Vo 

DV -

Figure 2 

Figure 2 shows the Reset Pulse Width, tas, and Reset Turn-off 
Time, loFF (RS). 

Note: All digital input signals rise and fall times measured from 
10% to 90% of3V. tR=tp=2Ons. 

The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.SV. 

700 

600 

500 

:: 400 
I 

~ 
a:: 300 

200 

100 

VDD='+SV 
Vss = -5V /\ 

lTV \ 
- VOD = +10.8V \ 

V)OZ /' 
Vb\) = +~v .......... 
Vss = -15V 

-20 -15 -10 -5 
VDIVsl-Votts 

"'-v ...... r--

'0 '5 20 

RON as a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25·C 

'00 

I .~ 
Voo = +16.5V 
Vss = -16.5V 

,,-
IDION) 

V V 
10 (OFFl 

,,-/ V 

/ 
V "..".. 

~ 

./ 
V V ~OFF) 

0.' 

i-"'/ V V 
/ 

25 35 45 55 65 75 85 95 105 "5 125 

TEMPERATURE - "C 

• 
Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 
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700 

600 

500 

:: 400 
I 

~ 
a: 300 

200 

'00 

j\v 
D 

Voo ~ +,o.~ 
Vss = 0 

v'\ 
); VDD +15V 

Vss = 0 , 

""" 

-20 -15 -10 -5 '0 15 20 
VoIVs) - Volts 

RON as a Function of Vo(Vs): Single Supply Voltage, 
TA = +25·C 

1.9 

1.8 

0 ~ 
........ 

~ r--- -1.6 

'.5 
5 9 10 11 12 13 14 15 

SUPPLY VOLTAGE- Volts 

Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = + 25·C 
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ADG528A1ADG529A 
BOO 

700 

\ 
\ 

"'- ~SINGLE SUPPLY 

DUAL ~ 
~PP~1 '--

""'" --- --
600 

~ 
, 500 

~ 
1 400 

300 

200 

100 I L i 
9 10 11 12 13 14 15 

SUPPLY VOLTAGE - Volts 

tTRANSITION vs. Supply Voltage: Dual and Single Supplies, 
TA = +25"C 
(Note: For Voo and /Vss/ < 10V; V1 = VooIVs,s. 
V2 = VsslVoo- See Test Circuit 6) 

Test Circuits 

0.8 

0.6 
C 
E , 
J 

0.' 

0.2 / ----
.-

---~ --
9 W ~ ~ u u ~ ~ " 
SUPPLY VOLTAGE-Volts '00 vs. Supply Voltage: Dual or Single Supply, TA = 

+25"C 

TEST CIRCUIT 1 
RoN 

TEST CIRCUIT 2 
Is (OFF) 

TEST CIRCUIT 3 
10 (OFF) 

V. 

lao -

TESTCIRCUIT 4 
10 (ON) 

Yeo Vss 

Voo Vss 

V'~ GND 

~ V2 
~ v, 

Voo Vas 

TEST CIRCUIT 5 
IDIFF 

Voo Vss 

Voo Vss 

EN •. IV 

GND 

IDIFF = 'OA (OFF) -IDB (OFF) 

TEST CIRCUIT 6 
SWITCIUNGTIME OF MULTIPLEXER, tTJlANSlTlON 

Veo Vss 

3V _I I ADDRESS 
-~ DiiN-EIVIN) 

ov~""'" ~ 
I I 
I I 
I I 
I I 
I I 
I 

-I .... 
tTIIANIIITlON tTMNltTION 
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TEST CIRCUIT 7 
BREAK-BEFORE-MAKEDELAY,toPEN 

U::-=UT 
I I 

~I t--
tOF>.eN 

VOD Vss 

TEST CIRCUIT 8 
ENABLE DELAY, toN (EN), toFF (EN) 

3V~NABLE 
----- DRIVE (VIN) 

OV 150% I 
I I 
I I 
! 90% Fi\ OUTPUT 

--L.J! ! ~ 
~ toN ~:t I 

(EN) ~(~NI~ 

Voo Vss 

·SIMILARCONNECTION FORADG529A 

TEST CIRCUIT 9 
WRITE TURN-ON TIME, toN (WR) 

VDP Vss 

3V~r:;n<>I.. r-- WR 
ov _~ DRIVEIV1NI 

VOP Vss 

2.4V EN 51 

I 

i .;::: OUTPUT 
I 20% 
, I 

I- t~ IWRI--! 

+6V 

·SIMIL.AR CONNECTION FOR ADG529A 

TEST CIRCUIT 10 
RESET TURN-OFF TIME, toFF(RS) 

3V ~RsDRIVEIVINJ 
50% 

ov --1 
I 
I 

: 1ePUT 
I _ I 
...... tOl'F (RS) -... 

NOTE: 'WR MUST BE tyLSED lOW 
PRIOR TO APPLYING RS PULSE. 

Voo Vss 

VDO Vss 

2.4V EN 51 +SV 

ADG528A1ADG529A 

35p' 

CMOS SWITCHES & MUL TlPLEXERS 5-109 

• 



ADG528A1ADG529A TEST CIRCUIT 11 
CHARGE INJECTION 

3V "----J Vw 
ov 

o.NJ = CL x .1Vo 

*SIMILAR CONNECTION FOR ADG529A 

TERMINOLOGY 

RoN 
RoN Match 
RoN Drift 
Is (OFF) 

ID (OFF) 

ID(ON) 

Vs (VD ) 

Cs (OFF) 
CD (OFF) 
CIN 

toN (EN) 

Ohmic resistance between terminals D and S 
Difference between the RoN of any two channels 
Change in RoN versus temperature 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current thst flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capscitance for "OFF" condition 
Channel output capscitance for "OFF' condition 
Digital input capscitance 
Delay time between the 50"A. and 90% points of 
the digital input and switch "ON" condition 

5-110 CMOS SWITCHES & MUL TIPLEXERS 

toFF(EN) 

tTRANsmON 

VINL 

V1NH 

IINL(II~ 
VDD 
Vss 
IDD 
Iss 

VDO Vss 

Voo Vas 

iiS 2.4V 

Delay time between the 50% and 10% points of 
the digital input and switch "OFF" condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "1" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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1IIIIIIII ANALOG 
WDEVICES 

8-ChanIDual 4-Chan JFET Analog Multiplexers 
(Overvoltage & Power Supply Loss Protected) 

FEATURES 
• JFET Switches Rather Than CMOS 
• Low "ON" Resistance ............•......... 22001\tp 
• Highly Resistant to Static Discharge Damage 
• No SCR Latch-Up Problems 
• Digital Inputs Compatible With TTL and CMOS 
• 12So C Temperature Tested Dice Available 
• MUX-OS Pin Compatible With DGSOS, HI-SOSA, IHS10S, 

IH610S, LF11S0S/12S0S/13S0S, AD7506 
• MUX-24 Pin Compatible With DG509, HI-S09A, IHS20S, 

IH620S, LF11S09/12S09113S09, AD7507 
• Available in Surface Mount Packages 

• Available In Ole Form 

ORDERING INFORMATION t 

25"C ON CERDIP 
RESISTANCE 1S.pIN 

2200 
MUXOSAO· 
MUX08EO 

PACKAGE 

PLASTIC 
16-PIN 

MUX06EP 

OPERATING 
UCC TEMPERATURE 

2O-CONTACT RANGE 

MIL 
INO 

COM 

MUX08BQ· MUX06BRCi883 Mil. 
INO 

XIND 
XINO 

3000 

2200 

3000 

MUX06FO 

MUX24AO· 
MUX24EO 

MUX24BQ· 
MUX24FO 

MUX06FP 
MUX06FS" 

MUX24EP 

MUX24FP 
MUX24FS" 

MIL 
IND 

COM 

MIL 
IND 

XIND 
XIND 

For devices processed in IOta! compliance 10 MIL·STD·883. add /883 alter part 
number. Consult !aclOry for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO-can packages. 

It For availability and burn·in information on SO and PLCC packages. contact 
your local sales office. 

GENERAL DESCRIPTION 
The MUX-08 is a monolithic eight-channel analog multi
plexer which connects a single output to one of the eight 
analog inputs depending upon the state of a 3-bit binary 
address. 

The MUX-24 is a monolithic four-channel differential analog 
multiplexer configured in a double pole. four-position (plus 
OFF) electronic switch array. A two-bit binary input address 
connects a pair of independent analog inputs from each 
four-channel input section to the corresponding pair of 
independent analog outputs. 

All switches in the MUX-08/MUX-24 are turned OFF by 
applying logic "0" to the ENABLE pin. thereby providing a 
package select function. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology. these devices offer low. constant 
"ON" resistance. low leakage currents and fast settling time 

REV. A 

MUX-08/MUX-24 I 
with low crosstalk to satisfy a wide variety of applications. 
These multiplexers do not suffer from latch-up or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 
break-before-make action without the need for external pull
up resistors over the full operating temperature range. 

For single sixteen-channel and dual eight-channel models, 
refer to the MUX-16/MUX-28 data sheet. 

PIN CONNECTIONS 

20-CONTACT LCC 
(RC-Suffix) 

16-PIN CERDIP (O-Suffix) 

16-PIN PLASTIC DIP (P-Suffix) 
16-PIN SO (S-Sufflx) 

FUNCTIONAL DIAGRAMS 

DRAIN .. ., ....... ,.,., 
ENABLE A1 AO 

v. 

GND 

v-

DRAIN S1A S2A S3A S4A S1S S2B S3B S4B DRAIN 
A B 

GND 

v-
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MUX-OS/MUX-24 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range 

MUX-OBI24-AO, BO, BRC ......................... -55·Cto+125·C 
MUX-02124-EO, FO ..................................... -25·C to +85·C 
MUX-OBI24-EP .................................................. O·C to + 70·C 
MUX-OBI24-FP, FS ...................................... -40·C to +85·C 

Junction Temperature (TJ) ............................ -65·C to + 150·C 
Storage Temperature Range ........................ -65·C to + 150·C 

P-Suffix .... ~ ................................................. -65·C to + 125·C 
Lead Temperature (Soldering, 60 sec) .......................... 300·C 
Maximum Junction Temperature ................................... 150·C 
V+ Supply to V-- Supply ..................................................... 36V 
Logic Input Voltage ........................... (-4V or V-) to V+ Supply 

Analog Input Voltage ....... V- Supply-20V to V+ Supply +20V 
Maximum Current Through Any Pin ............................... 25mA 

PACKAGE TYPE 8 1A (Nolll2) 8 1C UNITS 

16-Pln Hennetic DIP (Q) 100 . 16 "CNI 

16-Pin PlasticDlP(P) 62 39 "CNI 

2O-Cantact LCC (Re) 96 38 "CNI 

16-Pin SO (S) 111 as "CNI 

NOTES: 
1. Absolulll maximum ratings apply to both DICE and packaged parts, unless 

otherwise nollld. 
2. 8 jA Is specified lor worst case moundng conditions, i.e .. 8 jA il lpecified lor 

device in socket lor CerDlP, P-DIP, and LCC packages; S.A is specified lor 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at V+ = + 15V, V- = -15V and TA = 25·C, unless otherwise noted. 

MUX-OBAIE MUX-OBB/F 
MUX-24A1E MUX-24B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

"ON" Resistance RON Vs S10V.l s S200pA 220 300 300 400 n 
Il.RON With Applied Voltage Il.RON -10V S Vs S 10V, Is = 200pA 5 3 % 

RON Match Between Switches RON Match Vs = OV, Is = 200pA 15 9 20 % 

Analog Voltage Range VA (Note 6) 
+10 +10.4 
-10 -15 

+10 +10.4 
-10 -15 

V 

Source Current (Switch "OFF") 'SIOFF! Vs= 10V, Vo =-10V (Note 1) 0.01 1.0 0.01 2.0 nA 

Drain Current (Switch "OFF") 10lOFFI Vs = 10V, Vo = -10V (Note 1) 
MUX-OS 0.1 1.0 
MUX-24 0.05 1.0 

0.1 2.0 
0.05 2.0 

nA 

Leakage Current (Switch "ON") IOION! Vo = 10V INote 1) 
MUX-OS 0.1 1.0 

+I SION , MUX-24 0.05 1.0 
0.1 2.0 

nA 
0.05 2.0 

Digital Input Current liN VIN = 0.4V to 15V 10 10 pA 

Digital "0" Enable Current IINLIENI VEN =O.4V 4 10 4 10 pA 

Digital Input Capacitance COIG 3 3 pF 

Switching Time (tTRAN ) 
tpHL (Notes 2. 5) Figure 1 1.5 2.1 

tpLH (Test Circuit) 1.0 1.3 
1.5 2.1 
1.0 1.3 

ps 

10V Step to 0.10% 2.2 2.2 

Output Settling Time ts 10V Step to 0.05% . 2.7 2.7 ps 
10V Step to 0.02% 3.4 3.4 

Break-Belore-Make Delay tOPEN Figure 3 ITest Circuit) O.S 1.0 ps 

Enable Delay "ON" tON ,EN, 
INote 5) Figure 2· 
(Test Circuit) 

2 ps 

(Note 5) Figure 2 MUX-OS 0.1 0.4 
Enable Delay "OFF" tOFF IENI (Test Circuit) MUX-24 0.2 0.5 

0.2 0.4 
0.3 0.6 

ps 

"OFF" Isolation ISO OFF 
(Note 4) Figure 5 MUX-OS 60 

(Test Circuit) MUX-24 66 
60 

dB 
66 

Crosstalk 
(Note 3) Figure 4 MUX-OS 70 

CT 
(Test Circuit) MUX-24 76 

70 
dB 

76 

Switch "OFF", MUX-08 2.5 
Source Capacitance Cs (OFF, 

Vs=OV. Vo=OV MUX-24 2 
2.5 

pF 
2 

Switch "OFF". MUX-OS 7 
Drain Capacitance COIOFFI Vs=OV, Vo=OV MUX-24 4 4 

pF 

Input to Output Capacitance COSIOFFI 
MUX-OS 0.3 

(Note4) 
MUX-24 0.15 

0.3 
pF 

0.15 

POSitive Supply Current 
V+=15V 10 12 

(All Digital Inputs 1+ 
V+=5V 

Logic "0" or "1" 1 

6 12 
rnA 

5 

Negative Supply Current 
V+ =-15V 3.0 3.S 

(All Digital Inputs 1-
V+ =-5V ?6 

Logic "0" or "1"1 

2.0 3.S 
1.S 

rnA 
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MUX-OB/MUX-24 
ELECTRICAL CHARACTERISTICS at v+ = 15V, V- = -15V and -55' C $ TA$ 125' C, unless otherwise noted. 

MUX-GSAI MUX-GSBI 
MUX-24A MUX-24B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON Vs " 10V, Is" 2OOl'A 400 500 n 

J.RON With Applied Voltage J.RON -1OV" Vs " 10V, Is = 2OOl'A 1.5 4.5 % 

RON Match Between Switches RON Match Vs=OV, Is = 200I'A 10 15 % 

+10 +10.4 +10 +10.4 
Analog Voltage Range VA (Note 6) 

-10 -15 -10 -15 
V 

Source Current (Switch "OFF") 'StOFF) Vs= 10V, Vo=-10V (Notes 1. 7) 25 50 nA 

D,ain Current (Switch "OFF") 
Vs= 10V. Vo =-10V MUX-D8 100 500 

10iOFFI (Notes 1, 7) MUX-24 50 500 
nA 

Leakage Current (Switch "ON") 10iONI Vo= 10V (Notes 1, 7) 
MUX-D8 100 SOO 

nA 
+ISIONI MUX-24 50 500 

Digital "I" Input Voltage V 1NH (Note 6) 2 V 

Digital "0" Input Voltage V,NL (Note 6) 0.7 0.7 V 

Digital Input Current liN VON = 0.4V to 15V 20 20 I'A 

Digital "0" Enable Cu,rent 'INl(ENJ VEN = 0.4V 20 20 I'A 

Positive Supply Current 1+ 
All Digital Inputs Logic 

15 15 mA 
"0"0,"1" 

Negative Supply Current 1-
All Digital Inputs 

5 5 mA 
Logic "0" 0' "I" 

ELECTRICAL CHARACTERISTICS at V+ - 15V. V- - -15V and -25'C S T +S5'C for MUX-OSEQ/FQ and MUX-24EQ/FQ; 
O'C S T AS +70'C for MUX-OSEP and MUX-24EP; -40'C S T AS +85'C for MUX-OSF~/FS and MUX-24FP/FS, unlessrOtherwise noted. 

MUX-OBEI MUX-OBFI 
MUX-24E MUX-24F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON Vs " 10V, Is" 200l'A 400 . 500 n 

J.RON With Applied Voltage 1.5 4.5 % 

RON Match Between Switches 10 15 % 

+10 +10.4 +10 +10.4 
-10 -15 -10 -15 

V Analog Voltage Range VA INoteS) 

Source Current (Switch "OFF") Is JOFFJ Vs= 10V, Vo =-10V [Notes 1. 7) 10 10 nA 

D,ain Current [Switch "OFF") 10,OFF. 
Vs = 10V, Vo = -10V MUX-08 100 100 

nA 
[Notes 1, 71 MUX-24 50 50 

Leakage Current [Switch "ON") 

Digital "1" Input Voltage 

Digital "0" Input Voltage 

Digital Input Current 

Digital "0" Enable Current 

Positive Supply Current 

Negative Supply Current 

NOTES: 

1+ 

1-

Vo= 10V I Notes 1, 7) 

[NoteS) 

[NoteS) 

VON = 0.4V to 15V 

All Digital Inputs Logic 

"0"0,"1" 

All Digital Inputs 

Logic "0" 0' "1" 

1. Conditions applied to leakage tests insure worst case leakages. Exceed
ing 11V on the analog input may cause an "OFF" channel to turn "ON". 

2. RL = 10MIl, CL = 10pF. 
3. Crosstalk is measured by driving channel 8 with channel 4 "ON". 

RL = 1 Mil. CL = 10pF. Vs = 5V RMS, f = 500kHz. 

REV. A 

MUX-OS 

MUX-24 

100 

50 

O.S 

20 

20 

15 

100 

50 
nA 

V 

O.S V 

20 I'A 

20 I'A 

15 mA 

mA 

4. "OFF" isolation is measured by driving channelS with ALL channels "OFF", 
RL = 1 kll, CL = 10pF, Vs = 5V RMS, f = 500kHz. Cos is computed from the 
OFF isolation measurement 

5. Sample tested. 
6, Guaranteed by leakage current and RON tests. 
7. Leakage tests are performed only on military temperature grades at 125°C. 
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MUX-OB/MOX-24 
DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

1. AO 
2. ENABLE 
3. V- (SUBSTRATE) 
4. S1 
5. S2 
I. S3 
7. 'S4 
8. DRAIN 

9. S8 
10. S7 
11. S6 
12. S5 
13. V+ 
14. GND 
15. A2 
16. A1 

MUX-OS MUX-24 

DIE SIZE 0.093 X 0.059 Inch, 5487 sq. mils 
(2.362 X 1.500 mm, 3543 sq. mm) 

1. AO 
2. ENABLE 
3. V- (SUBSTRATE) 
4. S1 A 
5. S2A 
8. S3A 
7. S4A 
8. DRAIN A 

9. DRAIN B 
10. S4 B 
11. S3 B 
12. S2B 
13. S1 B 
14. V+ 
15. GND 
11. A1 

WAFER TEST LIMITS at V+ = 15V, V- = -15V, TA = 25°C, unless otherwise noted. (Note 1) 

MUX-OS/ MUX-OS/ MUX-OS/ 
MUX-24NT MUX-24N MUX-24G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

"ON" Resistance RON 
Vs - OV, 300 300 400 
Is=200/,A TA = 125'C 400 

Digital "1" Input Voltage V1NH (Note 2) 2 2 

Digital "0" Input Voltage V 1NL (Note 2) 0.8 0.8 0.8 

Digital "0" Input Current IINL V,N =0.4V 
10 10 10 

TA= 125'C 20 

Digital "0" Enable Current IINLLENI V,N = O.4V 
10 10 10 

TA= 12S'C 20 

Positive Supply Current 
1+ 

12 12 12 
(All Digital Inputs Logic "0") TA = 125'C 15 

Negative Supply Current 
1-

3.8 3.8 3.8 
IAII Digital Inputs Logic "0") TA= 125'C 

Analog Input Range VA (Note 2) ±10 ±10 ±10 

NOTE: 

UNITS 

IlMAX 

VMIN 

V MAX 

pAMAX 

/'AMAX 

mAMAX 

mAMAX 

VMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly mehtods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = 15V, V-= -15V and TA = 25°C for MUX-08/24N & G, TA = 125°C for 
MUX-08/24NT, unless otherwise noted. 

MUX-OS/ MUX-08/ MUX-08/ 
MUX-24NT MUX-24N MUX-24G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Switching Time (tTRANJ 
t pHl 

(Note 1) 
tpLH 

1.7 1.3 2.1 
1.1 0.9 1.3 

/,s 

Output Settling Time ts 10V Step to 0.1% INote 1) 2.1 1.5 1.9 

Break-Before-Make Delay tOPEN INote 1) 0.8 0.8 1.0 

Crosstalk CT I Note 1) 70 70 70 dB 

.lRON With Applied Voltage .lRON -10V" Vs " 10V, Is = 200/,A % 

Leakage Current ISwitch "ON") IO,ON, Vo= 10V INo!e 1) 20 0.5 0.5 nA 

Analog Input Range VA +10.4/-15 +10.4/-15 +10.4/-15 V 

NOTES: 
1. The data shown is extrapolated from measurements made on the 2. Guaranteed by leakage current and RON tests. 

packaged devices. 
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MUX-OB/MUX-24 
MUX-08 MUX-24 

LOGIC STATE LOGIC STATE 

"ON" "ON" 
AZ A1 AO EN CHANNEL A1 AO EN CHANNEL 
X X X L NONE X X L NONE 

L L L H L L H 

L L H H 2 L H H 2 

L H L H 3 H L H 3 

L H H H 4 H H H 4 

H L L H 5 

H L H H 6 

H H L H 7 

H H H H 8 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades. unless otherwise noted.) 

MUX-08 
BREAK-BEFORE-MAKE 

SWITCHING 

RL c 1kn, CL = 10pF. V1, 8 =",ov 
VOLTAGE = 2V/DIV 
TIME'" 200nslOlV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH FILTERING 

RL" 1Mn, CL =- 5OOpF. v, = SOOmV, Va = +500mV 
VOLTAGE = 5OOmV!OIV 
TIME = lJ,ls/DIV 

NOTE: 
Top waveforms: Digital Input 5v/DIV 
Bottom waveforms: Multiplexer Output 

REV. A 

MUX-08 
LARGE-SIGNAL SWITCHING 

RL= 1Mn, CL = 10pF, V, = -10V, Va = +10V 

VOLTAGE = 5V/DIV 
TIME = 1p.s/OIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH 2jls SAMPLE TIME 

Rt = 1Mn, CL = 10pF, V, '" -500mV. Va = +500mV' 
VOLTAGE = 500mV/DiV 
TIME = 500ns/DIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

RL'" 1Mn, CL" 10pF, V, '" -500mV, Va = +500mV 
VOLTAGE = 500mV/OIV 
TIME = 1p.s/DIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH FILTERING AND 
2.5jls SAMPLE TIME 

Rt = 1Mn, Cl = 5OOpF. V, = -5OOmV, Va" +500mV 
VOLTAGE = 50OmV/OIV 
TIME = 500ns!DIV 
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MUX-D8IMUX-24 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 

MUX-08 CROSSTALK AND 
OFF ISOLATION PERFORMANCE 

~ 
140 

" ~ 120 

~ 100 '" " '" 0 80 
2 

~ 
:l 60 

~ 
~ 
~ 40 
0 

;, 
> 20 .,. 
>" 

0 

2.5 

2.0 

1,·5 
! ... 

1.0 

0.5 

1. 

OF CHANNEL 8 

EPOXY (PI PACKAGE 

~T" 
VI+) = +15V 
VH = -15V 

A Ie 2EfC 

CROSSTALK: 
RL = lMn, CL = 10pF, Vs" +5V RMS 

OFF ISOLATION: 
RL = lkn, CL = 10pF, Vs = +5V RMS 

10k 100k 1M 

FREQUENCY (Hz) 

ENABLE DELAY TIMES 
vs TEMPERATURE 

10M 

V+ .. +15V = f:= ~rux.~ v- = -15V ._ MUX-248,F 
VS2 - VSB = ov 'ON 
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MUX-08/MUX-24 
TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 
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SMALL-SIGNAL SWITCHING 

RL = lM!l, CL = 10pF, v, '" -SOOmV, 
V4 = +600mV 
VOLTAGE = 500mV/DIV, TIME = 1ps/DIV 

MUX-24 
SMALL-SIGNAL SWITCHING 

WITH FILTERING 
AND 2.5ps SAMPLE TIME 

RL" 1MO. CL = 500pF, v, = -5OOmv, 
V4= +500mV 
VOLTAGE = 500mV/DIV, TIME = SOOns/DIV 

NOTE: 
Top waveforms: Digital Input 5V1DIV 
Bottom waveforms: Multiplexer Output 
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MUX-24 
SMALL-SIGNAL SWITCHING 

WITH FILTERING 

RL = 1Mil, CL = 500pF, v, = -SOOmV, 
V4 = +600mV 
VOLTAGE = SOOmV/DIV, TIME = lpslDlV 

MUX-24 
BREAK-BEFORE-MAKE 

SWITCHING 

AL'" 1kil, CL = lOpF, Vl. 4 = 10V 
VOLTAGE = 2V/DIV, TIME" 200ns/DIV 

V~ - ANALOG INPUT VOLTAGE (VOLTS) 

MUX-24 
SMALL-SIGNAL SWITCHING 

WITH 2ps SAMPLE TIME 

RL = 1Mn. CL = 10pF. V1 = -6OOmV. 
V4 =+600mV 
VOLTAGE = 500mV/DIV, TIME = 600ns/DIV 

MUX-24 
LARGE-SIGNAL SWITCHING 

RL = 1Mn. CL '" 10pF, V1 = -1OV, V4 = +1OV 
VOLTAGE = 5V!DIV. TIME = 1p.s/OIV 

CMOS SWITCHES & MULTIPLEXERS 5-117 



MUX-OB/MUX-24 
TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 
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MUX-24 
CROSSTALK AND OFF 

ISOLATION PERFORMANCE 
OF CHANNEL 3A 
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V+= 16V 
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RON (SWITCH NO.4) = 3000 
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Rt .. nn, CL = 10pf, Vs = 5V RMS 
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Figure 1 
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ENABLE DELAY TIME TEST CIRCUIT 

Figure 2 
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A.C. TEST CIRCUITS 

OFF-ISOLATION MEASUREMENT CIRCUIT 

Figure 5 
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SWITCHING TIME WAVEFORMS 
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LOGIC INPUT 

REV. A 

Vo 

50% VS=-1V 

I 
I 
I 

I I 
I-toPEN--i 

a.v 

50% 

MUX-08/MUX-24 
APPLICATIONS INFORMATION 
These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
action. The turn-offtime is much faster than the turn-on time 
to guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro
cessing, special handling as required with CMOS devices,ls 
not necessary to prevent damage to this multiplexer. Because 
the digital inputs only require a 2.0V logic "1" input level, 
power-consuming pull-up resistors are not required for TTL 
compatibility to insure break-make switching as is most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ±15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 
operation, however, positive input voltages should be restric
ted to 11 V (or 4V less than the positive supply). This assures 
that the VGS of an "OFF" switch remains greater than its Vp , 

and prevents that channel from being falsely turned "ON". 
When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across 
an "ON" switch exceeds -0.6V. While this condition will 
cause an error in the output, it will not damage the switch. In 
lab tests. the multiplexer output has been loaded with a 
O.01I'F capacitor in the circuit of Figure 1. With V1 =-10V and 
Va = +10V, the logic input was driven at a 1kHz rate. The 
positive-going slew rate was O.3Wl's which is equivalent to a 
normal loss of 3mA. The negative-going slew rate was 
O.7Wl's which is equivalent to a "reverse" lossof 7mA. Note 
that when switch 1 is first turned "ON" it has a drop of -20V 
across its terminals. In spite of that fact, the current is limited 
to approximately twice its normal loss. 

CROSSTALK AND OFF-ISOLATION 

Crosstalk and off-isolation performance is influenced by 
the type of package selected. Epoxy (P) packaged devices 
typically exhibit a 12dB improvement in off-isolation 
(f = 500kHz) performance when compared to ceramic (a) 
packaged devices. Epoxy packaged devices typically exhibit 
a 15dB improvement in crosstalk (f = 500kHz) performance 
when compared to ceramic (a) packaged devices. 

SINGLE SUPPLY OPERATION OF JFET MULTIPLEXERS 

PMI's JFET multiplexers will operate from a Single positive 
supply voltage with the negative supply pin at ground 
potential. The analog signal range will include ground. 

For complete Single supply operation information, refer to 
application note, AN-32. 
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MUX .. OB/MUX-24 
SIMPLIFIED MUX-oe SCHEMATIC 

DECODING 
MATRIX 

DRAIN 
--+-<0-0 OUTPUT 

(vOl 

I 
I 
I 

~o-----------J 
FOR MUX ·24 SWITCH PAl RS 51 - Ss- S:z - Sa .... 84 - Sa ARE TURNED ON BV 

A REPROGRAMMED DECODING MATRIX AND A2 IS NO LONGER USED. 

THE COMMON ANALOG BUS IS SPLIT IN HALF TO PROVU)E (DRAIN BJ OUTPUT. 

The simplified MUX-QS/MUX-24 schematic shows that logic 
trip pOints are determined by two forward diode drops. An 
internal clamping diode between V- and ground prevents 
excessive current flow between V+ and ground in the event 
that V- becomes open circuit. The decoding matrix is 
accomplished by a programmed diode array. The switch celt 
consists of P channel JFET's with appropriate blocking 
diodes which ruggedizes the circuit's overvoltage and supply 
loss characteristics. 

DIFFERENTIAL MULTIPLEXERS 

CMRR TEST CIRCUIT 

Vsup =±15V 
"o-A,·OV 
EN· +5V 

X1000 
GAIN 

CONFIGURATION One characteristic unique to differential multiplexers 
(MUX-24) is the ability to reject common-mode signals from 
becoming differential error signals. Common-mode rejection 
is a parameter which defines the amount of rejection in terms 
of dB. The MUX-24 exhibits a 106dB at 60Hz and 101dB at 
400Hz of CMRR using the test circuit of Figure 6. . 

Figure 6 
CMRR = 20 log (VO ) 

1000 X Vi 
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TYPICAL PERFORMANCE CHARACTERISTICS 

30 

20 

OVERVOLTAGE V-I 
CHARACTERISTIC 
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CHARACTERISTIC 
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POWER-LOSS V-I 
CHARACTERISTIC 
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VN-OV 
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1IIIIIIII ANALOG 
WDEVICES 

16-ChanneVDuaI8-Channel JFET 
Analog Multiplexers (Overvoltage Protected) 

FEATURES 

• JFET Switches Rather Than CMOS 
• Highly Resistant To Static Discharge Damage 
• No SCR Latch-up Problems 
• Low "ON" Resistance - 2900Typlcal 
• Low Leakage Current 
• Digital Inputs Compatible With TTL and CMOS 
• Break-Before-Make Action 
• 12So C Temperature-Tested Dice Available 
• Overvoltage Protected 
• Supply Loss Protection 
• MUX-16 Pin Compatible With DGS06, HI-506A, AD7S06 
• MUX-28 Pin Compatible With DGS07, HI-S07A, AD7S07 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

25'0 CERDtP LCC. PLASTIC TEMPERATURE 
RESISTANCE 28-P1N 2S-00NTACT 28-PIN RANGE 

290Q MUX16AT' MIL 
2900 MUX16ET IND 
4000 MUX161W MUX16BTC/883 MIL 
400a MUX16FT MUX16FP XINO 
400a MUXl6FPC XINO 
2900 MUX26Ar MIL 
2900 MUX2SET INO 
400a MUX28Br MUX28BTC/883 MIL 
400C MUX28FT MUX28FP XINO 
400C MUX28FPC XINO 

For devices processed in 10181 compliance 10 MIL-STO-883, add /883 after part 
number. Consult faclory for 883 dala sheet. 
Bum-in i. available on commercial and Industrial temperature range parts in 
CerDIP, plastic OIP, and T().can packages. 

FUNCTIONAL DIAGRAMS 

MUX-16 

REV. A 

V+ 

GND 

v-

MUX-16/MUX-28 I 
GENERAL DESCRIPTION 

The MUX-16 is a monolithic 16-channel analog multiplexer 
which connects a Single output to 1 of the 16 analog inputs 
depending upon the state of a 4-bit binary address. Discon
nection of the output is provided by a logical "0" at the 
ENABLE input, thereby providing a package selection 
function. 

The MUX-28 is a monolithic 8-channel differential analog 
multiplexer configured in a double pole, 8-position (plus 
OFF) electronic switch array. A 3-bit binary input address 
connects a pair of independent analog inputs from each 
8-channel input section to the corresponding pair of inde
pendent analog outputs. Disconnection of both inputs is 
provided by a logical "0" at the ENABLE input, thereby offer
ing a package select function. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resistance. Performance advantages include low leak
age currents and fast settling time with low crosstalk to 
satisfy a wide variety of applications. These multiplexers do 
not suffer from latch-up or static discharge blow-out prob
lems associated with similar CMOS parts. The digital inputs 
are designed to operate from both TTL and CMOS levels 
while always providing a definite break-before-make action 
without the need for external pull-up resistors. For single 
8-channel and dual 4-channel models, refer to the 
MUX-08/MUX-24 data sheet. 

MUX-28 

EN~~--~--~~~~--~~~ 

Ao. 
A, 
AD---r--~~r.-~-r.~~~~~ 

DRAIN. ',. '2. ... '4. "s. "s. '? Sa. 

v+ 

GND 

v-
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MUX-16IMUX-28 

PIN CONNECTIONS & TRUTH TABLES 

v. 

07 28-PIN PLASTIC DIP 

.. 

(P·Sufflx) 

28·PIN CERDIP 
(T·Suffix) 

MUX·16BTC/883 
LCC 

(TC·Suffix) 
PLCC 

(PC·Suffix) 

MUX·16 MUX·28 
"ON" "ON" "ON" 

. c 

A. A" A, Ao EN CHANNEL A. A. A, Ao EN CHANNEL A. A, A. EN CHANNEL !~Lld 
X X X X L NONE H L L L H 

L L L L H H L L H H 

L L L H H 2 H L H L H 

L L H L H 3 H L H H H 

L L H H H 4 H H L L H 

L H L L H 5 H H L H .H 

L H L H H 6 H H H L H 

L H H L H 7 H H H H H 

L H H H H 8 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range, 

9 
X X X 

10 
L L L 

11 
L L H 

12 
L H L 

13 
L H H 

14 
H L L 

15 
H L H 

16 
H H L 

H H H 

MUX-1SI28-AT, BT, BTC ......................•.••. -5S·C to + 12S·C 
MUX-16128-ET ............................................. -2S·C to +SS·C 
MUX-16128-FP, FPC, FT ............................. -40·Cto +SS·C 

Junction Temperature (T,) .............................. -6S·C to + 1S0·C 
Storage Temperature Range .....................••. -6S·C to + 1S0·C 
Lead Temperature (Soldering, SO sec) .......................... 300·C 
Maximum Junction Temperature ................................... 1S0·C 
V+ Supply to V- Supply ..................................................... 3SV 
Logic Input Voltage ........................... (V- or -4V) to V+ Supply 
Analog Input Voltage ....... V- Supply -20V to V+ Supply +20V 

L 

H 

H 

H 

H 

H 

H 

H 

H 

PAIR 
~. 2827JI!!1 

NONE S7B Fa 2!5 srA 
.. SOA MUX·28BTC/883 :F: " ... LCC 2 ... Fa U S4A 

... Fe ..... (TC·Suffix) 
3 .... F.i PLCC ..... 
4 S1B ~ 19 S1A (PC·Suffix) 

12131415 tl17111i1 5 
!q~nq 6 .. a 

7 

8 

Maximum Current Through Any Pin ............................... 2SmA 
PACKAGE TYPE 8,,, (Note 2) 8,c UNITS 

2B-Pln Hermetic DIP en 55 15 'C/W 

28-Pln Plastic DIP (P) 56 30 'C/W 

28-Cantact LCC (rC) S6 35 'C/W 

28-Cantact PLCC (PC) 70 33 'C/W 

NOTES: 
1. Ralings apply 10 bolh DICE and packaged parts, unless olherwise nOled. 
2. 8 'A Is specified for worsl case mounting conditions, i.e., 8 'A is specified for 

device in sockal for CerDIP, P-DIP, and LCC packages; 8:A is spaclfied for 
device soldered 10 printed clrcuil board for PLCC package. I 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V and TA = 25°C, unless otherwise noted. 

MUX-1SA/E MUX-168/F 
MUX-2BA/E MUX-2B8/F 

PARAMETER SYMBOL CONDITIONS M'N TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON VsS 10V.ls S 200~A 290 380 400 580 II 

aRON With Applied Voltage aRON -10V S Vs S 10V, Is = 200~A 1.5 5 1.5 5 % 

RON Match Between Switches RON Match Vs= OV.ls= 200~A 15 9 20 % 

Analog Voltage Range 
+10 +11 +10 +11 

V V. (Note61 -10 -15 -10 -15 

Source Current (Switch "OFF"I 's(OFFI Vs = 10V. Vo = -10V (Note 11 0.01 0.01 nA 

Drain Current (Switch "OFF"I lo(OFFI Vs = 10V. Vo = -10V (Note 11 
MUX-16 0.2 0.2 
MUX-28 0.1 0.1 nA 

Leakage Current (Switch "ON"I 'o(ONI 
Vo = 10V·(Note 11 

MUX-16 0.2 0.2 
nA 

+lsiONI MUX-28 0.1 0.1 

Digital Input Current liN V,N = 0.4V to 15V 10 10 ~ 
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MUX-16/MUX-28 
ELECTRICAL CHARACTERISTICS at V s = :l:15V and TA = +25°C. unless otherwise noted. Continued 

MUX-16A/E MUX-16B/F 
MUX-28A/E MUX-28B/F 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Digital "0' Enable Current I'NL (EN) VEN =0.4V 4 10 4 10 ,.,4 

Digitellnput Capacitance CO'G 3 3 pF 

Switching Time (t,.RAN) tpHL (Notes 2,5) Figure 1 1.4 2.0 1.8 2.5 
~s 

tpLH (Test Circuits) 1.2 1.8 1.6 2.2 

10V Step to 0.10% 2.6 2.7 
Output SeHllng Time t. 10V Step to 0.05% 3.2 3.4 ~s 

10V Step to 0.02% 4.0 7.2 

Break-Befor .... Make Delay 'oPEN Figure 3 0.7 ~s 

Enable Delay "ON' t.. .... 
(Note 5) Figure 2 2 1.2 2.5 ~s (Test Circuits) 

Enable Delay 'OFF' 'oFF (EN) 
(Note 5) Figure 2 MUX-16 0.25 0.5 0.25 0.5 

~s (Test Circuits) MUX-28 0.25 0.5 0.25 0.6 

'OFF' Isolation ISOOFF 
(Note 4) Figure 4 

66 66 dB 
(Test Circuits) 

Crosstalk CT (Note 3) Figure 5 75 75 dB 
(Test Circuits) 

Source Capacitance Cs (OFF) 
Switch 'OFF,' 2.5 2.5 pF 
Vs=OV,Vo=OV 

Drain CapaCitance CO'(OFF) 
Switch 'OFF,' MUX-16 13 13 pF 
V.=OV,Vo=OV MUX-28 8 8 

Input to Output Capacitance COS (OFF) (Note 4) 0.15 0.15 pF 

Positive Supply Current V+ = 15V 
MUX-16 15 19 9 19 
MUX-28 15 19 8 19 

(Ail Digital Inputs 1+ MUX-16 12 8 
mA 

Logic '0' or 'I') V+=5V MUX-28 12 7 

Negative Supply Current V-=-15V 
MUX-16 5 7 3.5 7 
MUX-28 5 7 3 7 (All Digitallnpuls 1- MUX-16 4 3 

mA 
logic "0" or 'I") V-=-5V MUX-28 4 2.5 

NOTES: 4. 'OFF'lsolation Is measured by driving channel 8 (8B) with ALL channels OFF. 
1. Conditions applied to leakage tests insure worst case leakages. RL = lkD, Cl = 10pF, V. =5VRMS, f=500kHz.CosiscomputedfromlheOFF 
2. RL = 10MD, CL = lOpE isolation measurement. 
3. Crosstalk Is measured by driving channel 8 (8B*) with channel 7 (7B*) ON. 5. Sample tested. 

RL = lMg, CL = 10pF, Vs =5V RMS, f = 500kHz. 6. Guaranteed by leakage current and Ro N tests. 

ELECTRICAL CHARACTERISTICS atVs = :l:15V, -55°C:o:TA:o: +125°Cfor MUX-16AT/BT/BTCand MUX-28AT/BT/BTC; -25°C 
:0: T A :0: +85°C for MUX-16ET and MUX-28ET; -40°C:o: TA :0: +85°C for MUX-16 FT/FP/FPC and MUX-28FT/FP/FPC, unless otherwise 
noted. 

MUX-16A/E MUX-16B/F 
MUX-28A/E MUX-28B/F 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 
·ON- Resistance RON Vs s 10, Is s 200,.,4 500 800 g 

ARo N With Applied Voltage ARON -10V sVs s 10V, Is = 200,.,4 2 5.5 % 

Ro N Match Between Switches Ro N Match V s = OV, Is = 200,.,4 10 15 % 

Analog Vollage Range VA (Note 6) +10 +11 +10 +11 V 
-10 -15 -10 -15 

Source Current (Switch'OFF') Is (OFF) Vs = 10V, Vo =-10V (Note 1) 25 50 nA 

Drain Current (Switch 'OFF') 10 (OFF) Vs = 10V, Vo =-10V (Note 1) 75 250 nA 

Leakage Current 10 (ON) Vo = 10V (Note 1) 75 250 nA 
(SWitch 'ON") +1. (ON) 

Digital '1" Input Voltage V'~H (Note 6) 2 2 V 

Digital '0' Input Voltage V'NL (Note 6) 0.7 0.7 V 

Digital Input Current I'N V'N = 0.4Vto 15V 20 20 ,.,4 

Digital '0' Enable Current I'NL(EN) VEN =0.4V 20 20 ,.,4 

Positive Supply Current 1+ All Dlgitallnpuls Logic '0' or 'I' 24 24 mA 

Negative Supply Current 1- All Digltallnpuls Logic '0' or 'I' 8.2 8.2 mA 

REV. A CMOS SWITCHES & MULTIPLEXERS 5-125 



MUX-16IMUX-28 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

1. POSITIVE SUPPLY 17. ADDRESS BIT 0 (AO) 
4. SOURCE 16 (S16) 18. ENABLE 
5. SOURCE 15 (S15) 19. SOURCE 1 (Sl) 
6. SOURCE 14 (S14) 20. SOURCE 2 (S2) 
7. SOURCE 13 (S13) 21. SOURCE 3 (83) 
8. SOURCE 12 (S12) 22. SOURCE 4 (54) 
9. SOURCE 11 (Sll) 23. SOURCE 5 (S5) 

10. SOURCE 10 (S10) 24. SOURCE 6 (SI) 
11. SOURCE 9 (S9) 25. SOURCE 7 (57) 
12. GROUND 26. SOURCE 8 (S8) 

MUX-16 MUX-28 

DIE SIZE 0.110 x 0.076 Inch, 8380 sq. mils 
(2.794 x 1.930 mm, 5392 sq. mm) 

1. POSITIVE SUPPLY 
2. DRAINB 
4. SOURCE 8 (88B) 
5. SOURCE 7 (S7B) 
6. SOURCE 6 (SIB) 
7. SOURCE 5 (85B) 
8. SOURCE 4 (848) 
9. SOURCE 3 (83B) 

10. SOURCE 2 (S2B) 
11. SOURCE 1 (SlB) 

17. ADDRESS BIT a (AO) 
11. ENABLE 
19. SOURCE 1 (SlA) 
ZO. SOURCE 2 (S2A) 
21. SOURCE 3 (S3A) 
22. SOURCE 4 (54A) 
23. SOURCE 5 (85A) 
24. SOURCE 8 (seA) 
25. SOURCE 7 (S7A) 
26. SOURCE 8 (88A) 

14. ADDRESS BIT 3 (A3) 27. NEGATIVE SUPPLY (SUBSTRATE) 
21. DRAIN 

12. GROUND 27. NEGATIVE SUPPLY (SUBSTRATE) 
15. ADDRESS BIT 2 (A2) 
18. ADDRESS BIT 1 (Al) 

15. ADDRESS BIT 2 (AZ) 
16. ADDRESS BIT 1 (Al) 

28. DRAINA 

WAFER TEST LIMITS at V+= 15V, V-=-15V, TA = 25° C for MUX-16/28 Nand G, TA = 125°C for MUX-16/28 NT and GT, unless 
otherwise noted. 

MUX-16/ MUX-16/ MUX-16/ MUX-16! 
MUX-28NT MUX-28N MUX-28GT MUX-28G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

"ON" Resistance RON 
vs= OV, 

540 380 800 580 II MAX 15= 2OOl'A 

Digital "1" Input Voltage V,NH VMIN 

Digital "0" Input Voltage V,NL 0.8 0.8 0.8 0.8 V MAX 

Digital "0" Input CUrrent I'NL V'N= O.4V 20 10 20 10 I'AMAX 

Digital "0" Enable Current IINliEN) VEN=0.4V 20 10 20 10 I'AMAX 

Positive Supply Current 
1+ 24 19 24 19 mAMAX (All Digital Inputs Logic "0") 

Negative Supply Current 
1- 8.2 8.2 mAMAX (All Digital Inputs Logic "0") 

Analog Input Range VA (Note 2) ±10 ±10 ±10 ±10 VMIN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negoti~te specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+= 15V, V-=-15Vand TA= 25°C for MUX-16/28 Nand G, TA= 125°C 
for MUX-16/28 NT and GT, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Switching Time I tTRAN) 
tpHL (Note 1) Figure 1 
tpLH 

Output Settling Time ts 10V Step to 0.1% (Note 1) 

Break-Before-Make Delay tOPEN (Note 1) Figure 3 (Test Circuits) 

Crosstalk CT (Note 1) Figure 5 (Test Circuits) 

dRoN With Applied Voltage dRON -10V" Vs " 10V, IS = 2OOl'A 

Leakage Current (SWitch "ON") IO(ON) Vo= 10V (Note 1) 

Analog Input Range VA (Note 2) 

NOTES: 
1. The data shown is extrapolated from measurements made on the 

packaged devices. 

5-126 CMOS SWITCHES & MULTIPLEXERS 

MUX-16/ MUX-16/ MUX-16! MUX-16! 
MUX-28NT MUX-28N MUX-28GT MUX-28G 

TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

2.6 1.5 
1.8 0.9 2.4 1.4 I'S 

2.5 1.5 2.9 1.9 

0.8 0.8 I'S 

70 70 70 70 dB 

1.5 1.5 1.5 1.5 % 

20 0.2 20 0.2 nA 
+11 +11 +11 +11 
-15 -15 -15 -15 V 

2. Guaranteed by RON and leakage current tests. 
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MUX-16IMUX-28 
TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades, unless otherwise noted.) 
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MUX-16IMUX-28 

TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades, unless otherwise noted.) 

MUX-16 
OFF PERFORMANCE OF 

CHANNEL 8 

~ 40 CR~:i~M~~ ~~~~w~~~ i~~' 
I 300n, VEN '" +5V r. 20 OF~L l~l~!~OVNS ~L~ ~~S. 
~ 0 V EN = +O.4V 

lk 10k 100k 1M 
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i 140 
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MUX-28 
OFF PERFORMANCE OF 

CHANNEL 8 

CROS~TALK (PIN #~: G~O,U~~,~,?) .I.J.J Illr 
I I OFF ISOLAnON (PIN #3 r-- GROUNDED) I I II 

CROSSTALK (PIN #3 

.... FLOATING)-

.... 
V+ = lSV 

f-V_ = -15V r--TAliil~rC ,/ "-
OFF ISOLATION (PIN #3 FLOAnNG) ftr C"O"TALIC, "L =lMIl, CL"OpF, ·s=·· 

RMS, AON(SWlTCH#7B)"'3OOII, VEN"'+5V 
OFF ISOLATION: RL =1KU, CL"'10pF, 

VS=5V AMS. VeN " +O.4V 

lk 10k lOOk 1M 10M 

FREOUENCY (Hz) 

MUX-16 DYNAMIC CHARACTERISTIC CURVES 

SMALL-SIGNAL SWITCHING 

RL'"' lMn. CL = 10pF, v, '" -500mV. 
V16 = +50OmV 

SMALL-SIGNAL SWITCHING 
WITH FILTERING AND 

21's SAMPLE TIME 

RL = lMn, CL '" 500pF, v, = -700mV. 
V16 ,,:,+700mV 

NOTE: 
Top Waveforms: Digital Input 5v/Div 
Bottom Waveforms: Multiplexer Output (Vo) 

~128 CMOS SWITCHES & MULTIPLEXERS 

SMALL-SIGNAL SWITCHING 
WITH FILTERING 

RL" lMn. CL" 5OOpF. v,. -500mV. 
V16 "'+600mV 

BREAK-BEFORE-MAKE 
SWITCHING 

RL = lkn. CL = lOpF. V, =V'6=+10V 

DIGITAL INPUT BIAS 
CURRENTSvsTEMPERATURE(~ 

• vl = +\.v 
v-" -1SV I,EN= O.4V 

" ....... 
........ 

....... 

1 NOTE: IINl (EN) PLOTl'ED SINCE OTHER -

DIGITAL INPUT CURRENTS ARE _ 

0 
I ILE"'[, I I I I I I 

-20 0 20 BO 100 
TEMPERATURE lOCI 

SMALL-SIGNAL SWITCHING 
WITH 21's SAMPLE TIME 

RL = 1Mn, CL" 10pF. V1 = -700mV, 
V16 = +700mV 

LARGE-SIGNAL ,SWITCHING 

RL III 1Mn, CL = 1OpF, V1 '" -1OV, V16· +1OV 

140 
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MUX-16IMUX-28 
MUX-28 DYNAMIC CHARACTERISTIC CURVES 

SMALL-SIGNAL SWITCHING 

Rl = lMn, Cl = lOpF. v, = -500mV. Va = +500mV 

SMALL-SIGNAL SWITCHING 
WITH fiLTERING 

AND 2.5~8 SAMPLE TIME 

RL:; lMn, CL '" 5ODpF, v, = -700mV, Va = +7OOmV 

NOTE: 
Top Waveforms: Digital Input 5V1Div 
Bottom Waveforms: Multiplexer Output (Vo) 

SMALL-SIGNAL SWITCHING 
WITH fiLTERING 

RL'" lMn. CL = 500pf, v, = -500mV. Va '" +500mV 

BREAK-BEfORE-MAKE 
SWITCHING 

RL = lKn,cl = lOpF. V, =Va=+10V 

SMALL-SIGNAL SWITCHING 
WITH 2~8 SAMPLE TIME 

RL = lMn, CL" 10pf, v, = -7OOmV, Va" +7QOmV 

LARGE-SIGNAL SWITCHING 

Rl = lMn. CL '" 1OpF. v, = -1DV, Va '" +10V 

TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades, unless otherwise noted.) 
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MUX-16/MUX-28 
A.C. TEST CIRCUITS 

TRANSITION TIME TEST CIRCUIT 

+5V 

+16V 

V+ 
EN MUX·16 

(MUX-281 

NCIDB) S,(S'A) 

A3(NCI 82-815 

~ (~~~A;~-<r-----~ 

Figure 1 

LOGIC 
INPUT 

A1 S,6(SSA) V1. 

RL CL 

'.1'. Mil pF 

( ) DENOTES MUX-28 CONNECTIONS 

ENABLE DELAY TIME TEST CIRCUIT 

+15V 

V+ 
MUX·16 
(MUX-28' 

-= 

,,-8,• 
(";,~~~)I----<>------' 

LOGIC 
INPUT 

DICB) 

RL CL 
1 ,. 

-=.ll lPF -= 

( I DENOTES MUX-28 CONNECTIONS 

Figure 2 

BREAK-BEFORE-MAKE TEST CIRCUIT 

+15V 

V+ 
+5V EN I~~~~:I 8, 

NelDa) 
V1,16 

S'6(SsAI 
A3INe) 

A2 
Sz-S15 

A1 (~~~~~ 
Vo 

A. DIDAI 

RL CL 
LOGIC 

1 r 'O INPUT Idl pF 

-= -= -= -= 
Figure 3 ( I DENOTES MUX-28 CONNECTIONS 

5-130 CMOS SWITCHES & MULTIPLEXERS 

SWITCHING TIME WAVEFORMS 

SWITCH 
OUTPUT 
Vo 

(SEE FIGURE 1.) 

SWITCH 
OUTPUT 
Vo 

(SEE FIGURE 2.) 

SWITCH 

Vo r---i"""l 

OUTPUT 50% 
Vo 

(SEE FIGURE 3.) 

3,5V 

LOGIC INPUT 50% 
fAx. Enl 

OFF ISOLATION TEST CIRCUIT 

+15V 
IVsl 

ISOOFF = 20 log ---
IVol ALL CHANNELS 

ARE OFF 

NeIOA) V+~~I--__________ ' 

Figure 4 

EN ("J,~~~ 
A3 

MUX-16 
A2 (MUX-28) 

A1 

AD 

.-----.------1 ... , ... , Vo 

RL 
1 CL son 
kfl I'OpF 

':" -::- ":" 

(I DENOTES MUX·28 CONNECTIONS 
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CROSSTALK MEASUREMENT CIRCUIT 

Figure 5 

CHANNEL 
71S ON 

+15V 

V+ 

IVsl cT = 20 log -
IVol 

EN S:~~I-------, 
1'I,",.l (~;~j~~) 
A3(NCI 

A2 

A1 

A. 

MUX-16 
(MUX.28) 

VD 
DIDBll---.--..--o 

( I DENOTES MUX-28 CONNECTIONS 

APPLICATIONS INFORMATION 
These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
(B.B.M.) action. The turn-off time is much faster than the 
turn-on time to guarantee B.B~M. over the full operating 
temperature and input voltage range. Fabricated with JFET 
processing rather than CMOS, special handling is not 
necessary to prevent damage to this multiplexer. Because the 
digital inputs only require a 2.0V logic "1" input level, power
consuming pullup resistors are not required for TTL compat
ibility to insure break-before-make switching as is most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY= ±15V. The overvoltage and supply-loss V-I charac
teristics shown indicate typical performance when the multi
plexer is subjected to abnormal signals. For normal operation, 
however, positive input voltages should be restricted to 11V 
(or4V less than the positive supply). Thisassures thatthe VGS 
of an OFF FETswitch remains greater than its Vp, preventing 
that channel from being falsely turned ON. 

When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across an 
ON switch exceeds -0.6V. While this condition will cause an 
error in the output, it will not damage the switch. In lab tests, 
the multiplexer output has been loaded with a 0.011'F capaci
tor in the circuit of Figure 1. With Vl =-10V and V16=+10V, the 
logic input was driven at a 1 kHz rate. The positive-going slew 
rate was 0.3V1I'Sec which is equivalent to a normal loss of 
3mA. The negative-going slew rate was 0.7V1l'sec which is 
equivalent to a "reverse" loss of 7mA. Note that when switch 
one (1) is first turned ON it has a drop of -20V across its 
terminals. In spite of that fact, the current is limited to 
approximately twice its normal loss. 
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MUX-16IMUX-28 
OVERVOLTAGE MEASUREMENT TEST CIRCUIT 
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MUX-16IMUX-28 

SIMPLIFIED SCHEMATIC (MUX-16) 

v+o-----~--~--~~--._--~--_.--------~~----------------, 

v-

5-132 CMOS SWITCHES & MULTIPLEXERS 

DRAIN 
-----+4-0 OUTPUT 

FOR MUX-28 SWITCH PAIRS 81 - $g. S:l- SlO'· .. Sa - 816 ARE TURNED ON BY 
A REPROGRAMMED DECODING MATRIX AND A31S NO LONGER USED. 

THE COMMON ANALOG BUS IS SPLIT IN HALF TO PROVIDE lORAIN B) OUTPUT. 

(VO) 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• "Clickless" Bilateral Audio Switching 
• Guaranteed "Break-Before-Make" Switching 
• Low Distortion ................................................. 0.003% Typ 
• Low Noise ............................................................. 1nV/,(Hz 
• Superb OFF-Isolation ....................................... 120dB Typ 
• Low ON-Resistance .............................................. 60n Typ 
• Wide Signal Range: 

Vs = ±18V ............................................................. 10V RMS 
• Wide Power Supply Range ............................. ±9V to ±20V 
• Available In Dice Form 

ORDERING INFORMATION 
PACKAGE 

PLASTIC SOL 
14-PIN 16-PIN 

SSM2402P 
SSM2412P 

'XINO = -40'C to +S5'C 

SSM2402S 
SSM2412S 

GENERAL DESCRIPTION 

OPERATING 
TEMPERATURE 

RANGE 

XINO" 
XINO' 

The SSM·2402/2412 are dual analog switches designed spe· 
cifically for high-performance audio applications. Distortion and 
noise are negligible over the full audio operating range of 20Hz 
to 20kHz at signal levels of upto 10VRMS' The SSM·2402/2412 
offer a monolithic integrated alternative to expensive and noisy 
relays or complex discrete JFET circuits. Unlike conventional 
general-purpose CMOS switches, the SSM-2402/2412 provide 
superb fidelity without audio "clicks" during switching. 

Conventional TTL or CMOS logic can be used to control the 
switch state. No external pull-up resistors are needed. A "T" 
configuration provides superb OFF-isolation and true bilateral 
operation. The analog inputs and outputs are protected against 
overload and overvoltage. 

An important feature is the guaranteed "break-before-make" for 
all units, even IC-to-IC. In large systems with multiple switching 
channels, all separate switching units must open before any 
switch goes into the ON-state. With the SSM-2402/2412, you 
can be certain that multiple circuits will all break-before-make. 

The SSM-2402/2412 represent a significant step forward in 
audio switching technology. Distortion and switching noise are 
significantly reduced in the new SSM-2402/2412 bipolar-JFET 
switches relative to CMOS switching technology. Based on a 

REV. A 

Dual Audio 
Analog SWitches 

SSM-2402lSSM-2412 I 
new circuit topology that optimizes audio performance, the 
SSM-2402/2412 make use of a proprietary bipolar-JFET proc
ess with thin-film resistor network capability. Nitride capacitors, 
which are very area effiCient, are used for the proprietary ramp 
generator that controls the switch resistance transition. Very 
wide bandwidth amplifiers control the gate-to-source voltage 
over the full audio operating range for each switch. The ON
resistance remains constant with changes in signal amplitude 
and frequency, thus distortion is very low, less than 0.01 % Max. 

The SSM-2402 is the first analog switch truly optimized for high
performance audio applications. For broadcasting and other 
switching applications which require a faster switching time, we 
recommend the SSM-2412 - a dual analog switch with one-third 
of the switching time of the SSM-2402. 

PIN CONNECTIONS 

GROUND 1 

SWl CONTROL 2 

N.C.· 3 

15 SW2 CONTROL 

11 SWzOUT 

* GUARD PINS FOR INPUTIOUTPUT ISOLATION 
(GROUND FOR BEST PERFORIilANCE) 

Logic In 

o 
1 

CONTROL LOGIC 

Switch State 

OFF 
ON 

14-PIN 
PLASTIC DIP 

(P-Suffix) 

16-PIN SOL 
(S-Suffix) 

Logic '0" ,; O.SV 
Logic "1" ~ 2.0V 
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SSM-2402/SSM-2412 

FUNCTIONAL DIAGRAM 

v+ ()-+ 

GND~ 

IN 0-+-...... -----' '-----..... +--0 OUT 

v-O-*----+---~~--_1---~ 

LOGIC HIGH. ON 
LOGIC LOW = OFF 
SI ' S2 = MAIN SWITCHES 
S3 = SHUNT SWITCH 

TIMING DIAGRAM 

~ 
~ffi 
0: iii 
~" -i ---MAil switcH OPENI - -

SHUNT SWITCH CLOSED 
I I I 

1+ tON +t ...., t+- tOFF 

CONTROL 
INPUT 

HIGHJ I 
LOW L.. _____ _ 

TIME 

SWITCH TIMING 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range ....................... -40°C to +85°C 

Operating Supply Voltage Range .................................... ±20V 
Analog Input Voltage Range 

Continuous .................................. V- +3.5V $ VA $ V+ -3.5V 

Maximum Current Through Switch ................................. 20mA 

Logic Input Voltage Range ........................... V+ Supply to -2V 

VA to V- Supply ................................................................ +36V 

PACKAGE TYPE UNITS 

14-Pin Plastic DIP (P) 76 33 

16-Pin SOL (S) 92 27 
NOTE: 
I. a iA is specified for worst case mounting conditions, i.e., a iA is specified for 

device in socket for P-DIP package; aiA is specified for device soldered to 
printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at Vs =±18V, RL = OPEN, and -40°C $TA $ +85°C, unless otherwise noted. 

All specifications, tables, graphs, and application data apply to both the SSM-2402 and SSM-2412, unless otherwise noted. 

SSM-2402l2412 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Positive Supply 
+ISY 

VIL = 0.8V, 2.0V 
6.0 7.5 mA 

Current (Note I) 

Negative Supply 
-'SY 

VIL = 0.8V, 2.0V 
4.8 6.0 mA 

Current (Note I) 

Ground Current IGND 
VIL = 0.8V, 2.0V 0.6 1.5 mA 
(Note I) 

Digital Input High VINH T A = Full Temperature Range (Note 2) 2.0 V 

Digital Input Low VINL TA = Full Temperature Range 0.8 V 

Logic Input 
ILOGIC 

VIN=Oto 15V 1.0 5.0 JlA Current (Note 3) 

Analog Voltage 
VANALOG -14.2 +14.2 V 

Range (Note 3) 
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SSM-2402/SSM-2412 
ELECTRICAL CHARACTERISTICS at Vs = ±18V, RL = OPEN, and -40°C $ TA $ +85°C, unless otherwise noted. Continued 

SSM·2402I2412 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Analog Current 
lANA LOG -10 +10 rnA 

Range (Note 3) 

Overvoltage Input 
V'N=±VSUPPLY ±40 rnA 

Current 

-14.2 S VAS +14.2V 

Switch ON 
IA =±10mA, V'L =2.0V 

Resistance RON TA = +25°C 60 85 0 

TA = Full Temperature Range 115 0 

Tempco (&RON/&T) 0.2 OPC 

RON Match RONMATCH 
-14.2 S VA S +14.2V 

5 % 
IA =±10mA. V'L =2.0V 

Switch ON V'L =2.0V 
Leakage Current IS(ON) -14.2V'; VA S +14.2V 0.05 1.0 I1A 
(Notes I, 3) VA =OV 0.05 10.0 nA 

Switch OFF V'L =0.8V 
Leakage Current IS(OFF) -14.2V,; VA'; +14.2V 0.05 1.0 I1A • (Notes I, 3) VA =OV 0.05 10.0 nA 

Turn-On Time VA = +10V, RL =2kO SSM-2402 10.0 

(Note 5) ioN T A = +25°C, See Test Circuit SSM-2412 3.5 
ms 

Turn-Off Time 
IeFF 

VA =+10V. RL =2kO SSM-2402 4.0 

(Note 6) T A = +25°C, See Test Circuit SSM-2412 1.5 
ms 

Break-Before-Make 
TA =+25°C 

SSM·2402 6.0 

Time Delay (Note 7) !oFF-tON SSM-2412 2.0 
ms 

Charge Injection a TA = +25°C 
SSM-2402 50 

pC 
SSM-2412 150 

ON-State 
CS(ON) 

VA = 1VAMS 12 pF 
Input Capacitance f = 5kHz, T A = +25°C 

OFF-State 
CS(OFF) 

VA = 1VAMs pF 
Input Capacitance f = 5kHz. T A = +25°C 

OFF Isolation ISO(OFF) 
V A = 10VAMS' 20Hz to 20kHz 

120 dB 
T A = +25°C, See Test Circuit 

Channel-to-Channe) 
Cr 

VA = 10VAMS' 20Hz to 20kHz 
96 dB 

Crosstalk TA =+25°C 

Total Harmonic 
THD 

Oto 10VAMS' 20Hz to 20kHz 
0.003 0.01 % 

Distortion (Note 8) TA = +25°C, RL = 5kQ 

Spectral Noise 20Hz to 20kHz 
nV/-/Hz 

Density en 
TA =+25°C 

Wideband Noise 20Hz to 20kHz 
0.2 I1Vp_p Density Bnp.p TA =+25°C 

NOTES: 
1. "V'L" is the Logic Control Input. 5. Turn-ON Time is measured from the time the logic input reaches the 50% point 
2. Although not recommended, using unbalanced supplies with the positive rail to the time the output reaches 50% of the final value. 

in excess of 20V will result in an increased digital input high threshold. Tha 6. Turn-OFF time is measured from the time the logic input reachas tha 50% point 
threshold is sat to 9.3% of tha positive supply voltage. to the time the output reaches 50% of the initial value. 

3. Current tested at V'N = OV. This is the worst case condition. 7. Switch is guaranteed by design to provida braak-before-make operation. 
4. Guarantaed by RON test condition. 8. THO guaranteed by design and dynamic RON testing. 
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SSM-2402lSSM-2412 

DICE CHARACTERISTICS 

SSM-2402lSSM-2412 

DIESIZEO.105xO.097Inch,10,185sq. mils 
(2.667 x 2.464 mm, 6.57 sq. mm) 

WAFER TEST LIMITS atVs =±18V, RL = OPEN, and TA = +25°C. 

PARAMETER SYMBOL 

Positive Supply Current +ISY 

Negative Supply Current -ISY 

Ground Current IGND 

Logic Input Current ILOGIC 

Switch ON Resistance RaN 

RON Match 
RONMATCH 

Between Switches 

Switch ON 
IS(ON) Leakage Current 

Switch OFF 
IS(OFF) Leakage Current 

NOTES: 
I. VIL = Logic Control Input 

VA = Applied Analog Inpul Voltage 
IA = Applied Analog Input Current 

2. Worst Case Condition 

CONDITIONS (Nota I) 

VIL =0.8V 

VIL =0.8V 

VIL =0.8V 

VIN=OV 
(Note 2) 

-14.2SVAS+14.2V 
IA =±IOmA, VIL =2.0V 

-14.2VsV A S+14.2V 
IA =±IOmA, VIL =2.0V 

-14.2V SVA S+14.2V 
VIL =2.0V 

-14.2VSVA S+14.2V 
VIL =0.8V 

1. GROUND 
2. SWITCH 1 CONTROL 
4~ SWlTCH1 1N 
6. SWITCH1 OUT 
7. V-SUPPLY 
9. SWITCH2 1N 

11. SWlTCH2 OUT 
13. SWlTCH2 CONTROL 
14. V+SUPPLY 

For additional DICE information, refer 
to PMl's Data Book, Section 2. 

SSM-2402/2412NBC 
LIMIT 

7.5 

6.0 

1.5 

5.0 

85 

5 

1.0 

1.0 

UNITS 

rnA MAX 

rnA MAX 

rnA MAX 

"A MAX 

o MAX 

% MAX 

"A MAX 

!1AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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SSM-2402lSSM72412 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 

SSM·2402 TO NiT OFF SWITCHING RESPONSE 

TIME (ms) 

OUTPUT(VO) 

CONTROL LOGIC 
INPUT (IN , ) 

SSM·2412 T o NiT OFF SWITCHING RESPONSE 

10 

nMElms) 

OUTPUTIVo) 

CONTROL LOGIC 
INPUT (INt ) 

SWITCHING ONIOFF TRANSITION 

~'0 
g • 
:: 0.1 

SSM-a402 

VIL = HIGH TO LOW 

SSM-a412 

YIL_HlOH TO LOW 
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T O~ OFF SWITCHING RESPONSE TEST CIRCUIT 
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SSM-2402/SSM-2412 
SWITCHING TIME TEST CIRCUIT 

SWITCH 
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SSM""2402/SSM-2412 

APPLICATIONS INFORMATION 

FUNCTIONAL SECTIONS 
Each half of the SSM-2402l2412 are made up of three major 
functional blocks: 

1_ "T" Switch 
Consists of JFET switches S1 and S2 in series as the main 
switches and switch S3 as a shunt. 

2. Ramp Generator 
Generates a ramp voltage on command olthe Control Input 
(see Figure 1). A LOW-to-HIGH TTL input at Control Input 
initiates a ramp that goes from approximately -7V to +7V in 
12ms for the SSM-2402, and 4ms for the SSM-2412. Con
versely, a HIGH-to-LOW TTL transition at Control Input will 
cause a downward ramp from approximately +7V to -7V in 
12ms for the SSM-2402, and 4ms for the SSM-2412. The 
Ramp Generator also supplies the +3V and -3V reference 
levels for Switch Control. 

3. Switch Control 
The ramp from the Ramp Generator section is applied to 
two differential amplifiers (DA1 and DA2) in the Switch Con
trol block. (See Simplified Schematic). One amplifier is ref
erenced to -3V and the other is referenced to +3V. Switch 
Control Outputs are: 

- Main Switch Control - Drives two 0.25mA current 
sources that control the inverting inputs of each op amp. 
When ON, the current sources cause a gate-Io-source 
voltage of approximately 2.5V which is sufficient to turn 
off S1 and S2' When the current sources from Main 
Switch Control are OFF, each op amp acts as a unity
gain follower (VGS = 0) and both switches (S, and S2) 
wilibeON. 

- Shunt Switch Control - Controls the Shunt Switch of 
the "T" configuration. 

SWITCH OPERATION 
To see how the SSM-2402/2412 switches work, first consider 
an OFF-to-ON transition. The Control Input is initially LOW and 
the Ramp Output is at approximately -7V. The Main Switch 
Control is HIGH which drives current sources Oa and 04 to 
0.25mA each. These currents generate 2.5V gate-to-source 
back bias for each JFET switch (S, and S2) which holds them 
OFF. 

The Shunt Switch Control is negative which holds the shunt 
JFET S3 ON. Undesired feedthrough signals in the series JFET 
switches S1 and S2 are shunted to the negative supply rail 
through S3' 
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FIGURE 1: RAMP Generator 
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When the Control Input goes from LOW to HIGH, the Ramp 
Generator slews in the positive direction as shown in Figure 2. 
When the ramp goes more positive than -3V, the Shunt Switch 
Control is pulled positive by differential amplifier D~ which 
thereby puts shunt switch S3 into the OFF state. Note that S1 
and S2 are still OFF, so at this time all three switches in the "T" 
are OFF. 

When the Ramp Output reaches +3V, and the drive for the Main 
Switch Control output is gated OFF by differential amplifier DA1 ' 
current sources 0 3 and 0 4 go to the OFF state and the VGS of 
each main switch goes to zero. The high-speed op amp follow
ers provide essentially zero gate-to-source voltage over the full 
audio signal range; this in turn assures a constant low imped
ance in the ON state over the full audio signal range. Total time 
to turn on the SSM-2402 switch is approximately 10.0ms and 
3.Sms for the SSM-2412. 

In systems using a large number of separate switches, there are 
advantages to having faster switching into OFF state than into 
the ON state. Break-before-make can be maintained at the 
system level. To see how the SSM-2402/2412 guarantee break
before-make, consider the ON-to-OFF transition. 

A Control Input LOW initiates the ON-to-OFF transition. The 
Ramp Generator integrates down from approximately +7V to
wards -7V. As the ramp goes through +3V, the comparator 
controlling the Main Switches (S1 and S2) goes HIGH and turns 
on current sources 0 3 and 0 4 which thereby puts S1 and S2 into 
the OFF state. Atthis time, all switches in the "T" are OFF. When 
the ramp integrates down to -3V, the Shunt Switch Control 
changes state and pulls shunt switch S3 into the ON state. This 
completes the ON-to-OFF transistion; S1 and S2 are OFF, and 
Sa is ON to shunt away any undesired feedthrough. Note though 
that the ON-to-OFF time for main switches S1 and S2 is only the 
time interval required forthe ramp to go from +7V to +3V, about 
4ms for the SSM-2402, and 1.Sms for the SSM-2412. The time 
to turn on is about 2.S times as long as the time to turn off. 

TYPICAL CONFIGURATION 

~=l INPUTS 
HIGH=ON 
LOW = OFF o------=-t-

• OPTIONAL INPUT RESISTORS 

SSM-2402lSSM-2412 
The SSM-2402/2412 are much more than a simple single solid
state switches. The "T" configuration provides superb OFF-iso
lation through shunting of feedthrough via shunt switch Sa. 
Break-before-make is inherent in the design. The ramp provides 
a controlled gating action that softens the ON/OFF transitions. 
Distortion is minimized by holding zero gate-to-source voltage 
for the two main FET switches, S1 and S2' using the two op amp 
followers. Figure 3 shows a distortion comparison between the 
SSM-2402 and a typical CMOS switch. In summary, the SSM-
2402/2412 are designed specifically for high-performance au
dio system usage. 

OVERVOLTAGE PROTECTION 
The SSM-2402/2412 are designed to guarantee correct opera
tion with inputs of up to ±14.2V with ±18V supplies. The switch 
input should never be forced to go beyond the supply rails. In the 
OFF condition, if the inputs exceeds + 14.2V, there is a risk of 
turning the respective input pass FET "ON." When the input 
voltage rises to within 3.8V of the positive supply, the op amp 
follower saturates and will not be able to maintain the fu1l2.SV of 
back bias on the gate-to-source junction. Under this condition, 
current will flow from the input through the shunt FET to the • 
negative supply. This current is substantial, but is limited by the 
FET loss. Although this current will not damage the device, there 
is a danger of also turning on the output pass FET, especially if 
the output is close to the negative rail. 

This risk of signal "breakthrough" for inputs above + 14.2V can 
be eliminated by using a source resistor of 100-S00n in series 
with the analog input to provide additional current limiting. 

Near the negative supply, transistors Oa and 0 4 saturate and 
can no longer keep the switch OFF. Signal breakthrough can
not happen, but the danger here is latch-up via a path to V
through the shunt FET. Additional circuitry (not shown) has 
been incorporated to turn OFF the shunt FET under these con
ditions, and the potential for latch-up is thereby eliminated. 

see SECTION ON OVERVOLTAGE PROTECTION 
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SSM-2402lSSM-2412 

SS"'2402'12412 
OR CMOS SWITCH 

r.:t=J .... 1 .15Y :~I~ __ 
'OOkll 

SSM-2402 

.kn 

)( " 5V/DIV (INPUT) 
y" 1V/DIV (OUTPUT) 

10kll 

TYPICAL CMOS SWITCH 

FIGURE 3: Comparison of the SSM-2402 and Typical CMOS 
Switch for Distortion 

DIGITALLY-CONTROLLED ATTENUATOR 
Figure 4 shows the usual approach to digitally-controlled at
tenuation. With 8, closed, the signal passes unattenuated to the 
output. With 8, open and 82 closed, the signal is attenuated by 
R, and R2 . The advantage of this configuration is that the 
attenuator current does not have to flow through the switches. 
The disadvantage is that the output is undefined during the 
switching period, which can be several milliseconds. 

The low distortion characteristics of the 88M-2402/2412 enable 
the alternate arrangement of Figure 5 to be used. Now only one 
switch is required to change between two gains, and there is 
always a signal path to the output. Values for R2 will typically be 
in the low kilohm range. 

For more gain steps and higher attenuation, the ladder arrange
ment of Figure 6 can be used. This enables a wide dynamic 
range to be achieved without the need for large value resistors, 
which would result in degradation of the noise performance. 
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HIGH-PERFORMANCE STEREO ROUTING SWITCHER 
The SSM-2402 Dual Audio Switch comprises the nucleus for 
this 16 channels-to-one high performance stereo audio routing 
switcher, which features negligible noise and low distortion over 
the frequency range of 20Hz to 20kHz. This performance is 
achieved even while driving 6000 loads at signal levels up to 
+30dBu. 

The SSM-2402 affords a much simplified electrical design and 
printed circuit board layout, along with reduced manufacturing 
cost, when compared with discrete JFET circuits of similar per
formance. The electrical performance ofthe design described is 
vastly superior to CMOS switch designs, which are more prone 
to failure resulting from electrical static discharge. 

The switching control of the SSM-2402 may be activated by 
conventional mechanical switches or 5 volt TTL or CMOS logic 
circuits. The application shown utilizes a simple mechanical 
control switch for illustration purposes only. Many diverse XIV 
control schemes, destination control, or computer controlled 
designs can be utilized. 

SSM-2402lSSM-2412 
The "T" configuration of the SSM-2402 switch provides excel
lent ON-OFF isolation. The SSM-2402 also features 7ms ramp
ed turn on and 4ms ramped turn off for click-free switching. 
Additionally, the switch has a break-before-make switching 
sequence. Both features become significant in large audio 
switching systems where the audio path can pass through mul
tiple switching elements. Such controlled switching is very im
portant in large systems used in broadcast program switching or 
in production work. 

The application circuit design also employs the SSM-2015 bal
anced input amplifier (Figure 7). The input impedance is high 
(-100kO), balanced or unbalanced. The input circuit incorpo
rates a single pOie RFI filter with a cutoff frequency set at 
145kHz. In addition, the input circuit attenuates the signal by 
25dB and extends the common-mode input voltage range to ±98 
volts peak, with common-mode rejection greater than 70dB 
from 20Hz to 20kHz. The SSM-2015 is set to produce a 15dB 
gain. The signal drive level into the SSM-2402 switch is then 
+ 1 OdBu with a +20dBu input level and + 14dBu peak, well within 

1- - -22pF- - - - -R: - - - - - - - - - - - - - - - - ,... - - - - - - -10kC - - - - - - - - I 

I 

HI Or-t--.JVV-" 
I 

INPUT (LEFT) I 
(+20dBu) I 

I 

LO 0,--+-1'."1'--+ 

GND 

CROSSPOINT I 

co~~~e~, 
I 

I 
I 

OV-OFF 
+5V· ON 

'NPU~l:~~;~ I 
I 

LO 0-:-' -+--.JVV'---+ 

GND 

FIGURE 7: Switcher Schematic 
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SSM-2402/SSM-2412 
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FIGURE 8: Switcher Functional Block Diagrsm 

ideal operating range. Good signal-to-noise is maintained, with 
generous head-room available by electing to use %18VDC 
power supply voltages. 

The routing switcher bus carries high level unbalanced audio, 
but is driven with low impedance sources. With the output im
pedance of the SSM-2015 at virtually 00 and the SSM-2402 
switch ON, resistance is typically 600. Bus-ta-bus crosstalk is 
exceptionally low. For example, assuming 14pF coupling be
tween buses and 20kHz signal, the crosstalk (isolation) ex
ceeds SOdB. The 14pF would be representative for the 16 X 1 
stereo design shown. Shielding of the buses with a printed 
circuit board ground plane and physically isolating the input and 
output circuits will reduce the, crosstalk even further. The 'T' 
configuration of the SSM~2402 switch virtually eliminates 
crosstalk between the various input signal sources. 

5-144 CMOS SWITCHES & MUL TlPLEXERS 

The output amplifier incorporates a buffer amplifier that pro
vides 4dB of gain (nominally), with adjustable output level trim 
control. The buffer also isolates the switching bus from the 
balanced output ampl.ifier circuit. The balanced output is de
signed to drive 6000 loads and utilizes twoSSM-2134 IC 
'amplifiers. The differential design increases drive capability, yet 
increases the heat dissipation surface area, and keeps IC 
package temperature well within safe operating limits, even 
when driving 6000 loads. The SSM-2134 is recommended due 
to its low noise, wide frequency response, and output drive 
current capabilities. 

Overall performance of the 16 X 1 stereo switcher is noteworthy. 
Input-to-output frequency response is flat to within 1 dB over a 
10Hz to 50kHz band. Total harmonic distortion plus noise is less 
than 0.03%, from 20Hz to 20kHz. SMPTE intermodulation dis
tortion is less than 0.02%. The use of % 18VDC power supplies 
produces a +30dBm clip level, even when driving 6000 loads. 

REV. A 



SSM-2402lSSM-2412 
TABLE 1: Circuit Performance Specifications 

Max Input Level +30dBu 

Input Impedance, Unbalanced 100kn 

Input Impedance, Balanced 200kn 

Common-Mode Rejection (20Hz to 20kHz) >70dB 

Common-Mode Voltage Limit :t:9BV Peak 

Max Output Level +30dBu/dBm 

Output Impedance 670 

Gain Control Range :t:2dB 

Output Voltage Slew Rate 6V/IJS 

Frequency Response (:t:0.05dB) 20Hz to 20kHz 

Frequency Response (:t:0.5dB) 10Hz to 50kHz 

THO + Noise (20Hz to 20kHz, +BdBu) 0.005% 

THO + Noise (20Hz to 20kHz, +24dBu) 0.03% 

IMO (SMPTE 60Hz & 4kHz, 4:1, +24dBu) 0.02% 

SIN Ratio @ OdB Gain 135dB • Crosstalk (20Hz to 20kHz) >BOdB 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
"Clickless" Bilateral Audio Switching 
Four SPST Switches in a 16-Pin Package 
Ultralow THD+N: 0.0009% @ 1 kHz (VIN = 2 V rms, 

RL = 100 kO) 
Low Charge Injection: 35 pC 
High OFF Isolation: 100 dB 
Low ON Resistance: 280 
Low Supply Current: 900 p.A 
Single or Dual Supply Operation: +11 V to +24 V or 

±5.5 V to ±12 V 
Guaranteed Break-Before-Make 
TTL and CMOS Compatible Logic Inputs 
Low Cost-Per-Switch 

GENERAL DESCRIPTION 
The SSM-2404 integrates four SPST analog s 
l6-pin package. Developed specifically 
audio applications, distortion and 
full operating range of 20 Hz to 20 
injection of 35 pC, "clickless" audio 
under the most demanding conditions. 

Switch control is realized by conventional TTL MOS logi 
Guaranteed "break-before-make" operation assures that all 

Quad Audio Switch 
SSM-2404 I 

PIN CONNECTIONS 

SW4A 

SW4B 

SW4CONTROL 

SW3CONTROL 

v-
SW3B 

supply operation is possible. Additional features 
FF isolation, 28 n ON resistance, and a wide 

e. Although optimized for virtual ground 
SSM-2404 maintains good audio performance 

der low load impedance conditions. 

BLOCK DIAGRAM OF ONE SWITCH CHANNEL 

LOGIC INTERFACE 
AND 

BREAK.JIEFORE MAKE 
CONTROL 

DIGITAL 
CONTROL 

SW1A 

SW1B 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SSM-2404-SPECIFICATIONS (Vs = ±12 V, TA = + 25°C, unless otherwise specified.) ,;", 

Parameter Symbol Conditions MiD Type, Max Units 

AUDIO PERFORMANCE 
Total Harmonic Distortion Plus Noise THD+N @ 1 kHz, with 80 kHz Filter, 

RL = 100 kG, VIN = 2 V rms 0.0009 % 
Spectral Noise Density en 20 Hz to 20 kHz 0.8 nV/y'Hz 
Wideband Noise Density en p-p 20 Hz to 20 kHz 0.6 ILVP-P 

ANALOG SIGNAL SECTION 
Analog Voltage Range VA VINH = 2 V, IA = ±2 rnA ±12 V 
Analog Current Range IA VINH = 2 V, VA = 0 V ±10 rnA 
ON Resistance RoN IA = ±10mA, VA = 7.1 V 28 :0 
RoN Matching RoN Match IA = ± 10 mA, VA = 0 V 1 % 
ON Leakage Current IsCON) VA = 7.1 V 0.1 nA 
OFF Leakage Current IS(OFF) VA = 7.1 V 0.1 nA 
Charge Injection Q 35 pC 
ON-State Input Capacitance CON VA = 5 V rms, f = 5 kHz 31 pF 
OFF-State Input Capacitance CoFF VA = 5 V rms, f = 5 kHz 17 pF 
OFF Isolation IsO(oFF) VA = 7.1 V, 20 Hz-20 kHz 100 dB 
Channel-to-Channel Crosstalk Cr VA = 7.1 V, 20 Hz-20 kHz 100 dB 

CONTROL SECTION 
Digital Input High V1NH TA = -40°C to +85° 2.0 V 
Digital Input Low V1NL TA = -4O"C to 0.8 V 
Turn-On Time' toN See Test 8 ms 
Turn-Off Time2 SeeT 5 ms 
Break-Before-Make Time Delay 3 ms 
Logic Input Current 

Logic HI 1.3 nA 
Logic LO 1.0 nA 

POWER SUPPLY 
Supply Voltage Range +11 +24 V 

±5.5 ±12 V 
Positive Supply Current 0.9 mA 
Negative Supply Current -0.6 mA 
Ground Current -0.3 mA 

NOTES 
'Tum-on time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the final value. 
'Turn-off time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the initial value. 
Specifications subject to change without notice. 

Figure 1. THD+N VS. Frequency (VS = ±12 V, 
V/N = 2 V rms, with 80 kHz Filter) 

.12V V Y, RL 
0= S RL-RON 

v. SWITCH 

s~; os':.....I---odf ..... -c:i-.... - .... --o Dt OUTPUT 
Vo 

lis =.7.1V 

LOGIC 
INPUT 

LOGIC 
INPUT 

IN, 

:;:~:: v 

-=-

RL CL 

-=-

2k.Q 120pF 

-12V 

s~; 1Is-~-------4----

:~~ 0'-'1-="1 

SSM-2404 Switch Timing Circuit 

This information applies to a product under development. Its. characteriatics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Two Normally Open and Two Normally Closed SPST 
Switches with Disable 

• Switches can be Easily Configured as a Dual SPOT or 
a DPDT 

• Highly Resistant to Static Discharge Destruction 
• Higher Resistance to Radiation Than Analog Switches 

Designed with MOS Devices 
• Guaranteed RON Matching •....••........•.•• 10% Max 
• Guaranteed Switching Speeds ......• TON = 500ns Max 

T OFF = 400ns Max 
• Guaranteed Braak-Befora-Make Switching 
• Low "ON" Resistance ........................ 80n Max 
• Low RON Variation from Analog Input Voltage ....... 5% 
• Low Total Harmonic Distortion .....•.......•.•.. 0.01% 
• Low Leakage Currents at High Temperatura: 

TA = 125°C .....••....•..... 100nA Max 
TA = 85°C •............•..... 30nA Max 

• Digital Inputs TTL/CMOS Compatible and Independent 
ofV+ 

• Improved Specifications and Pin Compatible to LF-113331 
13333 

• Dual or Single Power Supply Operation 
• Available In Ole Form 

PIN CONNECTIONS 

Switches are shown in the logic "0" 
input state and DIS = "1" 

TOP VIEW 

16-PlNDIP 
(Q or P-5ufflx) 

16-PlNSOL 
(5-Suffix) 

ORDERING INFORMATION t 

PLASTIC CERDIP 

SW-06BRC/883 
LCC PACKAGE 

(RC-Suffix) 

OPERATING 
LCC TEMPERATURE 

16-PIN 16-PIN 2O-CONTACT RANGE 

SWOSBQ* SW06BRC1883 MIL 
SW06GP SW06FQ XIND 
SWOSGS XIND 
Fordevlces processed in total compiiancetoMll·STD-883,add/883 after part 
number. Consult factory for 883 data sheet. 
Burn-In is available OIl commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

REV. A 

GENERAL DESCRIPTION 

Quad SPST JFET 
Analog Switch 

SW-O& I 

The SW-06 is a four channel single-pole, single-throw analog 
switch that employs both bipolar and ion-implanted FET 
devices. The SW-06 FET switches use bipolar digital logic 
inputs which are more resistant to static electricity than 
CMOS devices. Ruggedness and reliability are inherent in 
the SW-06 design and construction technology. 

Increased reliability is complemented by excellent electrical 
speCifications. Potential error sources are reduced by min
imizing "ON" resistance and controlling leakage currents at 
high temperatures. The switching FET exhibits minimal RON 
variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voltage is possible. With V+ = 36V, V- = OV, the 
analog signal range will extend from ground to +32V. 

PNP logic inputs are TTL and CMOS compatible to allow the 
SW-06 to upgrade existing designs. The logic "0" and logic 
"1" input currents are at micro-ampere levels reducing load
ing on CMOS and TTL logic. 

FUNCTIONAL DIAGRAM 

v' 
12 

3 

~Sl 

LEVEL t2..001 
IN 1 0----11"'""' .... 

SHIFT 
6 

~S2 

t.2....o 02 

IN 2 0--=-+--11"'""''''' 

C" 10 03 

IN 3 0--=-+-011"'""''''' 

(54 
15 

04 

IN 4 o-:.:'6-+-oIr-""" 

13 
DIS GND v-

TRUTH TABLE 

SWITCH STATE 

DISABLE LOGIC CHANNELS CHANNELS 
INPUT INPUT 1 & 2 3&4 

0 X OFF OFF 
1 orNC 0 OFF ON 
lorNC 1 ON OFF 
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SW-06 
ABSOLUTE MAXIMUM RATINGS (Note 1) Maxi,mum Current Through 
Operating Ternperature Range An~ Pin Including Switch ............................................. 30mA 

SW-OSBQ, BRC ......................................... -55'C to +125'C PACKAGE TVPE elA (Note 2) elc UNITS 

SW-OSFQ ..................................................... -40'C to +85'C 
SW-OSGP, GS ..................... : ........................ -40'C to +85'C 16·Pln Hermetic DIP (Q) 100 16 'CIW 

Storage Temperature Range ........................ -S5'C to +150'C 16·Pin Plastic DIP (P) 82 39 'CIW 

Lead Temperature (Soldering, SO sec) .......................... 300'C 20·Contact LCC (RC) 98 38 'CIW 

Maximum Junction Temperature .................................... 150·C 16-Pln SOL (S) 98 30 'CIW 

V+ Supply To V- Supply ....... : ............................................ 3SV NOTES: 

V + Supply to Ground .......................................................... 3SV 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

Logic Input Voltage ........................... (-4V or V-) to V+ Supply 
otherwise noted. 

2. elA Is specified for worst case mounting conditions, I.e., elA Is specified for 
Analog Input Voltage Range device in socket for CerDIP, P-DIP, and LCC packages; elA is speCified for 

Continuous ............................ V- Supply to V+ Supply +20V device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and T A = 25' C, unless otherwise noted. 

SW-OSB SW-OSF SW-OSG 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

Vs = OV. Is = lrnA 60 60 60 100 100 150 
"ON" Resistance RON II 

Vs = ±10V. Is = lrnA 65 80 65 100 100 150 

RON Match Between 
RON Match Vs = OV. Is = tOOpA (Note 1) 

Switches 
10 20 20 % 

Is = lrnA (Note 8) +10 +11 +10 +11 +10 +It 
Analog Voltage Range VA 

-10 -15 -10 -15 -10 
V 

Is=lrnA -15 

Analog Current Range IA Vs=±10V 10 t5 12 10 rnA 

loRON v. Applied 
loR ON 

Voltage 
-10V S Vs S 10V, Is = 1.0rnA 15 10 20 10 20 % 

Source Current in Vs = 10V. Vo = -10V 
IS(OFF) 0.3 

"OFF" Condition (Note 5) 
2.0 0.3 2.0 0.3 10 nA 

Drain Current in Vs = 10V. Vo = -10V 
0.3 2.0 0.3 2.0 0.3 10 nA 

"OFF" Condition IO(OFF) (Note 5) 

Source Current in IS(ON)+ Vs=Vo=±10V 
0.3 2.0 0.3 2.0 0.3 10 nA 

"ON" Condition IOION) (Note 5) 

Logical "1" Input 
VINH 

Full Temperature Range 

Voltage (Notes 6. 8) 
2.0 2.0 2.0 V 

Logical "0" Input 
V1NL 

Full Temperature' Range 
0.8 0.8 0.8 V 

Voltage (Notes 6. 8) 

Logical "1" I,:,put 
IINH 

VIN = 2.0V to 15.0V 
10 pA 

Current (Note 4) 

logical "0" Input IINL VIN=0.8V 1.5 5.0 1.5 5.0 1.5 10.0 pA 

Turn-On-Time tON 
See Switching Time 

340 500 340 600 340 700 n. 
Test Circuit (Notes 6. 9) 

Turn-Off-Time tOFF 
See Switching Time 

Test Circuit (Note. 6. 9) 
200 400 200 400 200 500 ns 

Break-Befora-Make 

Time 
tON-tOFF (Note 3) 50 140 50 140 50 140 ns 

Source Capacitance CS(OFF) Vs = OV (Note 5) 7.0 7.0 7.0 pF 

Drain Capacitance CO(OFF) Vs = OV (Note 5) 5.5 5.5 5.5 pF 

Channel "ON" CO(ON)+ Vs = Vo = OV (Note 5) 
Capacitance CS(ON) 

15 15 t5 pF 

"OFF" Isolation .ISO(OFF) 
Vs = 5VRMS. RL = 68011. 

CL = 7pF. f = 500kHz (Note 5) 
58 58 58 dB 

Crosstalk CT 
Vs = 5VRMS' RL = 68011. 

CL = 7pF. f = 500kHz (Note 5) 
70 70 70 dB 
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SW-06 
ELECTRICAL CHARACTERISTICS at v+ = 15V, V- = -15V and T A = 25·C, unless otherwise noted. Continued 

SW·068 SW-D6F SW·06G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TVP MAX UNITS 

Positive Supply 
1+ 

All Channels "OFF'. 
5.0 6.0 5.0 9.0 6.0 9.0 mA 

Current DIS = '0' (Note 5) 

Negative Supply 
1-

All Channels "OFF'. 
3.0 5.0 4.0 7.0 4.0 7.0 mA 

Current DIS = "0' (Note 5) 

Ground Current 10 
All Channels "ON' or 

3.0 4.0 3.0 4.0 3.0 5.0 mA 
"OFF' (Note 5) 

ELECTRICAL CHARACTERISTICS at V+ - 15V, V- - -15V, -55°C S TA S +125°C for SW-OSBQ, -40°C S TA S +85·C for 
SW-OSFQ and -40°C S T AS +85°C for SW-OSGPtGS, unl.ess otherwise noted. 

SW·06B SW·06F SW·06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Temperature Range TA Operating -55 125 -25 85 70 ·C 

Vs = OV, Is = 1.0mA 75 110 75 125 75 175 
"ON" Resistance RON II 

Vs = ±10V. Is = 1.0mA 80 110 80 125 80 175 

RON Match Between 
RON Match Vs = OV. Is = 100pA (Note 1) 

Switches 
20 25 10 % 

Is = 1.0mA (Note 8) +10 +11 +10 +11 +10 +11 
Analog Voltage Range VA V 

Is= 1.0mA -10 -15 -10 -15 -10 -15 

Analog Current Range IA Vs=±10.0V 12 11 11 mA 

ARoN With Applied 
ARON 

-10V::; VS.s +10V, 

Voltage Is= 1.0mA 
10 12 15 % 

Source Current in 
Vs = 10V, Vo = -10V, 

IS(OFF) TA = Max. Operating Temp. 60 30 60 nA 
"OFF" Condition 

(Notes 5,7) 

Drain Current in 
Vs = 10V, Vo = -10V, 

1010FF) TA = Max. Operating Temp. 60 30 80 nA 
"OFF" Condition 

(Notes 5, 7) 

Leakage Current in ISION)+ 
Vs=Vo=±10V. 

TA = ,Max. Operating Temp. 100 30 60 nA 
"ON" Condition 1010N) (Notes 5,7) 

Logical "1" Input 
IINH 

VIN = 2.0V to 15.0V 
10 10 15 pA 

Current (Note 4) 

Logical "0" I "put 
IINL VIN=0.8V 

Current 
10 10 15 pA 

Turn-On-Time tON 
See Switching Time 

Test Circuit (Notes 2, 6) 
440 900 500 900 1000 ns 

Turn-Off-Time tOFF 
See Switching Time 

300 
Test Circuit (Notes 2, 6) 

500 330 500 500 ns 

Break-8afere-Make 

Time 
tON-tOFF (Note 3) 70 70 50 ns 

Positive Supply Current 1+ 
All Channels "OFF" 

DIS = "0" (Note 5) 
9.0 13.5 13.5 mA 

Negative Supply Current 1-
All Channels "OFF" 

DIS = "0" (Note 5) 
7.5 10.5 10.5 mA 

Ground Current IG 
All Channels "ON" or "OFF" 

(NoteS) 
6.0 7.5 7.5 mA 

NOTES: 4. Current tested at V1N = 2.0V. This is worst case condition. 
1- Vs = av, Is = 100J,LA. Specified as a percentage of RAVERAGE where: 5. Switch being tested ON or OFF as indicated. VINH = 2.0V or VINL = C.BV, 

R - RON1 + RON2 + RON3 + RON4 
per logic truth table. 

AVERAGE - 4 
6. Also applies to disable pin. 
7. Parameter tested only at T A = + 1250 C for military grade device. 

2. Guaranteed by design. 
B. Guaranteed by RON and leakage tests. For normal operation maximum 

3. Switch is guaranteed by design to provide break-before-make analog Signal voltages should be restricted to less than (V+) -4V. 
operation. g. Sample tested. 

REV. A CMOS SWITCHES & MUL TIPLEXERS 5-151 



SW-06, 
DICE CHARACTERISTICS 

DIE SIZE 0.101 X 0.097 Inch, 9797 sq. mils 
(2.565 X 2.464 mm, 8.320 sq. mm) 

1. IN (1) 
2. 0 (1) 
3. S (1) 
4. GNO 
5. V- (SUBSTRATE) 
6. S (2) 
7.0(2) 
8. IN~2) 
9. IN (3) 

10.0(3) 
11. S(3) 
12. V+ 
13. DISABLE 
14. S (4) 
15.0(4) 
16. IN (4) 

WAFER TEST LIMITS at V + = 15V, V - = -15V, TA = 25°C, unless otherwise noted. 

SW-06N 
PARAMETER SYMBOL CONDITIONS LIMIT 

"ON" Resistance RON -10VSVAS 10V.ISS lmA 80 

RON Match Betwe'm Switches RON Match VA=OV,ISS100I'A 15 

aRONvs VA aRON -10VSVAS 10V,Is S lmA 10 

Positive Supply Current 1+ (Note 1) 6,0 

Negative Supply Current 1- (Note I) 5.0 

Ground Current IG (Note I) 4,0 

Analog Voltage Range VA Is=1mA ±10.0 

Logic "I" Input Voltage V,NH (Note 3) 2.0 

Logic "0" Input Voltage V 1NL (Not. 3) 0.8 

Logic "0" Input Current IINL OV S Y,N S 0.8V 5.0 

Logic "I" Input Current I'NH 2.0V S Y,N S 15V (Note 2) 5 

Analog C'urrent Range IA Vs =±10V 10 

NOTE: 

SW-06G 
LIMIT UNITS 

100 o MAX 

20 % MAX 

20 % MAX 

9,0 mAMAX 

7,0 mAMAX 

4,0 mAMAX 

±10.0 VMIN 

2.0 VMIN 

0.8 VMAX 

5.0 I'AMAX 

5 I'AMAX 

mAMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not 
guaranteed lor standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and TA = 25° C, unless otherwise noted. 

SW-06N SW-06G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON -10VSVAS 10V,Is S lmA 80 80 0 

Turn-On-Time tON 340 340 ns 

Turn-Off-Time tOFF 200 200 ns 

Drain Current In 
IOiOFF) Vs = 1OV, Vo = -10V 0.3 0.3 nA 

"OFP' Condition 

"OFF" Isolation ISOIOFF) I = 500kHz. RL = 6800 58 58 dB 

Crosstalk CT I = 500kHz. RL = 6800 70 70 dB 

NOTES: 
1. Power supply and ground current spacilied lor switch "ON" or "OFF". 3. Guaranteed by RON and leakage tests. 
2. Current tested at Y,N = 2.OV. This is worst case conC!ltion. 
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SW-06 
TYPICAL PERFORMANCE CHARACTERISTICS 
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SW-06 
TYPICAL PERFORMANCE CHARACTERISTICS 
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SW-06 
TYPICAL PERFORMANCE CHARACTERISTICS (OPERATING SINGLE SUPPLY) 

"ON" RESISTANCE 
vs ANALOG VOLTAGE 
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NOTE: These single-supply-operation characteristic curves 
are valid when the negative power supply V- is tied to 
the logic ground reference pin "GNO". TTL input 
compatibility is still maintained when "GNO" is the 
same potential as the TTL ground. t'OFF is measured 
from 50% of logic input waveform to 0.9 Yo. The 
analog voltage range extends from 0 to V+ -4V. the 
switch will no longer respond to logic control when 
VA is within 4 volts of V+. 

SIMPLIFIED SCHEMATIC DIAGRAM (TYPICAL SWITCH) 
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SW-06 
OFF ISOLATION TEST CIRCUIT 

60<1 

"OFF" ISOLATION - 20 lOG [..!..L] 
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CROSSTALK TEST CIRCUIT 

VA-SVRMS 
ATf-5OOkHz vo, 
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t1 < 20nS 

SWITCH 
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SWITCH OUTPUT WAVEFORM SHOWN FOR Vs = CONSTANT 
WITH LOGIC INPUT WAVEFORM AS SHOWN. 
Vo IS THE STEADY STATE OUTPUT WITH SWITCH ON. 
LOGIC INPUT IS INVERTED FOR SWITCH 1 & 2 

REV. A 



ANALOG CURRENT 

The analog switches in the ON state are J FETs biased in thei r 
triode region and act as switches for analog current up to the 
IA specification (see plot of los vs Vos). Some applications 
require pulsed currents exceeding the IA spec. For example, 
an integrator reset switch discharging a shunt capacitor will 
produce a peak current of IA{PEAK) = VCAp/Ros{ON)' In this 
application, it is best to connect the source to the most 
positive end of the capacitor, thereby achieving the lowest 
switch resistance and fastest reset times. The switch can 
easily handle any amount of capacitor discharge current 
subject only to the maximum heat dissipation olthe package 
and the maximum operating junction temperature from 
which repetition rates can be established. 

SWITCHING 

Switching time tON and tOFF characteristics are plotted ver
sus VANALOG and temperature. In all cases, tOFF is designed 
faster than tON to insure a break-before-make interval for 
SPOT and OPOT applications. The disable input (OIS) has 
the same switching times (tON and tOFF) as the logic inputs 
(INx). 

TYPICAL APPLICATIONS 

OPERATION FROM SINGLE POSITIVE POWER SUPPLY 

o ..; V ANALOG " V+ -4V 
... 3 

CONTROL 
INPUT 

REV. A 

V+ " +36V 

13 

v+ 

I 
I 
I 
I 
I 

-' 

1/4SW06 

VOUT 

SW-06 
Switching transients occurring at the source and drain con
tacts results from AC coupling of the switching FETs gate-to
source and gate-to-drain coupling capacitance. The switch 
turn ON will cause a negative going spike to occur and the 
turn OFF will cause a positive spike to occur. These spikes 
can be reduced by additional capacitance loading, lower 
values of RL, or switching an additional switch (with its extra 
contact floating) to the opposite state connected to the spike 
sensitive node. 

DISABLE NODE 

This TTL compatible node is similar to the logic inputs INx 
but has an internal 2p.A current source pUll-Up. If disable is 
left unconnected, it will assume the logic "1" state, then the 
state of the switches is controlled only by the logic inputs INx. 

POWER SUPPLIES 

This product operates with power supply voltages ranging 
from ±12 to ± 18 volts; however, the specifications only gua
rantee device parameters with ±15 volt ±5% power supplies. 
The power supply sensitive parameters have plots to indicate 
effects of supply voltages other than ± 15 volts. 

4-CHANNEL SAMPLE HOLD AMPLIFIER 

-15V 

swoo 
V1 

V2 

" 
,. VOUT 

V3 11 10 

v. I" = 1DODOF 

DISABLE ALL 

SWITCHES 
CHANNEL SELECT 
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SW-06 
Figure 1: FunctIonal Applications of SW-06 

,~-l~ 
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DPDT 

IN 1,IN2 

°IN3,IN4 

r~ r'~ 
I>-Y1--r1 

D4 01 D3 02 

APPLICATIONS INFORMATION 
This single analog switch product configures, by appropriate 
pin connections, Into four switch applications. As shown In 
Figure 1, the SW-D6 connects as a QUAD SPST, a DUAL 
SPOT, a DUAL DPST, or a DPDTanalog switch. This versatil
ity increases further when taking advantage of the disable 
input (DIS) which turns all switches OFF when taken active 
low. 

lon-implantation of the JFETanalog switch achieves low ON 
resistance and tight channel to channel matching. Combin
ing the low ON resistance and low leakage currents results in 
a worst case voltage error figure VERROR@ 125° C = IO(ON) X 
RSO(ON) = 100nA x 1000 = 11 microvolts. This amount of error 
is negligible considering dissimilar-metal thermally-induced 
offsets will be in the 5 to 15 microvolt ranglt, 

LOGIC INPUTS 

The logic inputs (lNx) and disable Input (DIS) are referenced 
to a TTL logic threshold value of two forward diode drops 
(1.4V at 25°C) above the GND terminal. These inputs use 
PNP transistors which draw maximum current at a logic "0" 
level and drops to a leakage current of a reverse biased diode 
as the logic input voltage raises above 1.4 volts. Any logic 
input voltage greater than 2.0 volts becomes logic "1", less 
than 0.8 volts becomes logiC "0" resulting in full TTL noise 
immunity not available from similar CMOS input analog 

5-158 CMOS SWITCHES & MULTIPLEXERS 

DUAL SPDT 

lM o IN1,IN4 [>---

1 
04 01 

o IN2,IN3 t~ 
[>--1 

O. D2 

DUAL DPST 

r ~ IN 1.IN2 [>- - - - -0 

L L 
IN 3.IN 4 t>-t~-r-0 

03 04 

switches. The PNP transistor inputs require such low input 
current that the SW-OS approaches fan-ins of CMOS input 
devices. These bipolar logic inputs exceed any CMOS input 
circuit in resistance to static voltage and radiation suscepta
bility. No damage will occur to the SW-DS if logic high vol
tages are present when the SW-OS power supplies are OFF. 
When the V+ and V- supplies are OFF, the logic inputs 
present a reverse bias diode loading to active logiC inputs. 
Input logic thresholds are independent of V+ and V-supplies 
making single V+ supply operation possible by simply con
necting GND and V- together to the logic ground supply. 

ANALOG VOLTAGE AND CURRENT 
ANALOG VOLTAGE 

These switches have constant ON resistance for analog vol
tages from the negative power supply (V-) to within 4 volts of 
the positive power supply. This characteristic shown in the 
plots results in good total harmonic distortion, especially 
when compared to CMOS analog switches that have a 20 to 
30 percent variation in ON resistance versus analog voltage. 
Positive analog input voltages should be restricted to 4 volts 
less than V+ assuring the switch remains open circuit in the 
OFF state. No increase in switch ON resistance occurs when 
operating at supply voltages less than ±15 volts (see plot). 
Small Signals have a 3dB down frequency of 70MHz (see 
insertion loss versus frequency plot). 
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SW-06 
HIGH Off ISOLATION SELECTOR SWITCH (Shunt-Series SWitch) 
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REV. A 

7,10 
Vo 
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During the 88M interval the 1 kO rasistor pulls the output to ground assuring 
that no shorting between V, and V, occurs. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
SW-201 

• Normally "ON" for Logic 0 Input 
• Improved Performance and Pin Compatible Wllh DG-201, 

LF11201113201, H1201, and IH201 

SW-202 

• Normally "OFF" For Logic 0 Input 
• Improved Performance and Pin Compatible With 

LF11202I12202113202 and IH202 

Both SW-201 and SW-202 

• Highly Resistent to Static Discharge Destruction 
• Guaranteed Break-Before-Make Switching (tOFF < to~ 
• Low "ON" Resistance ....................... 800 Max 
• Guaranteed RON Matching ...•.....•••••.... 15% Max 
• Low RON Variation from Analog Input Voltege ...•. 5% 
• High Analog Currant Operation .....•••..•. 10mA Min 
• Low Leakage Currants at High Temperatures: 

TA=12So C .................. 60nAMax 
TA= 8SoC ................... 30nAMax 

• Guaranteed Switching Speeds: 
tON = Soon8 Max tOFF = 400ns Max 

• Dlgllal Inputs are TTL and CMOS Compatible 
• Dual or Single Supply Operation 
• Available In Die Form 

ORDERING INFORMATION' 
OPERAnNG 

DIP 
PACKAGE 

SWITCH CONFIGURATION TEMPERATURE 
NC NO RANGE 

IS-PIN EPOXY SW201GP SW202GP XIND 
IS-PIN SOL SW201 GS SW202GS XIND 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP. and TO-can packages. 

SIMPLIFIED SCHEMATIC DIAGRAM (ONE SWITCH) 

DIGITAL 
INPUT 

Manufactured under the following patent: 4,228,367 

REV,A 

GND 

Quad SPST JFET 
Analog Switches 

SW-201/SW-202 I 
GENERAL DESCRIPTION 
The SW-201 and SW-202 each consist of four independent, 
single-pole, single-throw (SPST) analog switches, which 
may be independently digitally controlled. Each SW-201 
switch is normally closed (NC). whereas each SW-202 is 
normally open (NO) when the corresponding digital control 
input is a zero. The SW-201 and SW-202 are otherwise 
identical. 

The judicious combination of bipolar and FET devices in a 
single monolithic IC results in a product with performance 
characteristics and ruggedness that are superior to those of a 
similar circuit fabricated using CMOS technology. 

Increased reliability is complemented by excellent electrical 
specifications. Potential error sources are reduced by min
imizing "ON" resistance and contrOlling leakage currents at 
high temperatures. The switching FET exhibits minimal RON 

variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voltage is possible. With V+= 36V. V-= OV. the 
analog signal range will extend from ground to +32V. 

The PNP logiC inputs are TTL and CMOS compatible. Logic 
input cu rrents are at micro-ampere levels which improves circuit 
fan in. 

PIN CONNECTIONS 

16-PIN PLASTIC DIP 
(P-5uffix) 

16-PINSOL '.' 
(S-5uffix) ~: 

aN. 

SW-201 CONTROL LOGIC SW-202 CONTROL LOGIC 
LOGIC SWITCH 

o ON 
1 OFF 

LOGIC SWITCH 
DOFF 
1 ON 

01. 

J11 
ANALOG 

IN lSI 

OUT (D) 
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SW-201lSW;.202 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range 

SW-201GP, GS, SW202GP, GS ................. -40·Cto +8S·C 
Junction Temperature (Tj) ••.•.•••.•.•.••.••.••..••... -65·C to + 1S0·C 
Storage Temperature Range ........................ -6S·C to + 1S0·C 

P-Suffix ...................................................... -6S·Cto + 12S·C 
Lead Temperature (Soldering, 60 sec) ........................ +300·C 
Maximum Junction Temperature ................................. ;+ 1S0·C 
V+.Supply to V- Supply ..................................................... 36V 
V+ Supply to Ground ..................................•....................... 36V 
Logic Input Voltage ••.•...•••................. (-4V or V-) to V+ Supply 
Analog Input Voltage Range 

Continuous •...........•.••••....•..... V- Supply to V+ Supply + 20V 

1% Duty Cycle and Driving All 4 Inputs with 
SOOlLsec Pulse ............. V- Supply-1SVto V+ Supply + 20V 

Maximum Current Through Any Pin ............................... 30mA 

PACKAGE TYPE alA (Note 2) UNITS 

16-Pin Plastic DIP (P) 82 39 

16-Pin SOL (S) 98 30 
NOTES: 

1. Absolute ratings apply to both DICE and packaged parts. unless otherwise 
noted. 

2. a jA Is specified for worst case mounting conditions. i.e .. a.A is specified for 
device in socket for P·DIP package; a.A is specified for d~vice soldered to 
printed circuit board for SOl package. I 

ELECTRICAL CHARACTERISTICS at V± = :±:15V and TA = 2SoC. unless otherwise noted. 

SW-201G 
SW-202G 

PARAMETER SYMBOL CONDITIONS MtN TYP MAX UNITS 

"ON" Resistance 
VA = OV. Is = lniA 100 150 

RON n 
VA = ±10V. IS = 1 rnA 100 150 

RON Match B.etween 
RON Match 

VA = OV. 10 = 100~A; 
20 % 

Switches {Note 1) 

Analog Voltage Range VA Is =tOrnA (Note 6) 
IS= 1.0rnA 

+10 +11 

-10 -15 
V 

Analog Current Range IA Vs = ±10V 10 rnA 

.l.RON vs Applied Voltage <IRON Vs " 10V, Is= 1 rnA 10 20 % 

Source Current in 
Is (OFFI 

Vs = 10V, Vo = -10V, 
10 nA 

"OFF" Condition INote5) 

Drain Current in Vs= 10V, Vo =-10V, 
10 'O(OFFI nA 

"OFF" Condition (Note 5) 

Leakage Current in 'S(ONI+ Vs=VO=±10V, (Note 5) 10 nA 
"ON" Condition 'OIONI 

Logical "1" Input Current IINH VIN = 2V to 15V, (Note 4) 10 ~A 

logical "0" Input Current llNL VIN =0.8 1.5 10.0 ~A 

Turn-On-Time tON 
See Switching Time 

Test Circuit, (Note 7) 
340 700 ns 

Turn-Off-Time tOFF 
See Switching Time 

Test Circuit, (Note 7) 
200 500 ns 

Break-Before-Make Time tON-tOFF (Note 3) 50 140 ns 

Source Capacitance Cs 10FFI VA = OV, (Note 5) pF 

Drain Capacitance C010FFi VA = OV, (Note 5) 5.5 pF 

Channel "ON" Capacitance 
C OION )+ 

Vs=Vo=OV, (Note 5) 15 pF 
eSIONi 

"OFF" Isolation Iso (OFF) 
Vs = 5VRMS' RL = 68011, 

CL = 7pF, f = 500kHz, (Note 5) 
58 dB 

Crosstalk CT 
Vs = 5VRMS, RL = 68011, 

CL = 7pF, f = 500kHz, (Note 5) 
70 dB 

Positive Supply Current 1+ All Channels "ON", INote 5) 12 rnA 

Negative Supply Current 1- All Channels "ON", I Note 5) 6.5 rnA 

Positive Supply Current 1+ 
All Channels "OFF". 

INote5} 
12 rnA 

Negative Supply Current 1-
All Channels "OFF", 

(NoteS) 
rnA 

Ground Current IG 
All Channels "ON" 

or "OFF" 
rnA 

5-162 CMOS SWITCHES & MULTIPLEXERS REV. A 



SW-201/SW-202 
ELECTRICAL CHARACTERISTICS at V± ~ ±15V; -40°C S TA S +85°C, unless otherwise noted. 

SW-201G 
SW-202G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Temperature Range TA Operating 70 °C 

VA~OV,lo~lmA 175 
"ON" Resistance RON n 

VA =±10V,'o=lmA 175 

RON Match Between 
RON Match 

VA ~ OV, 10 ~ 100~A; 
10 % 

Switches {Notel} 

IS ~ 1.0mA (Nole 61 +10 +11 
Analog Voltage Range VA V 

Is~ 1.0mA -10 -15 

Analog Current Range 'A Vs ~ ±10.0V 11 mA 

.lRON With Applied Voltage .6.RON 
Vs::5 +10V 

15 % 
's=lmA 

Source Current in 
Vs ~ 10V, Vo ~ -10V, 

'SIOFF) (Note5) 60 nA 
"OFF" Condition 

TA = Max. Operating Temp. 

Drain Current in 
Vs ~ 10V, Vo ~ -10V, 

'DIOFF) (NOle51 60 nA 
"OFF" Condition 

TA = Max. Operating Temp. 

Leakage Current in IS (ON)+ Vs ~ Vo ~ ±10V, (Nol. 51 
60 nA 

"ON" Condition 'OION) T A = Max. Operating Temp. 

Logical "1" Input Voltage V1NH (Nol.61 V 

Logic "0" Input Voltage V1NL (NOle61 0.8 V 

Logical "1" Input Current IINH V,N ~ 2V 10 15V, (Nole 41 15 pA 

Logical "0" Input Current IINL V'N~0.8 15 pA 

Turn-On-Time ION 
See Switching Test Circuit, 

(Note 2) 
1000 ns 

Turn-Ott-Time tOFF 
See Switching Test Circuit, 

500 ns 
INol.2) 

Break-Betore-Make Time tOwtOFF (Nole31 50 ns 

Positive Supply Current 1+ All Channels "ON", I Note 5, 15.8 mA 

Negative Supply Current 1- All Channels "ON", INote 5) 14.5 mA 

Positive Supply Current 1+ 
All Channels "OFF", 

INote5) 
18 mA 

Negative Supply Current 1-
All Channels "OFF", 

(NoteS) 
14.5 mA 

Ground Current IG 
All Channels "ON" 

or "OFF" 
10.0 mA 

NOTES: 

1. VA ~ OV, 10 ~ 100~A. Specified as a percentage of RAVERAGE where: 

RON1 + RON2 + RON3 + RON4 
RAVERAGE = 4 

2. Guaranteed by design. 
3. Switch is guaranteed by design to provide break-before-make operation. 
4. Current tested at V 1N = 2V. This is worst case condition. 
5. Switch being tested ON or OFF as indicated, V'NH ~ 2V or V'NL ~ o.av, per 

logic truth table. 
6. Guaranteed by RON and leakage tests. For normal operation analog Signal 

voltages should be restricted 10 less than (V+I-4V. 
7. Sample tested. 
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SW-201/sw-202 
DICE CHARACTERISTICS 

OlE SIZE 0.101 X 0.097 inch, 9797 sq. mils 
(2.565 X 2.464 mm, 6.320 sq. mm) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

IN1 9. 
01 10. 
S1 11. 
V- (SUBSTRATE) 13. 
GNO 14. 
S2 15. 
02 16. 
IN2 

WAFER TEST LIMITS at V+ = 15V, V- = -15V, TA = 25°C, unless otherwise noted. 

SW-201N 
SW-202N 

PARAMETER SYMBOL CONDITIONS LIMIT 

"ON" Resistance RON -10VS VA" 10V.ls " lmA 80 

RON Mismatch RON Match VA = OV, IsS l00,.A 15 

.1RON vs VA .1RON Vs ,,10V, Is= lmA 15 

Positive Supply 1+ (Note 1) 9 

Negative Supply Current 1- (Notel) 6 

Ground Current 10 4 

Analog Voltage Range VA Is= lmA (Note 3) ±10 

Logic "1" Input Voltage V'NH (Note 3) 2 

Logic "0" Input Voltage V'NL (Note 3) 0.8 

Logic "0" Input Current I'NL OV "V'N "0.8V 5 

Logic "1" Input Current IINH 2V "V'N " 15V, (Note 2) 

Analog Current Range IA Vs= ±10V 10 

NOTE: 

IN3 
03 
S3 
V+ 
S4 
04 
IN4 

SW-201G 
SW-202G 

LIMIT UNITS 

100 o MAX 

20 '!loMAX 

20 '!loMAX 

10.5 mAMAX 

7 mAMAX 

4 mAMAX 

±10 VMIN 

2 VMIN 

0.8 V MAX 

,.A MAX 

5 "A MAX 

mAMIN 

Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is ~ot 
guaranteed lor standard product dice. Consult lactory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V and TA = 25°C, unless otherwise noted. 

SW-201N SW-201G 
SW-202N SW-202G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resiatance RON 80 60 0 

Turn-On-Time tON 340 340 ns 

Turn-OIl-Time tOFF 200 200 ns 

Drain Current in 
10 (OFF, "OFF" Condition 

0.3 0.3 nA VS=10V, Vo =-10V 

"OFF" Isolation Iso (OFF) I = 500kHz, RL = 6800 58 58 dB 

Crosstalk CT I = 500kHz, RL = 6800 70 70 dB 

NOTES: 
1. Power supply and ground current specified lor switch "ON" or "OFF". 
2. Current tested at VIN = 2V. This is worst case condition. 
3. Guaranteed by RON and leakage tests. 
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SW-201/sw-202 
TYPICAL PERFORMANCE CHARACTERISTICS 

"ON" RESISTANCE vs 
ANALOG VOLTAGE (VA) 
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SW .. 201iSW-202 

TYPICAL PERFORMANCE CHARACTERISTICS 

SW·201 

tOt/tOFF SWITCHING RESPONSE 

TOP TRACE: LOGIC INPUT 15V!DIV) 
BOTTOM TRACE: SWITCH OUTPUT (lV/DIV) 

OFF ISOLATION TEST CIRCUIT 

"OFF'" ISOLATION .. 20 LOG [~] 
VOUT 

SWITCHING TIME TEST CIRCUIT 
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SW·202 
tOt/tOFF SWITCHING RESPONSE 

TOP TRACE: LOGIC INPUT (5V/DIV) 
BOTTOM TRACE: SWITCH OUTPUT (lV/DIV) 

SW-201 WAVEFORMS 
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SW-201/SW-202 
APPLICATIONS INFORMATION OPERATION FROM SINGLE POSITIVE POWER SUPPLY 

This analog switch employs ion-implanted JFETs in a switch 
configuration designed to assure break-before-make action. 
The turn-off time is much faster than the turn-on time to 
guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro
cessing rather than CMOS, special handling is not necessary 
to prevent damage to these switches. Because the digital 
inputs only require a 2V logic "1" input level, power
consuming pu"up resistors are not required for TTL com
patibility to insure break-before-make switching as is most 
often the case with CMOS switches. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode as 
the input voltage is raised above'" 1.4V. 

The "ON" resistance, RON, of the analog sWitches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ± 15V. For normal operation, however, positive 
input voltages should be restricted to 11V (or4V less than the 
positive supply). This assures that the VGS of an OFF switch 
remains greater than its Vp, and prevents that channel from 
being falsely turned ON. Individual switches are "ON" with
out power applied. 

TYPICAL APPLICATIONS 
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Selection Guide 
Voltage References 

Initial Temp 
Output Accuracy Stability 
Voltage %FS pmf'C Package Temp 

Model V max max Options l Range2 Page Comments 

AD589 +1.235 1.2-2.8 10-100 7 C,M CD 6-51 Two Terminal, 1.2 V Reference 
*AD680 +2.5 0.2-0.4 20-30 2,6,16 C,I CD 6-55 Low Cost, Low Power 2.5 V Reference 
AD580 +2.5 0.4-3 10-85 7 C,M CD 6-5 Precision, Three Terminal, 2.5 V Reference 
ADI403/ADI403A +2.5 0.4-1 25-40 2 I C II 6-71 Second Source, 2.5 V Reference 
REF-43 +2.5 0.6-1 10-25 2,3,6,7 I,M C II 6-127 Precision Bandgap Reference 
REF-03 +2.5 0.6 50 2,6 I CD 6-99 Low Cost Bandgap Reference 
AD586 +5 0.05-0.4 5-25 3,6 C,M C II 6-23 Precision, Buried Zener 5 V Reference 
REF-02 +5 0.3-0.5 8.5-25 2,3,4,6,7 C,I,M C II 6-91 Precision Bandgap Reference 
REF-OS +5 0.3-0.6 8.5-25 7 M C II 6-107 Guaranteed Long Term Stability 
AD2710 +10 0.01 1-5 2 C C II 6-79 Ultrahigh Precision 10 V Reference 
AD2700 +10 0.025--0.05 3-10 1 C,M C II 6-75 Very High Precision 10 V Reference 
AD587 +10 0.05-0.1 5-20 3,6 C,M C II 6-31 Precision 10 V Buried Zener Reference 
AD581 +10 0.05-0.3 5-30 7 C,M C II 6-9 Three Terminal 10 V Bandgap Reference 
REF-OI +10 0.3-0.5 8.5-25 2,3,4,6,7 C,I,M C II 6-83 Precision Bandgap Reference 
REF-IO +10 0.05-0.4 5-25 2,3,6,7 I,M C II 6-121 Precision Bandgap Reference 
AD2712 ±10 0.01 1-5 2 C C II 6-79 Ultralrigh Precision ±10 V Reference 
AD688 ±10 0.02--0.05 1.5-6 3 I,M C II 6-63 High Precision Monolithic ±10 V Reference 
AD2702 ±10 0.025-0.05 3-10 I C,M C II 6-75 Very High Precision ±10 V Reference 
AD2701 -10 0.025-0.05 3-10 1 C,M C II 6-75 Very High Precision -10 V Reference 
REF-08 -10, -10.24 0.3-0.4 50-100 2,3,6 I,M C II 6-113 General Purpose Buried Zener Reference, Pin Selectable Output 
AD588 Selectable 0.01 1.5-6 2,3,4 C,I,M CD 6-39 Ultrahigh Precision, Monolithic Programmable Reference 
AD584 Selectable 0.05-0.3 5-30 4,7 C,M C II 6-15 Precision, PrograDlmable Bandgap Reference 

'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; S = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single·ln-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92. 

'Temperature Ranges: C = Commercial, 0 to +70"<:; I = Industrial, -40'C to +8S'C (Some older products -2S'C to +8S"<:); M = Military, -SS'C to +l2S'C. 
Boldlace Type: Product recommended for new design. 
-New product since the publication of the most recent Databooks. 
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Orientation 
Voltage References 
A voltage reference is used to provide an accurately known volt
age which can be utilized in a circuit or system. For example, 
measurement systems rely on precision references in order to 
establish a basis for absolute measurement accuracy. Any refer
ence inaccuracy will undermine the accuracy of the overall sys
tem. Thus, ideal references are characterized by accurately set 
(and traceable to recognized fundamental standards) constant 
output voltage, independent of temperature, load changes, input 
voltage variation and time. 

TYPES OF REFERENCES 
Some of the available IC reference circuits use the bandgap prin
ciple: the V BE of any silicon transistor has a negative tempco of 
about 2 mVrC, which can be extrapolated to approximately 1.2 
volts at absolute zero (the bandgap voltage of silicon). Since 
identical transistors operating at constant current densities will 
have predictably different temperature coefficients of base emit
ter voltage, it is possible to arrange circuit elements so as to null 
out the temperature coefficients associated with the two phe
nomena and produce a constant voltage (usually 1.2 volts). This 
temperature-invariant voltage can be amplified and buffered to 
produce a standard voltage value, such as 2.5 V or 10.0 V. The 
following devices employ the bandgap architecture: AD580, 
AD581, AD584, AD589, AD680, REFOI, REF02, REF03, 
REF05, REFIO, and REF43. 

Another popular form of reference circuit uses a selected low
drift Zener diode, followed by a buffer-amplifier as a precision
gain stage to provide a standard output voltage. 

A buried-Zener design provides lower noise and drift than 
bandgap references. Laser trimming of thin-film resistors results 
in excellent accuracy and low drift versus temperature. This 
technique provides initial accuracy to ± I m V and temperature 
drifts as low as 1.5 ppm in the AD588 (+ 10 V, +5 V, ±5 V 
tracking, -5 V and -10 V outputs) and the AD688 (±IO V 
tracking outputs). Similar reference designs with single voltage 
outputs (AD586 and AD587, +5 V and +10 V respectively) 
have accuracies and temperature coefficierits that are nearly as 
good as the AD588 and AD688. 

Several of the references allow the user to optionally connect a 
capacitor to a noise reduction pin on. the IC which further re
duces the noise output of the reference. In the AD586, the 
wideband noise (to I MHz) of 200 II-V peak-to-peak (P-p) is 
reduced to 160 II-V p-p by adding a I II-F capacitor to the noise 
reduction point. 

Many data converter ICs require a negative reference voltage, 
which in the past required an additional op amp to invert the 
output of a positive reference. The AD588 provides a ± 5 V 
tracking output and the AD688 provides a ± 10 V tracking out
put, while the REF-08 provides a -10 V or -10.24 V output. 

Output current capability of the voltage reference must also be 
considered when selecting a reference. The amount of current 
that the reference must source, or sink, for the rest of the sys
tem affects which references are acceptable or which may need 
additional buffering. 

6-4 VOL TAGE REFERENCES 

Kelvin connections provide output sense and force connections, 
so that the actual voltage at the load is sensed and any IR drops 
in the leads are compensated. The AD588 and AD688 provide 
sense and force connections in their designs. 

DEFINITION OF SPECIFICATIONS 
Line Regulation 
The change in output voltage due to a specified change in input 
voltage. It includes the effects of self-heating. Line Regulation is 
expressed in either percent per volt, parts-per-mil1ion per volt, 
or microvolts per volt change in input voltage. 

Load Regulation 
The change in output voltage for a specified change in load cur
rent. It includes the effects of self-heating. Load Regulation is 
expressed in either microvolts per milliampere, parts-per-million 
per milliampere, or ohms of dc output resistance. 

Long-Term Stability 
The change in output voltage versus time, specified in ppm/1000 
hours. 

Output Voltage Tolerance 
The deviation from the nominal output voltage at 25°C with 
specified input voltage as measured by a device traceable to a 
recognized fundamental voltage standard. 

Output Voltage Change with Temperature 
The change in output voltage from the value at 25°C ambient; it 
is independent of variations in the other operating conditions. It 
may be expressed as either an error band or temperature coeffi
cient. The error band (e.g., ±5 mY, -55°C to + 125°C) is 
defmed graphically in terms of a box (voltage vertically, temper
ature horizontally) whose diagonals extend from 25°C to T MAX 

and 25°C to T MIN' with a slope equal to the stated temperature 
coefficient. Thus, the total absolute error for a particular refer
ence over its specified temperature range is equal to the output 
voltage tolerance at 250C plus the error band. 

Output Temperature Coefficient 
The ratio of output change with temperature variation to the 
specified temperature range expressed in ppmlOC. 

Output Turn-On Settling Time 
The time, from a cold start, for the reference output to settle 
within a specified error band. This defmition relates only to the 
electrical turn-on time of the chip, and does not include thermal 
sertling time which depends on the package, heat-sinking and 
load-current change. 

Output Voltage Noise 
The narrowband (0.1 Hz to 10 Hz) and wideband (to I MHz) 
random noise on the reference output. It may be measured in 
II-V p-p or in nV/y'Hz. 

Quiescent Supply Current 
The current required from the supply to operate the device with 
no load. 
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FEATURES 
Laser Trimmed to High Accuracy: 2.500V ±O.4% 
3·Terminal Device: Voltage InNoltage Out 
Excellent Temperature Stability: 10ppmfC (AD580M, U) 
Excellent Long Term Stability: 25o,.tV (25/lV!Month) 
Low Quiescent Currant: 1.5mA max 
Small, Hermetic IC Package: T0-52 Can 
MIL..sTD~83 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS80 is a three-terminal, low cost, temperature compen
sated, bandgap voltage reference which provides a fixed 2.SV 
output for inputs between 4.SV and 30V. A unique combin
ation of advanced circuit design and laser-wafer-trimmed 
thin-film resistors provide the ADS80 with an initial tolerance 
of ±0.4%, a temperature stability of better than 10ppmtC 
and long-term stability of better than 2S0/lV. In addition, 
the low quiescent current drain of 1.SmA max offers a clear 
advantage over classical zener techniques. 

The ADS80 is recommended as a stable reference for all 8-, 
10- and 12-bit D-to-A converters that require an external refer
ence. In addition, the wide input range of the ADS80 allows 
operation with 5 volt logic supplies making the ADS80 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 

The ADS80J, K, Land M are specified for operation over the 
o to +70°C temperature range; the ADS 80S, T and U arespeci
fied for operation over the extended temperature range of 
-SSoC to +12SoC. 

*Prou:cu:d by Pau:nt Nos. 3,887,863; RIl30, 586. 
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High Precision 
2.5V Ie Reference 

AD580* I 
FUNCTIONAL BLOCK DIAGRAM 

TO-52 

PRODUCT HIGHLIGHTS 
1. Laser-ttimming of the thin-film resistors minimizes the 

ADS80 output error. For example, the ADS80L output 6 
tolerance is ±10mV. 

2. The three-terminal voltage in/voltage out operation of the 
ADS80 provides regulated output voltage without any 
external components. 

3. The ADS80 provides a stable 2.SV output voltage for 
input voltages between 4.SV and 30V. The capability to 
provide a stable output voltage using a S-volt input makes 
the ADS80 an ideal choice for systems that contain a 
single logic power supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD S 80 with temperature stabilities 
to 10ppmt'C and long term stability better than 2S0/lV. 

S. The low quiescent current drain of the ADS80 makes it 
ideal for CMOS and other low power applications. 

6. The ADS80 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS80/883B data sheet for detailed specifications. 

+E 

NOTE 

ADS80 CHIP DIMENSIONS 
AND PAD LAYOUT 

Dimensions shown in inches and (nun). 

'BOTH lour PADS MUST BE CONNECTED TO THE OUTPUT. 

The ADS80 is also available in chip form. Consult the factory 
for specifications and applications information. 
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AD58U-SPECIFICATIONS (@E IM = +15Vand +25OC) 

Modd AD580J 
."'.' Min Tn> Mas 

OUTPUTVOLTAGHTOLBRANCH 
(Hrror from Nominal 2.500 Volt Output) :75 

OUTPUTYOLTAGHCHANGH 
Tmia toT_ 15 

85 

LlNHRIlGULATION 
7VsVlNs30V 1.5 6 
4.5VsVlNs7V 0.3 3 

LOADRHGULATION 
M~ lamA 10 

QUIESCENTCURRHNT 1.0 1.5 

NOISIl(O.IHz to 10Hz) 8 

STABILITY 
LongTerm 250 
Per Month 25 

TEMPHRATUREPIlRFORMANCE 
Specified 0 +70 
Operating -55 +125 
Storage -65 + 175 

PACKAGHOPTION' 
TO·52 (H-03A) . 

Model AD580S 
Min Tn> Mas 

OUTPUTVOLTAGIlTOLERANCE 
(Error from NominaI2.500Volt Output) :zs 

OUTPUT VOLTAGE CHANGE 
TmjatoTmax 25 

55 

LlNIlRHGULATION 
7V:sVlNs 30V 1.5 6 
4.SVsVINs7V 0.3 3 

LOAD REGULATION 
61 ~ lamA 10 

QUiESCHNTCURRENT 1.0 1.5 

NOISE(O.lHzto 10Hz) 8 

STABILITY 
LongTerm 250 
Per MOnth 25 

TEMPHRATURHPERFORMANCE 
Spec;ified -55 + 125 
Operaring -55 +ISO 
Storzgc -65 +175 

ABSOLUTE MAXIMUM RATINGS 
Input Vol_ 40V 
Power Dissipation@ + zS"C 

Ambient Temperature 350mW 
Derateabove +25"C 2.8mWrc 
Lead Temperature(Soldering,lOsec) 3OO"C 
TItennai Resistance 

Junction·to-Caae lOO"CIW 
Junction·to-Ambient 36O'CIW 

PACKAGEOFTION' 
T()"S2(H-03A) . 

NOTE 
• H • Metal Can. For outline information see Packap Information lection. 
SPecifications subject to chaDge withoUt norice. 
Specif'acations shown in boldface are tested onall production wtitsatf'inaJ ~ri~ 
cal test.llesultl from tboae testa are UICd tocak~b: outgoing quality leveIs •. ~ 
min and max spcclf'lCI.tious ~ guaranteed; althouab only those Shown in 
boldface are teated on all production units. 

6-6 VOLTAGE REFERENCES 

AD580K 
Min Tn> Mas Min 

" 
" :25 

7 
40 

1.5 4 
0.3 2 

10 

1.0 1.5 

8 

2SO 
25 

0 +70 0 
-55 +125 -55 
-65 +175 -65 

. 
AD580T 

Min Tn> M .. Min 

:10 

11 
25 

2 
1 

10 

1.0 1.5 

8 

250 
25 

-55 +125 -55 
-55 +150 -55 
-65 +175 -65 

. 

ADS80L AD580M 
Tn> Mas Min Tn> Mas Uaib 

:10 ±l0 mV 

4.3 1.75 mV 
25 10 ppmI'C 

~ 2 2 mV 
1 1 mV 

10 10 mV 

1.0 1.5 1.0 1.5 mA 

8 8 "V(p.p) 

250 250 "V 
25 25 "V 

+70 0 +70 "C 
+ 125 -55 +125 "C 
+175 -65 +175 "C 

. . 
AD580U 

Tn> Mas U.1ts 

:10 mV 

4.5 mV 
10 ppmI'C 

2 mV 
1 mV 

10 mV 

1.0 1.5 mA 

8 "V(p.p) 

250 "V 
2S "V 

+125 "C 
+150 "C 
+175 "C 

. 
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THEORY OF OPERATION 
The AD580 family (AD580, AD581, AD584, AD589) uses 
the "bandgap" concept to produce a stable, low-temperature
coefficient voltage reference suitable for high accuracy data
acquisition components and systems. The device makes use 
of the underlying physical nature of a silicon transistor base
emitter voltage in the forward-biased operating region. All 
such transistors have approximately a -2mV/oC temperature 
coefficient, unsuitable for use directly as a low TC reference; 
however, extrapolation of the temperature characteristic of 
anyone of these deviCes to absolute zero (with emitter cur
rent proportional to absolute temperature) reveals that it will 
go to a VBE of 1.205 volts at OK, as shown in Figure 1. Thus, 
if a voltage could be developed with an opposing temperature 
coefficient to sum with VBE to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD580 circuit provides such a 
compensating voltage, VI in Figure 2, by driving two transis
tors at different current densities and amplifying the resulting 
VBE difference (LWBE - which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro
vide a usable reference-voltage output. Figure 3 is the sche
matic diagram of the AD580. 

The ADS 80 operates as a three-terminal reference, which 
means that no additional components are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 

,.vr----;~----_r------.------, 

UD6V 
;.o~.~:;:':;':;: 

._-----
" 

~ 
,.ov 

~" 
g ~3~ ~fNJ~~~:..TUAE 

i 
DEVICES liE. TI 

0 .. 

P 
::~-::;" ... 

ov ....... 
-273'C -200°C _100°C O'C 100°C 

OK '31( 17 .. 273. 373. 

TEMPERATURE 

Figure 1. Extrapolated Variation of Base-Emitter Voltage with 
Temperature (fEaT), and Required Compensation, Shown for 
Two Different Devices 

+VIN--.... --.... --..... -

R. 

VOUT = VZ(l + ~) .. 2.5V 

]-....:;:.+-... --..... _vz = VIlE TV, 

R5 .. VBE +2*C.V8E 

=VBE+2*~ln~ 
.. 1.205V 

Figure 2. Basic Bandgap-Reference Regulator Circuit 
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Applying the AD580 

F~--t-~ 

Figure 3. AD580 Schematic Diagram 

AD680 

-E 

EoUT~ 
LOAD 

Figure 4. AD580 Connection Diagram 

VOLTAGE VARIATION VS. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., lOppmtC. However, because of the incon
sistent nonlinearities in zener references (butterfly or "S" 
type characteristics), most manufacturers use a maximum 
limit error band approach to characterize their references. 
This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
will fall within the guaranteed error band at these discrete 
temperatures. This approach, of course, makes no mention or 
guarantee of performance at any other temperature within the 
operating temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi
cal AD580 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible "S" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. 

I 

" .. ~=-~~--+-~.I~a--~~=-~~~~~ 
TEMPEAATUlle-"C 

Figure 5. Typical AD580K Output Voltage VI. Temperature 
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AD580 
The AD580M guarantees a maximum deviation of 1. 75mV 
over the 0 to +70oC temeerature range. This can be shown to 
be equivalent to 10ppm;C average maximum; i.e .•• 

1.75~V max X _1_ = 10ppm;C max average 
70 C 2.5V 

The ADS80 typically exhibits a variation of 1.5mV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
AD580 line rejection versus frequency. 
NOISE PERFORMANCE 
Figure 7 represents the peak-to-peak noise of the ADS80 
from 1Hz (3dB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1Hz to IMHz is 
approximately 600pV. 

THE ADS80 AS A CURRENT LIMITER 
The ADS80 represents an excellent alternative to current 
limiter diodes which require factory-selection to achieve a 
desired current. This approach often reSults in temperature 
coefficients of l%/oC. The AD580 approach is not limited 

0r-----~-----+------r-----~ 

: ~ "23V"~i - '1~ ----I 'oo~Cc ~~~~ I E.18.5v:-l~tPll 

~ 8Q ~ E IN ~OMPOSITE 17V';'; v~ .. JOVI 

t 7Dr_----~-----+------r---~ 
j~ I 

~r_----4_-----+------r-~~ 

Or_----4_-----+------r-r/---1 

:~*~~~/=1 
100 10k 

LiNE FREOUENCY - Hz 

Figure 6. AD580 Line Rejection Plot 

'mV 

... 
/ 

i--"'" 

~ , .. v 

tk , ... 
FREQUENCY - Hz 

Figure 7. Peak-to-Peak Output Noise VB. Frequency 

MA 
hv 

Figure 8. Input Current VB. Input Voltage (Integral Loads) 
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to a specially selected factory set current limit; it can be pro
grammed from 1 to lOrnA with the insertion of a single ex
ternal resistor. The approximate temperature coefficient of 
current limit for the ADS80 used in this mode is 0.13%; C 
for ILiM = ImA and O.Ol%;Cfor ILiM = 13mA (see Figure 9). 
Figure 8 displays the high output impedance of the AD580 
used as a current limiter for ILiM = 1, 2, 3,4, SmA. 

iO!! 2:V +1mA 

Figure 9. A Two-Component Precision Current Limiter 
THE ADS80 AS A LOW POWER, LOW VOLTAGE PRE
CISION REFERENCE FOR DATA CONVERTERS 
The ADS80 has a number of features that make it ideally 
suited for use with AID and D/A data converters used in 
complex microprocessor-based systems. The calibrated 
2.500 volt output minimizes user trim requirements and 
allows operation from a single low voltage supply. Low 
power consumption (1mA quiescent current) is com
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 

Figure 10 shows the ADS80 used as a reference for the 
AD7542 12-bit CMOS DAC with complete microprocessor 
interface. The ADS80 and the AD7S42 are specified to 
operate from a single 5 volt supply; this eliminates the need 
to provide a + 15 volt power supply for the sole purpose of 
operating a reference. The AD7S42 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may thus be interfaced directly to a 4-, 8- or 16-bit data bus • 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7S42 which is packaged in a 
small 16-pin DIP. The ADS44 output amplifier is also low 
power, requiring only 2.SmA quiescent current; Its laser
trimmed offset voltage preserves the ±l12LSB linearity of 
the AD7S42KN without user trims and it typically settles 
to ±112 LSB in less than 3ps. It will provide the 0 to -2.5 
volt output swing from ±S volt supplies. 

SYSTEM 
8-BIT DATA BUS 

DO 

AD7 ADO 

<5V 

FROM SYSTEfJI RESET 

FROM ADDRESS {AO BUS A1 _____ -' 

FROMWFi_----' 

FROM ADDRESS DECODER _________ -.J 

Figure 10. Low Power, Low Voltage Reference for the 
AD7542 Microprocessor·Compatible 12·Bit DAC 
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FEATURES 
Laser-Trimmed to High Accuracy: 

10.000 Volts ±5mV (L and U) 
Trimmed Temperature Coefficient: 

5ppmI"C max. 0 to + 7O"C (L1 
10ppmfC max. -55"Cto + 125"C (U) 

Excellent Long-Term Stability: 
25ppm/1000 hrs. (Noncumulative) 

Negative 10 Volt Reference Capability 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-5 Package 
MIL-8TD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS81 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +2SoC as well as the temperature 
coefficient, which results in high precision performance pre
viously available only in expensive hybrids or oven-r~ulated 
modules. The SmV initial error tolerance and Sppml C guar
anteed temperature coefficient of the ADS81L represent the 
best performance combination available in a monolithic volt
age reference. 

The band-gap circuit design used in the ADS81 offers several 
advantages over classical Zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the device, includ
ing the output buffer amplifier (which can supply up to lOrnA) 
is typically 7S0j.lA. The long-term stability of the band-gap 
design is equivalent or superior to selected Zener reference 
diodes. 

The ADS81 is recommended for use as a reference for 8-, 10-
or 12-bit D/A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
up to 14 bit accuracy, either successive approximation or inte
grating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The ADS81J, K, and L are specified for operation from 0 to 
+70°C; the ADS81S, T, and U are specified for the -SSoC to 
+12SoC range. All grades are packaged in a hermetically-
sealed three-terminal TO-S metal can. 
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High Precision 
10V Ie Reference 

AD581 * 
FUNCTIONAL BLOCK DIAGRAM 

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficient results in very low errors over temperature with
out the use of external components, The ADS81L has a 
maximum deviation from 10.000 volts of ±7.2SmV from 
Oto +70oC, while the ADS81U guarantees±lSmV maximum 
total error without external trims from -SSoC to +12S oC. 

2. Since the laser trimming is done on the wafer prior to sepa
ration into individual chips, the ADS81 will be extremely 
valuable to hybrid designers for its ease of use, lack of 
required external trims,.and inherent high performance. 

3. The ADS81 can also be operated in a two-terminal "Zener" 
mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per
formance in this mode is nearly equal to that of the stand
ard three-terminal configuration. 

4. Advanced circuit design using the band-gap concept allows 
the ADS81 to give full performance with an unregulated in
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 

S. The ADS81 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS81/883B data sheet for detailed specifications. 
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AD581-SPECIFICATIONS (@ v. = 
ADS8Ij 

Model ~ Typ Max 

OUTPUTVOLTAGEtOLBRANcE 
(ErrorfromnominalIO,OOOYoutpUt) :t30 

OUTPUT VOLTAGE caANGE 
Maximum DeviatiOn from + 25"C :t13.5 
Value, Tmin to Tmu 

(Temperature Coefficient) 30 

LINE REGULATION 
15VsVtNs30V 3.0 

(0.002) 
13VsVtNsl5V 1.0 

(0.005) 

LOAD REGULATION 
OsloUTs5rnA 200 SOO 

QUIESCENT CURRENT 0.75 1.0 

TURN·ONSETTLINGTIMBTOO.I%l 200 

NOISE (0.1 to 10Hz) 40 

LONG-TERM STABILITY 25 

SHORT -CIRCUrrCURRENT 30 

OUTPUT CURRENT 
Source@ + 25"C 10 

Source T min to T max 5 
Sink T min to T max 5 
Sink -55"Cto +85"C -

TEMPERATURE RANGE 
Specified 0 +70 
Operatiog -65 +150 

PACKAGE OPTION' 
TO·5 (H.o3B) AD581JH 

ADsaIS 
Model Mia Typ Max 

OUTPUT VOLTAGE TOLERANCE 
(ErrorfromnominalIO,OOOVoutput) :t30 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +25"C :t30 
Value, T min to T max 

(Temperature Coefficient) 30 

LINE REGULATION 
15VsVtNs30V 3.0 

(0.002) 
13VsVtNs15V 1.0 

(0.005) 

LOAD REGULATION 
OsloUTs5mA 200 SOO 

QUIESCENT CURRENT 0.75 1.0 

TURN·ON SETTLING TIME TO O. I%l 200 

NOISE(O.I to 10Hz) 40 

LONG-TERM STABILITY 25 

SHORT-CIRCUrrCURRENT 30 

OUTPUT CURRENT 
Source@ +25"C 10 

Source T min to T max 5 
Sink T min to T max 200 
Sink - 55"C to + 85"C 5 

TEMPERATURE RANGE 
Specified -55 +125 
Operating -65 +150 

PACKAGE OPTION' 
TO·5 (H.o3B) AD58ISH 

NOTES 
I See Figure 7. 
2H = Hermetic Metal Can. Foroutline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested. on all production units. 
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+ 15V and 2SOC) 

Mia 

10 
5 
5 

-
0 
-65 

Min 

10 
5 
200 
5 

-55 
-65 

ADS8IK ADS8IL 
Typ Max Mia Typ Max-

:tl0 :tS 

:t6.75 :t2.25 

IS 5 

3.0 3.0 
(0.002) (0.002) 
1.0 1.0 
(0.005) (0.005) 

200 SOO 200 SOO 

0.75 1.0 0.75 1.0 

200 200 

40 40 

25 25 

30 30 

10 
5 
5 

-
+70 0 +70 
+150 -65 +150 

AD581KH AD581LH 

ADS8IT ADS8lU 
Tn> Max Mia Typ Max 

:tl0 :t5 

:t15 :t10 

IS 10 

3.0 3.0 
(0.002) (0.002) 
1.0 1.0 
(0.005) (0.005) 

200 SOO 200 SOO 

0.75 1.0 0.75 1.0 

200 200 

40 40 

25 25 

30 30 

10 
5 
200 
5 

+125 -55 +125 
+150 -65 +150 

AD58ITH AD58IUH 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VIN to Ground ..... 
Power Dissipation @ + 25°C . . . . . 
Operating Junction Temperature Range 
Lead Temperature (Soldering, IOsec) 
Thermal Resistance 

Junction-to-Ambient ...... . 

UJlita 

mV 

mV 

ppmI"C 

mV 
%N 
mV 
%N 

",VIrnA 

rnA 

"'. 
",V/p-p 

ppm/lOOO hrs. 

rnA 

rnA 
rnA 
jJ.A 
rnA 

"C 
"C 

Units 

mV 

mV 

ppmI"C 

mV 
%N 
mV 
%N 

",VIrnA 

rnA 

"'. 
",V/p-p 

ppmllOOOhrs. 

rnA 

rnA 
rnA 
jJ.A 
rnA 

"C 
"C 

. ...... 40V 

. .... 600mW 
-5SoC to + ISO°C 

+ 300°C 

ISO°C/W 
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APPLYING THE AD581 
The ADS81 is easy to use in virtually all precision reference 
applications. The three terminals are simply primary supply, 
ground, and output, with the case grounded. No external com
ponents are required even for high precision applications; the 
degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The AD581 requires less 
than ImA quiescent current from an operating supply range 
of 12 to 30 volts. 

+12V TO +4OV 

+1D,DOV 

\ 

Figure 1. AD581 Pin Configuration (Top View) 

An external fine trim may be desired to set the output level 
to exactly 10.000 volts within less than a millivolt (calibrated 
to a main system reference). System calibration may also re
quire a reference slightly different from 10.00 volts. In either 
case, the optional trim circuit shown in Figure 2 can offset the 
output by up to ±30 millivolts (with the 220 resistor), if 
needed, with minimal effect on other device characteristics. 
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22f! 

'211 un 

+10.00V 

MAX 
.6. TCR 

3.5ppmtC 
2.Dppmrc 
O.6ppmJOc 

Applying the AD581 
+lSV 

6.SkU 

-16V 
4.3kn 

Figure 2. Optional Fine Trim Configuration 

Figure 3. Simplified Schematic 
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A0581 
VOLTAGE VARIATION VI. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., IOppm/oC. However, because of non
Iinearities in temperature characteristics, which originated in 
standard Zener references (such as "S" type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, S or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the ADSSI 
consistently follows the S-curve shown in Figure 4. Three-point 
measurement of each device guarantees the error band over the 
specified temperature range. ' 

The error band which is guaranteed with the ADSSI is the 
maximum deviation from the initial value at +2SoC; this error 
band is of more use to a designer than one which simply guar
antees the maximum total change over the entire range (Le., 
in the latter definition, all of the changes could occur in the 
positive direction). Thus, with a given grade of the ADSS1, the 
designer can easily determine the maximum total error from 
initial tolerance plus temperature variation (e.g., for the 
AD S 81T, the initial tolerance is ± 1 Om V, the temperature error 
band is ±lSmV, thus the unit is guaranteed to be 10.000 volts 
±2SmV from _SSoC to +12SoC). 

to.OOI 

VOUT - 10.000 
V ... 

U .. 

II~ r""" 

" 

Ij 

" " ..... 11 r-,... 

-65-80 -40 -30 -2& _10 0 10 20 30 40 50 80 70 80 90 100 110 120126 

TEMPERATURE _·c 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 
The ADSS1 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur-

OUTPUT 
VOLTAGE 

14 

12 

10 

-20 -15 -,0 ..s 
SOURCE 

5101520 
SINK 

OUTPUT CURRENT - mA 

Figure 5. AD581 Output Voltage vs. Sink and Source Current 
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rent characteristics of the device are shown in FigureS. Source 
current is displayed as negative current in the figure; sink cur

rent is positive. Note that the short circuit current (Le., zero 
volts output) is about 2SmA; when shorted to + IS volts, the 
sink current goes to about 2OrnA. 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the ADSSI. This characteristic is generated from cold-starr 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±10 millivolt is about 180llS, and 
there is no long thermal tail appearing after the point. 

10.020V OUTPUT]:: 
10.03OV} 

OUTPUT 
10.01av 

10V 

'N~T{~ T~-~-l i 
-r--t f-

I I 

o 50 100 160 200 250 

SETTLING TIME -1'1 

10.000v 

Figure 6. Output Settling Characteristic 

' .... ~~~mm ~ NOISE Sf'ECTRAL DENSITV InVWHiJ 

J"""o 

I---t-H++--t-H+t-~"""'""- TOTAL NOISE UiYrml' UP TO I-----
,....... SPECIFIED FREQUENCV J 

lO~m!tmimm 
l~lO~--~~~--LL~~~~~,~;-~~LT,~~~~ 

FREQUENCY _ Hz 

Figure 7. Spectral Noise Density and Total rms Noise 
vs. Frequency 

1000 

.",. 

"'" 
~ 

~ 
.",. 

1.5pArC 

......... .... -........ 
......... -.., 

... 
~_~~~100wm».~.n."~m~~ 

TEMPERATURE -'C 

Figure 8. Quiescent Current vs. Temperature 
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PRECISION HIGH CURRENT SUPPLY 
The ADs81 can be easily connected with power pnp or power 
darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
0.1/AF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 

VIN ;;'15Volts 0-.... -----9 

Figure 9. High Current Precision Supply 

CONNECTION FOR REDUCED PRIMARY SUPPLY 
While line regulation is specified down to 13 volts, the typical 
ADs81 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa
bility such as operation from 12V ±S% as shown in Figure 10. 
The 560.11 resistor reduces the current supplied by the ADs81 
to a manageable level at full SmA load. Note that the other 
bandgap references, without current sink capability, may be 
damaged by use in this circuit configuration. 

_.--.-_12V ±5% 

10V@lOtoSmA 

Figure 10. 12-Volt Supply Connection 

THE AD581 AS A CURRENT LIMITER 
The ADS81 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
This approach often results in temperature coefficients of 
1%/oC. The ADS81 approach is not limited to a defined 
set current limit; it can be progtammed from 0.75 to SmA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The ADS80, which is a 2.5 volt reference, can be used in this 
type of circuit with compliance voltage down to 4.5 volts. 
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AD581 

BOTTOM VIEW OF 
10 VOLT PRECISION 
REFERENCE CIRCUIT 
IN TO-5CASE 

AD581 

i aI l~V +D.75mA 

Figure ". A Two-Component Precision Current Limiter 

NEGATIVE 10-VOLT REFERENCE 
The ADs81 can also be used in a two-terminal "Zener" mode 
to provide a precision -10.00 volt reference. As shown in Fig
ure 13, the VIN and VOUT terminals are connected together 
to the high supply (in this case, ground). The ground pin is 
connected through a resistor to the negative supply. The out
put is now taken from the ground pin instead of VOUT ' With 
1mA flowing through the ADs81 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode. Note also that the effective output 
impedance in this connection increases from 0.2.11 typical to 
2 ohms. It is essential to arrange the output load and the sup-
ply resistor, Rg, so that the net current through the ADS81 is • 
always between 1 and SmA. For operation to +12S oC, the net 
current should be between 2 and SmA. The temperature charac-
teristics and long-term stability of the device will be essentially 
the same as that of a unit used in the standard three-terminal 
mode. 

The ADS81 can also be used in a two-terminal mode to develop 
a positive reference. VIN and VOUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg
ative two-terminal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 10.S volts. This 
type of operation will require considerable attention to load 
and primary supply regulation to be sure the ADS81 always 
remains within its regulating range of 1 to SmA (2 to SmA 
for operation beyond +8S oC). 

_ ...... __ -.o--__ .-_~~~LOG 

O.lj.LF 

1.2kn 5% 

-15V 

Figure 12. Two-Terminal -10 Volt Reference 

VOL TAGE REFERENCES 6-13 



AD581 
10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR AID CONVERTERS 

The ADS81 is ideal for application with the entire AD7S33 
series of 10- and 12-bit multiplying CMOS DI A converters, 
especially for low power applications. It is equally suitable for 
the AD7S74 8-bit AID converter. In the standard hook-up, as 
shown in Figure 14, the +10 volt reference is inverted by the 
amplifierlDAC configuration to produce a 0 to -10 volt range. 
If an AD308 amplifier is used, total quiescent supply current 
will typically be 2mA. If a 0 to +10 volt full scale range is 
desired, the ADS81 can be connected to the CMOS DAC in its 
-10 volt "Zener" mode, as shown in Figure 12 <the -10VREF 
output is connected directly to the VREF IN of the CMOS 
DAC). The ADS81 will normally be used in the -10 volt mode 
with the AD7S74 to give a 0 to +10 volt ADC range. This is 
shown in Figure 14. Bipolar output applications and other 
operating details can be found in the data sheets for the 
CMOS products. 

+lSV 

,. 
,6 j--:.==:..-----, 

IoUT1 
A07533 

louT2 
<>-:C.'.,!-T ':-=O""IL.,-S .... I-I'3 -15V 

Figure 13. Low Power 10-Bit CMOS DAC Application 

-15V +5/+15V 

PREOSION 12-BIT D/A CONVERTER REFERENCE 
The ADS62, like most D/A converters, is designed to operate 
with a +10 volt reference element. In the ADS62, this 10 volt 
reference voltage is converted into a reference current of ap
proximately O.SmA via the internal 19.9Skn resistor (in series 
with the external lOOn trimmer). The gain temperature coef
ficient of the ADS62 is primarily governed by the temperature 
tracking of the 19.9Skn resistor and the Sk/10k span resistors; 
this gain T .C. is gua~anteed to 3ppml C. Thus, using the 
ADS81L (at Sppml C) as the 10 volt reference guarantees a 
maximum full scale temperature coefficient of 8ppm/oC over 
the commercial range. The 10 volt reference also supplies the 
normallmA bipolar offset current through the 9.9Sk bipolar 
offset resistor. The bipolar offset T.C. thus depends only on 
the T.C. matching of the bipolar offset resistor to the input 
reference resistor and is guaranteed to 3ppm/o C. 

AD .. , 

+5V 

SIGNALo--"AIV-.... --l 
INPUT 

OV TO +lOV 

ANALOG 
SUPPLY 

RETURN 

NOTE 1: R1 AND R2CAN BE OMITTED IF GAIN TRIM 
IS NOT REQUIRED 

Figure 14. AD581 as Negative 10-Volt Reference for 
CMOSADC 

Figure 15. Precision 12-Bit DIA Converter 
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FEATURES 
Four Programmable Output Voltages: 

10.000V, 7.S00V, S.OOOV, 2.S00V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

Sppml"C max, 0 to + 7O"C (ADS84L) 
1Sppm,'OC max, -SS"C to + l2S"C (ADS84T) 

Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 

Capability (SV 8r. Above) 
Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
MIL~TD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS 84 is an eigh t-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.S00V, S.OOOV and 2.S00V. Other out· 
put voltages, above, below or between the four standard out
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.S and 30 volts. 

Laser Wafer Trimming (LWT) is used to adjust the pin-program
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 

In addition to the programmable output voltages, the ADS84 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the ADS84 is used as a power supply 
reference, the supply can be switched off with a single, low
power signal. In the "off" state the current drain by the 
ADS84 is reduced to about 100~. In the "on" state the total 
supply current is typically 7S0llA including the output buffer 
amplifier. 

The ADS84 is recommended for use as a reference for 8-, 10-
or 12·bit Df A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs., and in general can offer better performance 
than that provided by standard self-contained references. 

The ADS84J, K and L are specified for operation from 0 to 
+70·C; the ADS84S and T are specified for the -SSoC to 
+12SoC range. All grades are packaged in a hermetically 
sealed eight·terminal TO-99 metal can; the AD584J and K are 
also available in an 8-pin plastic DIP. 

·Protected by U.S. Patent No. 3,887,863; RE 30, 586 
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Pin Programmable 
Precision Voltage Reference 

AD584* I 
PIN CONFIGURATIONS 

8-Pin TO-99 

TAB 

4 

COMMON 

PRODUCT HIGHUGHTS 

8-PinDIP 

AD584 
TOP VIEW 

(Not to Sealol 

1. The flexibility of the ADS84 eliminates the need to design
in and inventory several different voltage references. Further
more one ADS84 can serve as several references simultane
ously when buffered properly. 

2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with
out the use of external components. The ADS84LH has a 
maximum deviation from 10.000 volts of ±7.2SmV from 
o to +70·C. 

3. The ADS84 can be operated in a two-terminal "Zener" 
mode at S volts output and above. By connecting the input 
and the output, the ADS84 can be used in this "Zener" 
configuration as a negative reference. 

4. The output of the ADS84 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the ADS84 without damage to 
the reference and without disturbing the output voltage 
(10V, 7.SV and SV outputs). 

S. 'The ADS84 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current ADS84/883B data sheet, for de
tailed specifications. 
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AD584-SPECIFICATIONS (@ VIN ::: 15Vand 25"C) 

Model 
-': ' 

OUTPUT VOLTAGE TOLHRANCE 
Maximum Error' for NomiDal 

OutpUtsof: 
10.OOOV 
7.500V 
5.OOOV 
2.500V 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25"C 

Value, TmintoTawc2 
10.000, 7.SOO, 5.OOOVOutpUts 
2.SOOVOutput 

Differential Temperature 
Coefficients Between OutpUts 

QUlESCENTCURRENT 
Temperature Variation 

TURN-ONSE'ITLINGTlMETOO.l% 

NOISE 
(0.1 to 10Hz) 

LONG-TERM STABILITY 

SHORT -CIRCUIT CURRENT 

LINE REGULATION (No Load) 
15VsVlNs30V 
(YOUT + 2.SV)sVlNs15V 

LOAD REGULATION 
OsIoUTs5mA, All Outputs 

OUTPUT CURRENT 
VlN"VOUT +2.5V 

Soun:c@ +25"C 
Soun:c T ... to T...,. 
SinkT .... toT .... 

TEMPERATURE RANGE 
Operating 
Stenge 

PACKAGE OPTION' 
TO-99 (H-08A) 
Plastic (N-B) 

NOTES 
lAtPin 1. 

AD584J 
MID 'l)p Ala 

:1:30 
:1:20 
:1:15 
:1:7.5 

30 
30 

5 

0.75 1.0 
1.5 

200 

50 

25 

30 

0.002 
0.005 

20 SO 

10 
5 
5 

0 +70 
-65 +175 

AD584JH 
AD584JN 

'Calculated as average over the operating temperature range. 
'R = Hermeti<: Metal Can; N = PIaatic DIP. For package outline information see 
Package Information section. 

Specifreations subject to change without notice. 

SpeciflCStions shown in boldface are tested onall production units at fmaJ electri
cal test. Results from those tests are used to calculate oulJOins quality levels. All 
min aru\ max speciflCStiOns are guaranteed, althoush only those shown in 
boldface ... tested on all production units. 

ABSOLUTE MAX RATINGS 

Mia 

10 
5 
5 

0 
-65 

Input Voltage VIN to Ground . . ...... 40V 
Power Dissipation @ + 2S·C . 
Operating Junction Temperature Range 
Lead Temperature (Soldering 1 Osec) 
Thermal Resistance 

Junction-to-Ambient (H-08A) 
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. .... 600mW 
- SS·C to + 12S·C 

+300·C 

lS0·c/w 

ADS84K AD584L 
'l)p Ala Mia 'l)p Ala UIIiIII 

:1:10 :1:5 mV 
:1:8 :1:4 mV 
:1:6 :1:3 mV 
:1:3.5 :1:2.5 mY' 

15 5 ppmI"C 
15 10 ppmI"C 

3 3 ppmI"C 

0.75 1.0 0.75 1.0 mA 
1.S 1.5 (lAI"C 

200 200 ... 
SO 50 ... VP-P 

25 25 ppmllOOO Hn. 

30 30 mA 

0.002 0.002 %IV 
0.005 0.005 %IV 

20 SO 20 SO ppmlmA 

10 mA 
5 mA 
5 mA 

+70 0 +70 "C 
+175 -65 + 175 "C 

AD584KH AD584LH 
AD584KN 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

NOTES 
'BOTH 10V PADS MUST BE CONNECTED TO THE OUTPUT. 
-INTERCONNECTIONS REQUIIED; SEE PIN DESIGNATlONS"FOR INFORMATION. 
··NOT BROUGHT OUT IN PACKAGE DEVICE. 
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO .. , &-PIN METAL PACKAGE. 
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Model 

OUTPUT VOLTAGE TOLERANCE 
Maximum Error' for Nominal 

Outputs of: 
10.OOOV 

7.SOOV 
5.oooV 
2.500V 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation from + 25"C 

Value, T ... toT .... ' 
10.000,7.500, 5.OOOV Outputs 
2.500VOutput 

Differential Temperature 
Coefficients Between Outputs 

QUIESCENT CURRENT 
Temperature Variation 

TURN-ON SETTLING TIME TO O. 1% 

NOISE 
(0. Ito 10Hz) 

LONG-TERM STABILITY 

SHORT~RCUITCURRENT 

LINE REGULATION (No Load) 
15VsVINs30V 
(VOUT +2.5V)sVtNsI5V 

LOAD REGULATION 
Os lOUTs SmA, All Outputs 

OUTPUT CURRENT 
V'N;"VOUT +2.5V 

Source@ + 25'C 
Source T ... to T .... 
SinkTnU.toT .... 

TEMPERATURE RANGE 
Operatins 
Storage 

PACKAGE OPTIONS' 
TO-99 (H-08A) 

NOTES 
'At Pin I. 

ADS84S 
Min Tn» Mas 

:1:30 
:1:20 
:1:15 
:1:7.5 

30 
30 

5 

0.75 1.0 
1.5 

200 

50 

25 

30 

0.002 
0.005 

20 50 

10 
5 
5 

-55 +125 
-65 +175 

AD584SH 

'Calculated as average over thO operating temperature range. 
'H = Hermetic Metal Can. Foroutline information see Package Information section. 

SpeciflCBtions subject to cbange without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outsoing quality levels. All 
min and max specifications are guaranteed, althougb only those shown in 
boldface are tested on all production units. 
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AD584 
AD584T 

Min Tn» Max UDits 

:1:10 mV 
:1:8 mV 
:1:6 mV 
:1:3.5 mV 

15 ppmI"C 
20 ppml"C 

3 ppmI"C 

0.75 1.0 mA 
1.5 ...,vc 
200 .. s 

50 .. VP-P 

25 ppmlloooHrs. 

30 mA 

0.002 %IV • 0.005 %IV 

20 50 ppm/mA 

10 mA 
5 mA 
5 mA 

-55 +125 "C 
-65 +175 "C 

AD584TH 
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Applying the AD584 
APPLYING THE ADS84 
With power applied to pins 8 and 4 and all other pins open the 
ADS 84 will produce a buffered nominal10.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 
may be reduced to 7.SV, S.OV or 2.SV by connecting the 
programming pins as follows: 

OUTPUT VOLTAGE PIN PROGRAMMING 

7.SV Join the 2.SV and S.OV pins (2) 
and (3). 

S.OV Connect the S.OV pin (2) to the 
output pin (1). 

2.SV Connect the 2.SV pin (3) to the 
output pin (1). 

The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
ADS84, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 

VOUT 

I 
I ~R4 I 

+1.216V 
: +6V I 
I I 
h 8k I 
1+2.6V .-- Rl 

I 3 I 
4k I * R3 

VaG 
I R2 

4k I 

COMMON 
L ____________ .J 

·THE 2.6V TAP IS USED INTERNALL V AS A BIAS POINT 
AND SHOULD NOT BE CHANGSD BY MORE THAN 1aomV 
IN ANY TRIM CONFIGURATION. 

Figure 1. Variable Output Options 

The ADS84 can also be programmed over a wide range of out
put voltages, including voltages greater than 10V, by the ad
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistots of the ADS84. The ADS84 may 
be modeled as an op amp with a noninverting feedback con
nection, driven by a high stability 1.21 S volt bandgap refer
ence (see Figure 3 for schematic). 

When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, S.12V, 2.S6Vor 6.3V easy to obtain. The mostgener
al adjustment (which gives the greatest range and poorest reso
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.SV pin 3 will be connected to the out
put, which will reduce to 2.SV. As R1 is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kO, the upper limit of the output 
range will be about 20V even for large values of Rl. R2 should 

6-18 VOLTAGE REFERENCES 

not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting R1 to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re
quired to be set at levels other than the standard outputs, the 
20% absolu te tolerance in the internal resistor ladder must be 
accounted for. 

Alternatively, the output voltage can be raised by loading the 
2.SV tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the ADS84 internal resistots, which have a negative T.C. 
less than 60ppmfC. If both R3 and R4 are used, these resistors 
should have matched temperature coefficients. 

When only small adjustments or trims are required, the circuit 
of Figure 2 offers betrer resolution over a limited trim range. 
The circuit can be programmed to S.OV, 7.SVor 10V and 
adjusted by means of R1 over a range of about ±200mV. To 
trim the 2.SVoutput option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to ±100mV in order to avoid 
affecting the performance of the ADS84. 

V+ 

Vour 

R2 
30IIk 

~::':"'-f""'--"'--S,"ol. 

COMMON 

Figure 2. Output Trimming 

Figure 3. Schematic Diagram 
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PERFORMANCE OVER TEMPERATURE 
Each ADS84 is tested at three temperatures over the -SSoC to 
+12SoC range to ensure that each device falls within the Maxi
mum Error Band (see Figure 4) specified for a particular grade 
(i.e., S and T grades); three-point measurement also guaran
tees performance within the error band from 0 to +70oC (i.e., 
J, K, or L grades). The error band guaranteed for the ADS84 
is the maximum deviation from the initial value at +2S"C. 
Thus, given the grade of the ADS84, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the ADS84T, the 
initial tolerance is ±lOmVand the en:or band is ±lSmV. 
Hence, the unit is guaranteed to be 10.000 volts ±2SmV from 
-SSoC to +12SoC. 

10.005 

VOUT -
Vo .. 

J 

/ 10.000 

L ~ _/ 
V 

..... 
-55 25 

TEMPERATURE _ oc 
70 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 

'25 

The ADS84 has the capability to either source or sink current 
and provide good load regulation· in either direction, although 
it has better ·characteristics in the source mode (positive cur
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur
rent characteristics of the device is shown in Figure s. Source 
current is displayed as negative current in the figure; sink cur
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +lS volts, the 
sink current goes to about 20mA. 

OUTPUT 
VOLTAGE 

" 
12 

10 

~20 -16 -10 -6 5101520 
SOURCE SINK 

OUTPUT CURRENT - mA 

Figure 5. AD584 Output Voltage 
lIS. Sink and Source Current 

DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo
nents ofren enable the end user to keep power off when not 
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Performance of the AD584 . 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the ADS84. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settling 
time to within ±10 millivolts is about 180ps, and there is no 
long thermal tail appearing after the point. 

OUTPUT 11V 1D.02OV 
{

'2V 

10.030V} 
OUTPUT 

10.01DY 

IOV 

SUPPLY IOV 
INPUT 

POWER {2OV 

0 •• 

o 50 100 150 200 260 

SETTLING TIME - PI 

10.00OV 

Figure 6. Output Settling Characteristic 

NOISE FILTERING 
The bandwidth of the output amplifier in the ADS84 can be 
reduced to filter the output noise. A capacitor ranging between • 
O.OlpF and O.lpF connected between the Cap and VBG termi-
nals will further reduce the wideband and feedthrough noise 
in the output of the ADS84, as shown in Figure 8. However, 
this will tend to increase the turn-on settling time of the 
device so ample warm-up time should be allowed. 

1000 

'oo 

'0 

, 
'0 

SUPPLY 

VOUT 

IlaGL--T_~ 

COMMON 

-INCREASES TURN ON TIME 

Figure 7. Additional Noise Filtering 
with an External Capacitor 

NOISE SPECTRAL DENSITY nV'\ Hzl 
~CAP 

"l ~ " ....... 
I ~ '< ,ao .. r-.... 

D.Ol ... F 

...... 

-

NO CAP 
, , TOTAL NOISE I ... V !mSI UP TO _ 

,/ SPECiFiED FREQUENCY 

,ao 1k 'Ok ,ook 
FREQUENCY _ Hz 

Figure 8. Spectral Noise Density and Total rms Noise 
lIS. Frequency 

'M 

VOLTAGE REFERENCES 6-19 



AD584-Applications 
USING THE STROBE TERMINAL 
The ADS84 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica
tions in signal and power conditioning circuits. 

Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The ADS84 operates normally when there is 
no current drawn from pin S. Bringing this terminal low , to 
less than 200mV, will allow the output voltage to go to zero. 
In this mode the ADS84 Should not be required ro source or 
sink current (unless a: 0.7Vresidual output is permissible). If 
the ADS84 is required to sink a transient current while strobed 
off, the strobe terminal input current should be limited by a 
1000. resistor as shown in Figure 9.· 

The strobe terminal will tolerate up to SjlA leakage and its 
driver should be capable of sinking SOOIlA. continuous. A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the ADS84 
output voltage plus one volt. 

+Va 
8 VOUT 

STROBE 
r- 5 

AD584 l00llt 
4 

ZOkIl 
LOGIC INPUT ;.;~;-I :...;~~~:..F--'VVI ...... t-I 

2N2222 
10k(} 

COMMON 

Figure 9. U. of the Strobe Terminal 

PRECISION HIGH CURRENT SUPPLY 
The AD584 can be easily connected to a power PNP or power 
Darlington PNP device to provide much greater output current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.l#LF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 

V,N >15 Val,. 0-.... -----'9 

Figure 10. High Current Precision Supply 
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The AD584 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10V output 
terminal ofthe AD584 to the base of the NPN booster and take 

. the output from the booster emitter as shown in Figure 11. 
The 5.0V or 2.SV pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +S.OV connection to 
obtain outputs above +5.0V. 

RAW SUPPLY 1-5V > VOUT) 

DARLINGTON NPN 
2N1057 

+V. 

VOUT 

~:!--r~----""'-l::~~N) 
AD584 

r--o..-r------
4 

lk 

COMMON 

Figure 11. NPN Output Current Booster 

THE AD584 AS A CURRENT UMITER 
The AD584 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
Use of current limiting diodes often results in temperature 
coefficients of 1 %fc. Use ofthe ADS84 in this mode is not 
limited to a set current limit; it can be programmed from 0.75 
to SmA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 

+V. 

VOUT =2.5V 

3 2.5V 
AD584 TAP 

iif 1IY+O.76mA 

COMMON 

Figure 12. A Two-Component Precision Current Limiter 

NEGATIVE REFERENCE VOLTAGES FROM AN AD584 
The AD584 can also be used in a two-terminal "zener" mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, theVIN and VOUT terminals are con
nected together to the positive supply (in this case, ground). 
The ADS84 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of VOUT. With 1mA flowing through the AD584 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in
creases from 0.2n typical to 2n. It is essential to arrange 
the output load and the supply resistor, Rs, so that the net 
current through the AD584 is always between 1 and SmA 
(between 2 and SmA for operation beyond +85·C). The 
temperature characteristics and long-term stability of the 
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6.DV 
AD584 TAP 

COMMON 
L-__ -+ _____ ~~ 

Rs 2.4k(l5% 

-16V 

Figure 13. Two-Terminal-5 Volt Reference 

device will be essentially the same as that of a unit used in the 
standard three-terminal mode. 

The ~I?S84 can also be used in a two-terminal mode to develop 
a posltlve reference. VIN and VOUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
p~rformance c?aracteristi~ will be similar to those of the neg
atlv~ two-termmal connection. The only advantage of this con
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 0.5 volts above 
the desired output voltage. This type of operation will require 
considerable attention to load and primary supply regulation 
to be sure the ADS 84 always remains within its regulating 
range of 1 to SmA (2 to SmA for operation beyond 85°C). 

10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR AID CONVERTERS 
The ADS84 is ideal for application with the entire AD7S20 
series.of 10- and 12-bit multiplying CMOS D/A converters, 
espeCially for low power applications. It is equally suitable for 
the AD7S74 8-bit AID converter. In the standard hook-up as 
shown in Figure 14, the standard output voltages are inverted by 

-15V +6/+15V 

AD584 
the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a +10V reference produces a 0 to -10V 
range. If an AD308 amplifier is used, total quiescent supply 
current will typically be 2mA. The ADS84 will normally be 
used in the -10 volt mode with the AD7S74 to give a 0 to +10 
volt ADC range. This is shown in Figure 16. Bipolar output 
applications and other operating details can be found in the 
data sheets for the CMOS products. 

+15V 

+10V 

BIT 1 (MSBI 15 14 RFEEDBACK 
16~==:::""----'" 

IoUT1 
AD7533 

IoUT2 o-.....!..-__ ~13 -15V 
BIT 10 (LSBI 

COMMON 

Figure 14. Low Power 10-8it CMOS DAC Application 

PRECISION D/A CONVERTER REFERENCE 
The ADS62, like many D/A converters, is designed to operate 
with a +10 volt reference clement (Figure 15). In the ADS62, 
this 10 volt reference voltage is converted into a reference cur
rent of approximately O.SmA via the internal 19.9Skn resistor 
(in series with the external100n trimmer). The gain tempera
ture coefficient of the ADS 62 is primarily governed by the 
temperature tracking of the 19.9Skn resistor and the Sk/10k 

AD562 

I 7 

I A -15V ' 
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~ ______________________________ J 
Rl 

lOO.11,15T 
BIPOLAR OF FSET ADJ. 

A - ANALOG GROUND 

Figure 15. Precision 1208ft D/A Converter 
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AD584 
span resistors; this gain T.C. is guaranteed to 3ppm/oC. Thus, 
using the ADS84L (at SPPIJl/oC) as the 10 volt reference 
guarantees a maximum full scale temperature coefficient of 
8ppm/oC ovq the commercial range. The 10 volt reference 
also supplies the normallmA bipolar offset current through 
the9.95k bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching of the bipolar offset resis
tor to the input reference resistor and is guaranteed to 3 ppmf C. 
Figure 17 demonstrates the flexibility of the AD584 applied 
to another popular D/A configuration. 

-I&V 

R3 

+BV 

AD584 ~21< GAIN TRIM' 

II)N 8 4pG:::N::D-+-:::::=::-...... R..,,2,.,2k..-__ -W 
-IOV REF 

SIGNAL O-..J\II,..,.. ...... -t 
INPUT 

OV TO .IOV 0----,. 
ANALOG 
SUPPLY 

RETURN 

NOTE I, RI AND R2 CAN BE OMITTED IF GAIN TRIM 
IS NOT REOUIRED 

Figure 16. AD584 B8 Negative 10 Volt ReferefICIJ for 
CMOSADC 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Laser Trimmed to High Accuracy: 

5.000V ±2.0mV 1M Gradel 
Trimmed Temperature Coefficient: 

2ppmI"C max, 0 to + 70"C 1M Gradel 
10ppml"C max, -55"C to + 125"C IT Gradel 

Noise Reduction Capability 
Low Quiescent Current: 3mA max 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD586 represents a major advance in the state-of-the·art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD586 provides outstanding performance 
at low cost. 

The AD586 offers much higher perfOrtnance than most other 
5V references. Because the AD586 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD586. 
The buried Zener approach to reference design provides lower 
noise and drift than bandgap voltage references. The AD586 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The AD586 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap
proximation or integrating AID converters with up to 14 bits of 
accuracy and, in general, can offer better perfortnance than the 
standard on-chip references. 

The AD586J, K, L and M are specified for operation from 0 to 
+ 70OC, and the AD586S and T are specified for - 55°C to 
+ 1250C operation. All grades, except for the AD586M, are 
packaged in an 8-pin cerdip package. The AD586J, K, L and 
M are available in an 8-pin plastic package. The AD586J and 
the AD586K are also available in an 8-pin plastic surface mount 
small outline (SO) package. 
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High-Precision 
5V Reference 

AD586 I 
FUNCTIONAL BLOCK DIAGRAM 

+ VIN NOISE REDUCTION 

AD586 

Rs 

R, 

L---------~4}---------~ 

GROUND 
NOTE: PINS 1, 3 &. 7 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 

PRODUCT IDGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficients results in very low errors over temperature without 
the use of external components. The AD586M has a maximum 
deviation from 5.000Vof ±2.45mV between 0 and +7O"C, 
and the AD586T guarantees ±7.5mV maximum total error 
between - 55°C and + 125°C. 

2. For applications requiring higher precision, an optional fine
trim connection is provided. 

3. Any system using an industry standard pinout reference can 
be upgraded instantly with the AD586. 

4. Output noise of the AD586 is very low, typically 4,... V POp. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 

5. The AD586 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD586!883B data sheet for detailed specifications. 
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AD58IhSPECIFICATIONS(Ta= +25"1:, v.= +l5Vun/essolhelwisespecified) 

AD586J AD586X AD586L AD586M AD586S AD586T 
Mockd Mia Typ Mas Mia Typ Mas Mia Typ Mas Mia Typ Mas Mia Typ Mas Mia Typ Mas Uaba 

OutpUt Vol_ 4.980 5.0l0 4.995 5.005 4.9975 5.00% 4.998 5.00% 4.990 5.010 4.9975 s.oozs V 

OutpUt Vol_ Drift' 
010 +7O'C 15 15 5 1 
-SS"CIO + 12S"C 20 10 

Gain Adjustment +6 +6 +6 +6 +6 +6 
-1 -1 -1 -1 -2 -2 

Line Regulation' 
10.8V < + VIN <36V 

T ... toT_ 100 100 100 100 
l1.4V< +VIN <36V 

TmiAlOT_ ISO ISO 
Load Regulation' 

SourciogO < lour < 10mA 
ISo 25"C 100 100 100 100 ISO 

Tmia toT_ 100 100 100 100 ISO ISO 
Sinking -10< 1our<0mA 

25"C 400 400 400 400 400 400 

Quiesc:eDtCurrent 2 3 2 3 2 3 2 3 2 3 2 3 

PowcrConsumption 30 30 30 30 30 30 

Output Noise 
O.IHzlO 10Hz 4 4 4 4 4 4 
Spectral Density, 100Hz 100 100 100 100 100 100 

Lons· Tenn Stability IS IS IS IS IS IS 

Short-Circuit Current·to-Ground 45 60 45 60 45 60 45 60 45 60 45 60 

Temperature Range 
Specified POrfonnance 0 +70 0 +70 0 +70 0 +70 -55 +125 -55 +115 

OperatiDB Performance' -40 +85 -40 +85 -40 +85 -40 +85 -55 +125 -55 +125 

NOTES 
IMaxiDwmOlltpUtvol.driftisJUlf'lDrcedforaUpackqcsaad ....... CcrdippacbgcdpansareaIIOIOO%produc:tionlCSted.. 
~ openriDg lCmpCI'ahU'e raDpd is defmed u die telllpel:lhU'es extremes at which the device wiD SliD fUDCCioo.. Parts may deviate from their specified performanee ouHide their IJ*eclfied teDIpeI'ahIR range. 

SpccifiCatioassubjecttochaqewitbout notice. 

Spedficaticms in boidfacc are fCIICd OR an prod,ucticm uuits It fmal electrical test. Result from those tab Ire used to calculate outgOing quality 1eveJs. All min and max speclncations 1ft g...ranteed, 
IItbouBb ODly tboee IhOwn in boJdfKe are tested OD all producticm unib unlea otherwise specified. 

ABSOLUTE MAXIMUM RATINGS· 
V IN to Ground .•..••. 36V 

. .... sOOmw 
- 6S"C to + lSO"C 

CONNECnONDIAGRAM 
(Top View) 

ppmI'C 

% 

±p,vN 

".V/rnA 

rnA 

mW 

".Vp-p 
nVNHi 

ppmllOOOHr 

rnA 

"C 

Power Dissipation (2S"C) .•• 
Storage Temperature ..... 
Lead Temp (Soldering, 10sec) 
Package Thermal Resistance 

. 300"C 8 NOISE REDUCTION 

aJC ••••••••••••• 22"C/W 
aJA ••••••••••••• 1l0"ClW 

Output Protection: Output safe for indefmite short to ground or 
VIN· 

·Suesses above those listed under "Absolute Maximum RatiDgs" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device re1isbility. 
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AD586 
TOP VIEW 

(Not to Scale) 

*TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 
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AD586 

DI E SP E C I F I CATIONS The following specifications are tested at th~ die lev~1 for AD586JCHIPS. These die are probed at 25"C only. 
(TA = + 25"1:, VIN = + 15V unless othelWlse specified) 

DIE LAYOUT AD586JCHIPS 
NOISE 

Parameter Min Typ Max Units REDUCTION 

Output Voltage 4.980 5.020 V 

Gain Adjustment +6 % 
-2 % 

Line Regulation 
1O.8V < + VIN <36V 100 ±fLVN 

Load Regulation 
Sourcing O<loUT < lOrnA 100 fLV/rnA 
Sinking -IO<louT<OrnA 400 fLV/rnA 

Quiescent Current 3 rnA 

Short-Circuit Current-to-Ground 60 rnA 
v,. 

NOTES Die Size: 0.96 x 0.061 inches 
IBoth VOLT pads should be connected to the output. 
Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils ± 2 mils. 
Die Dimensions: The dimensions given have a tolerance of ± 2 mils. 
Backing: The standard backside surface is silicon (not plated), Analog Devices does not recommend gold-backed dice 
for most applications. 
Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 

Top Surface: The standard top surface of (he die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines. 
Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils. The passivation windows have 3.5 mils 
by 3.5 mils minimum. 

ORDERING GUIDE 

Initial Temp. Temp. Package 
Model' Error Coefficient Range Option2 

rnV ppm/oC °C 

AD586JN 20 25 Oto +70 N-8 
AD586JQ 20 25 Oto +70 Q-8 
AD586JR 20 25 Oto + 70 R-8 
AD586KN 5 15 Oto +70 N-8 
AD586KQ 5 15 Oto +70 Q-8 
AD586KR 5 IS Oto +70 R-8 
AD586LN 2.5 5 Oto +70 N-8 
AD586MN 2 2 Oto +70 N-8 
AD586LQ 2.5 5 Oto + 70 Q-8 
AD586SQ 10 20 -55to+125 Q-8 
AD586TQ 2.5 10 - 55 to + 125 Q-8 
AD586JCHIPS 20 25 Oto +70 -

NOTES 
'For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current ADS86/883B data sheet. 

'N ~ Plastic DIP; Q ~ Cerdip; R ~ Small Outline IC (SOIC). For outline 
information see Package Information section. 

GROUND 
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A058S 
THEORY OF OPERATION 
The ADS86 consists of a propriewy buried Zenerdiode reference, 
an amplifier to buffer the output and several high stability thin-film 
resistors as shown in the block diagram in Figure 1. This design 
results in a high precision monolithic SV output reference with 
initial offset of 2.Sm V or less. The temperature compensation 
circuitry provides the device with a temperature coefficient of 
under S ppml"C. 

Using the bias compensation resistor between the Zener output 
and the noninverting input to the amplifier, a capacitor can be 
added at the NOISE REDUCTION pin (Pin 8)to form a low 
pass fIlter and reduce the noise contribution of the Zener to the 
circuit. 

GROUND 
NOTE: PINS 1, 3 • 7 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 

Figure 1. AD586 Functional Block Diagram 

APPLYING THE ADS86 
The ADS86 is simple to use in virtually all precision reference 
applications. When power is applied to Pin 2 and Pin 4 is grounded, 
Pin 6 provides a SV output. No external components are required; 
the degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The ADS86 requires less 
than 3mA quiescent current from an operating supply of + l2V 
or + ISV. 

An external fme trim may be desired to set the outpUt level to 
exactly S.OOOV (calibrated to a main system reference). System 
calibration may also require a reference voltage that is slightly 
different from S.OOOV, for example, S.12V for binary applications. 
In either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 300mV, if desired, with minimal 
effect on other device characteristics. 

~~~NAL r 
REDUCTION I 
CAPACITOR I 

c"J. 
l"FT 

I 
I 

>-_ ..... -0 OUTPUT 

l0kO 

L.. ____ -+ ____ ~ 

Figure 2. Optional Fine Trim Configuration 
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NOISE PERFORMANCE AND REDUCTION 
The noise·generated by the ADS86is typically less than 4j1.V 
Pop over the O.IHz to 10Hz band. NOIse in a IMHz bandwidth 
is approximately 200j1. V Pop. The dominant source of this noise 
is the buried Zener which contributes approximately lOOnvtvHZ. 
In comparison, the op amp's contribution is negligible. Figure 3 
shoW's the O.IHz to 10Hz noise of a typicalADS86. The noise 
measurement is made with a bandpass fIlter made of a I-pole 
high-pass fIlter with a corner frequency at O.IHz and a 2-pole 
low-pass fIlter with a comer frequency at 12.6Hz to create a 
fIlter with a 9.922Hz bandwidth. 

...L 
l,.V 

r 

Figure 3. O.1Hz to 10Hz Noise 

If further noise reduction is desired, an external capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2. This capacitor, combined with the 4kO Rs 
and the Zener resistances form a low-pass fIlter on the output of 
the Zener cell. A I j1.F capacitor will have a 3dB point at 12Hz, 
and it will reduce the high-frequency (to IMHz) noise to about 
160j1.V pop. Figure 4 shows the IMHz noise of a typical ADS86 
both with and without a I j1.F capacitor. 

Figure 4. Effect of 1p.F Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its fmal value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure S shows the tum-on characteristics of the ADS86. 
It shows the settling to be about 6Oj1.sec to 0.01%. Note the 
absence of any thermal tails when the horizontal scale is expanded 
to Ims/cm in Figure Sb. 
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Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode's current source, resulting in a 
somewhat longer turn-on time. In the case of a Ij.LF capacitor, 
the initial turn-on time is approximately 400ms to 0.01% (see 
Figure 5c). 

a. Electrical Turn-On 

!'lj~ 5V - 1,"5 

I .... , -== 
---"1-

I ~ .. =: .. LI -
i_ -• I I -II~· .::. 'I ·1· .. !-

rI"· .. ····1·· . ·11···· 
II 

b. Extended Time Scale 

c. Turn-On with 1/LF CN 

Figure 5. Turn-On Characteristics 
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Circuit Operation - A0586 
DYNANUCPERFORMANCE 
The output buffer amplifier is designed to provide the AD586 
with static and dynamic load regulation superior to less complete 
references. 

Many AID and D/A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter's performance. 

Figure 6 displays the characteristics of the AD586 output amplifier 
driving a 0 to 10mA load. 

> ..... +--_--0 VOUT 

5000 

AD586 

Figure 68. Transient Load Test Circuit 

Figure 6b. Large-Scale Transient Response 

Figure 6c. Fine-Scale Settling for Transient Load 
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A0586 
In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be, connected to the AD586 
by a long capacitive Cable. 

Figure 7 displays the output amplifier characteristics driving a 
lOOOpF, 0 to 10mA load. 

Figure 7a. Capacitive Load Transient Response Test 
Circuit 

Ct.= 

Figure 7b; . Output Response with Capacitive Load 

LOAD REGULATION 
The ADS86 has ace1lentload regulation characteristics. Figure 
8 shows that varying the load several mA changes the output by 
a few IL V. The AD586 has somewhat better load regulation 
performance sourcing current than sinking current. 

,1000 

500 
. +2 +4 +6 +8 + 10 LOAD CmA. 

:500 

fOOO 

Figure 8. Typical Load Regulation Characteristics 

TEMPERATURE PERFORMANCE 
The AD586 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device's high level of performance is 
maintained over the operating temperature range. 
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Some confusion exists in the area of defining and specifying 
reference voltilgeerror over temperature. Historically, references 
have been characterized using a ~um deviation per degree 
Centrigrade; i.e., ppmI"C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as "S" type characteristics), most manufacturers 
have begun to use a maximum limit error hand approach to 
specify devices. This technique involves the measurement of the 
output at three or'more different temperatlltes to specify an 
output voltage error hand. ' 

Figure 9 shows the'typical output voltage drift for the AD586L 
and illustrates the test methodolOgy. The box in Figure 9 is 
bounded on the sideS by the operating temperature extremes, 
and on the top and the bottom by the maximum and minimum 
output voltages measured over the operating temperature range. 
The slope of the diagonal drawn from the lower left to the upper 
right comer of the box determines the performance grade of the 
device. 

Tm .. 

SLOPE = T.e. = CT", ... ~T":J:~'O-' 
_ 5.0027 5.0012 
- (7O"C-OlxSX10- i 

- '.3ppmPC 

I ~~E ------L?:i . ,-
I I v .... 

I I 
I I 
I I 
I I 

5.000 

-20 20 40 10 80 

TEMPERATURE - 'C 

Figure 9. Typical AD586L Temperature Drift 

Each AD586]Q, KQ and-LQ grade unit is tested at 0, +25"C 
and + 7O"C. Each AD586SQ and TQ grade unit is tested at 
- 55"C, + 2S"C and + l25"C. This approach ensures that the 
variations of output Voltage that occur as the temperature changes 
within the specified range will bC:contained within a box whose 
diagonal has a slope equal to the maximum specified drift. The 
position of the box on the vertical scale will change from device 
to device as initial error and the shape of the curve vary. The 
maximum height of the box for the appropriate temperature 
J'lUlge and device grade is shown in Figure 10. Duplication of 
these results requires a combination of high accuracy and stable 
temperature control in a test system. Evaluation of the ADS86 
will produce a curve simi1ar to that in Figure 9, but output 
readings may vary depending on the test methods and equipment 
utilized. 

DEVICE MAXIMUM OUTPUT CHANGE 
GRADE (mV) 

OTO +7O"C - 55"C TO + 125"C 
ADS86J 8.75 
ADS88K 5.25 
ADS86L 1.75 
ADS86M 0.70 
AD686S 18.00 
ADS86T 9.00 

Figure 70. Maximum Output Change in mV 
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NEGATIVE REFERENCE VOLTAGE FROM AN ADS86 
The ADS86 can be used to provide a precision - s.ooov output 
as shown in Figure 11. The VIN pin is tied to at least a +6V 
supply, the output pin is grounded, and the ADS86 ground pin 
is connected through a resistor, Rs, to a -ISV supply. The 
- SV outpUt is now taken from the ground pin (Pin 4) ins1ead 
of VOUT• It is essential to arrange the output load and the supply 
resistor Rs so that the net current through the ADS86 is between 
2.SmA and 10.0mA. The temperature characteristics and long
term stability of the device will be essentially the same as that of 
a unit used in the standard + SV output configuration. 

+6V .... +3DV 

2.5mA < ~ -I. <'OmA 

+--~---6V 

Rs 

-1SV 

Figure ". AD586 as a Negative 5V Reference 

USING THE ADS86 WITH CONVERTERS 
The ADS86 is an ideal reference for a wide variety of 8-, 12-, 
14- and 16-bit AID and D/A converters. Several representative 
examples follow. 

SV REFERENCE WITH MULTIPLYING CMOS D/A OR 
AID CONVERTERS 
The ADS86 is ideal for applications with 10- and 12-bit multiplying 
CMOS D/A converters. In the standard hookup, as shown in 
Figure 12, the ADS86 is paired with the AD7S4S 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration produces a unipolar 0 to - SV output range. 
Bipolar output applications and other operating details can be 
found on the individual product data sheets. 

Figure 12. Low-Power 12-Bit CMOS DAC Application 

The ADS86 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the ADS86, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 

REV. A 

Applying the AD586 
to produce 0 to - SV outputs. Because both DACs are on the 
same die and share a common reference and output op amps, 
the DAC outputs will exhibit similar gain TCs. 

+l1V +lSV. 

Figure 13. AD586 as a 5V Reference for a CMOS Dual 
DAC 

STACKED PRECISION REFERENCES FOR MULTIPLE 
VOLTAGES 
Often, a design requires several reference voltages. Three ADS86s 
can be stacked, as shown in Figure 14, to produce +S.OOOV, 
+ 10.000V, and + IS.000Voutputs. This schetnecan beexrended 
to any number of ADS86s as long as the maximum load current 
is not exceeded. This design provides the additional advantage 
of improved line regulation on the + S.OV outpUt. Changes in 
VIN of + 18V to + SOV produces an output change that is below 
the noise level of the references. 

{6]_---+----_--o+15.000V 

H---I~----<~ 10k" 

)-'~'---o + 10.00OV 

;)----+----~-_ +I.OOOV 

Figure 14. Multiple AD5B6s Stacked for Precision 511, 10V 
and 15V Outputs 
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AD586 
PRECISION CURRENT SOURCE 
The design of the AD586 allows it to be easily conftgured as a 
current source. By choosing the control resistor Rc in Figure 
IS, you can vary the load current from the quiescent current 
(2mA typically) to approximately lOmA. The compliance voltage 
of this circuit varies from about + 5V to + 21V depending upon 
the value of VIN• 

Rc 
(soon min) 

Figure 15. Precision Current Source 

PRECISION HIGH CURRENT SUPPLY 
For higher currents, the AD586 can easily be connected to a 
power PNP or power Darlington PNP device. The circuit in 
Figure 16 can deliver up to 4 amps to the load. The O.IJLF 
capacitor is required only if the load has a signiftcant capacitive 
component. If the load is purely resistive, improved high-frequency 
supply rejection results can be obtained by removing the 
capacitor. 
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+ I.V 0-.,....-------, 

220H 

r---- -, 
I I 
I 
I 12N6285 

I I L ____ .-J 
O.1f1F 

}---~-~~_1r_o Il = ~ + ISlAS 

Rc 

Figure 16a. Precision High-Current Current Source 

+15V 0-.,....------, 

220n 

r---- -, 
I I 
I 
I 12N6285 

I I 
L ____ .-J 

Figure 16b. Precision High-Current Voltage Source 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Laser Trimmed to High Accuracy: 

10.000V ± 5mV (L and U Grades) 
Trimmed Temperature Coefficient: 

5ppm/oC max, (L and U Grades) 
Noise Reduction Capability 
Low Quiescent Current: 4mA max 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD587 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD587 provides outstanding performance 
at low cost. 

The AD587 offers much higher performance than most other 
lOY references. Because the AD587 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD587. 
The buried Zener approach to reference design provides lower 
noise and drift than band-gap voltage references. The AD587 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The AD587 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap
proximation or integrating AID converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 

The AD587J, K and L are specified for operation from 0 to 
+ 70°C, and the AD587S, T and U are specified for - 55°C to 
+ 125°C operation. All grades are available in 8-pin cerdip. The 
J and K versions are also available in an 8-pin Small Outline Ie 
(SOIC) package for surface mount applications, while the J, K 
and L grades also come in an 8-pin plastic package. 

REV. A 

High Precision 
10V Reference 

AD587 I 

FUNCTIONAL BLOCK DIAGRAM 

+V'N 
NOISE 

REDUCTION 

r----.8}---------~ 

R, 

AD587 

'----_-( 4 }-_____ ......I 

GROUND 

NOTE: PINS 1, 3 & 7 ARE INTERNAL TEST POINTS. 
NO CONNECTIONS TO THESE POINTS. 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficients results in very low errors over temperature without 
the use of external components. The AD587L has a maximum 
deviation from IO.OOOVof ±8.5mV between 0 and +70oe, 
and the AD587U guarantees ± 14mV maximum total error 
between - 55°e and + l25°e. 

2. For applications requiring higher precision, an optional fine
trim connection is provided. 

3. Any system using an industry standard pinout 10 volt reference 
can be upgraded instantly with the AD587. 

4. Output noise of the AD587 is very low, typically 4f.1V pop. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 

5. The AD587 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD587/883B data sheet for detailed specifications. 
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AD587-SPECIFICATIONS(TA=+2SOC V.=+l5VlII1_othelWisespecified) , 
AU!l1I7J/lS ''1' AU!III7L1U 

Model Min Typ Max Min Typ 

Output Voltage 9.990 10.010 9.995 

Output Voltage Drift! 
Oto +70"C 20 
- 55°C to + 125°C 20 

Gain Adjustment +3 +3 
-1 -1 

Line Regulation! 
13.5V" +VIN .. 36V 

TmintoTmax 100 
Load Regulation! 

Sourcing 0 < loUT < 10tnA 
TmintoTmax 100 

Sinking -10< lOUT <OmA2 

Tmin to Tmax 100 

Quiescent Current 2 4 2 

Power Dissipation 30 30 

Output Noise 
O.IHz to 10Hz 4 4 
Spectral Density, 100Hz 100 100 

Long-Term Stability 15 15 

Short-Circuit Current-to-Ground 30 50 30 

Short-CircuitCurrent-to-VIN 30 50 30 

Temperature Range 
Specified Performance (J, K, L) 0 +70 0 
Operating Performance (J, K, L)3 -40 +85 -40 
SpecifiedPerformance(S, T, U) -55 + 125 -55 
Operating Performance (S, T, U)3 -55 +125 -55 

NOTES 
'Spec is guaranteed for all packages and gradeS. Cerdip packaged parts are 100% production tested. 
'Load Regulation (Sinking) specification for SOIC (R) package is ± 200,. VlmA. 

Max 

10.0DS 

10 
10 

100 

100 

100 

4 

50 

50 

+70 
+85 
+ 125 
+125 

'The operating temperature ranged is defined as the temperaturea extremes.at which the device will still function. 
Parts may deviate from their specified performance outside their specified temperature range. 

Specifications subject to change without notice. 

Min Typ 

9.995 

+3 
-1 

2 

30 

4 
100 

15 

30 

30 

0 
-40 
-55 
-55 

Specifications in boldface are tesled on aU production units at fins! electrical test. Result from those tests are used to ca1culate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ORDERING GUIDE 

Initial Temp. Temp. 
Error Coefficient Range Package 

Modell mV ppml"C DC Options2 

AD587JQ 10 20 Oto +70 Q-8 
AD587JR 10 20 Oto +70 R-8 
AD587JN 10 20 Oto +70 N-8 
AD587KQ 5 10 Oto +70 Q-8 
AD587KR 5 10 Oto +70 R-8 
AD587KN 5 10 Oto +70 N-8 
AD587LQ 5 5 Oto +70 Q-8 
AD587LN 5 5 Oto +70 N-8 
AD587SQ 10 20 -55to + 125 Q-8 
AD587TQ 10 10 -55to + 125 Q-8 
AD587UQ 5 5 -55to + 125 Q-8 
AD587JCHIPS 10 20 Oto +70 -
NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Ans108 Devices Military Products Databook or current ADS87/883B 
data sheet. 

'N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 
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Max Units 

10.005 V 

5 ppml"C 
5 

% 

100 t:.JJ.VN 

100 t:.JJ.V/mA 

100 

4 mA 

mW 

JJ.Vp-p 
nV/YHz 

± ppmll000Hr 

50 mA 

50 mA 

+70 "C 
+85 
+ 125 
+125 
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AD587 
ABSOLUTE MAXIMUM RATINGS· 
V IN to Ground 
Power Dissipation (25°C) . . . 
Storage Temperature 

....... 36V 
SOOmW 

-65°C to + 150°C 
300·C 

CONNECTION DIAGRAM 

NOISE 
Lead Temp (Soldering, 1000c) 
Package Thermal Resistance TP* REDUCTION 

DIe ••.•..•.......•••.•••.••. 22°CIW 
DIA ••••..••......••.•••..... 1I0°CIW 

Output Protection: Output safe for indefinite short to ground and 
momentary short to V IN' 

+VIN 

TP* 

GND 

AD587 TP' 
TOP VIEW 

(Not to Scalel VOUT 

TRIM 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This. is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

°TP DENOTES FACTORY TEST POINT. NO CONNECTIONS 
SHOULD BE MADE TO THESE PINS. 

DI E SPEC I FI CATIONS lbe following specifications are tested at 1!'e die I~I for AD587JCHIPS. lbese die are probed at 2SOC only. 
(fA = + 25", VIN = + 15V unless othel'Wlse specified) 

AD587JCHIPS 
Parameter Min Typ Max 

Output Voltage 9.990 10.010 

Gain Adjustment -1 3 

Line Regulation 
B.SV < + Y'N <36V 100 

Load Regulation 
Sourcing O<IoUT<IOmA 100 
Sinking -1O<IouT<OrnA 100 

Quiescent Current 2 4 

Short-Circuit Current-to-Ground 50 

Short-Circuit Current -to-V OUT 50 

Units 

V 

% 

+fJ.VIV 

fJ.VlrnA 
fJ.VlrnA 

rnA 

rnA 

rnA 

NOISE 
REDUCTION 

NO CONNECT 

NO CONNECT 

NO CONNECT 

DIE LAYOUT 

V'N NOCONNECT NO CONNECT SENSE 
GROUND 

Die Size: 0.081 X 0.060inches 

NOTES 
IBoth VOUT pads should beconnected to the output. 
~Sensc and force grounds must be tied together. 
Die Thic1atcss: The standard tbicknessof Analog Devices BipoJarctice is 24mils ± 2 mils. 
Die Dimensio ... : The dimcnsionsgiven have a tolerance of ± 2mils. 
BaclciDa: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 
(or most applications. 
Edpt: A diamond saw is used toseparatewafersintodicethus providing perpendicular edges half-way through thectie. 
In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shapeand size simpliflCs substrate design and die attach. 
TopSurface: The standard top surface ohhe die is covered by a layer of glassivation. All areasare covered except 

~.:::~n: ~~::!~ ~~:~etalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 1O,OOOA. 
BondincPads: AU bonding pads have a minimum size of 4 mils by4 mils. The passivation windows have 3.5 mils 
by 3.5 mils minimum. 

SENSE 
GROUNp2 

FORCE 
GROUN~ 
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AD587 
THEORY OF OPERATION 
The AD587 consists of a proprietary buried Zener diode reference, 
an amplifier to buffer the output and several high stability thin-film 
resistors as shown in the block diagram in Figure I. This design 
results in a high precisio!l monolithic 10V output reference with 
initial offset of 5m V or less. The temperature compensation 
circuitry provides the device with a temperature coefficient of 
under 5ppml"C. 

NOISE 
+ VIN REDUcnON 

GROUND 

NOTE: PINS I, 381 7 ARE INTERNAL TEST POINTS. 
NO CONNECTIONS TO THESE POINTS. 

Figure 1. AD587 Functional Block Diagram 

A capacitor can be added at the NOISE REDUCTION pin (Pin 
8) to form a low pass filter with Rs to reduce the noise contribution 
of the Zener to th,e circuit. 

APPLYING THE AJ)587 
The AD587 is simple to. use in virtually all precision reference 
applications. When power is applied to Pin 2, and Pin 4 is 
grounded, Pin 6 provides a lOY output. No external components 
are required; the degree of desired absolute accuracy is achieved 
simply by selecting the required device grade. The AD587 
requires less than 4mA quiescent current from an operating 
supply of + l5V. 

Fine trimming may be desired to set the output level to exactly 
1O.000V (calibrated to a main system reference). System calibration 
may also require a reference voltage that is slightly different 
from 10.OOOV, for example, 1O.24V for binary applications. In 
either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 300mV, if desired, with minimal 
effect on other device characteristics. 

2~~~NAL r 
REDUCTION I 
CAPACITOR I 

c...l. 
'~FT 

I 
I 

}-O-_-D OUTPUT 

10kn 

L.. ____ -+ ____ --' 

Figure 2. Optional Fine Trim Configuration 
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NOISE PERFORMANCE AND REDUCTION' 
The noise generated by the ADS8T is typically less than 
4", V P-P overthe O.lHz to 10Hz band. Noise in a lMHzbandwidth 
is approximately 200", V POp. The dominant source of this noise 
is the buried Zener which contributes approximately lOOnV/YHz. 
In comparison, the op amp's contribution is negligible. Figure 3 
shows the O.IHz to 10Hz noise of a typical AD587. The noise 
measurement is made with a bandpass filter made of a I-pole 
high-pass filter with a corner frequency at O.IHz and a 2-pole 
low-pass filter with a corner frequency at 12.6Hz to create a 
filter with a 9.922Hz bandwidth. 

Figure 3. O.1Hz to 10Hz Noise 

If further noise reduction is desired, an external'capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2. This capacitor, combined with the 4kO Rs 
and the Zener resistances, form a low-pass filter on the output 
of the Zener cell. A I",F capacitor will have a 3dB point at 
40Hz, and it will reduce the high-frequency (to IMHz) noise to 
about 160", V Pop. Figure 4 shows the IMHz noise of a typical 
AD587 both with and without a I",F capacitor. 

Figure 4. Effect of 1p.F Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is defmed as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 

. to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure 5 shows the turn-on characteristics of the AD587. 
It shows the settling to be about 60",s to 0.01%. Note the absence 
of any thermal tails when the horizontal scale is expanded to 
lms/cm in Figure 5b. 
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Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode's current source, resulting in a 
somewhat longer turn-on time. In the case of a Ij.l.F capacitor, 
the initial turn-on time is approximately 400ms to 0.01% (see 
Figure Sc). 

a. Electrical Turn-On 

b. Extended Time Scale 

c. Turn-On with 1/LF CN 

Figure 5. Turn-On Characteristics 
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Circuit Operation - AD587 
DYNAMIC PERFORMANCE 
The output buffer amplifier is designed to provide the ADS87 
with static and dynamic load regulation superior to less complete 
references. 

Many AID and DI A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter's performance. 

Figure 6 displays the characteristics of the ADS87 output amplifier 
driving a 0 to lOrnA load. 

> ..... -t---1--o VOUT 

1kU 

AD587 

Figure 6a. Transient Load Test Circuit 

Figure 6b. Large-Scale Transient Response 

Figure 6c. Fine Scale Settling for Transient Load 
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AD587 
In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD587 
by a long capacitive cable. 

Figure 7 displays the output amplifier characteristics driving a 
lOOOpF, 0 to lOrnA load. 

> ..... +~-..... --o VOUT 

AD587 

Figure 7a. Capacitive Load Transient Response Test 
Circuit 

Figure 7b. Output Response with Capacitive Load 

LOAD REGULATION 
The AD587 has excellent load regulation characteristics. Figure 
8 shows that varying the load several rnA changes the output by 
only a few ... V. 

.loVOUT (".V) 

1000 

500 

+2 +4 +6 +8 +10 LOAD (mA) 

e 4:'-2 
500 

1000 

Figure 8. Typical Load Regulation Characteristics 

TE~ERATUREPERFORMANCE 
The AD587 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device's high level of performance is 
maintained over the operating temperature range. 
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Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, references 
have been characterized using a maximum deviation per degree 
Centrigrade; i.e., ppmf'C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as "S" type characteristics), most manufacturers 
have begun to use a maximum limit error band approach to 
specify devices. This technique involves the measurement of the 
output at 3 or more different temperatures to specify an output 
voltage error band. 

Figure 9 shows the typical output voltage drift for the AD587L 
and illustrates the test methodology. The box in Figure 9 is 
bounded on the sides by the operating temperature extremes, 
and on the top and the bottom by the maximum and minimum 
output voltages measured .over the operating temperature range. 
The slope of the diagonal drawn from the lower left to the upper 
right corner of the box determines the performance grade of the 
device. 

10.010 

10.000 

-20 20 '0 .. .0 
'TEMPERATURE - "C 

Figure 9. Typical AD587L Temperature Drift 

Each AD587J, K, L grade unit is tested at 0, + 25eC and + 70eC. 
Each AD587S, T, and U grade unit is tested at - 55eC, + 25eC 
and + 125eC. This approach ensures that the variations of output 
voltage that occur as the temperature changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. The maximum height of 
the box for the appropriate temperature. range and device grade 
is shown in Figure 10. Duplication of these results reqnires a 
combination of high accuracy and stable temperature control in 
a test system. Evaluation of the AD587 will produce a curve 
similar to that in Figure 9, but output readings maY vary depending 
on the test methods and eqnipment utilized. 

DEVICE MAXIMUM OUTPUT CHANGE - mV 

GRADE OTO+70°C _oCTO.l25°C 

AD587J 14.00 

AD587K 7.00 

AD587L 3.50 

AD587S 36.00 

AD5B7T 18.00 

AD587U 9.00 

Figure 10. Maximum Output Change in mV 
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NEGATIVE REFERENCE VOLTAGE FROM AN AD587 
The ADS87 can be used to provide a precision - 1O.000V output 
as shown in Figure II. The VIN pin is tied to at least a + 3.SV 
supply, the output pin is grounded, and the ADS87 ground pin 
is connected through a resistor, Rs, to a - ISV supply. The 
- IOV output is now taken from the ground pin (Pin 4) instead 
of VOUT' It is essential to arrange the output load and the supply 
resistor Rs so that the net current through the ADS87 is between 
2.SmA and 1O.0mA. The temperature characteristics and long
term stability of the device will be essentially the same as that of 
a unit used in the standard + IOV output configuration. 

+3.5V .. +26V 

r-----~----~~~ -10V 

lnF :;;!; 
2.5mA < ~ -Il <10mA 

-15V 

Figure ". AD587 as a Negative 10V Reference 

USING THE AD587 WITH CONVERTERS 
The ADS87 is an ideal reference for a wide variety of 8-, 12-, 
14- and 16-bit AID and D/A converters. Several representative 
examples follow. 

IOV REFERENCE WITH MULTIPLYING CMOS D/A OR 
AID CONVERTERS 
The ADS87 is ideal for applications with 10- and 12-bit multiplying 
CMOS D/A converters. In the standard hookup, as shown in 
Figure 12, the ADS87 is paired with the AD7S4S 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration produces a unipolar 0 to -IOV output 
range. Bipolar output applications and other operating details 
can be found on the individual product data sheets. 

R2 

Figure 12. Low-Power 12-Bit CMOS DAC Application 
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Applying the AD587 

The ADS87 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the ADS87, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 
to produce 0 to - IOV outputs. Because both DACs are on the 
same die and share a common reference and output op amps; 
the DAC outputs will exhibit similar gain TCs. 

+15V +15V 

Figure 13. AD587 as a 10V Reference for a CMOS Dual 
DAC 

PRECISION CURRENT SOURCE 
The design of the ADS87 allows it to be easily configured as a 
current source. By choosing the control resistor Rc in Figure 
14, you can vary the load current from the quiescent current 
(2mA typically) to approximately lOrnA. 

+VIN 

Figure 14. Precision Current Source 
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AD587 
PRECISION HIGH CURRENT SUPPLY 
For higher currents, the AD587 can easily be connected to a 
power PNP or power Darlington PNP device. The circuit in 
Figure 15 can deliver up t04 amps to the load. The O.I""F 

+VIN 0-..... --------, 

220n 

r---- ..., 
I I 
I 
I 12N6285 

I I 
L ____ ..J 

O.1 .... F 

}-.---4_ ...... ~_..-<I Il = ~: + lalAs 

Rc 

Figure 15a. Precision High-Current Current Source 
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capacitor is required only if the load has a significant capacitive 
comPQnent. If the load is purely resistive, improved high-frequency 
supply rejection results can be obtained by removing the 
capacitor. 

+VIN 0-..... --------, 

220n 

r---- -, 
I I 
I 
I : 2N6285 

I I 
L ____ ..J 

;}--_--<I--_ ~o,~v ((I 4 AMPS 

Figure 15b. Precision High-Current Voltage Source 
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r.ANALOG 
WDEVICES High Precision Voltage Reference 

FEATURES 
low Drift - 1.5ppmfC 
low Initial Error - 1mV 
Pin-Programmable Output 

+10V. +5V. j:5VTracking. -5V. -10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine-Insertable DIP Packaging 
Mll-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS88 represents a major advance in the state-of-the-art in 
monolithic voltage references. Low initial error and low temper
ature drift give the ADS88 absolute accuracy performance previ
ously not available in monolithic form. The ADS88 uses a prop
rietary ion-implanted buried Zener diode, and laser-wafer-drift
trimming of high stability thin-film resistors to provide outstanding 
performance at low cost. 

The ADS88 includes the basic reference cell and three additional 
amplifiers which provide pin-programmable output ranges. The 
amplifiers are laser-trimmed for low offset and low drift to 
maintain the accuracy of the reference. The amplifiers are confi
gured to allow Kelvin connections to the load and/or boosters 
for driving long lines or high-current loads, delivering the full 
accuracy of the ADS88 where it is required in the application 
circuit. 

The low initial error allows the ADS88 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the ADS88 can provide a 
known voltage for system calibration in software and the low 
drift allows compensation for the drift of other components in a 
system. Manual system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthennore, the 
mechanical instability of a trimming potentiometer and the 
potential for improper calibration can be eliminated by using 
the ADS88 in conjunction autocalibration software. 

The ADS88 is available in seven versions. The ADS88 JQ and 
KQ grades are packaged in a 16-pin cerdip and are specified for 
o to + 70"C operation. ADS88AD and BD grades are packaged 
in a 16-pin side-brazed ceramic DIP and are specified for the 

·Covered by Patent Number 4,644,253 
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A0588* I 
FUNCTIONAL BLOCK DIAGRAMS 

NOISE 
REDUCTION 

A30UT 
VHIGH A3 IN SENSE 

GAIN GND GND VLOW BAL VCT A4 IN 
ADJ SENSE SENSE ADJ. 

+IN -IN 

-Va 

- 2S"C to + 85°C industrial temperature range. The ceramic 
ADS88SD and TD grades are specified for the full military/aeros
pace temperature range. For military surface mount applications. 
the ADS88SE and TE grades will also be available in 20-pin 
LCC packages. 

PRODUCT HIGHLIGHTS 
1. The ADS88 offers 12-bit absolute accuracy without any user 

adjustments. Optional fme-trim connections are provided for 
applications requiring higher precision. The fine-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 

2. Output noise of the ADS88 is very low - typically 6p.V pop. 
A pin is provided for additional noise filtering using an external 
capacitor. 

3. A precision ± SV tracking mode with Kelvin output connec
tions is available with no external components. Tracking 
error is less than one millivolt and a fine-trim is available for 
applications requiring exact symmetry between the + SV and 
- SV outputs. 

4. Pin strapping capability allows confJgUrlltion of a wide variety 
of outputs: ± SV, + SV & + lOV, - SV & -lOY dual outputs 
or +SV, -SV, + lOY, -lOY single outputs. 

S. Extensive temperature testing at - 55°C, - 25°C, 0, + 25°C, 
+ SOOC, + 700c, + 8S"C and + 12SoC ensures that the specified 
temperature coefficient is truly representative of device 
performance. 
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AD588-SPECIFICATIONS (typical @ +25°C, +lDYoutput, Ys = ±15Y unless otherwise noted!) 

AD588SD 
Min Typ Max 

OUTPUT VOLTAGE ERROR 
+ 10V, -IOVOutputs -5 +5 
+5V, -5VOutputs -5 +5 

±5VTRACKINGMODE 
Symmetry Error -1.5 +1.5 

OUTPUT VOLTAGE DRIFT 
010 +70°CO,K,B) 
- 25'C to + 85'C (A, B) 
- 55'C to + 125°C (S, T) -6 +6 

GAIN ADJ AND BALADf 
Trim Range ±4 
Input Resistance 150 

LINE REGULATION 
Tmin toTmax 

3 ±200 

LOAD REGULATION 
Tmin toTmax 

+ IOV Output, O<loUT< lOrnA ±50 
- IOV Output, - 10<loUT<OmA ±50 

SUPPLY CURRENT 
Tmin toTmax 6 10 
Power Dissipation 180 300 

OUTPUT NOISE (Any Output) 
0.1 to 10Hz 6 
Spectral Density, 100Hz 100 

LONG-TERMSTABILITY(@ +25°C) IS 

BUFFER AMPLIFIERS 
Offset Voltage 100 
Offset Voltage Drift I 
Bias Current 20 
Open Loop Gain 1I0 
Output Current A3, A4 -10 
Common Mode Rejection (A3, A4) 

VCM=IVp-p 100 
Short -Circuit Current 50 

TEMPERATURE RANGE 
Specified Performance 

J, KGrades 
A,BGrades 
S, TGrades -55 

NOTES 
IOutput Configuration 
+ IOV Figure 2. 
- IOV Figure 2c 
+5V, -SV, ±5V Figure2b 
Specifications tested using + lOV configuration unless otherwise indicated. 

2Gain and balance adjustments guaranteed capable of trimming output voltage 
error and symmetry error to zero. 

3Test Conditions: 
+ IOVOutput 
-IOVOutput 
±SVOutput 

-Vs~ -ISV,13.SVs+VssIBV 
-IBV,;;-Vs,;;-13.SV, +Vs~ISV 
+Vs~ +IBV, -Vs~ -IBV 
+Vs~ +JO.BV, -Vs~ -1O.BV 

Specifications subject to change without notice. 

+10 

+ 125 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD588JQ/ADITD AD588KQIBD 
Min Typ Max Min Typ Max Units 

-3 +3 -1 +1 mV 
-3 +3 -1 +1 mV 

-1.5 +1.5 -0.75 +0.75 mV 

-3 ±2 +3 -1.5 +1.5 ppm/'C 
-3 +3 -3 +3 ppml'C 
-4 +4 ppml'C 

±4 ±4 mV 
ISO ISO kll 

±200 ±200 fLVN 

±50 ±50 fLV/mA 
±50 ±50 fLV/mA 

6 10 6 10 rnA 
180 300 180 300 mW 

6 6 fLVP-P 
100 100 nV/vTh 

IS 15 ppm/1000hr 

100 100 fLY 
I I fLVI'C 
20 20 nA 
1I0 110 dB 

-10 +10 -10 +10 rnA 

100 100 dB 
50 50 rnA 

0 +70 0 +70 °C 
-25 +85 -25 +85 °C 
-55 + 125 'C 

ORDERING GUIDE 

Part Initial Temperature Temperature Package 
Number' Error Coefficient RangeOC Option' 

ADS88AD 3mV 3ppm/'C -25to+85 Ceramic (D-16) 
AD588BD ImV l.SppmJ'C -2510 +85' Ceramic (D-16) 
AD588SD 5mV 6ppmJ'C -5510 + 125 Ceramic (D-16) 
AD588TD 3mV 4ppmJ'C -5510 + 125 Ceramic (D-16) 
AD588JQ 3mV 3ppmJ'C 010+70 Cerdip(Q-16) 
AD588KQ ImV 1.5ppmJ'C 010 +70 Cerdip(Q-16) 

NOTES 
IFor details on grade and package offerings screened in accordance with MILwSTDw883, 
refer to the Analog Devices Military Products Databook or current ADS88/883B 
data sheet. 

2Foroutline information see Package Information section. 
lJ'emperature coefficient specified from 0 to + 70°C. 
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ABSOLUTE MAXIMUMRA TlNGS· 
+Vs to -Vs ...... . 
Power Dissipation ( + 25"C) 

D Package ...... . 
Storage Temperature .. . 
Lead Temperature (Soldering, 1 Osec) 
Package Thermal Resistance 

D (OIA/Olel . . . . . . . . . . . . 

. . 36V 

600mW 
- 65°C to + 150°C 

.. 300°C 

Output Protection: All outputs safe if shorted to ground 

·Srresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operari9nal sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PIN CONFIGURATIONS 

NOISE 
REDUCTION 

A3 OUT SENSE 4 

A31N 5 

NC 6 

GAIN ADJ 1 

NC = NO CONNECT 
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TOP VIEW 

(Not to Scale) 
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A4 OUT SENSE 

A4 +IN 

BAL ADJ 

VCT 

GND SENSE -IN 

18 A4 OUT SENSE 

11 MIN 

16 NC 

15 BALADJ 

14VCT 

Applying the AD588 
THEORY OF OPERATION 
The AD588 consists of a buried Zener diode reference, amplifiers 
used to provide pin programmable output ranges, and associated 
thin-film resistors as shown in the block diagram of Figure 1. 
The temperature compensation circuitry provides the device 
with a temperature coefficient of 1.5ppml"C or less. 

R3 

GAIN 
ADJ 

NOISE 
REDUCTION 

GND 
SENSE 

+IN 

GND 
SENSE 
-IN 

VLOW BAL VCT A4 IN 
ADJ. 

Figure 1. AD588 Functional Block Diagram 

+Vs 

-Vs 

Amplifier A 1 performs several functions. A 1 primarily acts to 
amplify the Zener voltage from 6.SV to the required IOV output. 
In addition, Al also provides for external adjustment of the IOV 
output through pin S, the GAIN ADJUST. Using the bias 
compensation resistor between the Zener output and the non-in
verting input to AI, a capacitor can be added at the NOISE 
REDUCTION pin (pin 7) to form a low pass filter and reduce 
the noise contribution of the Zener to the circuit. Two matched 
10k!} nominal thin film resistors (R4 & R5) divide the IOV 
output in half. Pin Vcr (pin 11) provides access to the center of 
the voltage span and pin 12 (BALANCE ADJUST) can be used 
for fine adjustment of this division. 

Ground sensing for the circuit is provided by amplifier A2. The 
noninverting input (pin 9) senses the system ground which will 
be transferred to the point on the circuit where the inverting 
input (pin 10) is connected. This may be pin 6, 8 or 11. The 
output of A2 drives pin 8 to the appropriate voltage. Thus, if 
pin lOis connected to pin 8, the V LOW pin will be the same 
voltage as the system ground. Alternatively, if pin 10 is connected 
to the Vcr pin, it will be ground and pin 6 and pin 8 will be 
+ 5V and - 5V respectively. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at pins 6, 8 and 11 as well as to provide a 
full Kelvin output. Thus, the AD588 has a full Kelvin capability 
by providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 
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Applying the AD588 
APPLYING THE AD588 
The AD588 can be configured to provide + IOV and -lOY 
reference outputs as shown in Figures 2a and 2c respectively. It 
can also be used to provide + 5V, - 5V or a ± 5V tracking 
reference as shown in Figure 2b. Table I details the appropriate 
pin connections for each output range. In each case, pin 9 is 
connected to system ground and power is applied to pins 2 
and 16. 

The architecture of the AD588 provides ground sense and un
committed output buffer amplifiers which offer the user a great 
deal of functional flexibility. The AD588 is specified and tested 
in the configurations shown in Figure 2. The user may choose 
to take advantage of the many other configuration options available 
with the AD588. However, performance in these configurations 
is not guaranteed to meet the extremely stringent data sheet 
specifications. 

As indicated in Table I, a + 5V buffered output can be provided 
using amplifier A4 in the + IOV configuration (Figure 2a). A 
- 5V buffered output can be provided using amplifier A3 in the 
-IOV configuration (Figure 2c). Specifications are not guaranteed 
for the + 5V or- 5V outputs in these configurations. Performance 
will be similar to that specified for the + IOV or -IOV outputs. 

As indicated in Table I, unbuffered outputs are available at pins 
6, 8 and II. Loading of these unbuffered outputs will impair 
circuit performance. 

Amplifiers A3 and A4 can be used interchangeably. However, 
the AD588 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2 and Table I. 
When either A3 or A4 is unused, its output force and sense pins 
should be connected and the input tied to ground. 

Two outputs of the same voltage may be obtained by connecting 
both A3 and A4 to the .appropriate unbuffered output on pin 6, 
8 or n. Performance in these dnal output configurations will 
typically meet data sheet specifications. 

Connect 
Pin 10 Unbuffered' Output on Pins 

Range to Pin: -IOV -5V OV +5V 

+IOV 8 - - 8 11 

-5Vor +5V 11 - 8 11 6 

-IOV 6 8 11 6 -

+5V - - - 6 
11 

-5V - 8 - -
'''Unbuffered'' outputs should not be loRded. 

CALIBRATION 
Generally, the AD588 will meet the requirements of a precision 
system without additional adjustment. Initial output 'voltage 
error of 1m V and output noise specs of 1011 V p-p allow for 
accuraCies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, additional calibration may 
be called for. Provision for trimming has been made through 
the use of the GAIN ADJUST and BALANCE ADJUST pins 
(pins 5 and 12 respectively). 

The AD588 provides a precision IOV span with a center tap 
(V CT) which is 'used with the buffer' and ground sense amplifiers 
to achieve the voltage output configurations in Table I. GAIN 
ADJUST and BALANCE ADJUST can be used in any of these 
configurations to trim the magnitude of the span voltage and the 
position of the center tap within the span. The GAIN ADJUST 
should be performed first. Although the trims are not interactive 
within the device, the GAIN trim will move the BALANCE 
trim point as it changes the magnitude of the span. 

Figure 2b. shows GAIN and BALANCE trims in a + 5V and 
- 5V tracking configuration. A lOOk,o 20-turn potentiometer is 
used for each trim. The potentiometer for GAIN trim is connected 
between pins 6 (VHIGH) and 8 (Vww) with the wiper connected 
to pin 5 (GAIN ADJ). The potentiometer is adjusted to produce 
exactly IOV between pins I and IS, the amplifier outputs. The 
BALANCE potentiometer, also connected between pins 6 and 8 
with the wiper to pin 12 (BALADJ), is then adjusted to center 
the span from +5V to -5V. 

Trimming in other configurations works in exactly the same 
manner. When producing + IOV and +5V, GAIN ADJ is used 
to trim + IOV and BAL ADJ is used to trim + 5V. In the -IOV 
and - 5V configuration, GAIN ADJ is again used to trim the 
magnitude of the span, -IOV, while BAL ADJ is used to trim 
the center tap, - 5V. 

Buffered 
Output Buffeted Output on Pins 

+IOV Connections -IOV -5V OV +5V +IOV 

6 11-13 & 14-15 - - - IS -
6-4 & 3-1 - - - - 1 

- 8-13 & 14-15 - 15 - - -
6-4 & 3-1 - - - 1 -

- 8-13 & 14-15 15 - - - -
11-4 & 3-1 - 1 - - -

- 6-4 & 3-1 - - - 1 -

- 8-13 & 14-15 - 15 - - -

Table I. AD5BB Connections 
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Figure 2a. + 10V Output 
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Figure 2b. +5Vand -5V Outputs 
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Figure 2c. - 10V Output 

AD588 
In single output configurations, GAIN AD j is used to trim 
outputs utilizing the full span ( + lOY or -IOV) while BAL 
AD j is used to trim outputs using half the span ( + 5V or 
-5V). 

Input impedance on both the GAIN ADJUST and BALANCE 
ADJUST pins is approximately 150kO. The GAIN ADJUST 
trim network effectively attenuates the lOY across the trim 
potentiometer by a factor of about 1500 to provide a trim range 
of - 3.5mV to + 7.5mV with a resolution of approximately 
550fLV/turn (20 turn potentiometer). The BALANCE ADJUST 
trim network attenuates the trim voltage by a factor of about 
1400, providing a trim range of ±4.5mV with resolution of 
450fL V/turn. 

Trimming the AD588 introduces no additional errors over tem
perature so precision potentiometers are not required. 

For single output voltage ranges, or in cases when BALANCE 
ADJUST is not required, pin 12 should be connected to pin II. 
If GAIN ADJUST is not required, pin 5 should be left floating. 

NOISE PERFORMANCE AND REDUCTION 
The noise generated by the ADS88 is typically less than 6", V 
p-p over the O.IHz to 10Hz band. Noise in a IMHz bandwidth 
is approximately 600fL V p-p. The dominant source of this noise 
is the buried Zener which contributes approximately lOOnWVHz. 
In comparison, the op amp's contribution is negligible. Figure 3 
shows the O.IHz to 10Hz noise of a typical ADS88. 

.L 
1"V 

f 

Figure 3. O.1Hz to 10Hz Noise 

If further noise reduction is desired, an optional capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2b. This will form a low pass ruter with the 
4kO RB on the output of the Zener cell. A I",F capacitor will 
have a 3dB point at 40Hz and will reduce the high frequency 
(to IMHz) noise to about 200fL V p-p. Figure 4 shows the IMHz 
noise of a typical ADS88 both with and without a I fLF 
capacitor. 

Note that a second capacitor is needed in order to implement 
the NOISE REDUCTION feature when using the ADS88 in 
the - IOV mode (Figure 2e.). The NOISE REDUCTION 
capacitor is limited to O.lfLF maximum in this mode. 
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AD588 

Fi(J!lre 4. Effect of 1p.F Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 
Upon application of power (cold stan), the time required for the 
output voltage to reach its fmal value within a specified error 
band is the turn-on settling time. Two components normally 
associated with this are: time for active circuits to settle and 
time for thermal gradients on the chip to stabilize. Figure 5 
shows the turn-on characteristics of the AD588. It shows the 
settling to be about 600/Ls. Note the absence of any thermal 
tails when the horizontal scale is expanded to 2ms/cm in 
Figure Sb. 

a. Electrical Turn-On 

+Vs 

VOUT 

b. Extended Time Scale 

Figure 5. Turn-On Characteristics 

Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor presents an 
additional load to the internal Zener diode's current source, 
resulting in a somewhat longer turn-on time. In the case of a 
I/LF capacitor, the initial turn-on time is approximately 60ms 
(see Figure 6). 

Note: If the NOISE REDUCTION feature is used in the ± 5V 
configuration, a 39kO resistor between pins 6 and 2 is required 
for proper stanup. 
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Figure 6. Turn-on with 1p.F CN 

TEMPERATURE PERFORMANCE 
The AD588 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device's high level of performance is 
maintained over the operating temperature range. 

Figure 7 shows typical output voltage drift for the AD588BD 
and illustrates the test methodology. The box in Figure 7 is 
bounded on the sides by the operating temperature extremes 
and on top and bottom by the maximum and minimum output 
voltages measured over the operating temperature range. The 
slope of the diagonal drawn from the lower left corner of the 
box determines the performance grade of the device. 

OUTPUT 
VOLTS 

10.002 

VMA, 

10.001 

v .... 
10.000 

_ ..4" _ _ VMAX,VMlN L/1 SLOPE - T.C. - IT"",.·T"'ln) )( 10x10 • 

10.0013V - 10.00025V 
i8!S"C- -25oci x 10x10·' 

_ _ _ _ = O,95ppml"C 

I I 
I I 
I , 

-35 :-15 5 26 45 6& 85 
I TEMPERATURE - "C I 

Tmln T ..... 

Figure 7. Typical AD588BD Temperature Drift 

Each AD588A and B grade unit is tested at - 25°C, O°C, + 25°C, 
+ 50°C, + 70°C and + 85°C. Each ADS88S and T grade unit is 
tested at - 55°C, - 25°C, O°C, + 25°C, + 50°C, + 70°C and 
+ 125 OC. This approach ensures that the variations of output 
voltage that occur as the temperature changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. Maximum height of the 
box for the appropriate temperature range is shown in Figure 8. 
Duplication of these results requires a combination of high 
accuracy and stable temperature control in a test system. Evaluation 
of the ADS88 will produce a curve similar to that in Figure 7, 
but output readings may vary depending on the test methods 
and equipment utilized. 

DEVICE 
GRADE 

AD58BJQ 

AD588KQ 

AD588AD 

AD588BD 

AD588SD 

AD588TD 

MAXIMUM OUTPUT CHANGE - mV 

o TO +70°C _25°C TO +8SOC -55°C TO +125°C 

2.10 

1.05 
1.40 (typ) 3_30 

1.05 3.30 

10.80 

7.20 

~------------------~ 
Figure 8. Maximum Output Change - mV 
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KELVIN CONNECTIONS 
Force and sense connections, also referred to as Kelvin connec
tions, offer a convenient method of eliminating the effects of 
voltage drops in circuit wires. As seen in Figure 9a, the load 
current and wire resistance produce an error (V ERROR = R x IL) 

at the load. The Kelvin connection of Figure 9b overcomes the 
problem by including the wire resistance within the forcing loop 
of the amplifier and sensing the load voltage. The amplifier 
corrects for any errors in the load voltage. In the circuit shown, 
the output of the amplifier would actually be at 10 volts + 
V ERROR and the voltage at the load would be the desired 10 
volts. 

The AD588 has three amplifiers which can be used to implement 
Kelvin connections. Amplifier A2 is dedicated to the ground 
force-sense function while uncommitted amplifiers A3 and A4 
are free for other force-sense chores. 

In some single-output applications, one amplifier may be unused. 
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Using Buffer Amplifiers - AD588 
R 

V=10V 

a. b. 

Figure 9. Advantage of Kelvin Connection 

In such cases, the unused amplifier should be connected as a 
unity-gain follower (force + sense pin tied together) and the 
input should be connected to ground. 

An unused amplifier section may be used for other circuit functions 
as well. The curves on this page show the typical performance 
of A3 and A4. 
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AD588 
DYNAMIC PERFORMANCE 
The output buffer amplifiers (A3 and A4) are designed to provide 
the ADS88 with static and dynamic load regulation superior to 
less complete references. 

Many AID and Df A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter's performance. 

Figure 10 displays the characteristics of the ADS88 output 
amplifier driving a 0 to 10mA load. 

Figure 70a. Transient Load Test Circuit 

Figure 70b. Large-5cale Transie",t Response 

1 V 5V . 2)JS 
III II 

I I • II!'111 -= 
H 

1I0o.I Ii 
!------

--

-- -

--- a ! ! 
ililill 

! 

Figure 70e. Fine Sqale Settling for Transient Load 

Figure 11 displays the output amplifier characteristics driving a 
SmA to 10mA load, a common sit\llitiouJound-when the reference 
is shared among multiple couvertetsor' is used to provide a 
bipolar offset current. 

2k 

Figure 11a. Transient and Constant Load Test Circuit 
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VOUT 
lmVICM 

Vou• 
200mVICM 

Figure 77b. Transient Response 5-10mA Load 

In some applications, a varying load may be both resistive and 
capacitive in nature, or be connected to the ADS88 by a long 
capacitive cable. 

Figure 12 displays the output amplifier characteristics driving a 
1,0000F, O-to-IOrnA load. 

Figure 12a. Capacitive Load Transient Response Test 
Circuit 

Figure 12b. Output Response with Capacitive Load 

Figure 13 displays the crosstalk between output amplifiers. The 
top trace shows the output of A4, dc-coupled and offset by 10 
volts, while the output of A3 is subjected to a O-to-IOmA load 
current step. The transient at A4 settles in about I ",s, and the 
load-induced offset is about 100", V. 

F+A4 VOUT 

+. a 
10V 

- v, ill 
'=' 

Figure 138. Load Crosstalk Test Circuit 
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Figure 13b. Load Crosstalk 

Attempts to drive a large capacitive load (in excess of 1,000pF) 
may result in ringing or oscillation, as shown in the step response 
photo (Figure 14a). This is due to the additional pole formed by 
the load capacitance and the output impedance of the amplifier, 
which consumes phase margin. The recommended method of 
driving capacitive loads of this magnitude is shown in Figure 
14b. The 150n resistor isolates the capacitive load from the 
output stage, while the 10k!} resistor provides a dc feedback 
path and preserves the output accuracy. The IIJ.F capacitor 
provides a high-frequency feedback loop. The performance of 
this circuit is shown in Figure 14c. 

Figure 14a. Output Amplifier Step Response, CL = 1p.F 

AD588 
10kO 

Figure 14b. Compensation for Capacitive Loads 

VIN 

VOUT 

Figure 14c. Output Amplifier Step Response USing Figure 
14bCompensadon 

USING THE AD588 WITH CONVERTERS 
The AD588 is an ideal reference for a wide variety of AJD and 
D/A converters. Several representative examples follow. 

14-Bit Digital-to-Analog Converter - AD7535 
High resolution CMOS DI A converters require a reference voltage 
of high precision to maintain rated accuracy. The combination 
ofthe AD588 and AD7535 takes advantage of the initial accuracy, 
drift and full Kelvin output capability of the AD588 as well as 
the resolution, mono tonicity and accuracy of the AD7535 to 
produce a subsystem with outstanding characteristics. 

Figure 15. AD588IAD7535 Connections 
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AD588 
,-----------------. ________ +12V 

,--------------~----~--- -12V 

AD569 

AD588 

17 VOUT 
-5VTO 
+5V 

Figure 76. High-Accuracy :t5V Tracking Raferanca for 
AD569 

16-Bit Digital-to-Analog Converter - AD569 
Another application which fully utilizes the capabilities of the 
AD588 is supplying a reference for the AD569, as shown in 
Figure 16. Amplifier A2 senses system common and forces Vcr 
to assume this value, producing + 5V and - 5V at pins 6 and 8 
respectively. Amplifiers A3 and A4 buffer these voltages out to 
the appropriate reference force-sense pins of the AD569. The 
full Kelvin scheme eliminates the effect of the circuit traces or 
wires and the wire bonds of the AD588 and AD569 themselves, 
which would otherwise degrade system performance. 

SUBSTITUTING FOR INTERNAL REFERENCES 
Many converters. include built-in references. Unfortunately, 
such references are the major source of drift in these converters. 
By using a more stable external reference like the AD588, drift 
performance can be improved dramatically. 

12-Bit Analog-to-Digital Converter - AD574A 
The AD574A is specified for gain drift from IOppmlaC to 50ppml 
ac, (depending on grade) using the on-chip reference. The 
reference contributes typically 75% of this drift. Therefore, the 
total drift using an AD588 to supply the reference can be improved 
by a factor of 3 to 4. 

Figure 77. AD588IAD574A ConnBCtions 
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Using this combination may result in apparent increases in full
scale error due to the difference between the on-board reference 
by which the device is laser trimmed and the external reference 
with which the device is actually applied. The on-board reference 
is specified to be 10V ± 100m V while the external reference is 
specified to be IOV ± ImV. This may result in up to IOlmVof 
apparent full-scale error beyond the ±2SmV specified ADS74 
gain error. Resistors R2 and R3 allow this error to be nulled. 
Their contribution to full-scale drift is negligible. 

The high output drive capability allows the ADS88 to drive up 
to 6 converters in a multi-converter system. All converters will 
have gain errors that track to better than ± Sppmf'C. 

RTD EXCITATION 
The Resistance Temperature Detector (RTD) is a circuit element 
whose resistance is characterized by a positive temperature coef
ficient. A measurement of resistance indicates the measured 
temperature. Unfortunately, the resistance of the wires leading 
to the RTD often adds error to this measurement. The 4-wire 
ohms measurement overcomes this problem. This method uses 
two wires to bring an excitation current to the RTD and two 
additional wires to tap off the resulting RTD voltage. If these 
additional two wires go to a high input impedance measurement 
circuit, the effect of their resistance is negligible. Therefore, 
they transmit the true RTD voltage. 

1=0 -
~"'" -1=0 

Figure 18. 4-Wire Ohms Mf1asuremf1nt 

A practical consideration when using the 4-wire ohms technique 
with an RTD is the self-heating effect that the excitation current 
has on the temperature of the RTD. The designer must choose 
the smallest practical excitation current that still gives the desired 
resolution. RTD manufactures usually specify the self-heating 
effect of each of their models or types of RTDs. 

Figure 19 shows an ADS88 providing the precision excitation 
current for a lOon RTD. The small excitation current of ImA 
dissipates a mere O.lmW of power in the RTD. 

R< 
"'SHAY S10ze 
OR SIMILAR 

RTD "" 
OMEGA K451S 

+ 

VOUT 

O.24OCJmW SELF HEATING 

Figure 19. Precision Current SOUf'CfI for RTD 
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AD588 
BOOSTED PRECISION CURRENT SOURCE 
In the RTD current-source application the load current is limited 
to ± lOrnA by the output drive capability of amplifier A3. In 
the event that more drive current is needed, a series pass transistor 
can be inserted inside the feedback loop to provide higher current. 
Accuracy and drift performance are unaffected by the pass 
transistor. 

Figure 20. Boosted Precision Current SOUf'CfI 

BRIDGE DRIVER CIRCUITS 
The Wheatstone bridge is a common transducer. In its simplest 
form, a bridge consists of 4 two terminal elements connected to 
form a quadrilateral, a source of excitation connected along one 
of the diagonals and a detector comprising the other diagonal. 
Figure 21a shows a simple bridge driven from a unipolar excitation 
supply. Eo, a differential voltage, is proportional to the deviation 
of the element from the initial bridge values. Unfortunately, this 
bridge output voltage is riding on a common-mode voltage equal 
to approximately VIN/2. Further processing of this signal may 
necessarily be limited to high common-mode rejection techniques 
such as instrumentation" or isolation amplifiers. 

Figure 2 I b shows the same bridge transducer, but this time it is 
driven from pair of bipolar supplies. This configuration ideally 
eliminates the common-mode voltage and relaxes the restrictions 
on any processing elements that follow. 

fffiR3 

VIN-: -Eo 

RI R2 

':" 

a. Unipolar Drivf1 

b. Bipolar DriVf1 

Figure 21. Bridgf1 TransduCf1r Excitation 
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AD588 
+1"" 

Figure 22. Bipolar Bridge Drive 

As shown in Figure 22, the ADSg8 is an excellent choice for the 
control element in a bipolar bridge driver scheme. Transistors 
Q I and Q2 serve as series pass elements to boost the current 
drive capability to the 28mA required by a typical 3Son bridge. 
A differential gain stage may still be required if the bridge balance 
is not perfect. Such gain stages can be expensive. 

Additional common-mode voltage .reduction is realized by using 
the circuit illustrated in Figure 23. AI, the ground sense amplifier, 
servo's the supplies on the bridge to maintain a virtual ground 
at one center tap. The voltage which appears on the opposite 
center tap is now single-ended (referred to ground) and can be 
amplified by a less expensive circuit. 

+15V 

Figure 23. Floating Bipolar Bridge Drive with Minimum 
CMV 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Superior Replacement for Other 1.2V References 
Wide Operating Range: 501tA to 5mA 
Low'Power: 60pW Total Po at 50pA 
Low Temperature Coefficient: 

10ppmfC max, 0 to +700 C (AD589MI 
25ppmfC max, _55°C to +125°C (AD589UI 

Two-Terminal "Zener" Operation 
Low Output Impedance: 0.60 
No Frequency Compensation Required 
Low Cost 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS89 is a two-terminal, low cost, temperature com
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between SOpA and 
S.OmA. 

The high stability of the ADS89 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typicallow-TC zener diodes. This fea
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The ADS89 is available in seven versions. The ADS89J, K, L 
and M grades are specified for 0 to +700 C operation, while 
the S, T and U grades are rated for the full _55° C to + 125° C 
temperature range. All grades are available in a metal can 
(H-02A) package. The ADS89J is also available in an 
8-pin SOiC package. 

REV. A 

Two-TerminallC 
1.2V Reference 

AD589 I 
FUNCTIONAL BLOCK DIAGRAMS 

SOIC (R-8) 

V-

TOP VIEW 

PRODUCT HIGHLIGHTS 

V+ 

METAL CAN (H-02A) 

V

BOTTOM VIEW 

1. The ADS89 is a two-terminal device which delivers a 
a constant reference voltage for a wide range of input 
current. 

2. Output impedance of 0.60 and temperature coefficients 
as low as lOppm/C insure stable output voltage over a 
wide range of operating conditions. 

3. The ADS89 can be operated as a positive or negative 
reference. "Floating" operation is also possible. 

4. The ADS89 will operate with total current as low as SOpA 
(60pW total power dissipation), ideal for battery powered 
instrument applications. 

S. The ADS89 is an exact replacement for other 1.2V ref
erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 

6. The ADS89 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current ADS891883B data sheet for detailed 
specifications. 
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AD589-SPECIFICATIONS (typical @ lIN = 500,"", and TA = +25"& unless otheJWise noted) 

Model AD589JH/jlI. AD589KH AD589LH AD589MH 
Min Typ Max Min Typ Max Min Typ Max MiD Typ Max 

OUTPUT VOLTAGE, TA ;' +25"C 1.200 1.235 1.250 1.200 1.235 1.250 1.200 1.235 1.250 1.200 L235 1.250 

OUTPUTVOLTAGECHANGEvs. 
CURRENT 

(5011A - 5mA) 5 5 5 5 

DYNAMIC OUTPUT IMPEDANCE 0.6 2 0.6 2 0.6 2 0.6 2 

RMSNOISEVOLTAGE 
IOHz<f< 10kHz 5 5 5 5 

TEMPERATURE COEFFICIENT' 100 SO 25 10 

TURN·ONSETTLING TIME TOO.l% 25 25 25 25 

OPERATING CURRENT' 0.05 5 0.05 5 0.05 5 0.05 5 

OPERATING TEMPERATURE 0 +70 0 +70 0 +70 0 +70 

PACKAGE OPTION' 
Metal Can (H'()2A) AD589JH AD589KH AD589LH ADS89MH 
SOIC(R·8) ADS89JR 

Model ADS89SH AD589TH AD589UH 
Min Typ Max Min Typ Max Min Typ Max Units 

OUTPUT VOLTAGE, T A = + 25'C 1.200 1.235 1.250 1.200 1.235 1.250 1.200 1.235 1.250 V 

OUTPUT VOLTAGE CHANGE vs. 
CURRENT 

(5011A - 5mA) 5 5 5 mV 

DYNAMIC OUTPUT IMPEDANCE 0.6 2 0.6 2 0.6 2 n 
RMS NOISE VOLTAGE 

IOHz<f< 10kHz 5 5 5 .,.V 

TEMPERATURE COEFFICIENT' 100 50 25 ppml"C 

TURN-ON SETTLING TIME TOO. 1% 25 25 25 .,.s 

OPERATING CURRENT' 0.05 5 0.05 5 0.05 5 mA 

OPERATING TEMPERATURE -55 + 125 -55 + 125 -55 + 125 'C 

PACKAGE OPTION' 
Metal Can (H-02A) AD589SH AD589TH ADS89UH 

NOTES 
'See following pageforexpianation of temperature coefficient measurement method. 
'optimum performanc:e is obtained at currents below 500.,.A. For current operation below 200.,.A, stray shunt capacitances should be limited to 20pF 
or increased to I.,.F. If strays can not be avoided, operation at 500.,.A and a shunt capacitor of at least lOOOpF are recommended. 

'H = Hermetic Metal Can; R = SOIC. For outline information see Package Information section. . 
SpeciflCBtions shown iD boldface are tested on all production units at fmal electrical test. 
Specifications subject to change without notice. 

Units 

V 

mV 

n 

.,.V 

ppml"C 

.,.S 
mA 

'C 

AD589 CHIP DIMENSIONS AND PAD LAYOUT 

ABSOLUTE MAXIMUM RATINGS 
Current .••••. 
Reverse Current • . . . . . • 
Power Dissipation i •.... 

Storage Temperature Range . 
Operating Junction Temperature Range 
Lead Temperature (Soldering, 10sec) .. 

NOTE 

. lOrnA 

. lOrnA 
12SmW 

- 65°C to + 17SOC 
- SSOC to + lSOOC 
. .... +3000c 

'Absolute maximum power dissipation is limited by maximum current 
through the device. Maximum rating at elevated temperatures must be 
computed assumiDs TJEiI5O'C, and aJA = 400 = C/W. 
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FULLY TESTED AND GUARANTEED SPECI FI
CATIONS. CONSULT FACTORY FOR AVAILABLE 
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Understanding the Specifications - AD589 
VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., lOppmtC. However, because of non
linearities in temperature characteristics, which originated in 
standard zener references (such as "S" type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD589 
consistently follows the curve shown in Figure 1. Three-point 
measurement guarantees the error band over the specified 
temperature range. The temperature coefficients specified on 
page 2 r~resent the slopes o! the diagonals of the error band 
from +25 C to Tmin and +25 C to Tmax. 
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Figure 1. Typical AD589 Temperature Characteristics 
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Figure 2. Noise Spectral Density 
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DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in
creasingly concerned with the tum-on characteristics of the 
components being used in their systems. Fast tum-on compo
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 3 displays the tum-on characteristic of 
the AD589. This characteristic is generated from cold-start 
operation and represents the true turn-on wavefonn after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±l millivolt is about 25/.1s, and 
there is no long thennal tail appearing after that point. 

Figure 3. Output Settling Characteristics 

v+---.--------~----------------._--_, 

R6 

09 
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Figure 4. Schematic Diagram 
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AD589 
APPLICATION INFORMATION 
The ADS89 functions as a two-terIilinal shunt-type regulator. 
It provides a constant 1.23V output for a wide range of input 
current from SO/LAto SmA. Figure S shows the simplest con
figuration for an output voltage of l.2V or less. Note that no 
frequency compensation is required. If additional filtering is 
desired for ultra low noise applications. minimum recom
mended capacitance is lOOOpF. 

-~~----- +5V 

+ 
AD589 

6.Sk!l 

+ 
VOUT 

Figure 5. Basic Configuration for 1.2Vor Less 

The ADS89 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows Ii circuit 
which produces a buffered lOV output. Total supply current 
for this circuit is approximately 2mA. 

AD589 

r~~---o+ 
10V 

~-lk!l 

L. ____ ~lk!l 

8.2k!l 

Figure 6. Single-Supply Buffered 10V Reference 

The low power operation of the ADS89 makes it ideal for use 
in battery operated portable equipment. It is especially useful 
as a reference for CMOS analog-to-digital converters. Figure 7 
shows the ADS89 used in conjunction with two popular inte
grating type CMOS AID converters. 
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---4>-----..... ---+5V 
5.Skn 

6.8kl'! 
V+ 

AD589 7109 
2k!l 

~'----i REF+ 

L-_ .... __ -I REF-

REF OUT 

a. With 7109 12-Bit Binary A/D 

+ 
AD589 

--.-----..-+5V 

6.2k!l 
V+ 

7107 

10k!l 

lk!l 
L--.... ---iREFLD 

COMMON 

b. With 7107 Panel Meter A/D 

FigurellW!i89 UsetJ·as'Reference for CMOS A/D Converters 

The ADS89 also is useful as a reference for CMOS multi
plying DACs such as the AD7S33. These DACs require a 
negative reference voltage in order to provide a positive out
put range. Figure 8 shows the ADS89 used to supply an equiv
alent -1.0V reference to an AD7 S 33. 

~T ~T 
1 2 3 4 5 6 7 8 9 10 

AD7533 SERIES 

16 
RFB 

>-..... -0+ VOUT

:!iOta 1.00V 

Figure 8. AD589 as Reference for 10-Bit CMOS DAC 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Quiescent Current: 250 ,.,A max 
Laser Trimmed to High Accuracy: 

2.5 V ±5 mV max IAN Grade) 
Trimmed Temperature Coefficient: 

20 ppm/DC max IAN Grade) 
Low Noise: 8,.,V p-p from 0.1 to 10 Hz 

250 nV/YHz Wideband 
Temperature Output Pin IN. R Packages) 
Available in Three Package Styles: 

8-Pin Plastic DIP. 8-Pin SOIC and 3-Pin TO-92 

PRODUCT DESCRIPTION 
The AD680 is a bandgap voltage reference which provides a 
fixed 2.5 V output from inputs between 4.5 V and 36 V. The 
architecture of the AD680 enables the reference to be operated 
at avery low quiescent current while still realizing excellent dc 
characteristics and noise performance. Trimming of the high 
stability thin-fIlm resistors is performed for initial accuracy and 
temperature coefficient, resulting in low errors over temperature. 

The precision dc characteristics of the AD680 make it ideal for 
use as a reference for D/ A converters which require an external 
precision reference. The device is also ideal for AID converters 
and, in general, can offer better performance than the standard 
on-chip references. 

Based upon the low quiescent current of the AD680, which 
rivals that of many incomplete two-terminal references, the 
AD680 is recommended for low power applications such as 
hand-held battery equipment. 

A temperature output pin is provided on the 8-pin package ver
sions of the AD680. The temperature output pin provides an 
output voltage that varies linearly with temperature and allows 
the AD680 to be configured as a temperature transducer while 
providing a stable 2.5 V output. 

The AD680 is available in four grades. The AD680AN is speci
fied for operation from -40DC to +85DC, while the AD680JN 
is specified for ODC to + 70DC operation. Both the AD680AN 
and AD680JN are available in 8-pin plastic DIP packages. 
The AD680JR is specilled for ODC to + 70°C operation and is 
available in an 8-pin Small Outline IC (SOIC) package. The 
AD680JT is specified for O°C to + 70°C operation and is avail
able in a 3-pin TO-92 package. 

"Protected by Patent Nos. 4,902,959; 4,250,445 and 4,857,862. 
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Low Power, Low Cost 
2.5 V Reference 

AD680* I 
CONNECTION DIAGRAMS 

AD680 
TOP VIEW 

(Not to Scale) 

NC = NO CONNECT 

"TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 

PRODUCT IHGHLIGHTS 
1. The AD680 bandgap reference operates on a very low quies

cent current which rivals that of many two-terminal refer
ences. This makes the complete, higher accuracy AD680 
ideal for use in power sensitive applications. 

2. Laser trimming of both initial accuracy and temperature co
efficients results in low errors over temperature without the 
use of external components. The AD680AN has a maximum 
variation of 6.25 mV between -40DC and +85°C. 

3. The AD680 noise is low, typically 8 I1V p-p from 0.1 to 
10 Hz. Spectral density is also low, typically 250 nV/YHz. 

4. The temperature output pin on the 8-pin package versions 
enables the AD680 to be configured as a temperature 
transducer. 

5. Plastic DIP packaging provides machine insertability, while 
SOIC packaging provides surface mount capability. TO-92 
packaging offers a cost effective alternative to two-terminal 
references, offering a complete solution in the same package 
in which two-terminal references are usually found. 
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AD680-SPECIFICATIONS (TA = +25°C, VIN = +5 V unless otherwise specified) 

AD680AN AD680jN/JR AD680jT 
Model Min Typ Max Min Typ Max Min Typ Max Units 

OUTPUT VOLTAGE 2.495 2.505 2.490 2.510 2.490 2.510 V 

OUTPUT VOLTAGE DRIFT! 
O°C to +70°C 10 10 25 10 30 ppml"C 
-40°C to +85°C 20 25 25 

LINE REGULATION 
4.5 V:5 +V1N :5 15 V 40 * * fLVN 

(@ T min to T=ax) 40 * * 
15 V :5 + VIN :5 36 V 40 * * 

(@ T min to T=.xl 40 * * 
LOAD REGULATION 

o < IO~T < 10 rnA 80 100 * * * * fLV/rnA 
(@ T=in to TmruJ 80 100 * * * * 

QUIESCENT CURRENT 195 250 * * * * fLA 
(@ T=in to T=ax) 280 * * 

POWER DISSIPATION 1 1.25 * * * * mW 

OUTPUT NOISE 
0.1 to 10 Hz 8 10 * * * * fLY p-p 
Spectral Density, 100 Hz 250 * * nVly1Iz 

CAPACITIVE LOAD 50 * * nF 

LONG TERM STABILITY 25 * * ppm/lOOO hr 

SHORT CIRCUIT CURRENT 
TO GROUND 25 50 * * * * rnA 

TEMPERATURE PIN 
Voltage Output @ 25°C 540 596 660 * * * mV 
Temperature Sensitivity 2 * mV/oC 
Output Current -5 +5 * * fLA 
Output Resistance 12 * kO 

TEMPERATURE RANGE 
Specified Performance -40 +85 0 +70 0 +70 °C 
Operating Performance2 -40 +85 -40 +85 -40 +85 

NOTES 
IMaximum output voltage drift is guaranteed for all packages. 
2The operating temperature range is defined as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor~ 
manee outside their specified temperature range. 

"Same as AD680AN specification. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. 
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ABSOLUTE MAXIMUM RATINGS* 
V IN to Ground ............................ 36 V 
Power Dissipation (25°C) ................... 500 mW 
Storage Temperature ................ -65°C to + 125°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
Package Thermal Resistance 

flJA (All Packages) ...................... 120°CIW 
Output Protection: Output safe for indefmite short to ground 
and momentary short to VIN. 

·Stresses above those listed under HAbsolute Maximum Ratings" may cause 
pennanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

TEMP 

GND 

8·Pin Plastic DIP 
and 

8-Pin SOIC Packages 

AD680 
TOP VIEW 

(Nolto Scale) 

NC = NO CONNECT 

*TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 

TO·92 Package 

Figure 1. Connection Diagrams 

AD680 
THEORY OF OPERATION 
Bandgap references are the high performance solution for low 
supply voltage operation. A typical precision bandgap will con
sist of a reference core and buffer amplifier. Based on a new, 
patented bandgap reference design (Figure 2), the AD680 
merges the amplifier and the core bandgap function to produce 
a compact, complete precision reference. Central to the device is 
a high gain amplifier with an intentionally large Proportional To 
Absolute Temperature (PTAT) input offset. This offset is con
trolled by the area ratio of the amplifier input pair, QI and Q2, 
and is developed across resistor Rl. Transistor Q12's base emit
ter voltage has a Complementary To Absolute Temperarure 
(CT AT) characteristic. Resistor R2 and the parallel combination 
of R3 and R4 "multiply" the PTA T voltage across RI. Trim
ming resistors R3 and R4 to the proper ratio produces a temper
ature invariant 2.5 V at the output. The result is an accurate, 
stable output voltage accomplished with a minimum number of 
components. 

RS 

TEMP 

GNDo-6----------+--~--~~----------J 

Figure 2. AD680 Schematic Diagram 

An additional feature with this approach is the ability to 
minimize the noise while maintaining very low overall power 
dissipation for the entire circuit. Frequently it is difficult to in
dependently control the do.minant noise sources for bandgap 
references: bandgap transistor noise and resistor thermal noise. 
By properly choosing the operating currents of QI and Q2 and 
separately sizing RI, low wideband noise is realized while main
taining I mW typical power dissipation. 

ORDERING GUIDE 
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Initial Temperature 
Error Coeff. Temperature Package Package 

Model mV ppmJ"C Range Description Option* 

AD680jN 10 25 O°C to +70°C Plastic N-8 
AD680jR 10 25 O°C to +70°C SOIC R-8 
AD680jT 10 30 O°C to +70OC TO-92 TO-92 
AD680AN 5 20 -40°C to +85°C Plastic N-8 

*N = Plastic DIP Package; R = sOle Package; T = TO-92 Package. For outline information 
see Package Information section. 
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AOB8D 
APPLYING THE AD680 
The AD680 is simple to use in virtually all precision reference 
applications. When power is applied to +VIN and the GND pin 
is tied to ground, VOUT provides a +2.5 Voutput. The AD680 
typically requires less than 250 ...,A of current when operating 
from a supply of +4.5 V to +36 V. 

To operate the AD680, the +VIN pin must l>e bypassed to the 
GND pin with a 0.1 floF capacitor tied as close to the AD680 as 
possible. Although the ground current for the AD680 is small 
(typically 195 ...,A), a direct connection should l>e made berween 
the AD680 GND pin and the system ground plane. 

Reference outputs are frequently required to handle fast tran
sients caused by input switching networks, as are cOmmonly 
found in ADCs and measurement instrumentation equipment. 
Many of the dynanIic problems associated with this situation can 
be minimized with a few simple techniques. Using a series resis
tor between the reference output and the load will tend to "de
couple" the reference output from the transient source. Or a 
relatively large capacitor connected from the reference output to 
ground can serve as a charge storage element to absorb and de
liver charge as is required by the dynanIic load. A 50 nF capaci
tor is recommended for the AD680 in this case; this is large 
enough to store the required charge, but small enough so as not 
to disrupt me stability of the reference. 

The 8-pin plastic DIP and sOle packaged versions of the 
AD680 also provide a temperature output pin. The voltage on 
this pin is nominally 596 m V at 25°e. This pin will provide an 
output linearly proportional to temperature with a characteristic 
of2 mVrc. 

NOISE PERFORMANCE 
The noise generated by me AD680 is typically less than 8 flo V p-p 
over the 0.1 Hz to 10 Hz band. Figure 3 shows me 0.1 Hz to 
10 Hz noise of a typical AD680. The noise measurement is 
made with a bandpass fIlter made of a I-pole high-pass fIlter 
with a comer frequency at 0.1 Hz and a 2-pole low-pass fIlter 
with a comer frequency at 12.6 Hz to create a fIlter with a 
9.922 Hz bandwidth. 

Figure 3. 0.1 Hz to 10 Hz Noise 
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Noise in a 300 kHz bandwidth is approximately 800 flo V p-p. 
Figure 4 shows the broadband noise of a· typical AD680. . 

Figure 4. Broadband Noise at 300 kHz 

TURN-ON TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its fInal value within a specifIed error 
band is defmed as the tum-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the mermal gradients on me chip to 
stabilize. Figure 5 shows the tum-on settling time of the AD680 
to be about 20 floS to 0.025% of its fmal value. 

Figure 5. Turn-On Settling Time 

The AD680 thermal settling characteristic benefIts from its com
pact design. OnCe initial tum-on is achieved, the output linearly 
approaches its fInal value; the output is typically within 0.01 % 
of its fmal value after 25 ms. 

REV. A 



DYNAMIC PERFORMANCE 
The output stage of the amplifier is designed to provide the 
AD680 with static and dynamic load regulation superior to less 
complete references. 

Figure 6 displays the characteristics of the AD680 output ampli
fier driving a 0 to 10 mA load. Longer settling times will result 
if the reference is forced to sink any transient current. 

0.1 "F 
1-V...:O.:.UT:...... __ --oVOUT 

Figure 6a. Transient Load Test Circuit 

Figure 6b. Large-Scale Transient Response 

Figure 6c. Fine Scale Settling for Transient Load 
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AD680 
In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD680 
by a long capacitive cable. 

Figure 7 displays the output amplifier characteristics driving a 
1000 pF, 0 to 10 mA load. 

0.1 "F 

Figure 7a. Capacitive Load Transient Response Test 
Circuit 

Figure 7b. Output Response with Capacitive Load 

LOAD REGULATION 
Figure 8 shows the load regulation characteristics of the AD680. 

Figure 8. Typical Load Regulation Characteristics 
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AD680 
TEMPERATURE PERFORMANCE 
The AD680 is designed for reference applications where temper
ature performance is important. Extensive temperature testing . 
and characterization ensures that the device's performance is 
maintained over the specified temperature· range. 

Some confusion exists in the area of defming and specifying ref
erence voltage error over temperature. Historically, references 
have been characterized using a maximum deviation per degree 
centigrade, i.e., ppmf'C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as "S" type cIiaracteristics), most manufacturers 
now use a maximum limit error band approach to specify de
vices. This technique involves the measurement of the output at 
three or more different temperatures to specify an output volt
age error band. 

2.501 

2.500 

2.499 

2.498 

SLOPE =TC 
VMAX -VMIN 

erMA)( - TM1N ) x 2.SV X 10-6 

2.501 - 2.498 

(85'C- (-40'C)) x 2.5Vx 10-<1 

= 9.6ppm/'C 

__ 40 ~ ~ 50 50 ~ 

TEMPERATURE - 'C 

Figure 9. Typical AD680AN Temperature Drift 

Figure 9 shows a typical output voltage drift for the AD680AN 
and illustrates the test methodology. The box in Figure 9 is 
bounded on the sides by the operating temperature extremes, 
and on the top and bottom by the maximum and minimum out
put voltages measured over the operating temperature range. 

The maximum height of the box for the appropriate temperature 
range and device grade is shown in Table 1. Duplication of these 
results requires a combination of high accuracy and stable tem
perature control in a test system. Evaluation of the AD680 will 
produce a curve similar to that in Figure 9, but output readings 
may vary depending upon the test equipment utilized. 

Table I. Maximum Output Change in mV 

Device 
Grade 

AD680JN/JR 
AD680JT 
AD680AN 

Maximum Output Change (mV) 
O·C to +70·C -40·C to +85·C 

4.375 
5.250 

6.250 

6-60 VOLTAGE REFERENCES 

TEMPERATURE OUTPUT PIN 
The 8-pin packaged versions of the AD680 provide a tempera
ture output pin on Pin 3 of each device. The output of Pin 3 
(TEMP) is a voltage that varies linearly with temperature. 
V TEMP at 25"C is 596 m V, and the temperature coefficient is 
2 mVI"C. Figure 10 shows the output of this pin over 
temperature. 
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TEMPERATURE - 'C 

Figure 10. Temp Pin Transfer Characteristic 

The temperature pin has an output resistance of 12 kG and is 
capable of sinking or sourcing currents of up to 5 !LA without 
disturbing the reference output, enabling the temp pin to be 
buffered by any of a number of inexpensive operational amplifi
ers that have bias currents below this value. 

DIFFERENTIAL TEMPERATURE TRANSDUCER 
Figure 11 shows a differential temperature transducer that can 
be used to measure temperature changes in the AD680's envi
ronment. This circuit operates from a +5 V supply. The tem
perature dependent voltage from the TEMP pin of the AD680 is 
amplified by a factor of 5 to provide wider full-scale range and 
more current sourcing capability. An exact gain of 5 can be 
achieved by adjusting the trim potentiometer until the output 
varies by 10 mVI"C. To minimize resistance changes with tem
perature, resistors with low temperature coefficients, such as 
metal film resistors, should be used. 

+5V 

AVOUT = 10mV/'C 
AT 

Figure 11. Differential Temperature Transducer 
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LOW POWER, LOW VOLTAGE REFERENCE FOR DATA 
CONVERTERS 
The AD680 has a number of features that make it ideally suited 
for use with AID and D/A converters. The low supply voltage 
required makes it possible to use the AD680 with today's con
verters that run on 5 V supplies without having to add a higher 
supply voltage for the reference. The low quiescent current 
(195 ..,A), combined with the completeness and accuracy of the 
AD680 make it ideal for low power applications such as hand
held, battery operated meters. 

One such ADC that the AD680 is well suited for is the 
AD7701. Figure l2a shows the AD680 used as the reference for 
this converter. The AD7701 is a 16-bit AID converter with on
chip digital fIltering intended for the measurement of wide dy
namic range, low frequency signals such as those representing 
chemical, physical or biological processes. It contains a charge 
balancing (sigma-delta) ADC, calibration microcontroller with 
on-chip static RAM, a clock oscillator and a serial commUllica
tions port. 

This entire circuit runs on ± 5 V supplies. The power dissipa
tion of the AD7701 is typically 25 mW and, when combined 
with the power dissipation of the AD680 (1 mW), the entire 
circuit consumes just 26 mW of power . 

• 5V 
ANA~G01~---'--~~-----------------, 

SUPPLY 

DVDO 
VREF SLEEP *O.I.F 

MODE 

AOn01 DRDY DATA READY 

Cs READ (TRANSMIT) 

SCLK SERIALC~CK 

S~~~ 0----------1 BPJUP SDATA SERIAL DATA 

CALIBRATE 0----------1 CAL 

A":.~~ 0----------1 

::~~ 0-.... -----.-1 

Figure 12a. Low Power, Low Voltage Supply Reference 
for the AD7701 16-Bit AID Converter 

Figure 12b shows the AD680 connected to the AD773 high 
speed 8-bit ADC. The low pass fIlter shown minimizes the 
AD680's wideband noise. 

Figure 12b. AD680 to AD773 Connection 
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AD680 
The AD773's high impedance reference input allows direct con
nection to the AD680. U n1ike the resistor ladder requirements 
of a flash converter the AD773's single pin, high impedance in
put can be driven from one low cost, low power reference. The 
high impedance input allows multiple AD773's to be driven 
from one AD680 thus minimizing drift errors. 

+4.5 V REFERENCE FROM A +5 V SUPPLY 
The AD680 can be used to provide a low power, +4.5 V refer
ence as shown in Figure 13. In addition to the AD680, the cir
cuit uses a low power op amp and a transistor in a feedback 
configuration that provides a regulated +4.5 V output for a 
power supply voltage as low as +4.7 V. The high quality tanta
lum 10 ILF capacitor (Cl) in parallel with the ceramic 0.1 ILF 
capacitor (C2) and the 3.9 n resistor (R5) ensure a low output 
impedance up to around 50 MHz. 

Rl 0.1"" 

R2 
2.5k 

21<1% 

1% 

Figure 13. +4.5 V Reference Running from a Single 
+5 V Supply 

VOLTAGE REGULATOR FOR PORTABLE EQUIPMENT 
The AD680 is ideal for providing a stable, low cost and low 
power reference voltage in portable equipment power supplies. 
Figure 14 shows how the AD680 can be used in a voltage regu
lator that not only has low output noise (as compared to a 
switchmode design) and low power, but also a very fast recovery 
after current surges. Some precaution should be taken in the 
selection of the output capacitors. Too high an ESR (effective 
series resistance) could endanger the stability of the circuit. A 
solid tantalum capacitor, 16 V or higher, and an aluminum elec
trolytic capacitor, 10 V or higher, are recommended for Cl and 
C2, respectively. Also, the path from the ground side of Cl and 
C2 to the ground side of Rl should be kept as short as possible. 

CHARGER 
INPUT 

5V 
LEAD.ACID _ 

BATTERY l-----..~~ ~~~ 

Figure 14. Voltage Regulator for Portable Equipment 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
±10 V Tracking Outputs 
Kelvin Connections 
Low Tracking Error - 1.5 mV 
Low Initial Error - 2.0 mV 
Low Drift - 1.5 ppm 1°C 
Low Noise - 6".V p-p 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine Insertable DIP Packaging 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD688 is a high precision ± 10 V tracking reference. Low 
tracking error, low initial error and low temperature drift give 
the AD688 reference absolute ± 10 V accuracy performance 
previously unavailable in monolithic form. The AD688 uses a 
proprietary ion-implanted buried Zener diode, and laser-wafer
drift-trimming of high stability thin-film resistors to provide 
outstanding performance at low cost. 

The AD688 includes the basic reference cell and three additional 
amplifiers. The amplifiers are laser-trimmed for low offset and 
low drift and maintain the accuracy of the reference. The ampli
fiers are configured to allow Kelvin connections to the load 
and/or boosters for driving long lines or high current loads, de
livering the full accuracy of the AD688 where it is required in 
the application circuit. 

The low initial error allows the AD688 to be used as a system 
reference in precision measurement applications requiring l2-bit 
absolute accuracy. In such systems, the AD688 can provide a 
known voltage for system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the me
chanical instability of a trimming potentiometer and the poten
tial for improper calibration can be eliminated by using the 
AD688 and calibration software. 

The AD688 is available in three versions. The AD688AQ and 
BQ grades are packaged in 16-pin cerdip (0.3") packages and are 
specified for operation from -40°C to + 85°C. The AD688SQ 
grade is specified for operation from - 55°C to + 125°C. 

'Protected by Patent Number 4,644,253. 
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High Precision 
± 1 0 V Reference 

A0688* I 
FUNCTIONAL BLOCK DIAGRAM 

GAIN GND NC 
AOJ SENse 

,IN 

+10V OUT 
A31N SENSE 

VlOW SAL NC 
AD' 

PRODUCT HIGHLIGHTS 
1. The AD688 offers precision tracking ± 10 V Kelvin output 

connections with no external components. Tracking error is 
less than 1.5 mV and a fine-trim is available for applications 
requiring exact symmetry between the + 10 V and -10 V 
outputs. 

2. The AD688 offers l2-bit absolute accuracy without any user 
adjustments. Optional fine-trim connections are provided for 
applications requiring higher precision. The fme-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 

3. Output noise of the AD688 is low - typically 6 jJ. V p--p. A 
pin is provided for broadband noise filtering using an exter
nal capacitor. 

4. The AD688 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD688/883B data sheet for detailed 
specifications. 
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AD688 - SPECIFICATIONS (typical @ +25°C. +10 V output. Vs = :t:15 V unless otherwise noted1) 

AD688AQlSQ AD688BQ 
Min Typ Max Min 

.. 
Typ Max Uaits 

OUTPUT VOLTAGE ERROR 
+ 10V, -10V Outputs -s +s -2 +2 mV 

±10V TRACKING ERROR -3 +3 -1.S +1.S mV 

OUTPUT VOLTAGE DRIFT 
+ 10V, -10V Outputs 

o to + 70"C (A, B) ±2 -l.S +l.S ppmI"C 
-4O·C to +8S·C (A, B) -3 +3 -3 +3 ppmfC 
- SS·C to + 12S·C (S) -6 +6 ppmfC 

GAIN ADJ AND BAL AD!' 
Trim Range ±S ±S mV 
Input Resistance 150 150 k!l 

LINE REGULATION 
Tmm to Tmax 

3 -200 +200 -200 +200 ",VN 

LOAD REGULATION 
T min to T max 

+ 10 V Output, O<IouT< 10 mA ±50 ±50 ",V/rnA 
-10 V Output, -lO<IouT<O mA ±50 ±50 ",V/rnA 

SUPPLY CURRENT 
Tmin to Tmax 9 12 9 12 rnA 
Power Dissipation 270 360 270 360 mW 

OUTPUT NOISE (ANY OUTPUT) 
0.1 Hz to 10 Hz 6 6 ",Vp-p 
Spectral Density, 100 Hz 140 140 nV/y'Hz 

LONG TERM STABILITY (@ + 2S·C) 15 15 ppm/lOOO hours 

BUFFER AMPLIFIERS 
Offset Voltage 100 100 ",V 
Offset Voltage Drift 1 1 ",VI"C 
Bias Current 20 20 nA 
Open Loop Gain 110 110 dB 
Output Current A3, A4 -10 +10 -10 +10 mA 
Common Mode Rejection (A3, A4) 

VCM = lVp-p 100 100 dB 
Short-Circuit Current SO SO rnA 

TEMPERATURE RANGE 
Specified Performance 

A, B Grades -40 +85 -40 +85 ·C 
S Grade -55 +125 ·C 

NOTES 
'See FigUre 2a for output confIgUration. Specifications tested using +.10 V output unless otherwise indicated. 
'Gain and balance adjustments guaranteed capable of trimming output voltage error and symmetry ertor to zero. 
'Test Condition: +Vs = +18 V, -Vs = -18 V; +Vs = +13.5 V, -Vs = -13.5 V. 
Specifications sbown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgOing quality levels. 
All min and max specifications are guaranteed. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
+Vs to -Vs ...........................•.. 36 V 
Power Dissipation (+ 2S·C) 

Q Package ........................... 600 mW 
Storage Temperature ................ -6S·C to + lS0·C 
Lead Temperature (Soldering, 10 Seconds) ........ + 300·C 
Package Thermal Resistance 

Q (aIA/aIC) .....•.................•. 120/3S"C/W 
Output Protection: All outputs safe if shorted to ground 
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·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specifications is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
reliability. 
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THEORY OF OPERATION 

ORDERING GUIDE 

Part Initial Temperature Temperature Package 
Number' Error Coefficient Range - °C Option2 

AD688AQ 5mV 3 ppml"C -40 to +85 Q-16 
AD688BQ 2mV 3 ppm/DC -40 to +85 3 Q-16 
AD688SQ 5mV 6 ppml"C -55 to + 125 Q-16 
AD688/883B * * -55 to + 125 * 
NOTE 
'For details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or curren! AD688/883B data sheet. 

'Q = Cerdip. For outline information see Package Information section. 
~emperarure coefficient specified from 0 to +70°C. 
*Refer to AD688/883B military data sheet. 

PIN CONFIGURATION 

+10V OUT FORCE 

+10V OUT SENSE 

NOISE REDUCTION 

• 

AD688 
TOP VIEW 

(Not to Scale) 

NC = NO CONNECT 

-v. 

-10V OUT FORCE 

-10V OUT SENSE 

A41N 

BAL ADJ 

NC 

NC 

NC PINS ARE USED AS TEST POINTS BY THE 
FACTORY. TO ENSURE PROPER OPERATION. DO 
NOT CONNECT ANYTHING TO THESE PINS. 

AD6BB 

The AD688 consists of a buried Zener diode reference, amplifi
ers and associated thin-film resistors as shown in the block 
diagram of Figure I. The temperature compensation circuitry 
provides the device with a temperature coefficient of I. 5 ppml"C 
or less. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at Pins 6 and 8 as well as to provide a full 
Kelvin output. Thus, the AD688 has a full Kelvin capability by 
providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 

Amplifier Al performs several functions. Al primarily acts to 
amplify the Zener voltage to the required 20 volts. In addition, 
Al also provides for external adjustment of the 20 V output 
through Pin 5, the GAIN ADJUST. Using the bias compensa
tion resistor between the Zener output and the noninverting in
put to AI, a capacitor can be added at the NOISE 
REDUCTION pin (Pin 7) to form a low pass filter and reduce 
the noise contribution of the Zener to the circuit. Two matched 
12 kO nominal thin-film resistors (R4 and R5) divide the 20 V 
output in half. 

Ground sensing for the circuit is provided by Amplifier A2. The 
noninverting input (Pin 9) senses the system ground and forces 
the midpoint of resistors R4 and R5 to be a virtual ground. Pin 
12 (BALANCE ADJUST) can be used for fme adjustment of 
this midpoint transfer. 
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+1OV OUT 
V .. OH A3 IN SENSE 

GAIN GND Ne VlOW SAL A41N 
ADJ SENSE AD.I 

.oN 

Figure 1. AD688 Functional Block Diagram 
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AD688 
APPLYING THE AD688 
The AD688 can be configured to provide ± 10 V reference out
puts as shown in Figure 2a. The architecture of the AD688 pro
vides ground sense and uncommitted output buffer amplifiers 
which offer the user a great deal of functional flexibility. The 
AD688 is specified and tested in. the configuration shown in Fig
ure 2a. The user may choose to take advantage of other configu
ration options available with the AD688; however performance 
in these configurations is not guaranteed to meet the stringent 
data sheet speciftcations. 

Unbuffered outputs are available at Pins 6 and 8. Loading of 
these unbuffered outputs will impair circuit performance. 

Amplifters A3 and A4 can be used interchangeably. However, 
the AD688 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2a. When either 
A3 or A4 is unused, its output force and sense pins should be 
connected and the input tied to ground. 

Two outputs of the same voltage polarity may be obtained by 
connecting both A3 and A4 to the appropriate unbuffered out
put on Pin 6 or 8. Performance in these dual output configura
tions will typically meet data sheet specifications. 

SYSTEM 
GROUND 

o)-~--- +'ov 

-@--,~-- -'ov 

l»--.._- +1SV SUPPlY 

>---.4 __ -15Y sumv 

Figure 2a. + 10 Vand -10 V Outputs 

CALmRATION 
Generally, the AD688 will meet the requirements of a precision 
system without additional adjustment. Initial output voltage 
error of 2 m V and output noise specs of 6 ,.,. V p-p allow for ac
curacies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, additional calibration may 
be called for. The provision for trimming has been made 
through the use of the GAIN ADJUST and BALANCE AD
JUST pins (Pins 5 and 12, respectively). 

The AD688 provides a precision 20 V span with a center tap 
which is used with the buffer and ground sense amplifiers to 
achieve the ± 10 V output conftguration. The GAIN ADJUST 
and BALANCE ADJUST can be used to trim the magnitude of 
the 20 V span voltage and the position of the center tap within 
the span. The GAIN ADJUST should be performed first. Al
though the trims are not interactive within the device, the 
GAIN trim will move the BALANCE trim point as it changes 
the magnitUde of the span. 

Figure 2b shows the GAIN and BALANCE trims of the 
AD688. A 100 kG 20-turn potentiometer is used for each trim. 
The potentiometer for the GAIN trim is connected between Pins 
6 (VH1GH) and 8 (VLQw) with the wiper connected to Pin 5 
(GAIN ADJ). The potentiometer is adjusted to produce exactly 
20 V between Pins 1 and 15, the amplifier outputs. The BAL-
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ANCE potentiometer, also connected between Pins 6 and 8 with 
the wiper to Pin 12 (BAL ADJ), is then adjusted to center the 
span from + 10 V to -10 V. 

Input impedance on both the GAIN ADJUST and the BAL
ANCE ADJUST pins is approximately ISO kG. The GAIN AD
JUST trim network effectively attenuates the 20 V across the 
trim potentiometer by a factor of about 1150 to provide a trim 

"range of -5;8 mV to + 12.0 mV with a resolution of approxi
mately 900 ,.,.V/turn (20 turn potentiometer). The BALANCE 
ADJUST trim network attenuates the trim voltage by a factor of 
about 1250, providing a trim range of ±8 mV with a resolution 
of 800 ,.,. V /turn. 

Trimming the AD688 introduces no additional errors over tem
perature, so precision potentiometers are not required. 

In cases when BALANCE ADJUST is not necessary, Pin 12 
should be left floating. If GAIN ADJUST is not reqnired, Pin 5 
should also be left floating. 

>0~>---- +'ov 

>&~>--- -'ov 

0-:-:--:1'-- +1SV SUPPLY 

SYSTEM 
GROUND 

'-0-G>--@-~::>-<!I>--®-G>--"" L_+-_ -,Ivaumy 

SYSTEM 
GROUND 

, ... 
20T 

GAIN ADJUST 

'00' 20T 
BALANCE 

ADJU&T 

Figure 2b. Gain and Balance Adjust with Noise Reduction 

NOISE PERFORMANCE AND REDUCTION 
The noise generated by the AD688 is typically less than 
6 ,.,.V p-p over the 0.1 Hz to 10 Hz band. Noise in a 1 MHz 
bandwidth is approximately 840 ,.,. V p-p. The dominant source 
of this noise is the buried Zener which contributes approxi
mately 140 nV/\lHz. In comparison, the op amp's contribution 
is negligible. Figure 3 shows the a.1 Hz to 10 Hz noise of a typ
ical AD688. 

..L 
1"V 

t' 

Figure 3. 0.1 Hz to 10 Hz Noise 

If further noise reduction is desired, an optional capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2b. This will form a low pass ftIter with the 
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5 kG RB on the output of the Zener cell. A I ILF capacitor will 
have a 3 dB point at 32 Hz and will reduce the high frequency 
noise (to I MHz) to about 250 ILV p-p. Figure 4 shows the 
I MHz noise of a typical AD688 both with and without a I ILF 
capacitor. 

Figure 4. Effect of 1 /LF Noise Reduction Capacitor on 
Broadband Noise 

TURN·ON TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error is 
the turn-on settling time. Two components normally associated 
with this are: time for active circuits to settle and time for ther
ma! gradients on the chip to stabilize. Figure 5 shows the turn
on characteristics of the AD688. It shows the settling time to be 
about 600 ILS. Note the absence of any thermal tails when the 
horizontal scale is expanded to 2 ms/cm in Figure 5b. 

b. Extended Time Scale 

Figure 5. Turn-On Characteristics 

Output turn-on time is modified when an extbrnai noise reduc
tion capacitor is used. When present, this capacitor presents an 
additional load to the internal Zener diode's current source, 're
sulting in a somewhat longer turn-on time. In the case of a I ILF 
capacitor, the initial turn-on time is approximately 100 ms (see 
Figure 6). 

When the NOISE REDUCTION feature is used, a 20 kG re
sistor between Pins 6 and 2 is required for proper startup. 
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AD6BB 

-Vo 

I I ill I I f 

I ; .11 I 

+VOUT 

Figure 6. Turn-On With 1/LF CN 

TEMPERATURE PERFORMANCE 
The AD688 is designed for precision reference applications 
where temperature performance is critical. Extensive tempera
ture testing ensures that the device's high level of performance 
is maintained over the operating temperature range. 

Figure 7 shows the typical output voltage drift for the 
AD688SQ and illustrates the test methodology. The box in Fig
ure 7 is bounded on the sides by the operating temperature ex
tremes and on top and bottom by the tnaximum and minimum 
+ 10 V output error voltages measured over the operating tem
perature range. The slopes of the diagonals drawn for both the 
+ 10 V and -10 V outputs determine the performance grade of 
the device. 

ERROR VOLTAGE 
fROM :!:10.000V 

(mV) 

• 
-lOY OUT 

E......-E_ 
+1OV OUTPUT SlOPE '" T.C. - IT ..... -T_I:Ie 10)( ,0--

2.2mV--3.ZmV 

11:ZS-C - -&rCI x 10 x 10-' 

+1OVE ..... 2b.L.-----",.-------::;;;--...... ;::----T.SUJ:.:PE 

+lOVE",." -3H_-"'_"""'=-_____________ ~ 
-4 

Figure 7. Typical AD688SQ Temperature Drift 

Each AD688A and B grade unit is tested at -40°C, - 25°C, O°C, 
+25°C, +50°C, +70°C and +85°C. Each .,.D688S grade unit is 
tested at - 55°C, - 25°C, + 25°C, + 70°C and + 125°C. This ap
proach ensures that the variations of output voltage that occur as 
the temperature changes within the specified range will be con
tained within a box whose diagonal has a slope equal to the 
maximum specified drift. The position of the box on the vertical 
scale will change from device to device as initial error and the 
shape of the curve vary. Maximum height of the box for the 
appropriate temperature range is shown in Figure 8. Duplication 

MAXIMUM OUTPUT CHANGE 
DEVK:E mV 
GRADE 010 +11rC -4rCTO+85-C -55"CTO +125"C 

A_Q 1.40 (tvpl 3.76 

1.05 3.76 

ADI88SQ 10.80 

Figure 8. Maximum + 10 V or -10 V Output Change 
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ADS88 
of these results requires a combination of high accuracy and sta
ble temperature control in a test system. Evaluation of the 
AD688 will produce curves similar to those in Figure 7, but 
output readings may viIty depending on the test methods and 
equipment utilized. 

KELVIN CONNECTIONS 
Force and sense connections, also referred to as Kelvin connec
tions, offer a convenient method of eliminating the effects of 
voltage drops in circuit wires. As seen in Figure 9a, the load 

A 

current and wire resistance produce an error (V ERROR = R x Ir,) 
at the load. The Kelvin connection of Figure 9bovercomes the 
problem by including the wire resistance within the forcing loop 
of the amplifier and sensing the load voltage. The amplifier cor
rects for any errors in the load voltage. In the circuit shown, the 
output of the amplifier would actually be at 10 volts + V ERROR 

and the voltage at the load would be the desired 10 volts. 

The AD688 has three amplifiers which can be used to imple
ment Kelvin connections. Amplifier A2 is dedicated to the 
ground force-sense function while uncommitted amplifiers A3 
and A4 are free for other force-sense chores. 

A V=1OV 
In some applications, one amplifier may be unused. In such 
cases, the unused amplifier should be connected as a unity-gain 
follower (force and sense pins tied together) and the input 
should be connected to ground. 

R V=1OV-RIL ~""""'IIN-+O ,wrf-
a. 

Figure 9. Advantage of Kelvin Connection 

'00 

'" '" K: 
.. 

..... , 
~ .. " 

I'" ... \ 
l~ 

-30 

-eo I 
E 

-00 , 

I 
-120 

-'50 

-'80 

11 • 
'00 

80 

.. 
20 

• 

An unused amplifier may be used for other circuit functions as 
well. The curves on this page show the typical performance of 
A3 and A4. 
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A3, A4 Open-Loop Frequency 
Response 

A3, A4 CMR vs. Frequency 

'00 

1\ 

1\ 

" 
• 
• 
• ,. '00 " FREQUENCY - Hz 

Input Noise Voltage Spectral 
Density 

DYNAMIC PERFORMANCE 

'Ok 
Unity-Gain Follower Pulse 
Response (Large Signal) 

The output buffer amplifiers (A3 and A4) are designed to pro
vide the AD688 with static and dynamic load regulation superior 
to less complete references. 

Many AID and D/A converters present transient current loads to 
the reference, and poor reference response can degrade the con
verter's performance. 

FREQUENCY - Hz 

A3, A4 PSR vs. Frequency 

Unity-Gain Follower Pulse 
Response (Small Signal) 

Figure 10 displays the characteristic of the AD688 output ampli
fier driving a O-to-IO mA load. Figure 10a. Transient Load Test Circuit 
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Figure 10b. Large-Scale Transient Response 

v II' 5v II z.s: 
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Figure 10c. Fine-Scale Settling for Transient Load 

Figure II displays the output amplifier characteristic driving a 
5 mA-to-lO rnA load, a common situation found when the ref
erence is shared among multiple converters or is used to provide 
bipolar offset current. 

V OUT 

2k 

Figure 11a. Transient and Constant Load Test Circuit 

Figure 11b. Transient Response 5-10 rnA Load 
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AD688 
In some applications, a varying load may be both resistive and 
capacitive in nature, or be connected to the AD688 by a long 
capacitive cable. Figure 12 displays the output amplifier charac
teristics driving a 1,000 pF, O-to-IO rnA load. 

Figure 12a. Capacitive Load Transient Response Test 
Circuit 

Figure 12b. Output Response with Capacitive Load 

Figure 13 displays the crosstalk between output amplifiers. The 
top trace shows the output of A4, dc-coupled and offset by 10 
volts, while the output of A3 is subjected to a O-to-IO rnA load 
current step. The transient at A4 settles in about 1 ILS, and the 
load-induced offset is about 100 IL V. 

Figure 13a. Load Crosstalk Test Circuit 

Figure 13b. Load Crosstalk 
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AD688 
Attempts to drive. a large capacitive load (in excess of 1,000 pF) 
may result in .ringing or oscillation, as shown in the step re
sponse photo (Figure 14a). This is due to the additional pole 
fonned by the load capacitance and the output impedance of the 
amplifier, which consumes phase margin. The recommended 
method of driving capacitive loads of this magnitude is shown in 
Figure l4b. The 150 n resistor isolates the capacitive load from 
the output stage, while the 10 kn resistor provides a dc feed
back path and preserves the output accuracy. The 1 !iF capaci
tor provides a high frequency feedback loop. The perfonnance 
of this circuit is shown in Figure 14c. 

v,. 

VOUT 

Figure 14a. Output Amplifier Step Response, CL = 1 JLF 

Figure 14b. Compensation for Capacitive Loads 

Figure 14c. Output Amplifier Step Response Using Figure 
14b Compensation 
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BRIDGE DRIVER CIRCUIT 
The Wheatstone bridge is a common transducer. In its simplest 
fonn, a bridge consists of 4 two-tenninal elements connected to 
fonn a quadrilateral, a source of excitation connected along one 
of the diagohals and. a detector comprising the other diagonal. In 
this unipolar drive configuration, the output voltage of the 
bridge is riding on a common-mode voltilge siPal equal to ap
proximately V IN/2. Further PJ;Ocessing of this signal may neces
sarily be limited to high common-mode rejection techniques 
such as instrumentation or isolation amplifiers. However, if 
the bridge is driven from a pair of bipolar supplies, then the 
common-mode voltage is ideally eliminated and the restrictions 
on any processing elements that follow are relaxed. 

As shown in Figure 15, the AD688 is an excellent choice for the 
control element in a bipolar bridge driver scheme. Transistors 
Ql and Q2 serve as series Pass elements to boost the current 
drive capability to the 57 rnA required by the typical 350 n 
bridge. A differential gain stage may still be required if the 
bridge balance is not perfect. 

+1SV 

Figure 15. Bipolar Bridge Drive 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3·Terminal Device: Voltage InNoltage Out 
Laser Trimmed to High Accuracy: 2.500V ±10mV (AD1403A) 
Excellent Temperature Stability: 25ppmfC (AD1403A) 
Low Quiescent Current: 1.5mA max 
10mA Current Output Capability 
Low Cost 
Convenient Mini-DIP Package 

PRODUCT DESCRIPTION 
The AD1403 and AD1403A are improved three·terminal, low 
cost, temperature compensated, bandgap voltage references 
that provide a fixed 2.SVoutput voltage for inputs between 
4.SV and 40V. A unique combination of advanced circuit de· 
sign and laser-wafer-trimmed thin-film resistors provides the 
AD1403/AD1403A with an initial tolerance of ±10mV and a 
temperature stability of better than 2Sppml"C. In addition, 
the low quiescent current drain of l.SmA (max) offers a clear 
advantage over classical Zener techniques. 

The AD1403 or AD1403A is recommended as a stable refer
ence for all 8·, 10· and 12·bit D-to-A converters that require 
an external reference. In addition, the wide input range of the 
ADI403/ADI403A allows operation with S volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 

The ADl403 and AD1403A are specified for operation over 
the 0 to +70oC temperature range. The ADS80 series of 2.S 
volt precision IC references is recommended for applications 
where operation over the -SSoC to +12SoC range is required. 

·Covered by Patent Numbers. 3,887,863, RE30,S86. 
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Low Cost, Precision 
2.5V IC References 

AD1403/AD1403A* I 
FUNCTIONAL BLOCK DIAGRAM 

NC 

VOUT NC 

GND NC 

NC 5 NC 

8 PIN MINI·DIP 

PRODUCT HIGHLIGHTS 
1. The AD 1403A offers improved initial tolerance over the 

industry·standard 1403A: ±lOmV versus ±2SmV at a 
lower cost. 

2. The three·terminal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output voltage 
without any external components. 

3. The AD1403/AD1403A provides a stable 2.SV output 
voltage for input voltages between 4.SV and 40V making 
these devices ideal for systems that contain a single logic 
supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD1403A with temperature stabili· 
ties of 2Sppml"C. 

S. The low 1.SmA maximum quiescent current drain of the 
AD1403 and AD 1403A makes them ideal for CMOS and 
other low power applications. 
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AD1403/AD1403A--SPECIFICATIONS (VIN = lSV, TA = 2S·C unless otherwise noted.) 

<ltarac:teristic Symbol 

Output Voltage 
(10 = OmA) Vo 
AD1403 
AD1403A 

Temperature Coefficient of Output Voltage t:.Volt:.T 
AD1403 
AD1403A 

Output Voltage Cl)ange, 0 to -t70·C t:.VO 
AD1403 
AD1403A 

Line Regulation Regin 
(15V~INQOV) 
(4.5~1N';;15V) 

Load Regulation Regload 
(OmA<IO<10mA) 

Quiescent Current I, 
(10 = OmA) 

MAXIMUM RATINGS (TA = 2S'C unless otherwise noted) 

Rating Symb()1 Value Unit 
Input Voltage VIN 40 V 

Storage Temperature TSTG -25 to 100 °c 
J unction Temperature TJ +175 °c 
Operating Ambient 

Min 

2.475 
2.490 

-
-

-
-

-
-
-

-

Typ 

2.500 
2.500 

10 
10 

-
-

1.2 
0.6 

-

1.2 

Model 

AD1403 
ADl403A 

Max Unit 

2.525 V 
2.510 

ppmt"C 
40 
25 

mV 
7.0 
4.4 

mV 
4.5 
3.0 

10 mV 

1.5 rnA 

ORDERING GUIDE 

Initial 
Tolerance 

±25mV 
±lOmV 

Package 
Option* 

N-8 
N-8 

Temperature Range TA o to +70 °c *N = Plastic DIP. For outIine infonnation see Package Infonnation section. 

Specifications subject to change without notice. 

+vIN--<I_---..-_ 

>-~r--oVOUT 

COM----------

Figure 1. Simplified AD 1403 Schematic 
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Typical Performance Curves-AD1403/AD1403A 
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Figure 2. Typical Change in VOUT vs. V/N 
(Normalized to VOUT@ V/N= 15V@TC=25'C) 
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Figure 3. Change in Output Voltage vs. Load Current 
(Normalized to VOlff@ V,N = 15V, 10lff= OmA) 
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Figure 4. Quiescent Current VB. Temperature 
MN = 15V, 10lff= OmA) 
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Figure 5. Change in VOlff VB. Temperature 
(Normalized to VOlff@ V'N= 15V) 
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Figure 6. Change in VOUT vs. Temperature 
(Normalized to VOUT@ V/N = 15V, IOUT=OmA) 
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Applying the ADl403/AD1403A 
VOLTAGE VARIATION VS. TEMPERATURE AND UNE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 1OppmfC. However, because of the inconsis
tent nonlineaiities in zener references (butterfly or US" type 
characteristics), most manufacturers use a maximum limit 
error band approach to characterize their references. This tech
nique measures the output voltage at 3 to 5 different tempera
tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera
tures. This approach, of course, makes no mention or gua.rantee 
of performance at any other temperature within the operating 
temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi
cal AD1403 is shown in Figure 6. Note that the characteristic 
is quasi-parabolic, not the possible US" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature range, rather than just at 3 to S 
discrete temperatures. 

The AD1403 exhibits a worst-case shift of 7.5mV over the en
tire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than 1mV as shown in Figure 3. 

THE AD1403A AS A WW POWER, WW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 
The AD1403A has a number of features that make it ideally 
suited for use with AID and D/A data converters used in com
plex microprocessor-based systems. The calibrated 2. SOO volt 
output minimizes user trim requirements and allows operation 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 

SYSTEM 
DATA 
BUS 

BBITS 

DECODED 
DEVICE 
ADDRESS 

MEMW +5V 

DB7 
D88 
D88 
D84 

D83 
D82 
DB' 
D80 

12 13 

• 

" 
+6V 1kG 

AD1403 
2 

'5 

6k!I 

GAIN 
ADJUST 

VOUT 

ANALOG 
OUTPUT 

Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DAC 
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Figure 9 shows the AD1403A used as a reference for the 
AD7S24low-cost 8-bit CMOS DAC with complete micro
processor interface. The AD1403A and the AD7S24 are 
specified to operate from a single S volt supply; this elimi
nates the need to provide a +1 S volt power supply for the sole 
purpose of operating a reference. The AD7S24 includes an 
8-bit data register, and address decoding logic; it may thus be 
interfaced directly to an 8- or 16-bit data bus. Only 300j.tA of 
quiescent current from the single +5 volt supply is required 
to operate the AD7S24 which is packaged in a small 16 pin 
DIP. The AD542 output amplifier is also low power, requiring 
only l.SmA quiescent current. Its laser-trimmed offset voltage 
preserves the ±1I2LSB linearity of the AD7524KN without 
user trims and it typically settles to ±1I2LSB in less than 5 
microsec.onds. It will provide the 0 volt to -2.5 volt output 
swing from ±5 volt supplies. 

THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 
The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.SV to 
40V, along with excellent line regulation over that range 
(7 .Sm V) result in high insensitivity to varying load imp~dances. 
The low quiescent current (II) of 1.5mA (max) and the maxi
mum specified maximum load current of lOrnA allows the 
user to program current to any value between 1. SmA and 
10mA. 

Figure lOa shows the AD1403 connected as a current source. 
Total current is equal to the quiescent current plus the load 
current. Most of the temperature coefficient comes from the 
quiescent current term Ii> which has a typical TC of o.13%fc: 
(130OppmfC). The load voltage (and hence current) TC is 
much lower at ±4OppmfCmax (AD1403). Therefore, theover-· 
all temperature coefficient decreases rapidly as the load cur
rent is increased. Figure lOb shows the typical temperature 
coefficient for currents between 1.5mA and lOrnA. Use of an 
ADl403A will not improve the TC appreciably. 

+ IL:~:J0mA 
R.n 

_ .1-___ 1 !soURCE - II + IL 2.5OV 
, .. 1,OmA + 1¥Sii 

Figure 8a. The AD 1403 as a Precision Programmable 
Current Source 

TC" 1300 rSo:-R~~1 ppmfC 

'0 
'SOURCE - .~A 

Figure 8b. Typical Temperature Coefficient of Cu"ent 
Source 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Very High Accuracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperatura Coefficient: 3ppmfC 
Performance Guaranteed -55°C to +125°C 
10mA Output Current Capability 
Low Noise 
Short Circuit Protected 
Available as /8838 

PRODUCT DESCRIPTION 
The AD2700 family of precision 10 volt references offer the 
user excellent accuracy and stability at a moderate price by 
combining the recognized advantages of thin film technology 
and active laser trimming. The low temperature drift 
(3ppm/C) achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature regu
lation, or with hand selected components and manual trim
ming. In addition, temperature-regulated devices are guaran
teed only up to +8SoC operation, whereas the U- and S-grade 
devices in the AD2700 family are guaranteed to +12SoC. 

The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A converters of 10 
and 12 bit resolution. The lOrnA output drive capability 
also makes the AD2700 ideal for use as a general positive 
system reference. 

The AD2701 is a negative 10 volt reference especially de
signed to interface with CMOS D/A and AID converters, as 
shown in the applications. For systems requiring a dual tracking 
reference, the AD2702 offers both positive and negative preci
sion 10 volt outputs in a single package. Both are often used 
with S2XX Series 12-bit AID converters which require 
-10V external references for high accuracy over wide 
temperature ranges. 

All three devices are offered in "1" and "L" grades for opera
tion from -25°C to +8SoC and "s" and "u" grades for the 
-55°C to +12SoC temperature range. Screening to MIL-STD-
883 is available for "s" and "u" grades of the AD2700 
family. 
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± 10 Volt Precision 
Reference Series 

AD2700/ AD2701 / AD2702 I 
FUNCTIONAL BLOCK DIAGRAMS 

COMMON 

COMMON 

FINE 
ADJUST 

12 

FINE 
ADJUST 

PRODUCT HIGHLIGHTS 

FINE 
ADJUST 

+FINE 
ADJUST 

wFINE 
ADJUST 

-10.0000v 
OUTPUT 

1. Active laser trimming of both initial accuracy and temper
ature performance results in very high accuracy over the 
temperature range without external components. The 
AD2700/0l/02 LD grades have a maximum output 
voltage error at 25°C of ±2.SmV with no external 
adjustments. 

2. The performance of the AD2700 series is achieved by a 
well-characterized design and precise control over the 
manufacturing process. 

3. The AD2700 series is well suited for a broad range of 
applications requiring an accurate, stable reference source 
such as high resolution data converters (12 or 14 bits), 
test and measurement systems and calibration standards. 

Model 

AD2700 
AD2701 
AD2702 

Output 

+10.000V 
-10.000V 
±10.000V 
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MODEL, 

ABSOLUTE MAX RATINGS 
Input Voltage (for applicable supply) 
Power Dissipation@ +2SoC - AD2700, 01 

- AD2702 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, lOs) 
Short Circuit Protection (to GND) 

OUTPUT VOLTAGE ERROR@+2SoC 
AD2700 10.OOOV 
AD2701 -lO.OOOV 
AD2702 ±lO.OOOV 

OUTPUT CURRENT I - @ +2SoC 
(VIN = ±13 to ±18V) over op. temp. range 

OUTPUT VOLTAGE ERROR - AD2700,Ol 
(Tmin to Tmax)2 

AD2702 

LINE REGULATION 
VIN = ±13.S to ±16.SV 

LOAD REGULATION 
Oto ±lOmA 

OUTPUT RESISTANCE 

INPUT VOLTAGE, OPERATING 

QUIESCENT CURRENT - AD2700, 01 
- AD2702 

NOISE 
(0.1 to 10Hz) 

LONG TERM STABILITY (@+SSoC) 

OFFSET ADJUST RANGE 
(See Diagrams) 

OFFSET ADJUST TEMP DRIFT EFFECT 

PACKAGE OPTION3,4 

NOTES 
·Same as "JD" grade performance . 
• ·Same as "LD" grade performance. 
···Same as uSD" grade performance. 

JD 

±20V 
300mW 
4SOmW 
- 2So C to +8So C 
-6SoC to +1S00C 
+3000C 
Continuous 

±O.OOSV 
±O.OOSV 
±O.OOSV 

±10mA 
±SmA 

10ppm/oC 
±l1.OmV 
lOppm/C 
±l1.OmV 

300pVN 

SOj.IV/mA 

O.OSO 

±13V to ±18V 

±14mA 
+17mA,-4mA 

SOj.IV pop tyP 

10Oppm/lOOO Hrs. (typ) 

±20mV (min) 

±411.v 1° C per m V 
of Adjust (typ) 

DH-l4C 

I Specified with resistive load to common. Device not intended for 
use in driving a dynamic load. 

LD 

±0.002SV 
±0.002SV 
±0.002SV 

+SmA,-2mA 

3ppm/C 
±4.3mV 
Sppm/C 
±S.SmV 

• 

DH-14C 

20utput voltage error as a function of temperature is determined using the box method. 
Each unit is tested at T min' T max and +25°C. At each temperature VOUT must fall 
within the rectangular area bounded by the minimum and maximum temperature and 
whose maximum VOUT value is equal to VOUT nominal plus or minus the maximum 
+2SoC error plus the maximum drift error from +2~oC. The box limits arc noted 
below the drift values used to calculate the box. 

• Anolog Devices reserves the right to ship side-brazed ceramic packages 
(outline DH-14D) in lieu of the standard ceramic packages for J and 
L grade parts. 

"For outline infonnation, see Package Infonnation section. 
Specifications subject to change without notice. 
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SD UD 

-SSoC to +12SoC ••• 

•• .. 
•• 

•• .. 
•• •• 
±8mV ±S.SmV 
•• 3ppm/C 
±lO.OmV ±S.SmV 

'. 
DH-14C DH-l4C 
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TEST 
POINT 

7 

Nle NIC, Nle COMMON 

TEST 
POINT NIC N/C 

Pin Designations 

-15V 

AD2700/AD2701/AD2702 

-15V-_.-_-, 

+1SV 

*EXTERNAL 10k POTENTIOMETER 
PROVIDES :t3OmV OUTPUT OFF· 
SET ADJUST. TEMPERATURE 
EFFECT IS i41J.vr PER mV OF 
OFFSET CORRECTION (EXTER· 
NAL ADJUSTMENT OPTIONAL). 

Fine Trim Connections 

---4~---------------------e-----------e~---------+15V 

---r--~------------~--;----------;--~-------15V 
--_+--_+--------~f---+---r_--------_+--_+--~--+5V 

Using AD2702 Reference with the Fast, High Accuracy 
AD5215 - 12-Bit ADC 
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AD2700/AD2701/AD2702 
usiNG AD2700 REFERENCE WITH THE AD7520 
AND AN IC AMPLIFIER TO BUILD A DAC 
The AD2700 series is ideal for use with the AD7S20 series of 
CMOS D/A converters. A CMOS converter in a unipolar appli
cation as shown below performs an inversion of the voltage 
reference input. Thus, use of the + 10 volt AD2700 reference 
will result in a 0 to -10 volt output range. Alternatively, using 

+15V (OR -15 FOR AD21011 

BIT' (MS81 

GND D'GlTOA-L"""" ---1 5 AD7&20 ' t"OU=T..:..' ..... ; 
INPUT I 

~B~'T~'-:-! ""(L~SB~I '3 
~"'=,..J 

Unipolar Binary Operation 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 

100000000i 

1000000000 

0111111111 

0000000001 

0000000000 o 
NOTE, 1 LSB = 2'" V REF 

Tabl, I. Code Table - Unipolar Binary Operation 

USING THE AD2700 VOLTAGE REFERENCE WITH 
D/A CONVERTER 
An AD2700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-RI2R)EREF . If all bits but Bit 2 are off, it can be shown 
that the output voltage is ~(-R/2R)~EF = ~~EF: The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 
back from the MSB towards Bit 2 is the generator, ~F/2, 
and the series resistance 2R; since the grounded MSB series 

DIGITAL INPUT CODe 
LSS BIT3 81T2 
I I I 

a. Basic Circuit 
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the -10 volt AD2701 will result in a 0 to +10 volt range. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to +10 volt, as shown in the lower figure. Either 
the AD2700 or AD2701 can be used, depending on the trans
fer code characteristic desired. For more detailed applications 
information, refer to the AD7S20 Data Sheet. 

+15V 

VAEF-_t-+--_ .. 
R3 1~ MEGOHM 

15 14 BIT 1 (MSBI 
'6t---+---~-"'==:.-.., 
1 loon 

DIGITAL 
INPUT 

BIT 10 (UBI 13 

AD7520 R2 10k 

Bipolar Operation (4-Quadrant Multiplication) 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2-9) 

1000000001 -VREF (Z-9) 

1000000000 0 

0111111111 VREF (2-9) 

0000000001 VREF (1 - Z-9) 

0000000000 VREF 

Tabl. II. Cod. T.bI. - Bipolar (Offrllt Binary) Operetlon 

resistance, 2R, has virtually no influence - because the 
amplifier summing point is at virtual ground - the output 
voltage is therefore -~EF/4. The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output equal to 2-n EREF . 

BIT 2 SWITCH CLOSED 

.....----./: 
I 
I 
I 
I 
I • 

\' 
LUMPED REmSTANCE 

OF lESS-8IGNlfICANT BITS 

b. Example: Contribution of Bit 2; All Other Bits "0" 

c. Simplified Equival,nt of Circuit (b.) 
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1IIIIIIII ANALOG 
LIllI DEVICES 

FEATURES 
Laser Trimmed to High Accuracy: 10.000V ± 1.0mV 
Low Temperatura Coefficient: 1ppmfc (L Grade) 
Excellent Long Term Stability: 25ppm/1000hn. 
5mA Output Currant Capability 
Low Noise: lOIlV pop 
Short Circuit Protellted 
No Heeter Utilized 
Small Size (Standard 14-Pin DIP Package) 

PRODUCT DESCRIPTION 
The AD2710 and AD2712 are temperature-compensated, 
hybrid voltage references which provide precise 10.000V out
put from an unregulated input level from 13.S to 16.S volts. 
Active laser trimming is used to trim both the initial error at 
+2SoC as well as the temperature coefficient, which results in 
ultra high precision performance previously available only in 
oven-regulated modules. The loOmV maximum initial error 
and lppmtC guaranteed maximum temperature coefficient 
of the AD2710L and AD2712L represent the best perform
ance combination available without using ovens or heated 
substrates for temperature regulation. 

The AD2710 series of precision 10.000 volt references offer 
the user unequalled accuracy and stability with performance 
guaranteed over the 0 to +70oC temperature range. The devices 
combine the recognized advantages of thin film technology 
and active laser trimming with a unique integrated ceramic 
package design to provide an excellent reference for use in 
applications requiring high accuracy and stability. 

The AD2710 is recommended for use as a reference for 10-, 
12- and 14-bit DI A converters which require an external refer
ence. The device is also suitable for many types of high resolu
tion AID converters, either successive approximation or inte
grating designs. The SmA output drive capability of the device 
also makes the AD2 71 0 ideal for use as a master systeni 
reference. 

For systems requiring a dual tracking reference, the AD2712 
offers both positive and negative outputs in a single package. 
All units are packaged in an integrated ceramic 14-pin side
brazed package offering superior reliability over other package 
designs. 

REV. A 

± 10.000 Volt Ultrahigh 
Precision Reference Series 

AD2710/AD2712 I 
FUNCTIONAL BLOCK DIAGRAMS 

FINE 
+1S.OV ADJUST 

COMMON FINE 
ADJUST 

FINE +FINE 
+1&.ov ~~T ADJWIT 

r-~--------Q"9------------<3 

COMMON 

PRODUCT HIGHLIGHTS 

-FINE 
ADJUST 

-,o.oooov 
OUTPUT 

1. Active laser trimming of both initial accuracy and tempera
ture coefficient results in vety high accuracy over the tem
perature range without the use of external components. 
AD2710 has a maximum deviation from 10.000 volts of 
±1.0OmV at 2SoC with no external adjustments. 

2. The AD2710 and AD2712 are well suited for a broad range 
of applications requiring an accurate, stable reference source 
such as data converrers, test and measurement systems and 
calibration standards. 

3. The performance of the AD2710 series is achieved by a 
well-characterized design and close control over the manu
facturing process. This eliminates the need for temperature
controlled ovens to provide stability. 

4. The advanced multilayer integrated ceramic package results 
in superior electrical performance as well as inherent high 
reliability . 
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AD271 O/AD2712 SPECIFICA'JIONS (typical@Vs±15Vaftera5minutewarm-upat+25°C, 
.. . ..• II -.. . . " no load condition unless otherwise specified) 

Model AD2710KN 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (for applicable supply) ±18V 
Power Dissipation@ +2SoC 300mW 
Operating Temperature Range o to +70oC 
Storage Temperature Range -55°C to +lOOoC 
Lead Temperature (soldering, 20s) +260oC 
Short Circuit Protection (to GND) Continuous 

OUTPUT VOLTAGE ERROR' 
+2SoC ±1.OmVmax 

OUTPUT VOLTAGE TEMPERATURE 
COEFFICIENT2 

+lOV Output +2SoC to +70·C ±2ppm/oC max 
o to +2SoC ±Sppm/oC max 

-lOY Output4 +2SoC to +70oC Not Applicable 
o to +2SoC Not Applicable 

LINE REGULATION 
Vs = ±13.S to ±16.Ss 12S/lVIV(200/lVIV max) 

OUTPUT CURRENT 10mA 

LOAD REGULATION 
10 =Oto ±SmA SO/lV/mA(lOO/lV/mA max) 

OUTPUT RESISTANCE O.OSO 

INPUT VOLTAGEs 
Operating Range ±13V to ±18V 
Specified Performance ±13.SV to ±16.SV 

QUIESCENT SUPPLY CURRENT 
Vs+ 9mA(14mA max) 
Vs_s Not Applicable 

NOISE 
0.1 to 10Hz 30/lV ~-~ 

LONG-TERM STABILITY 
TA = +2SoC 2Sppm/lOOO Hours 

EXTERNAL TRIM RANGE6 ±lOmV 

PACKAGE OPTION' DH-14D 

NOTES 
·Same asAD2710KN. ··Same asAD2712KN performance. 
I Specifications apply to both outputs of the AD2712. 

AD2710LN 

±lppmfCmax 
.3 

Not Applicable 
Not Applicable 

Not Applicable 

J Refer to next page for definition of temperature-related error specifications. 
'The AD2710LN and AD2712LN outputs are guaranteed for a maximum ± 2ppmf C temperature 

AD2712KN 

4S0mW 

±2ppm/oC max 
• 
±3ppmfCmax 
±SppmfCmax 

l2mA (16mA max) 
2mA (4mA max) 

• 

coefficient over the +l SoC to +2SoC temperature lUlge. Refer to Figure 1. 
4The +lOV and -lOY outputs of the AD2712 typically track within ±1ppmfC oyer the specified temperature range. 
S Negative power supply not required for AD2710. 
• Use of the output trim will change the temperature coefficient approximately O.3ppmf C for each 

millivolt of adjustment. 
7 For outline information see Package Infonnation section. 

Specifications subject to change without notice. 

6-80 VOLTAGEREFERENCES 

AD2712LN 

•• 

±lppm/oC max 
.3 

±2ppmfCmax 
•• 

•• 
•• 
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UNDERSTANDING THE SPECIFICATIONS 
The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature and the lowest possible temperature drift. 
The specification for initial error is relatively straight-forward, 
and is. the absolute error from exactly 10.000V. The specifica
tion for temperature drift, however, must be explained. 

Various methods have been used to specify the temperature 
drift of voltage references, including the "butterfly", "box", 
and "modified-box" (or total error) methods. The AD2710 
and AD2712 are specified with the "butterfly" method. 

Using three or more temperatures provides the user with a 
tighter drift specification, eliminating possible mid-range ex
cursions. The AD2710 and AD2712 have been designed and 
characterized as having a smooth drift curVe with a virtually 
straight segment from +2SoC to +700 C. The typical curve as 
shownois concave downward and gradually increases slope 
near 0 C. 

As can be seen from Figure 1, the AD2710L and AD2712L 
+ 10V outputs will exhibit a maximum temperature coefficient 
of ±lppmfC (±2ppmtC for "K" grade) from +2SoC to 
+700 C. Over the short range between +1SoC and +2SoC, the 
AD2710L and AD2712L + 10V outputs have a maximum 
drift of only ±2ppm/o C and a maximum drift of ±Sppm/o C 
from 0 to + HOC. The negative output of the AD2712L has a 
similar temperature coefficient characteristic with a maximum 
slope of ±2ppmtCfrom +2SoC to +70°C. This limit continues 
from +2SoC to +lSoC and then increases to a ±SppmtC 
maximum slope from +1S°C and OOC. Every unit is 100 per
cent tested and guaranteed to meet these specifications over 
the full 0 to +70° C temperature range. 

r----...,--...,--------------,+2mV 
TYPICAL CURVE 

+D.9mV 

~~~~~".46mV 
~ ~ ..Q.9mV 

TEMPERATURE _oc 

Figure 1. Maximum Change from +10V Output from +25"C 
Value VI. Temperature 

All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period. This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-up drift is approxi
mately 500 microvolts and is completely settled approxi
mately three minutes after turn-on. Figure 2 shows the 
typical warm-up characteristics of the AD2710. 

w lO.Deno 

~ 10.0006 

~ 10.0000 ... 
" 9,9_ 
I!: 

....-
" 9.9990 
0 

TURN'()N 

1MIN 2MIN 3MIN 4MIN 

}
SPECIFIED 

INITIAL 
ACCURACY 

Figure 2. AD2710 Typical Warm-Up Drift 

USING THE AD2710 AS A DAC REFERENCE 
Digital-to-analog converters require a reference to establish 

REV. A 

Applying the AD2710/AD2712 
the full scale output range. It is this reference which will ulti
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performance can be obtained if a higher preci
sion external reference is used. 

+16V 

Figure 3. Low Drift 12-Bit D/A Converter 

Figure 3 shows the AD2710 used with the ADS66A high-speed 
12-bit DAC. The ADS66AKD is laser trimmed for ±1/4LSB 
maximum nonlinearity, and exhibits a gain temperature coef
ficient of 3ppmtC. Use of the AD2710LN reference will 
result in a worst case total gain temperature coefficient of 
4ppmt C. After initial calibration of the DAC scale factor at 
room temperature, 12-bit absolute accuracy can be maintained 
over the +lSoC to +70°C temperature range. The high output 
current capability of the AD2710 allows it to serve as a refer
ence for up to 10 such converters in a system~ 

The resolution of the ADS66A can be extended u shown in 
Figure 3 by summing the output of another DAC. In this ex
ample, an ADSS9 is used to provide 4 additional bits. Since 
the ADSS9 is driven from the same AD2710 reference as the 
ADS66A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first
order temperature tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the ADS66A used for 
the most significant bits. Use of an ADS66AKD will typically 
achieve ±0.003% accuracy (±1I2LSB at 14 bits). 

Figure 4. 16-8it Binary DAC with AD2710 Reference 
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AD2710/AD2712 
HIGH RESOLUTION ANALOG-TO-DIGITAL CONVERSION 
The AD2710 is well-suited to both system and instrument-level 
analog-to-digital converter reference requirements. The excel
lent absolute accuracy and low temperature drift allow low
cost measurement systems to offer high levels of performance. 

The AD7555 is a 4\4/5\4 digit ADC subsystem which uses the 
quad-slope conversion technique to achieve high accuracy at 

NOTES: 
1, RS Cl VALUES SHOWN ARE FOR 5112 DIGtTMODE. FOR41/2 DIGIT MODE Re" 360k,C, ~O.22j.1F. 

SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH co. INC .• 1666 261h SllIEET. 
SANTA MONICA, CA. 90404. (STOCK NUMBER FOR O.22,lF CAPACITOR IS Dl1B224KXW!. 

2. R4, AS, R7 ,'" TOLEAANCE 
3. AI, R3 SHOULD. TRACK WITHIN O.5ppmfc. EITHER BULK METAL OR WIRE-WOUND RESISTORS 

lOR A THIN·FILM NETWORK I SHOULD BE USED. R2 SHOULD BE A LOIHC TVPE POTENTIOMETER 
OR ASELECTED LOW DRIFT FIXED RESISTOR. Vl 

Figure 5 .. High Accuracy Low Drift AID Converter 

-'5V ___ -. __ ..." 

+15V 

Figure 6. Optional Fi{le Trim Connections 
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low cost. This patented conversion process performs auto
matic correction for offsets and other errors in the analog 
circuitry as a part of each conversion. Total scale factor drift 
1.2ppmfC is possible using the AD2710L reference and medi· 
um-precision external amplifiers. This represents a full scale 
drift ofless than ±10 counts in ±200,OOO from -+-lSoC to 
-+-45° C. Less than 1 count of drift will occur in the 4 112 
digit mode. 

The AD75SS was designed for use with a 4.096V reference, 
which produces a ±2 volt input range. When the AD2710 is 
used, the input range is increased to ±4.88281V (24.4IlV/ 
count). The new scaling can be handled either by using a preci
sion gain stage before the AD7SSS analog input as shown or by 
using a microprocessor to digitally correct the scale. The actual 
input signal value can be computed by multiplying the count 
produced by the AD7SSS by VREFl (10 volts in this case), and 
dividing the result by 409600. Details of the digital circuitry 
of the AD7SSS can be found on the AD7SSS data sheet. 

It should be noted that.when the AD75SS is used with the 
AD2710 10 volt reference, it is necessary to use a Vee greater 
than 10 volts. Thus the.(iigital inputs and outputs of the ADC 
will be compatible with CMOS logic levels. 

AD~10: +10.000 VOLT REFERENCE 

Nle NIC Nle Nle N/C COMMON 

TEST 
POINT Nle N/C 

AD2712: ±10.ooo VOLT REFERENCE 

FINE -10 FINE 
ADJUST Your ADJUST 

Figure 7. Pin Connections (Top View) 
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r-IANALOG 
WDEVICES 

FEATURES 
• 10 Volt Output •.......................... ±0.3% Max 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability ....... 8.5ppm'oC Max 
• Low Noise .............................. 30!'Vp•p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range ................. 12V to 40V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 
• Available In Die Form 

ORDERING INFORMATION I 

PACKAGE 
T., = 25°C OPERATING 
AV .. MAX CERDIP PLAsnc LCC TEMPERATURE 

(mY) TD-99 B-PIN B-PIN 2O-CONTACT RANGE 

,.:ro REF01AJ* REF01AZ* MIL 
z30 REF01EJ REF01EZ COM 
,.so REF01J* REF01Z* REF01 RC/883 MIL 
,.so REF01HJ REF01HZ REF01HP COM 
",100 REF01CJ REF01CZ COM 
",100 REF01CP XlND 
",100 REF01CStt XIND 

• For devices processed in lotal compliance to MIL-STD-883, add /883 after part 
number. Consult factory lor 883 data sheet. 
Burn·ln is available on commercial and industrial temperature range parts in 
CerDIP, plastiC DIP, and TO-can packages. 

" For availability and burn-in Information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The REF-01 precision voltage reference provides a stable 

SIMPLIFIED SCHEMATIC 

+ 1 OV Precision 
Voltage Reference 

REF-Ol I 
+10V output which can be adjusted over a ±3% range with 
minimal effect on temperature stability. Single-supply opera
tion over an input voltage range of 12V to 40V, low current 
drain of 1 mA, and excellenttemperature stability are achieved 
with an improved bandgap design. Low cost, low noise, and 
low power make the REF-01 an excellent choice whenever a 
stable voltage reference is required. Applications include DIA 
and AID converters, portable instrumentation, and digital 
voltmeters. Full military temperature range devices with 
screening to MIL-STD-883 are available. For guaranteed 
long-term drift see the REF-10 data sheet. 

PIN CONNECTIONS 

N.C, 

• 
N,C,07N.C. 

VIN 2 6 VOUT 

N.C. 3 5 TRIM 

4 
GROUND 

ICASE) 

TO-99 
(J-Sufflx) 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN SO 
(S-Suffix) 

REF-01RC/883 
LCC 

(RC-Sufflx) 

r---------~--~r-------~----------------.---~INP~ 

REV. B 

R3 

RS 
al~~~~~------~~~----------~~----------~-------4 

Rl 

R2 

RIS 

al. 

2 

OUTPUT 
6 

R12 ""16.7kn 

R9 "" 50kn 
TRIM 

S 

Rll"" 2kU 

L-----------______ ~--------------------------~--------~--~4GROUND 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Input Voltage 

REF-01, A, E, H, RC, All DICE ....................................... 40V 

REF-01 C •.•••••••••••.••••••••••••••••.••••.•.....•.••••••••••••••..••••••••••.•• 30V 
Output Short-Circuit Duration 

(to Ground orVIN) .................................................. Indefinite 
Storage Temperature Range 

J, RC, and Z Packages ••••••••••••••••••••••••••••• -65· Cto+150·C 
P Package ................................................. -65°Cto +125·C 

Operating Temperature Range 

REF-01 A, REF-01, REF-01 RC .••.••.•.•••.••••• -55·C to + 125·C 
REF-01 E, REF-01 H, 

REF-01 CJ, REF-01 CZ •••••••••••.•....••....•••••.•••••••• O·C to +70·C 
REF-01 CP, REF-01 CS •.•••••••••••••••••••••••••••••• -40·C to +85·C 

Junction Temperature (TI) ••• : ......................... -65·C to +150·C 
Lead Temperature (Soldering, 60 sec) ••• : ••••••••••••••••••••••• 300·C 

PACKAGE TYPE e lA (NOTE 2) alC UNITS 

TO·99 (J) 170 24 'C/W 

B·Pin Hermetic DIP (Z) 182 26 'C/W 

B·Pln Plastic DIP (P) 110 50 'c/w 
2O·Contact LCC (RC) 120 40 'C/W 

B·PlnSO(S) 160 44 'C/W 

2O·Contact PLCC (PC) 60 39 'C/W 

NOTES: 
1. Absolute maximum ratings apply 10 both DICE and packaged parts, unless 

otherwise noted. 
2. alA Is specified for worst case mounting conditions, I.e., e lA Is specified for 

device In eocket for TO, CerOlP, P-DIP, and LCC peckages; aJA Is specmed 
for device eoldered to printed circuit board for SO and PLCC p8ckages. 

ELECTRICAL CHARACTERISTICS at VJN = +15V, TA = 25·C, unless otherwise noted. 

REF-01A1E REF-01/H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Output Voltage Vo IL =0 9.97 10.00 10.03 9.95 10.00 10.05 V 

Output Adjustment Range <1Vtrim R~= 10kO ±3.0 ±3.3 ±3.0 ±3.3 % 

Output Voltage Noise ene:e O.IHz 1010Hz (Note 6) 20 30 20 30 "VI!:~ 
Line Regulation (Note 4) VIN = 13V to 33V 0.006 0.010 0.006 0.010 %IV 

Load Regulation (Note 4) IL =010 10mA 0.005 0.006 0.006 0.010 %/mA 

Turn-on Settling Time ton To ±0.1% of final value 5 5 ,.s 

Quieecent Supply Current Isv No Load 1.0 1.4 1.0 1.4 mA 

Load Current IL 10 21 10 21 mA 

Sink Current Is (Note 7) -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 mA 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, -55·C ~ T A ~ + 125°C for REF-01 AlE, and O°C ~ T A ~ + 70°C for REF-01 Hand 

IL = OmA, unless otherwise noted. 

PARAMETER 

Ouput Voltege Change with 
Temperature (Notes I, 2) 

Output Voltage 
Temperature Coefficient 

Change In Vo Temperature 
Coefficient with Output 
Adjustment 

Line Regulation 
(VIN = 13V to 33V) (Note 4) 

Load Regulation 
(lL = 0 to BmA) (Note 4) 

NOTES: 

SYMBOL 

TCVO 

CONDITIONS 

O'CSTAS+70'C 
-55'CSTAS+I25'C 

(Note 3) 

Rp=10kO 

O'CSTAS+70'C 
-55'CSTA S+I25'C 

O'CSTAS+70'C 
-55'CSTA S+I25'C 

1. <1VOT Is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 10V: 

IVMAX - V MIN I 
<1VOT= 10V X 100 

2. <1VoT speclflcatlon applies trimmed to +10.000Vor untrimmed. 
3. TCVo is defined as <1VoT dlvlded by the temperature range,l.e., 

6-84 VOL rAGE REFERENCES 

REF-01A1E REF-01/H 
MIN TVP MAX MIN TVP MAX UNITS 

0.02 0.06 0.07 0.17 
% 

0.06 0.15 0.18 0.45 

3.0 B.5 10.0 25.0 pprnl"C 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 
%IV 

0.009 0.015 0.009 0.015 

0.006 0.010 0.007 0.012 
%/mA 

0.007 0.012 0.009 0.015 

<1VOT (0' to +70'C) 
TCVo (0' to +70'C) = 70'C 

<1VOT (-55' to +125'C) 
and TCVo (-55' to +125'C) = 180'C 

4. Line and Load Regulation specifications include the effect of self heating. 
5. Guaranteed by design. 
6. Sample tested. 
7: During sink current test the device meets the output voltage specified. 

REV.S 



REF-Ol 
ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = 25·C, unless otherwise noted. 

REF-01C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage Vo IL =OmA 9.90 10.00 10.10 V 

Output Adjustment Range <1Vtrim Rp= 10ka ±2.7 ±3.3 '1& 

Output Voltage Noise 8nl!:!! O.IHz to 10Hz (Note 6) 25 35 "VI!:~ 
Line Regulation (Note 4) VIN = 13V to 30V 0.009 0.015 '!&IV 

Load Regulation (Note 4) IL=0108mA 0.006 O.D1S %/mA 

Turnwon Settling Time tON To ±O.1% of final value "s 
Quiescenl Supply Current Isv No Load 1.0 1.6 mA 

Load Current IL 8 21 mA 

Sink Current Is (Nole7) -0.3 -0.5 mA 

Short-Circuit Current Isc Vo=O 30 mA 

ELECTRICAL CHARACTERISTICS at VIN = + 15V·C s T AS +70·C for REF-01 CJ, CZ, -40·C S T AS +85·C for REF-01 CP,CS, 

unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change <1VOT (Notes 1 and 2) 
with Temperature 

Output Voltage 
TCVo (Note 3) 

Temperature Coefficient 

Change In Vo Temperature 
Cosfflclent with Output Rp= 10ka 
Adjustment 

Line Regulation (Note 4) VIN = 13V to 30V 

Load Regulation (No18 4) 'L =010 SmA 

, NOTES: 
1. <1 VOT I. defined as the absolute dlfferenca between the maximum output 

vol18ge and the minimum output vol18ge over the specified temperature 
range expressed as a percantage of 10V: 

<1V =IVMAX-VMINIX100 
OT 10V 

2. <1VOT specification applies trimmed to +10.000V or untrimmed. 
3, TCVo is defined as <1VOT divided by the temperature range, i.e" 

OUTPUT ADJUSTMENT 

J:'SV 
VIN 

Vo • OUTPUT 

REF-01 

TRIM 
5 

10k" 
GND 

l' 
1 

The REF-01 trim terminal can be used to adjust the output 
voltage over a 10V ±300mV range. This feature allows the 
system deSigner to trim system errors by setting the refer
ence to a voltage other than 10V. Of course, the output can 

REV. B 

MIN 
REF-01C 

TYP MAX 

0.14 0.45 

20 65 

0.7 

0.011 0.018 

0.009 0.018 

_ <1VOT 
TCVo -7o"C 

UNITS 

'1& 

ppmrC 

ppml'l& 

'I&IV 

'I&ImA 

4. Line and Load Regulation speCifications include the effect of self 
heating. 

5. Guaranteed by design. 
6. Sample tested. 
7. During sink current test the device meets the output voltage specified. 

BURN-IN CIRCUIT 

f +1BV 

VIN 

REF-01 

GND 

also be set to exactly 10.000V, or to 10.240V for binary 
applications. 

Adjustment of the output does not significantly affect the 
temperature performance of the device. The temperature 
coefficient change is approximately 0.7 ppm'· C for 100mVof 
output adjustment. 
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DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

DIE SIZE 0.074 X 0.048 Inch, 3552 sq. mils 
(1.88 X 1.22 mm, 2.29 sq. mm) 

2. INPUT VOLTAGE (VII~) 
4. GROUND 
5. TRIM 
8. OUTPUT VOLTAGE (VOUT) 

WAFER TEST LIMITS at VIN=+15V, TA= 25°Cfor REF-O'1N and REF-01G devices; TA= 125°C for REF-01NTand REF-D1GT 
devices, unless otherwise noted. (Note 1) . 

REF-01NT REF-01N REF-01GT REF-01G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Output Voltage Vo IL =0 
10.05 10.03 10.10 10.05 V MAX 
9.95 9.97 9.90 9.95 VMIN 

Output Adjustmenl 
V'r1m Rp= 10kO ±3.0 ±3.0 %MIN Range 

Line Regulation Y,N = 13V to 33V 0.015 0.01 0.015 0.01 'IoN MAX 

NOTE: 
Electrical testa are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield lo.s, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate speCifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = 25° C, unless otherwise noted. 

REF-01NT REF-01N REF-01GT REF-01G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Load Regulation 
IL =Oto 10mA 

0.007 0.005 0.009 0.006 %lmA 
IL =Oto SmA, NT, GT@+125°C 

Output Voltage Noise enl!~1! O.lHz to 10Hz 20 20 20 20 pV~_~ 

Turn-On Settling 
tON 

To ±0.1% of Final Value 
7.5 5.0 7;5 5.0 

Time NT, GT@ +l25°C 
ps 

Quiescent Current ISY No Load, NT, GT @ + 125~ C 1.4 1.0 1.4 1.0 mA 

Load Current IL 21 21 21 21 mA 

Sink Current Is -0.5 -0.5 -0.5 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 30 30 mA 

Output Voltage 
TCVo 10 10 10 10 ppm/°C Temperaturs Coefficient 

NOTE: 
1. For +25°C specifications of REF-01 NT and REF-Ol GT, see REF-Ol Nand 

REF-01G respectively. 
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REF-01 
TYPICAL PERFORMANCE CHARACTERISTICS 

76 

.. 

1. 

• 10 

35 

30 

10 

LINE REGULATION 
VB FREQUENCY 

¥IN== ~~Yc 
lilli' 

1111111I II 
100 lk 10k 100k 

fREQUENCV 1Hz) 

MAXIMUM LOAD CURRENT 
VB INPUT VOLTAGE 

SHORT CIRCUIT PROTECTION 

0.0031 

0.01 ~ 

0 

0.031 ~ 
I 

0.1 Z 
Q 
I-

0.31 :l 
" [i! 

1.0 
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NOISE VB BANDWIDTH (0.1 Hz 
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== I 
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FREQUENCY (Hz) 

NORMALIZED LOAD 
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/' 
/ 
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/ 

/ VIN= 15V 

" 
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~ 0.030 

~ 
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I-

~ 0.020 
o 
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!Z 
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0: 
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OUTPUT CHANGE DUE TO 
THERMAL SHOCK 

I I 
VIN = 16V 
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/ 
I 
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QUIESCENT CURRENT 
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TYPICAL APPLICATIONS 

D/A CONVERTER REFERENCE 

0.1 .-

+16V 

''''''' 
MSB LSB 

B1 B2 B3 B4 B5 B8 B7 B8 'E 

POS. FULL-SCALE-1 LSB +4.960 

ZERO-SCALE 00000000.000 

NEG. FULL-SCALE +1 LSB 0 0 0 0 0 0 0 -4.960 

NEG. FULL-SCALE 00000000-5.000 

PRECISION CALIBRATION STANDARD 

--+-11mA 

1 1 
h 

V,N 
6 + 

Vo 

-'1'1 0.1 REF·(n .-
5 10 

1 
1 
rw 

TRIM 100kn 
GNO 

r -

CURRENT SOURCE 

!2+15V VOLTAGE COMPLIANCE: -25V TO +3V 

V,N 

VO~ 

REF-01 

TRIM ~ • lOUT = 1~OV +1mA 

GND 

l' 
+ lOUT 

6-88 VOLTAGE R.EFERENCES 

AID CONVERTER REFERENCE 

+15V ANALOG 
INPUT . 
o TO +1OV +1SV 

CONVERSION TTL CLOCK 
COMPLETE INPUT 2.25MHz 

±10V REFERENCE 

+16V 

+1OV 

REF..o1 
10k!l 

OND 10k!l 

+15V 

-1OV 

5"" 

CURRENT SINK 

+.:IOUT 
V9LTAGE COMPLIANCE: -3V TO +25V 

·2 

V,N 

VO~ 

REF.o1 

TRIM ~ • lOUT = 10.:" +1mA 

GND 

1" 
!-15V 
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PRECISION CURRENT SOURCE 

A current source with 25V output compliance and excellent 
output impedance can be obtained using this circuit. REF-01 
®kee~he line voltage and power dissipation constant in 
device (.!); the only important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical3p.VN PSRR of the OP-02E will create an 8ppm 
change (3p.VlVx 25V110V) in output current over a 25Vrange. 
For example, a 10mA current source can be built (R = 1k!l) 
with 300M!l output impedance. 

25V 
Ro=------

8 X 10-6 X 10mA 

+SOY 

,---___ -=-js Vo 
V,N 

REF-01 

GND 

V,N 
vo~s~ ___ -+ ____ -._~ 

REF-01 

GND 

SUPPLY BYPASSING 

ITAIM FOR 
CALIBRATION) 

Vo - 0 
TO +25V 

For best results, it is recommended that the power supply pin 
is bypassed with a 0.1p.F disc ceramic capacitor. 

REV. B 

REF-Ol 
REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 

Three REF-01's can be stacked to yield 10.000, 20.000, and 
30.000Voutputs. An additional advantage is near-perfect line 
regulation of the 10.0V and 20.0Voutput. A 32V to 60V input 
change produces an output change which is less than the 
noise voltage of the devices. A load bypass resistor (RB) 
provides a path for the supply current (ISY) of the 20.000V 
regulator. 
In general, any number of REF-01's can be stacked this way. 
For example, ten devices will yield outputs of 10, 20, 30 ... 
100V. The line voltage can range from 105Vto 130V. However, 
care must be taken to ensure that the total load currents do 
not exceed the maximum usable current (typically 21 mAl. 

1232Vto60V 

V,N 
S 

Vo 

REF-01 

• TRIM 

GND 

4 

2 
V,N S 

Vo 

REF-01 

• TRIM 
GND 

4 

2 

V,N S 
Vo 

REF-01 

TRIM 5 
GND 

4 

,""" 

TRIMM 
OUTPU 

ED 
TS 

30. IlOOV 

, .. " 
20 .ooov 

10kn 

'0. OOOV 

RB 
6.8kO 
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1IIIIIIII ANALOG 
WDEVICES 

+ 5V Precision Voltage 
ReferencelTemperature Transducer 

FEATURES 
• 5 Volt Output ............................ ±O.3% Max 
• Temperature Voltage Output ................ 2.1mV/oC 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability ....... 8.5ppm/o C Max 
• Low Noise .............................. 151'Vp_p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range .................. 7V to 40V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 
• Available in Die Form 

ORDERING INFORMATION' 

TA = 25'C 
PACKAGE OPERATING 

VosMAX CERDIP PLASTIC LCC TEMPERATURE 

(mY) T0-99 B-PIN B-PIN 2D-CONTACT RANGE 

:15 REF02AJ" REF02AZ* MIL 

:15 REF02EJ REF02EZ COM 

:25 REF02J* REF02Z* REF02RC/883 MIL 

:25 REF02HJ REF02HZ REF02HP COM 

:50 REF02CJ REF02CZ COM 

:50 REF02CP XIND 

:50 REF02CStt XIND 

:100 REF02DJ REF02DZ REF02DP COM 

* For devices processed In lolal compliance to MIL-STD-883, add /883 after part 
number. Consult factory lor 883 data sheet. 
Burn-in is available on commercial and Industrial temperature range parts in 
CerDIP, plastiC DIP, and TO-can packages. 

" For availability and burn-in Information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

REF-02 I 
GENERAL DESCRIPTION 
The REF-02 precision voltage reference provides a stable 
+5V output which can be adjusted over a ±6% range with 
minimal effect on temperature stability. Single-supply operation 
over an input voltage range of 7V to 40V, low current drain of 
1 mA, and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low 
power make the REF-02 an excellent choice whenever a 
stable voltage reference is required. Applications include 
D/A and AID converters, portable instrumentation, and 
digital voltmeters. The versatility of the REF-02 is enhanced 
by its use as a monolithic temperature transducer. For +10V 
references, see the REF-01 and REF-10 data sheets. 

PIN CONNECTIONS 

REF-02RC/883 
LCC (RC-Suffix) 

N.C. 

• 
N,CO·7N.C. 

VIN 2 6 VOUT 

TEMP 3 5 TRIM 

• GROUND 
CASE 

TO-99 (J-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 
8-PINSO 
(S-Suffix) 

r-------~~~~----~--------------~---o~~T 

REV. B 

03 

m;r~~~~----~~--------~~---------+------~ 

0' 
3 

TEMPo-+------' 

02 

OUTPUT • 

L-____________ ~~ ____________________ ~~------+_--_o:RO~D 

VOL rAGE REFERENCES 6-91 



REF-02 
ABSOLUTE MAXIMUM RATING.S (Note 1) 
Input Voltage 

REF-02A, E, H, RC, All DICE ......................................... 40V 
REF-02C, D .................................................................... 30V 

Output Short-Circu~ Duration 

(to Ground or VIN) ................................................... Indefinite 
Storage Temperature Range 

J, RC, and Z Packages .............................. -65°C to + 150°C 

P Packages ................................................ -65°C to + 125°C 
Operating Temperature Range 

REF-02A, REF-02, REF-02RC .................. -55°C to + 125°C 

REF-02E, REF-02H ......................................... O°C to +70°C 
REF-02CJ,CZ, REF-02D ................................. DoC to +70°0 
REF-020P, CS ............................................ -40°C to +85°C 

Lead Temperature (Soldering, 60 sec) ........................... 300°0 

Junction Temperature (Tj) .......... : ..... ~ ............ -es"Cto +150·C 

PACKAGE TYPE alA (NOTE 2) a lc UNITS 

TO·99 (J) 170 24 'C/W 

B·Pln Hermetic DIP (Z) 182 28 'C/W 

B·Pln Plastic DIP (P) 110 50 'C/W 

20·Ccnlact LCC (RC. TC) 120 40 'C/W 

B-PlnSO (S) 160 44 'C/W 

20·Conlact PLCC (PC) BO 39 'C/W 

NOTES: 
1. Absolute maximum ratings apply 10 both DICE and packaged paris, unless other· 

wisenolad. 
2. alA Is sp8cifled forworsl case mounting condWons. I.e .• alA Is speclfted for devios 

In socket for TO. CarDIP. P·DIP, and LCC packages; al ... Is specified for davios 
soldered 10 printed eireuft board for SO and PLCC packages. 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = +25°C, unless otherwise noted. 

REF-OWE REF-02lH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Oulpul Vollage Vo IL=O 4.985 5.000 5.015 4.975 5.000 5.025 V 

Oulput Adjustment Range ~Vtrim R~= 10kO ±3 ±6 ±3 ±B % 

Output Vollage Noise 8nl:!:l! O.IHz to 10Hz (Note 7) 10 15 10 • 15 "V~~ 
Line Regulation (NOla 2) V,N =BVto33V 0.006 0.010 0.006 0.010 'IoIV 

Load Regulalion (Note 2) IL =Oto 10mA 0.005 0.010 0.006 0.010 %lmA 

Turn-on Settling Time tON To ±0.1'11o of final value 5 5 ,.. 
Quiescent Supply Current ISY No Load 1.0 1.4 1.0 1.4 mA 

Load Current IL 10 21 10 21 mA 

Sink Currenl Is (NoteS) -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 mA 

Temperalure Vollage Output VT (Note 3) 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, -550 C S; TA S; ± 1250 C for REF-02A and REF-02, 0 0 C S; T p + 700 C for 
REF-02E and REF-02H, IL = Om A, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Vollage Change with 
~VOT 

O'CSTAS+70'C 
Tempereture (Notes 4. 5) -55'CST ... S+125'C 

Output Vollage 
TCVo (Note S) 

Tempereture Coefficient 

Change In Vo Temperature 
Coefficient with Output Rp= 10kO 
Adjustmant 

Line Regulation O'CST ... S+70'C 
(V,N = 8 to 33V) (Note 2) -55'CST ... S+I25'C 

Load Regulation O'CST ... S+70'C 
(lL =OtoSmA) (Note 2) -55'CST ... S+I25'C 

Temperatura Vollage Output 
TCVT (Note 3) 

Temperalure Coefficient 

NOTES: 
1. Guaranteed by design. 
2. Line and Load Regulalion specifications include the effect of self heating. 
3. Limil current In or Oul of pin 310 50nA and capacitance on pin 3 to 3OpF. 
4. IlVOT is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 

~VOT=r-~~VMIN Ix 100 
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REF-02A1E REF-02/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.08 0.07 0.17 
% 0.08 0.15 O.IS 0.45 

3 B.5 10 25 ppmfOC 

0.7 0.7 ppml1lo 

0.007 0.012 0.007 0.012 
'IoIV 0.009 0.015 0.009 0.015 

0.006 0.010 0.007 0.012 
%lmA 0.007 0.012 0.009 0.015 

2.1 2.1 mVrC 

5. ~VOT specification applies trimmed to +5.000V or unlrimmed. 
6. TCVo is defined as ~VOT divided by Ihelemperature range, I.e .. 

~VOT 

TCVo= 70'C 

7. Sample Tested. 
S. During sink currenllesllhe driver meets the output voltage specified. 
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REF-02 
ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = 25° C, unless otherwise noted. 

REF-02C REF-D2D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =OmA 4.950 5.000 5.050 4.900 5.000 5.100 V 

Output Adjustment Range 4Vtrim R~= 10kO ±2.7 ±6.0 ±2.0 ±6.0 'II> 

Output Voltage Noise 8nl:!:I:! O.lHz to 10Hz (Note 7) 12 18 12 "V~_~ 
Line Regulation (Note 2) VIN = 8V to SOV 0.009 0.015 0.010 0.04 "IoN 

Load Regulation (Note 2) 
IL=Ot08mA 0.006 . 0.015 

'lb/mA 
IL =Ot04mA 0.015 0.04 

Turn-on Settling Time tON To ±0.1'11> of final value 5 5 "s 

Quiescent Supply Current Isv No Load 1.0 1.6 1.0 2.0 mA 

Load Current IL 8 21 21 mA 

Sink Current Is (NoteS) -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 mA 

Temperature Voltage Output VT (Note 3) 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN = + 15V; IL = OmA, O°C s T AS + 70°C for REF-02CJ, CZ, OJ, OZ, OP; -40°C S T AS +85°C 

for REF-Q2CP, CS; unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change with 
aVOT (Notes 4 and 5) 

Temperatura 

Output Voltage 
TCVo (Note 6) 

Temperatura Coefficient 

Change In Vo Temperature 
Coefficient With Output Rp= 10kO 
Adjustment 

Line Regulation (Note 2) VIN = 8V to SOV 

Load Regulation (Note 2) IL =0 to 5rt.A 

Temperatura Voltage Output 
TCVT (Note 3) 

Temperatura Coefficient 

NOTES: 
1. Guaranteed by design. 
2. line and Load Regulation specifications include the effect of self heating. 
3. Limit current in or out of pin 3 to SOnA and capacitance on pin 3 to 30pF. 
4. dVor is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed 85 a percentage of 5V. 

aVoT=~M5VVMINlx 100 

5. {,.vOT specification applies trimmed to +5.000V or untrimmed. 
6. TCVo is defined as aVOT divided by the temperature range. i.e., 

aVOT 

TCVo= 70·C 

7. Sample Tested. 
8. During sink current test the device meets the output voltage specified. 

REV. B 

REF-D2C REF-02D 
MIN TYP MAX MIN TYP MAX UNITS 

0.14 0.45 0.49 1.7 'II> 

20 65 70 250 ppmrC 

0.7 0.7 ppml% 

0.011 0.018 0.012 0.05 "IoN 

0.008 0.018 0.016 0.05 'lb/mA 

2.1 2.1 mVrC 
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REF-02 
DICE CHARACTERISTICS (1250 C TESTED DICE AVAILABLE) 

DIE SIZE 0.074 X 0.048 Inch, 35.52 sq. mils 
(1.88 X 1.22 mm, 2.29 sq. mm) 

2. INPUT VOLTAGE (V.N> 
3. TEMPERATURE TRANSDUCER 

OUTPUT VOLTAGE (TEMP) 
4. GROUND 
5. TRIM 
6. OUTPUT VOLTAGE (VOUT) 

WAFER TEST LIMITS at VIN = + 15V, TA = 25° C for REF-02N and REF-02G devices; TA = 125° C for REF-02NT and REF-02GT 

devices, unless otherwise noted. (Note 3) 

REF-02NT REF-02N REF-D2GT REF-02G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Output Voltage Vo IL =0 
4.975 4.985 4.950 4.975 VMIN 
5.025 5.015 5.050 5.025 V MAX 

Output Adjustment 
Vtrlm Rp= 10kO ±3 ±3 %MIN 

Range 

Line Regulation VIN = SV to 33V 0.015 0.01 0.015 0.01 %N MAX 

NOrE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assambly methods and normal yield loss, yield after packaging is not 
guarenteed for standard product dice. Consult factory to negotiate specifications basad on dice lot qualification through sample lot assembly and "'sting. 

TYPICAL ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = +25°C, unless otherwise noted. 

REF-02NT REF-02N REF-D2GT REF-02G 
PARAMErER SYMBOL CONDlrlONS rYPICAL rYPICAL rYPICAL rYPICAL UNITS 

Temp. Voltage Output VT (Notes I, 2) 630 630 630 630 mV 

Temp. Voltage Output 
TCVT (Notes I, 2) 2.1 2.1 2.1 2.1 mVrC 

Temp. Coefficient 

Output Voltage 
TCVo 10 10 10 10 ppm/oC 

Temp. Coefficient 

Load Regulation 
IL =Oto 10mA 

0.007 0.005 0.009 0.006 %/mA 
IL = 0 to SmA, NT, GT@+125°C 

Output Voltage Noisa enl!~E! 0.1 Hz to 10Hz 10 10 10 10 I'Ve-e 
Turn-On Settling 

tON 
To ±O.I%offlnal 

7.5 5.0 7.5 5.0 
Time value, NT, GT@ +125" C 

pS 

Quiescent Supply Current Isv No Load. NT, GT@+125"C 1.4 1.0 1.4 1.0 mA 

Load Current IL 21 21 21 21 mA 

Sink CUrrent Is -0.5 -0.5 -0.5 -0.5 mA 

Short-Circuit Current Isc Vo=O 30 30 30 30 mA 

NOTES: 
1. See AN-18 for detailed REF-02 thermometer applications Information. 
2. Limit current in or out of pin 3 to 50nA and capacitance on pin 3to 3OpF. 
3. For+25° C speCifications of REF-02NT and REF-02GT, see REF-02N and 

REF-02G respectively. 
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OUTPUT ADJUSTMENT 
The REF-02 trim terminal can be used to adjust the output 
voltage over a 5V ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer
ence to a voltage other than 5V. Of course, the output can also 
be set to exactly 5.000V or to 5.12V for binary applications. 

OUTPUT ADJUSTMENT CIRCUIT 

t'5V 
V,N 

Vo 
6 

OUTPUT 

REF-02 

o-----! TEMP TRIM 5 10kn 

GND 

l' 
-1 

TYPICAL PERFORMANCE CHARACTERISTICS 

REF-02 

Adjustment of the output does not significantly affect the 
temperature performance of the device. Typically, the tem
perature coefficent change is O. 7ppm/o C for 100mVof output 
adjustment. 

BURN-IN CIRCUIT 

r:'BV 
VIN 

REF-02 

GND 

r -'BV 

OUTPUT WIDEBAND NOISE 
va BANDWIDTH (O.1Hz 

TO FREQUENCY INDICATED) 
LINE REGULATION 

vs FREQUENCY 
OUTPUT CHANGE DUE TO 

THERMAL SHOCK 
10,000 

l,ODD 
> 

"" i .. 
:0 '00 eo 
5 

'0 ~ 
'0 '00 'k 10k 100k 

FREQUENCY (Hz) 
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'M 

'6 

•• 
56 

46 

36 

26 

'6 

6 
'0 

Vs .. 15V 
TA - +26°C 

1111111 

11111111 III 
'00 

'\ 

'k 10k 100k 
FREQUENCY (Hz) 

0.0031 

0.01 'B' 
o 

0.03'~ 

0.' 

0.3' 

'.0 

3.' 

10.0 

'M 

0.036 

0.030 

VINI. ,6v l 
0.025 

TA = TA = 
2"C ,,,c - -

V -
/ 
I 

0.020 

0.015 

0.010 

0.006 
DEVICE IMMERSED 

o 
-'0 

V IN 7SOC OIL BATH 

10 20 30 40 60 80 
TIME (SECj 
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REF-02 
TYPICAL PERFORMANCE CHARACTERISTICS 

.. 
MAXiMUM LOAD CURRENT 

vslNPUT VOLTAGE 

SHORT CIRCUIT PROTECTION 

30 

~ 
~25 

/' 5OOmwL~ 
/ .. 

!5 20 

" ~ 16 

~ 
.. 10. 

i 
0. 

S 

0..03 

~ 0.02 
!i 
~ 
ffi 
::; 0.01 
z 
::; 

0..0. 
S 

DISSIPATION 

/ 
/ 

I 

\ 

TA = 2lre 

10. 16 20 
INPUT VOLTAGE (VOLTS) 

LINE REGULATION 
VB SUPPLY VOLTAGE 

TALe 

\ 
"' '--

10 15 20 25 

INPUT VOLTAGE (VOL TSI 

TYPICAL APPLICATIONS 

±5V REFERENCE 

V,N 

Vo • 
O.1pF REF-02 

TRIM 6 

GNO 

6kn 
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REF-02 
PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR 

V" 
Vo 

0' 

" 

V REF R, 

R, 
50kl"l 

* UP TO 10 FEET OF SHIELDED 
4-CONDUCTOR CABLE 

TYPICAL TEMPERATURE VOLTAGE 
OUTPUT vs TEMPERATURE (REF-02A) 

880 

830 

~780 

~ 730 

~ 
5 680 

~ 630 

~ g 580 

~ 530 

480 

430 

VIN '" 15V V 
/ 

/ 

/ 
/ 

V 

R, 

-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (Gel 

TEMPERATURE CONTROLLER 

V+ (12 TO 32V) 

,-----+----------+---, 

r - - - - - - - - - - I cC------ ---
I m (M 
I V'N 6 I (9,2kn) ~ 2 

I HEAT'NG Vo I-"-I'----¥./y-+-~ 
I ELEMENT REF·02 3 I 1.~~n 
I GNO Tr.-~V--ri 

~ ____ (S~~T~ll ___ ~ 
R5 

2.2kn 

NOTES: 

1. REF-02 SHOULD BE THERMALLY CONNECTED 
TO SUBSTANCE BEING HEATED. 

2. NUMBERS IN PARENTHESES ARE FOR A 
SETPOINT TEMPERATURE OF 60°C. 

3. R3 = Rl11R211R6 

REV. B 

R2 
1.Skn 

R" 
2.7kn 

.'" R7 
~27kn 

RESISTOR VALUES 
TCVOUT SLOPE (S) 10mVloC 100mVloC 10mVfOF 

TEMPERATURE -55°C to -55°C to -67°F to 
RANGE +125°C +125°C +257°C 

OUTPUT VOLTAGE -0.55V to -5.5V to -0.67Vto 
RANGE +1.25V +12.5V' +2.57V 

ZERO-SCALE OV@O°C OV@O°C OV@O°F 

As (± 1% resistor) 9.09kO 15kO 7.5kO 

Rb1 (± 1% resistor) 1.5kO 1.82kO 1.21kO 

Rbp (Potentiometer) 2000 5000 2000 

Rc (±1% resistor) 5.11kO 84.5kO 8.25kO 

-For 125°C operation, the op amp output must be able to swing to +12.5V, 
increase Y,N to +1BV from +15V if this is a problem. 

REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 
Two REF-01's and one REF-02 can be stacked to yield 5.000V, 
15.000V and 25.000Voutputs. An additional advantage of this 
circuit is near-perfect line regulation of the 5.0V and 15.0V 
outputs. A 27V to 55V input change produces an output 
change which is less than the noise voltage of the devices. A 6 
load bypass resistor (Rs) provides a path for the supply 
current (ISY) of the 15.000V regulator. 
In general, any number of REF-01's and REF-02's can be 
stacked this way. For example, ten devices will yield ten 
outputs in 5Vor 10V steps. The line voltage can range from 100V 
to 130V. However, care must be taken to ensure that the total 
load currents do not exceed the maximum usable current 
(typically 21mA). 

1227V TO 55V 

V'N 
6 25.00 

Va 
OV 

REF-01 

5 
TRIM 10kS] 

GNO 

" 
2 

V'N 6 
15.0 

Vo 

OOV 

REF-01 

TRIM 5 10kn 
2 GNO 

OV V'N 6 " 5.00 

Va 

REF-02 

TRIM 
5 

10kn 
RB 
6.8kn 

GNO 

4 
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REF .. 02 
PRECISION CURRENT SOURCE 
A current source with 35V output compliance and excelient 
output impedance can be obtained using this clrcllit. REF-02 
®keeps the line voltage and power dissipation constant In 
device CD; the only important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical 3p.VN PSRR of the OP-02E will create a 20ppm 
change (3p.VN x 35V15V) in output current over a 35V range. 
For example, a 5mA current source can be built (R = 1 kO) 
with 350MO output impedance. 

35V 

Ro = 20 X 1Q-6 x 5mA 

,:60V 

• Vo 

V,N 

REF..(J2 

® 
ONO 

2 4 

V ,N • Vo 

ReF-02 

C 
R 

CD (TRIM FOR 
CALIBRATION) 

GND '----

4 
R 

~, 1 ,r 
~ .L-

a 

't' 
vo·orD36V 

RC ·,0 ..... C -6V IO·~ 

CURRENT SOURCE 

12+16V 

V'1\l .!...--Vo 

REP..Q2 
3 

TRIM Lo IOUT"~+'mA R 

GND 

14 

+ 10U'l' 

VOLTAGE COMPLIANCE: -26V TO +IV 
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CURRENT SINK 

lOUT 

REF-02 

TRIM 6 

GND 

-1SV 

VOLTAGE COMPLIANCE: -BY TO 26V 

D/A CONVERTER REFERENCE 

6.Okn 

+lav MSS 

±3V REFERENCE 

+7.5V 

R lOUT" ~ +1mA 

LSB 5.0kn 

t=--.-----+----o Vol+1 .. +3.OV 

Rl 
20kIl 

SUPPLY BYPASSING 

>_p--<>voH • -3.OV 

For best results, it is recommended that the power supply pin 
is bypassed with a 0.1 /-IF disc ceramic capacitor. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• +2.S Volt Output ........................... ±O.6% Max 
• Wide Input Voltage Range. . . . . . . . . . . . . . . . . .. 4.SV to 33V 
• Supply Current ............................ 1.4mA Max 
• Output Voltage Tempco .................. SOppm/·C Max 
• Line Regulation .......................... SOppm/V Max 
• Load Regulation ...................... 100ppm/mA Max 
• Extended Industrial Temp Range ......... -40·C to +8S·C 
• Low Cost 
• Available in Ole Form 

ORDERING INFORMATIONt 

PLASTIC PACKAGE 

REF03GP 
REF03GStt 

OPERATING 
TEMPERATURE 

RANGE 

XIND 
XIND 

Burn-in is available on commercial and industrial temperature rflnge parts in 
plastic DIP. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

+ 2.5V Precision 
Voltage Reference 

REF-03 I 
GENERAL DESCRIPTION 
The REF-03 precision voltage reference provides a stable +2.5V 
output, with minimal change for variations in supply voltage. 
ambient temperature or loading conditions. Single-supply 
operation over an input voltage range of +4.5V to +33V with a 
current drain of 1 mA and good temperature stability is achieved 
using an improved bandgap design. Primarily targeted at price
sensitive applications. the REF-03 is available in plastic mini
dips and surface-mountable small outline plastic packages. For 
improved performance or -55°C/125°C operation, see the 
REF-43 data sheet. 

PIN CONNECTIONS 

8-PIN PLASTIC DIP 
(P-Sufllx) 

8-PIN SO 
(S-Suffix) 

r-------.-"""1r----...---------~----<>~NPUT 

REV.C 

OUTPUT 
6 

TRIM 
5 

~ ____ ~ ___ ~------------~~----4_-__o~ROUND 
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REF~03 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ••.•.•••••.•••.••.••••••.•••••••••••••••.••••••••••••••••••••••••• +40V 

OutpUt Short-Circuit Duration ••••.••••••.••.•••••••••••••••.•••••• Indefinite 

Operating Temperature Range 
REF-03G (P,S) .•••••••••.•••••••••.•••••••••.•••••••••••• -40·C to +85'C 

Storage Temperature Range .•.•••••••.••••••••..•••• -65·C to +175'C 

Junction Temperature Range •••••••••••••••••.•••••• -65·C to +175'C 

Lead Temperature (Soldering, 10 sec) .••.•••••.••.••.••••••••• +300'C 

PACKAGE TYPE al~(NOTE2) 

8-Pln Plastic DIP (PI 110 50 'C/W 
8-Pln6O(S) 160 44 'C/W 

NOTES: 
I. Absolule maximum ralings apply to bolh DICE and pactcaged parts, unla •• 

otherwise noted. 
2. alA Is specified for worst case mounting conditions, i.e., alA Is specified for 

device in socket for P·DIP package; alA Is specified lor device soldered to 
printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at VIN = +15V, -40'C:s TA:S +B5'C, unless otherwise noted. 

REF-03G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage Vo No Load 2.485 2.500 2.515 V 

Output Voltage Tolerance No Load 0.2 0.6 % 

Output Voltage 
TCVo (Note I) 10 50 ppm/'C 

Temperature Coefficient 

Line Regulation Y,N = +4.SV to +33V 20 50 ppmlV 

0.002 0.005 'IoIV 

Load Regulation IL = OmA to 10mA 60 100 ppm/mA 

0.006 0.010 'IoImA 

Load Current (Sourcing) IL 10 21 mA 

Load Current (Sinking) Is -0.3 -0.5 mA 

Short-Circuit Output Current Ise Output Shorted to Ground 24 mA 

Quiescent Supply Current ISY No Load 1.0 1.4 mA 

Turn-On Setlling Time tON To ±O.I% 01 Final value 5 ,.s 

Output Voltage Noise enp-p 0.1 Hz to 10Hz 6 ,.VP-f> 

Output Adjustment Range aVTRIM RPOT = 10kO ±6 ±11 % 

Input Voltage Range 4.5 IS 33 V 

Temperature Voltage Output VT (Note 2) 620 mV 

NOTES: 
I. TCVo Is measured by the endpoint method, 2. Limit current In or out 01 pin 3 to 50nA and capacitance on pin 3 to 30pF. I V(85'C) - V(-40'C) I and is equal to 6 in ppm/'C. 

(2.5 x 10- ) (12S'C) 

BURN-IN CIRCUIT OUTPUT VOLTAGE TRIM METHOD 

Hav 

If,o .. ,on 
2 

V,N 

f: 
V,N • VOUT VOUT 

REF~D3 

~: TRIM 
GND 10kO 

REF~03 l' 
GND 

4 

'1'0.' 
J-

-18V 
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DICE CHARACTERISTICS 

DIE SIZE 0.048 X 0.074 Inch, 3552 sq. mils 
(1.22 X 1.88 mm, 2.29 sq. mm) 

WAFER TEST LIMITS at VIN = +15V, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

Output Voltage Tolerance Va IL =0 

Line Regulation V'N = +4.5V to +33V 

Output Adjust Range VTRIM Rp= 10kO 

Quiescent Supply Current ISY No Load 

NOTE: 

REF-03 

2. V,N 
3. VT ••• 

4. GROUND 
5. TRIM 
6. VOUT 

REF-03G 
LIMIT UNITS 

2.500 ±0.015 V MAX 
0.6 % MAX 

50 ppmlVMAX 
0.005 % MAX 

±6 %MIN 

1.4 mAMAX 

Electrical tests are performed at waf.r probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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REF-03 

TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 
The REF-03 provides a stable + 2.5V output voltage with min
imal dependence on load current, line voltage or tempera
ture. This voltage is typically used to set an absolute refer
ence point in data conversion circuits, or in analog circuits 
such as log amps, 4-20mA transmitters and power supplies. 
The REF-03 is of particular value in systems requiring a 
precision reference using a single +5V supply rail. 

Because an onboard operational amplifier is used to amplify 
the basic bandgap cell voltage to 2.5V, supply decoupling is 
critical to the transient performance of a voltage reference. 
The supply line should be bypassed with a lO"F tantalum 
capacitor in parallel with a O.01"F to O.1"F ceramic capacitor 
for best results as shown in Figure 1. For less critical condi
tions, a single O.1"F capacitor is adequate. The bypass 
capacitors should be located as close to the reference as 
possible. Inadequate bypassing can lead to instabilities. 

Output bypass capacitors are not generally recommended. If 
necessary for high-frequency output impedance reduction, 
the capacitance value used should be at least 1"F. 

FIGURE 1: Basic Connections 

V+ 

8-~ 
-: O'i~ 

2 

V'N 

REF-03 Your ~VOUT+2.5V 

GND 

~ 

GENERATING AN ADJUSTABLE BIPOLAR 
VOLTAGE REFERENCE 
Many times, there is a requirement for an adjustable bipolar 
reference. A simple method of generating such a reference is 
to connect the output of the REF-03 to an op amp in an 
adjustable gain configuration as shown in Figure 2. Thetrim
able resistor is then used to generate the desired output 
voltage from -2.5V to +2.5V. 

GENERATING A -2.SV REFERENCE 
Often, there is a requirement for a negative reference voltage. 
The simplest method of generating a -2.5V reference with the 
REF-03 is to connect an op amp in a gain of -1 to the output, 
as shown in Figure 3. This provides both positive and nega
tive 2.5V references. Figure 4 shows another method of 
obtaining a negative reference, in which the current-output 
element is a PNPtransistor, with the REF-03 in a servo loop to 
ensure that the output remains 2.5V below ground. 

REV.C 

REF-03 
FIGURE 2: Adjustable Bipolar Reference 

V+ 

SOkO 

50kO 

YOUT 
GND -2.5V TO +2.$Y 

50kn~~o-----=-t 

v-

FIGURE 3: ±2.5V Reference 

V+ 

REF-03 YOUT ,,6,.... ___ t-__ -o +2.SV 

GND 

1QOkO 

100kO 

FIGURE 4: -2.5V Reference 

+5V 

lkn 

REF-03 VOUT 

.". ..... ---0-2.5V 

2kn 

-5V 
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REF~03 

BOOST TRANSISTOR PROVIDES HIGH 
OUTPUT CURRENT 
When applications require more than 10mA current delivery, 
an external boost transistor may be added to the REF-03 to 
pass the required current without dissipating excessive 
power within the IC. The maximum current output to the 
system is bounded only by the capabilities of the boost tran
sistor. This technique is shown in Figure 5 with and without 
current limiting. Current limiting may be used to prevent 
damage to the boost transistor. In Figure 5b, the limit occurs 
when the voltage dropped across R2 exceeds one VeE (O.6V). 
The current limit is sensitive to the variations of the diodes' 
forward drop and the PNP's VeE with temperature, "and will 
decrease with increasing temperature. 

CMOS DAC REFERENCE 

FIGURE 5: Output Current Boost 

V+ 

.50 

2NZ905 

V,. 
REF-G3 VOUT "·~-+---<o +2.'5V 

GND 

2.49kO 

V+ 

+2.5V 
OTO 100mA 

GND 

2.49kn 
The REF-03 makes an excellent reference for use with CMOS 
and bipolar DACs. Figure 6 shows the REF-03 connected to 
the DAC-8012, a 12-bit parallel loading CMOS DAC with 
memory. With an OP-43 output amplifier for fast settling, the 
circuit requires less than 3mA when driven from TTL gates, 
and less than 2mA when driven from CMOS gates. In situa
tions not requiring the higher speed of the OP-43, enhanced 
linearity and some savings in power dissipation can be real
ized using an OP-97 for the output amplifier. Figure 7 shows a 
typical multiplying DAC application using a REF-03 
reference. 

a. No Current Limit b. Current Limiting 

FIGURE 6: CMOS DAC Reference 

+5V 

·OP AMP IS OP-43 IF HIGHER SPEED AND FASTER SETTLING IS REQUIRED, 
OP-97IF LOWER SPEED AND HIGHER LINEARITY IS REQUIRED. 
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REF-03 
FIGURE 7: Multiplying CMOS DAC Reference 

+12V 

VOUT < ±2.5Vp 

112 DAC-8228* +12V 

8.8k11 

\IN 
REF..a3 

VOUT 

.... 0 
+ 

lpF GND 

VOUT = -01256 X VIN WITH RESPECT 10 VIRTUAL ZERO. 

*DIGITAL INTERFACING OMITTED FOR CLARITY.. 
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r.ANALOG 
WDEVICES 

FEATURES 

• 5 Volt Output 
• Guaranteed Long-Term Stability 

. . . . . . . . . . . . . .. 100ppm/1000 Hrs Max 
• Excellent Temperature Stability ....... 8.5ppm/' C Max 
• Low Noise ............•....•.•. . . . . . . . .. 15j.1Vp_p Max 
• Low Supply Current •....•.......... . . . . .. 1.4mA Max 
• Wide Input Voltage Range ..•.......•....... 7V to 40V 
• High Load-Driving Capability .......•.•.•....... 20mA 
• Short-Circuit Proof 
• Processed Per MIL-STD-883 

PIN CONNECTIONS & ORDERING INFORMATION 

N.C. 
S 

N.CO' 7 N.C. 

VIN 2 6 Your 

TEMP 3 5 TRIM 

4 
GROUND 

CASE 

GENERAL DESCRIPTION 

TO-99 (J-Suffix) 
REF-05AJ/883 
REF-05BJ/883 

The REF-05 precision voltage reference provides a stable+5V 
output which can be adjusted over a ±6% range with minimal 
effect on temperature stability. Long-term drift is guaranteed 

SIMPLIFIED SCHEMATIC 

+ 5V Precision Voltage Reference 
(Guaranteed Long-Term Stability) 

REF-05 I 
at lOOppm/lOOO hrs. maximum. Single-supply operation over 
an input voltage range of 7V to 40V, low current drain of I mA, 
and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low power 
make the REF-05 an excellent choice whenever a stable 
voltage reference is required. Applications include D/A and 
AID converters, portable instrumentation, and digital volt
meters. The versatility ofthe REF-05 is enhanced by its use as 
a monolithic temperature transducer. For +10V Precision 
Voltage References see the REF-IO data sheet. 

LONG-TERM DRIFT PLOT (Average of 20 Devices) 

0 

0 

0 

-, 0 

1\ 
.... j...I I'\. REF-05 

-40 

-eo ....... '"'- J-. 

-10 0 

-120 

_140 
o m 40 ~ ~ ~ w m ~ m 

DAYS ELAPSED 

r-________ ~--~------_.--------------~~--~~PUT 

REV. B 

R3 

R5 

Rl 
3 

TEMPo-+----..J 

R2 

R15 

019 

OUTPUT 

• 
R12"'&.1kn 

R9 "" 18k!1: TRIM 

• 

R11 = 2kn 

~ ______________ ~~------------------------~------~ ____ ~~ROUNO 
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REF~05·· 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage 

REF-05A, B .................................................................... 40V 

Output Short-Circuit Duration 

(to Ground or V IN) ................................................. Indefinlte 

Storage Temperature Range ......................... -65·C to +160·C 

lead Temperature (Soldering, 60 sec) ......................... +300·C 

Operating Temperature Range 

REF-05A, REF-05B .................................. -55·C to + 125·C 

PACKAGE TYPE 91A (NOTE 2) UNITS 

TO-99 (J) 170 24 'C/W 

NOTES: 
1. Derate at 7.1 mWrO above 80'0 amblenltemperature for TO-99 (J) package. 
2. alA Is specified lor worst case mounting conditions, i.e., 9 1A Is specified for 

device in socket for TO package. 

ELECTRICAL CHARACTERISTICS at VIN = +15\1, TA = 25"C, unless otherwise noted. 

REF-GSA REF-05B 
PARAMETER SYMBOL CONDITtONS MIN TVP MAX MIN TVP MAX UNITS 

Output Voltage Vo IL =0 4.985 5.0 5.015 4.975 5.0 5.025 V 

Output Adjustment Range .:I.Vt~m Rp=lOkO ±3 ±6 ±3 ±6 '110 

Output Voltage Nolae ene:e O.lHzto 10Hz (Note 1) 10 15 10 15 "V~::J! 
Long-Term Stability (Note 1) 65 100 65 100 ppml1kHrs 

Line Regulation (Note 2) Y,N = 8V to 33V 0.006 0.010 0.006 0.010 'IoIV 

Load Regulation (Note 2) IL =Oto 10mA 0.005 0.010 0.006 0.010 'IIoImA 

Turn-On Settling Time ton To ±0.1'11o of IInal value 5 5 ". 
Quiescent Supply Current ISY No Load 1.4 1.4 mA 

Load Current IL 10 21 10 21 mA 

Sink Current Is (Note 7) -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Isc Vo=o 15 30 60 15 30 60 mA 

Temperature Voltage Output VT (Note 3) 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN= +15V, -SS·C:5 TA:5+125"C and IL = OmA, unless otherwise noted. 

PARAMETER 

Output Voltage Change with 
Temperature (Notes 4 & 5) 

Output Voltage 
Temperature Coefficient 

Change In Vo Temperature 
Coefficient with Output 
Adjustment 

Line Regulation 
(V,N = 8V to 33V) (Note 2) 

Load Regulation 
(IL = 0 to 8mA) (Note 2) 

Temperature Voltage Output 
Temperature Coefficient 

Quiescent Supply 
Current 

NOTES: 

SYMBOL CONDITIONS 

.:I.VOT -55'C"TA ,,+125'C 

TCVO (Note 6) 

Rp= 10kO 

-55'C"TA ,,+125'C 

-55'C" TA ,,+125'C 

(Note 3) 

Isy No Load 

1. Sample tested. Long-term stability is tested with power applied 
continuously. 

2. Line and Load Regulation specllicatlonslnclude the effect 01 sell heating. 
3. Limit current in or out 01 pin 3 to 50nA and capacitance on pin 3 to 30pF. 
4. 4VOT is dell ned as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage 015V . 

.:I.VOT = IVI'AX5VVMINIx 100 

6-108 VOLTAGE REFERENCES 

REF-GSA REF-GSB 
MIN TYP MAX MIN TYP MAX 

0.06 0.15 0.18 0.45 

3 8.5 10 25 

0.7 0.7 

0.009 0.015 0.009 0.D15 

0.007 0.012 0.009 0.015 

2.1 2.1 

1.6 2.0 1.6 2.0 

5 . .:I.VoTspecilication applied trimmed to +.5V or untrimmed. 
6. TCVo is delined as .:I.VOT divided by the temperature range. I.e .. 

_ .:I.VOT 
TCVo - 180'C 

UNtTS 

% 

ppm/'C 

ppm/% 

'lioN 

'IIoImA 

mV/'C 

rnA 

7. During sink current test the device meets the output voltage specified. 
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OUTPUT ADJUSTMENT 
The REF-OS trim terminal can be used to adjust the output 
voltage over a SV ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer
ence to a voltage other than SV. Of course, the output can also 
be set to exactly SV or to S.12V for binary applications. 

OUTPUT ADJUSTMENT CIRCUIT 

+r: 
V,N 

Vo 
6 

REF-05 

o----! TEMP TRIM 5 10kn 

GND 

l' 
J 

TYPICAL PERFORMANCE CHARACTERISTICS 

REF-05 

Adjustment of the output does not significantly affect the 
temperature performance of the device. Typically the tem
perature coefficient change is O.7ppm/o C for 100mV of 
output adjustment. 

BURN-IN CIRCUIT 

I 
VIN 

REF-05 

GND 

.~~ 

OUTPUT WIDE BAND NOISE 
VB BANDWIDTH (0.1 Hz 

TO FREQUENCY INDICATED) 
LINE REGULATION 

VI FREQUENCY 
OUTPUT CHANGE DUE TO 

THERMAL SHOCK 

10,000 

t= 

§ 

~ ,. ,. 

REV. B 

100 1k 10k lOOk 1M 

FREQUENCY 1Hz) 

76 

66 

.. 
46 

36 

26 

,. 
6 ,. I 

VS ·+l5V 
TA = +26"C 

11111111111 
100 

0.0031 

0.01 

~ 0.031 

•. 1 

0.31 

1 .• 

3.1 

10.0 
1k 10k lOOk 100M 

FREQUENCY (Hz) 

0.036 

0.030 

VIN
I".v l 

..026 
TA = TA = 
2~C 1SOC - -

V -
I 

II 
II DEVICE IMMERSED 

•• 020 

0.016 

0.010 

•. 006 

• -1. 
J/ IN 75"C OIL BATH 

10 20 30 40 50 60 

TIME (SEC) 
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REF-05 
PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR 

0.1 
,F 

REF-06 

TRIMf----+--t--l~~n 

* UP TO 10 fEET OF SHIELDED 
4-CONDUCTOR CABLE. ":."" -16V 

TYPICAL TEMPERATURE VOLTAGE 
OUTPUT VI TEMPERATURE (REF-OSA) 

... 
830 

~780 
~ 730 

S ... 
w 
~ 630 
!:; 
g680 
L 

~ 530 

480 ... 

VIN = 15V V 
V' 

./ 

/ 
/ 

/' 

-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE ,DC) 

TEMPERATURE CONTROLLER 

V+ (12V TO 32V) 

,----.... --------...... --, 

,.---------~, 

I 
I 
I HEATING 
I ELEMENT ".1.3kn 

I 
I ISEE NOTE 11' I L __________ .J 

R6,2.2kO 

NOTES, 
1. REF-02 SHOULD al: THERMALLY CONNECTED 

TO SUBSTANCE BEING HEATED. 
2. NUMBERS IN PARENTHESES ARE FOR A· 

SETPOINT TEMPERATURE OF IItc. 
3, R3· A111R2IR8 

6--110 VOLTAGE REFERENCES 

c---- ---
C. He 
~ 

.. 
2.7kn 

4" R7 
~27kn 

RESISTOR VALUES 
TCVOUT SLOPE IS, .OmVI"C .OOmVI"C .OmVI"F 

TEMPERATURE -55'C 10 -65'Clo -67'F to 
RANGE +'25'C +'25'C +257"F 

OUTPUT VOLTAGE' -O.55Vlo -5.5Vlo -O.87VIO 
RANGE +'.25V +'2.5V +2.57V 

ZERO-SCALE OV@O'C OV@O'C OV@O'F 

R.I±'% reslotor) 9.08kO .5k0 7.5kO 

R.,I±'% reslslor) '.5kO '.821<0 '.21kO 

RbI!: (Potentiometer) 2000 SOOO 2000 

R. I±'% reslotOr) 5."kO 84.SkO 8.25kO 

-For 125°C operation, the op'amp output must be able to swing to +12.5V; 
Increase VIN to +18V from +15V if necessary. 

REFERENCE STACK WITH EXCELLENT 
LINE REGULATION 

Two REF-10's and one REF-05 can be stacked to yield 5V, 15V 
and 25V outputs. An additional advantage is near-perfect line, 
regulation of the 5V and 15V outputs. A 27V to 55V input 
change produces an output change which is less than the 
noise voltage of the devices. A load bypass resistor (Rg) 
provides iI path for the supply current (Isy) of the 15V 
regulator. 

In general, any number of REF-10's and REF-05's can be 
stacked this way. For example, ten devices will yield ten 
outputs in 5V or 10V steps. The line voltage can range from 
100V to 130V, however, care must be taken to ensure that the 
total load currents do not exceed the maximum usable 
current (typically 21mA). 

Z1V TO S5V 

12 
V,N • Vo 25.000V 

REF~10 

TRIM 
6 

IOkn 

GND 

4 

2 
VIN 8 

Vo 15.000v 

AEF~10 

TRIM 6 .lIkn 2 GND 

5.000V 
V,N • 4 

VD 

REF·05 

TRIM 6 ll1kn 
RB 
1,8kn 

GNO 

4 

-
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REF-05 
TYPICAL PERFORMANCE CHARACTERISTICS 
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REF-05 
PRECISION CURRENT SOURCE 

A current source with 3SV output compliance and excellent 
output impedance can be obtained using this circuit. REF'-OS 
® keeps the line voltage and power dissipation constant in 
device CD; the only important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical 3/lVN PSRR of the OP-02E will create a 20ppm 
change (3/lVN x 3Sv/SV) in output current over a 3SV range. 
For example, a SmA current source can be built (R = 1kO) 
with 3S0MO output impedance. 

3SV 
Ro= 20 X 10-6 X SmA 

+60V 

12 
• Vo 

V,N 

REF-05 

® 
.GNO 

2 4 

Y,N • Vo 

REF-OS 

CD 
GND 

4 
R 

~:J 
• 
~ f-

~3 
-5V 

CURRENT SOURCE 

+1: 
V,N 

vofL--
REF-05 

3 
tRIM fLo R 

GND 

14 

+ 
lOUT 

VOLTAGE COMPLIANCE: -25V TO +8V 

SUPPLY BYPASSING 

C 
R 
(TRIM 
CALIB 

-

Vo= 

' 0 ' 

lOUT = 6.~V +1mA 

FOR 
RATION) 

o TO 35V 

§l! 
R 

For best results, it is recommended thatthe power supply pin 
is bypassed with a 0.1/lF disc ceramic capacitor. 
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CURRENT SINK 

lOUT 

REF..Q5 

TRIM 

GND 

-15V 

VOLTAGE COMPLIANCE: -SV TO 25V 

BATTERY-OPERATED D/A CONVERTER REFERENCE 

MSB 

D/A CONVERTER REFERENCE 

""m 
+15V MSB 

~1 
pF 

+16V -16V 

B1 B2 B3 

POS. FULL-SCALE -1 LSB 

ZERO-SCALE 0 0 

NEG. FULL-SCALE +1 LSB 0 0 0 

NEG. FULL-SCALE 0 0 0 

LS8 

LS8 

B4 B5 

0 0 

0 0 

0 0 

6.00kn 5.GOk(J. 

,T-<~-+--oEOI 

P'--..... --oE02 

-16V 

B6 B7 B8 E 

+4.960 

0 0 0 0.000 

0 0 -4.960 

Q 0 0 -5.000 
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r.ANALOG 
WDEVICES 

FEATURES 
• Low Cost Negative Reference 
• Pin Selectable To -10.24V Output For Binary 

Applications 
• 10mA Minimum Output Current 
• Wide Input Voltage Range, -11.4V to -36V 
• Low 1.4V Drop Out Voltage 
• Wide ±270mV Adjustment Range 
• Available in Die Form 

APPLICATIONS 
• 8 & 10-Blt CMOS AID and D/A Converters 
• VOltage-to-Frequency Converters 
• Strain Gauge Bridge Reference 
• Precision Negative Ten Volt Regulator 

ORDERING INFORMATION' 
PACKAGE 

OPERATING 
TCVo 

ppml"C 

50 
80 
100 

CERDIP PLASTIC 
S-PIN S-PIN 

REFOBBZ* 
REF08GZ 

REFOBHP 

SO TEMPERATURE 
S-PIN RANGE 

MIL 
XINO 

REFOBHStt XINO 

• For devices processed in total compliance to MIL·STD·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Surn .. in is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and TO-can packages. 

" For availability and burn-In Information on SO and PLCC packages, contact 
your local sales office. 

PIN CONNECTIONS 

REV.C 

8-PIN CERDIP 

(Z-Suffix) 

8-PIN PLASTIC DIP 

(P-5ufflx) 

8-PINSO 
(S-Suffix) 

Negative 1 OV/l O.24V 
Voltage Reference 

REF-DB I 
GENERAL DESCRIPTION 

The REF-08 is a series regulation, buried Zener, negative volt
age reference with pin selectable output voltage. Its low tem
perature coefficient, low noise, and selectable output make it an 
ideal reference for AID converters such as the ADC-908 or the 
PM-7574. The REF-08 is also well suited for CMOS DAC appli
cations where a positive output voltage is desired. 

Applications with 8-bit accuracy will typically be able to use the 
REF-08 without trimming its output Voltage. This is particularly 
true of CMOS DACs with low gain errors such as the DAC-8408 
and PM-7528. 

Leaving the SELECT pin open will result in a -10V output. 
Grounding SELECT will produce a -1 O.24V output (i.e. -10mV 
per 1 O-bit LSB) that is ideal for binary applications. 

A ±270mV adjustment range is available with the REF-08 which 
exhibits a tight O.04ppm/oC/mVof adjustment temperature coef
ficient. In many applications, the combined tempcos of an ad
justed REF-08 will be superior to more expensive precision ref
erences with tighter initial tempcos but greater changes with ad· 
justment. 

The REF·08 has been designed to operate from a "worst case" 
-12V power supply (-11.4V). This low dropout voltage makes 
the best of the poor supply regulation in some digital systems. 
Its 1 OmA output current capability and unloaded supply current 
of only 2mA provide better power/performance than most tradi· 
tional op amp inverter circuits. 

FUNCTIONAL DIAGRAM 

GND 

BURIED 
ZENER 

REF-oa 

V,N (-11.4V TO-36Y) 

t---F-o SELECT 

...... W ....... -oTRIM 

s~~:r Vour 

N.C. -1G.OOV 

GND -1G.24V 
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REF-OB 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage (VIN) .............................................. +0.3V to -36V 

Output VOltage (V OUT) ........................................... +0.3V to V IN 
TRIM Voltage (pillS) ••.•.••.••.•.•..•.••••.•••.•.•..•.••.••.••.••. +0.3V to V IN 
SELECT Voltage (pin 4) ...................................... +0.3V to VOUT 

Output Short-Circuit Duration 

(to Ground or V IN) •••.•.....•..•...••••.•••••.•..•.•.••..•.••.••.•• 30 seconds 

Operating Temperature Range 
REF-OSBZ ..•..••.•.•••••...•...•••.•..•.••••.••.••.•.••.•..• -55°C to + 125°C 
REF-OSGZ, HP, HS ••.•..•..•.•.••.•••.••.••..•••..•..•..•.. -40°C to S5°C 

Storage Temperature Range 
Z Package .........•.......•............••••••..••........... -65°C to + 150°C 
S, P Packages ............................................. -65°C to + 125°C 

Junction Temperature Range •.••••.•••.••.••.•.••••. -65°C to + 175°C 
Lead Temperature (Soldering, 60 sec.) .•..•••.••.•••••.••.••.••. 300°C 

PACKAGE TYPE 9 IA (NOTE2) 9 1C UNITS 

8-Pln Hermetic DIP (Z) 162 28 'c/w 
8-Pin Plastic DIP (p) 110 50 "CfW 

a·PlnSO(S) 160 44 'c/w 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 9 jA Is specified lor worst case mounting conditions, i.e., 9 jA is specified for 

device in socket for CerDIP and P-DIP packages; 9 1A Is sp8clfied for device 
soldered to printed circuit board lor SO package. 

ELECTRICAL CHARACTERISTICS at V IN = -15V, NO LOAD, SELECT = open circuit; -55°C 0: TA 0: + 125°C for the REFOSBZ, and 

-40°C 0: TA 0: +S5°C for the REF08GZ/HP/HS, unless otherwise noted. 

REF-08B REF-08G REF-08H 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX MIN MAX UNITS 

-10V Output 
TA =+25'C -10.03 -9.97 -10.04 -9.96 -10.04 -9.96 

Voltage Vo V 

TMIN toTMAX -10.05 -9.95 -10.06 -9.94 -lo.oa -9.92 

-10VOutput TA =+25'C ±30 ±40 ±40 
Voltage /lVo mV 
Tolerance TMINto TMAX ±50 ±60 ±80 

-10.24 Output TA =+25'C -10.28 -10.20 -10.29 -10.19 -10.30 -10.18 
Voltage Vo V 
(Select-GND) TMINto TMAX -10.30 -10.18 -10.32 -10.16 -10.36 -10.12 

-10.24V Output 
TA =+25°C ±40 ±50 ±SO 

Voltage 
Tolerance /lVo mV 

(Select=GND) TMINto TMAX ±SO ±80 ±120 

Output Voltage 
T emparature TCVo (Note 1) 50 80 100 ppm/'C 
Coefficient 

ELECTRICAL CHARACTERISTICS at VIN = -15V, NO LOAD, SELECT = open circuit; -55°C 0: TA 0: + 125°C for the REF08BZ, and 

-40°C 0: TA 0: +S5°C for the REF08GZ/HP/HS, unless otherwise noted. 

AEF-08 
CHARACTERlsnC SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage 
/lVTA1M RrAIM=10kn ±270 ±350 

Adjustment Range 
mV 

Output Voltage enp_p 
I. 2kHz to 10kHz, 

75 
Noise TA =+25"C 

Line Regulation LNrag V1N =-11.4VtO-36V 12 50 pprnN 

IOUT=Ote 10mA 
Loed Regulation LDreg TA =+25'C 10 25 ppmlmA 

TMIN te TMAX 15 50 
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REF-DB 
ELECTRICAL CHARACTERISTICS at V IN = -15V, NO LOAD, SELECT = open circuit; -55·C s T A S + 125·C for the REF08BZ, and 

-40·C s T AS +85·C for the REFOBGZ/HP/HS, unless otherwise noted. Continued 

CHARACTERI&nC SYMBOL cONomONS 

Load Current 
lOUT (Note 2) 

(Into Pin 1) 

Load Current 
lOUT -10.04V5Vo ,,-9·96V 

(Out of Pin 1) 

Short·Circuit 
Ise Output Current 

Quiescent Supply 
ISY Current 

NOTES: 
1. The REF'()8BZ TCV 0 is tested by measuring Output Voltage at-55'C and + 125'C 

to guarantee the TCVo limit. The REF·08GZ, HP, HS are tested by measuring Out· 
put Voltage at 25'C to guarantee the TCV 0 limits. TCV 0 is calculated by the end 
point method: 

DICE CHARACTERISTICS 

DIE SIZE 0.066 x 0.065 Inch, 4290 sq. mils 
(1.68 x 1.65mm,2.77sq. mm) 

REF-08 
MIN TVP 

10 20 

-0.1 -0.2 

45 

1.1 

TCVO = [Vo(TMAX)-VO(TMN)]nppm/'C 
(1 0V)(10-6)(125"C) 

2. Guaranteed by Load Regulation Test. 

1A. VOI/T* 

1B. VOI/T* 
4. SELECT 
5. GND 

7. VIN 
8. TRIM 

MAX UNITS 

mA 

mA 

mA 

2.0 mA 

* Pads 1A and 1 B must be bonded togather to V OUT' 

WAFER TEST LIMITS at V IN = -15V, NO LOAD, SELECT = Open Circuit, TA = 25°C, unless otherwise noted. 

REF-08N 
PARAMETER SYMBOL CONDmONS LIMITS UNITS 

-10.04 VMIN 
-9.96 V MAX 

Output Voltage Vo 

-10.30 VMIN 
-10.18 V MAX 

Output Voltage Vo SELECT=GNO 

Line Regulation LNreg VIN =-II.4Vto-16.5V ±SO ppmNMAX 

Load Regulation LDreg Load Current = OmA to 10mA ±25 ppm/mAMAX 

±270 mVMIN 
Output Adjustment 

VTRIM 
Voltage Range 

Quiescent Supply Current ISY 2.0 mAMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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REF-DB 
TYPICAL ELECTRICAL CHARACTERISTICS 
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REF-DB 
TYPICAL ELECTRICAL CHARACTERISTICS Continued 
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REF-OS 
APPLICATIONS INFORMATION 
The REF-OS provides a stable -1 OV output voltage with minimal 
dependence on load current, input voltage or temperature vari
ations. This single package device works well as an absolute 
reference point in data conversion circuits, or in analog circuits 
such as iogarithmic amplifiers, strain gauge bridge measure
ment systems, and power supply circuits. The REF-OS is espe
cially applicable to CMOS data converter circuits that require 
-10V references. 

BASIC CONNECTIONS 
Figure 1 shows the connection diagram for the REF-OS. For DC 
loads, no output capacitors are required. For high current load 
conditions Load Regulation needs consideration. The REF-OS 
load regulation of 25ppm/mA equates to 0.250 of output resis
tance. To maintain accurate distribution of the reference output 
voltage to the rest olthe system, wiring resistances must be kept 
as small as is practical. 
For dynamic loads the addition of Co reduces high frequency 
output resistance which is shown in the ROUT vs. frequency 
graphs in the typical performance characteristics. This is gener
ally important with AID converters that have a continuously 
changing load. 

In the typical performance characteristics graph section, the 
Load Transient response plot shows a 111S recovery time to a 
1 mA load current change which is representative of several 
typical CMOS AID converters. Choosing the 0.0111F in parallel 
with a 1 OILF capacitor for Co adequately reduces the reference 
output voltage transient amplitude. 

One refinement to further reduce the reference voltage output 
transient is introduction of Ro in series with the outPl,lt filter ca
paCitors. Ro should be chosen equal to 1/27tCofp where Co is 
the total output filter capacitance and fp is the frequency in the 
ROUT vs. frequency plot at which the peak value of ROUT occurs. 
This extra resistance, Ro ' effectively damps the circuit reso
nance further reducing the voltage transient during output load 
changes. 

.,. 
,."" 

~~--~~---+---ov~ 
-10.GOY SELECT = H.C. 

OR 
-1o.24V SELECT = OND 

• FOR DCLOADIRy.Co UNNECESSARY 
• FOR D'tNAMICLOADSADDCO' ACROSSREFEREMCEOUTPUT 
• FOR*270mVOUTPUTYOLTAGEADJUSTMENT ADD Rr 
• CLOSES. FOR.-1G.24VVOUT 

FIGURE 1: Connection Diagram 

*Trimpot is a registered trademark of Bourns, Inc. 
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OUTPUT VOLTAGE ADJUSTMENT 
Output voltages within ±270mV of nominal can easily be ob
tained by addition of the 10k Trimpot~ This range adequately 
addresses the full-scale adjustment ranges required by CMOS 
AID and 01 A converters. The effect on the REF-OS output volt
age temperature coefficient is a low 0.04ppmfOC per mV of ad
justment. 

-15V -HlV 

DONO 1. 

V'N 
VOUT ..,'--_--_--------.....:t 

DIGITAL 
I ADc.aoa GROUND 

REF... I 

10kO 
TRIM 8 -tRt G.01I'F 

Q D SIGNAL 
NS I INPUT 

t----------' OYTO+10V 

ANALOG 
GROUND 

3 Bops 

NOTE: R1 MAY BE ADDED IF ADC GAIN ERROR TRIM IS REQUIRED 

FIGURE 2: -1 OV Reference for 8-Bit CMOS Analog-to-Digital 
Converter 

-15Y 

v,. 
VOUT 

, 
-10Y 

10ktl 

REF-DB ''10 
'Okn 

N.C. 4 SELECT 
,% 

GND 

>=-~_--o+,ov 

-15V 

NOTE: FOR ±10V OUTPUTS, SELECT (PIN 4) IS LEFT FLOATING. 

FIGURE 3: ±10VReference 
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SW, 

-15V 

REF-08 

YOUT I-'-..... --------"'"'+=~ 
SELECT 

OND 

FROM 
CONTROLLING 

"p +15Y 

NOTE: CLOSING sw, INCREASES VAEF TO -10.24Y GIVING A 
CIRCUIT OUTPUT OF +4DmV PER BIT OF DIGITAL CODE. 

REF-DB 

V","," 

OV TO +10Y 

YOUTB 

OV TO -lOY 

FIGURE 4: 8-Bit Resolution, Dual Output "No-Trim" DAC with OV to + 1 OV and OV to -1 OV Outputs 

-15V 

V,N 

REI4I8 
VOUT 1-'---. __ --='"'-1 

TRIM 10kn 

CONTROLLING 
.p 

NOTE: IF sw, IS CLOSED. YAEF "" 10.24V AND Vo "" +10mY PER BIT OF DIGITAL CODE. 

FIGURE 5: 1 D-Bit CMOS DAC with OV to + 1 OV Output 

REV.C 

>""---+---<l:~ TO + 9.9902Y 
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REF-DB 

-15V 

V,. 
REF .... 

Your I"'-...... _..;;'."!V..:..:::E,'--! 

TRIM 8 lOkI) 

FIGURE6: 12-BitCMOSDAC with OVto 10VOutput 

+ 100pF 

FROM 
CONTROLLING ... 

>'--1~-o -1OV 

-15V -15Y 

FIGURE 7: Precision Reference with Filtering 
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1IIIIIIII ANALOG 
WDEVICES 

+ 1 OV Precision Voltage Reference 
(Guaranteed Long-Term Stability) 

FEATURES 

• 10 Volt Output 
• Guaranteed Long-Term Stability 

. . . . . . . . . . • . . . . . . . . . . . .. 50ppm/1000 Hrs Max 
• Excellent Temperature Stability ....... 8.5ppm/o C Max 
• Low Noise .. . • • . . . . . . . . . . . . . . . . • . . . . . • .. 30j.lVp_p Max 
• Low Supply Current ..................•.... 1.4mA Max 
• Wide Input Voltage Range ................. 12V to 40V 
• High Load-Driving Capability ...........•••..... 20mA 
• Short-Circuit Proof 
• Processed Per MIL-STD-883 

PIN CONNECTIONS & ORDERING INFORMATION 

N.C. 
8 N,C,07N.C. 

VIN 2 6 VOUT 

N.C. 3 5 TRIM 

4 
GROUND 

(CASEI 

GENERAL DESCRIPTION 

TO-SS (J-Sufflx) 
REF-10AJ/883 
REF-10BJ/883 

The REF-10 precision voltage reference provides a stable 
+10V output that can be adjusted over a ±3% range with 
minimal effect on temperature stability. Long-term drift is 

SIMPLIFIED SCHEMATIC 

REF-l0 I 
guaranteed at 50ppm/1000 hrs. maximum. Single-supply 
operation over an input voltage range of 12V to 40V, low 
current drain of 1 mA, and excellent temperature stability are 
achieved with an improved bandgap design. Low cost, low 
noise, and low power make the REF-10 an excellent choice 
whenever a stable voltage reference is required. Applications 
include D/A and AID converters, portable instrumentation, 
and digital voltmeters. For +5V precision voltage references, 
see the REF-05 data sheet. 

LONG-TERM DRIFT PLOT (Average of 20 Devices) 

40 

20 

.... 
"- ",,--REF-l0 

-60 ,..... t-
-80 

-100 

-120 

-'40 o 20 40 60 80 100 120 140 160 180 

DAYS ELAPSED 

,-----..... -_---... -------""'1,.....--0 ~NPUT 

REV.S 

A3 

A' 

A2 

A'6 

Q'B 

OUTPUT • 
R12 "'" 16.7kn 

R9-5Oka 
TRIM 
5 

Rl1""2IcO 

L-_______ ~------------------~~------~--~~RO~D 
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REF-1D 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage 
REF-10A, B .................................................................... 40V 

Output Short-Circuit Duration 

(to Ground or V IN) ................................................... Indefinite 
Storage Temperature Range ......................... -65'C to + 150'C 

Lead Temperature (Soldering, 60 sec) ........................... 300·C 

Operating Temperature Range 

REF-10A, REF-10B .................................. -55·C to +125'C 

PACKAGE TVPE 9 1A (NOTE 2) UNITS 

TO-99 (J) 170 24 'CfW 
NOTES: 
1. Derale al 7.1 mW/,C above 80'C ambient lemperalure for TO-99 package. 
2. alA is specified for worsl case mounting condHions, I.e., 9 lA Is specified for 

device In socket for TO package. 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA= 25' C, unless otherwise noted. 

REF-10A REF-10B 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Oulput Voltage Vo IL =0 9.97 10 10.03 9.95 10 10.05 V 

Output Adjustmenl Range AVtrim Rp= 10ka +3 ±3.3 ±3 ±3.3 % 

Output Voltage Noise 8"2:2 O.lHz to 10Hz (NoteS) 20 30 20 30 "VI!:!! 
Long-Term Stability (NoteS) 50 50 ppml1000 Hrs 

Line Regulation (Note 4) VtN = 13V to 33V 0.006 0.010 0.006 0.010 0f0IV 

Load Regulation (Note 4) IL=Otol0mA 0.005 0.08 0.006 0.010 %lmA 

Turn-On Settling Time ton To ±0.1% of final value 5 5 "sec. 

Quiescent Supply Current ISY No Load 1.0 1.4 1.0 1.4 mA 

Load Currenl IL 10 21 10 21 mA 

Sink Current Is (Nole6) -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Isc Vo=O 15 30 60 15 30 60 mA 

ELECTRICAL CHARACTERISTICS at VIN= +15V, -55'C:5 TA:5 +125'C and IL = 0, unless otherwise noted. 

PARAMETER 

Output Voltage Change with 
Temperature (Notes 1 & 2) 

Output Voltage 
Temperature Coefficient 

Change in Vo Temperature 
Coefficient with Output 
Adjustment 

Line Regulation 
(V,N = 13V to 33V) (Note 4) 

Load Regulation 
(IL = 0 to SmA) (Note 4) 

Quiescent Supply 
Current 

NOTES: 

SYMBOL CONDITIONS 

-SS'C" TA" +12S'C 

TCVO (Note 3) 

Rp= 10ka 

-55'C"TA,,+12S'C 

-5S'C"TA,,+12S'C 

ISY No Load 

1. .a.VOT is defined as the absolute difference between the maximum output 
voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 10V. 

IVMAX-VMIN I 
AVOT = 10V X 100 

2. t.vOT specification applied trimmed to +10.000V or untrimmed. 
3. TCVo is defined as AVOT divided by the temperature range, I.e., 

AVOT(-SSOCto +12S0C) 
TCVo (-5S·C to +12S'C) =. 1800C 

6-122 VOLTAGE REFERENCES 

REF-10A REF-10B 
MIN TYP MAX MIN TVP MAX UNITS 

0.06 0.15 0.18 0.45 % 

3 8.5 10 2S ppm/'C 

0.7 0.7 ppm/% 

0.009 O.OIS 0.009 0.015 %IV 

0.007 0.012 0.009 O.01S %/mA 

1.6 2.0 1.6 2.0 mA 

4. Line and Load Regulation specifications include the effect of self heating. 
S. Sample tested. Long-term stability is tested with power applied 

continuously. 
6. During sink current test the device meets the output voltage specified. 
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REF-l0 
OUTPUT ADJUSTMENT 
The REF-l0 trim terminal can be used to adjust the output 
voltage over a 10V ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer
ence to a voltage other than 10V. Of course, the output can 
also be set to exactly 10.000V. 

Adjustment of the output does not significantly affect the 
temperature performance of the device. Typically, the temper
ature coefficient change Is O.7ppm/oC per 100mV of output 
adjustment. 

OUTPUT ADJUSTMENT CIRCUIT BURN-IN CIRCUIT 
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6 

OUTPUT 

REF·lO 

TRIM 
5 ,Okn 

GND 

1" 
I 

TYPICAL PERFORMANCE CHARACTERISTICS 

76 

66 

.. 
46 

36 

28 

'6 

6 
'0 

LINE REGULATION 
va FREQUENCY 

, 

VIN"'15V 

m~~t~ 
'00 1k 10k 100k 

FREQUENCY (Hz) 

REV. B 

0.0031 

0.01 

0.031 

D.' 

0.31 

'.0 

3.' 

10.0 

'M 

OUTPUT WIDEBAND 
NOISE va BANDWIDTH (O.1Hz 
TO FREQUENCY INDICATED) 

'000_" '00,,_ 
'O,LoO ........ u.JJ'o-o .L..LJJ,u...-'-LJ.U,Dk...u....u..'OOkLI....J...J..JW'M 

FREQUENCY (Hz) 

i:'8V 
V,N 

REF·lD 

0.035 

0.030 

0.026 

0.020 

0.015 

0.010 

0.006 

GND 

b"-'8v 

OUTPUT CHANGE DUE 
TO THERMAL SHOCK 

VIN=15V 

TA- TA-
26°C 76"C -

l/ -
/ 
I 

DeVICE IMMERSED 

o 
-'0 

yiN 76"COIL BATH 

10 20 30 40 50 60 

TIME (SECI 

VOLTAGE REFERENCES 6-123 



REF-l0 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL APPLICATIONS 

D/A CONVERTER REFERENCE 
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0.1 

" 
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TEMPERATURE (OC) 

1.3 

1.2 

1. 1 

1.0 

0.' 

0 .• 

0.7 

QUIESCENT CURRENT 
V8 TEMPERATURE 

VIN'" 15V / 
~ 
~ 

~ 
...... 

...... 
~ 

TEMPERATURE (OCI 

-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (OC) 

B1 B2 B3 B4 B5 B6 B7 B8 

POS FULL-SCALE -1LSB 

ZERO-SCALE 0 0 0 0 0 0 0 

NEG FULL-SCALE +1LSB 0 0 0 0 0 0 0 

NEG FULL:SCALE 0 0 0 0 0 0 0 0 

E 

+4.960 

0.000 

-4.960 

-5.000 
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TYPICAL APPLICATIONS 

PRECISION CALIBRATION STANDARD 

------. 11mA 

1 12 
V,N • . 

Vo 

-6V : ;:o.'OF REF·1D 

5 '0. 

1 
1 ooov r 9V 

TRIM 'OOkil 
GNO 

I" -

CURRENT SOURCE 

12+15V 
VOLTAGE COMPLIANCE: -2SV TO +3'11 

V,N 
VoJ!--

REF·1D 

TRIM 

GNO 

1" 
+ lOUT 

CURRENT SINK 

REV.S 

'OUT 

2 

REF·1D 

TRIM 

GNO 

-16V 

~ R lOUT = '0:' +1mA 

VOLTAGE COMPLIANCE: -3V TO +25V 

R lour",10:'+1mA 

REF-l0 
AID CONVERTER REFERENCE 

D.' 
of 

±10V REFERENCE 

0.' 
of 

DND 

CONVERSION rrL CLOCK 
COMPLETE INPUT 2.26MHz 

.,OY 

,0kIl 

,""" 
+15V 

-,OY 

-16V 
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REF-l0 

PRECISION CURRENT SOURCE 
A current source with 25V outPut compliance and excellent 
ou~ut impedance can be obtained using this circuit. REF-
10 keells the line voltage and power dissipation constant 
in eViceG); th~ only Important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical3/JoVN PSRR of the OP:-02E will create an 8ppm 
change (3/JoVNX25V110V) in o\Jtputcurrent over a 25V range. 
For example, a 10mA current source can be built (R = 1kO) 
with 300 MO output impedance. 

25V 
Ro 

8 x 10 -6 x 10mA 

+SOV 

VON 
.-----6=-t VO 

REfo1D 

GND 

VON 

vo~--------t---------~--, 

REF·1D 

GNO 

RC = 10-5SEC 

SUPPLY BYPASSING 

R 
(TRIM FOR 
CALIBRATION) 

Vo '" 0 
TO +25V 

For best results, it is recommended that the power supply pin 
is bypassed with a 0.1/JoF disc ceramic capaCitor. 
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REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 
Three REF-10's can be stacked to yield 10.000,20.000 and 
30.000V outputs. An additional advantage is near-perfect line 
regulatioh of the 10.000 and 20.000V output. A 32V to 60V 
input change produces an output change which Is less than 
the noise voltage of the devices. A load bypass resistor (RB) 
provides a path for the supply current (lSY) of the20.000V 
regulator. 

In general, any number of REF-10's can be stacked this way. 
For example, ten devices will yield outputs of 10, 20, 30 ... 
100V. The linevoltage can range from 105V to 130V. However, 
care must be taken to ensur.e that the total load currents do 
not exceed the maximum usable current (typically 21mA). 

1232Vto6OV 

VON 
6 

Va 

REF-1Q 

TRIM 
5 

GND 

• 

2 

VON 6 
Va 

REF·1D 

5 
TRIM 

GND 

• 

2 

V,N 6 
Va 

REF·1D 

TRIM 5 
GND 

• 

10kn 

TRIMM 
OUTPU 

EO 
TS 

30. ooov 

II1kI! 

20.0 OOV 

II1kI! 

10.0 OOV 

RS 
G.Rka 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• +2.5 Volt Output .......................... ±O.05% Max 
• Low Temperature Coefficient . . . . . . . . . . .. 10ppml"C Max 
• Excellent Regulation 

Load Regulation ..................... 20ppm/mA Max 
Line Regulation. . . . • . . • . . • • . . . • . • . . . . .. 2ppmN Max 

• Supply Current ••.....••..•..•........•...• 450pA Max 
• Temperature Voltage Output ...............•.. +1.9mVloC 
• Operating Voltage Range .....••••..••••. +4.5V to +40V 
• Extended Industrial Temp Range ...•••.•• -40°C to +85°C 

• Available In Ole Form 

ORDERING INFORMATION t 
PACKAGE 

CERDIP PLASTIC 
TCVo TO-99 B-PIN B-PIN 

10 REF43BJ' REF43BZ'" 
10 REF43FJ REF43FZ 
25 REF43GJ REF43GZ REF43GP 
25 REF43GS 

OPERATING 
LCC TEMPERATURE 

20-C0NTACT RANGE 

REF43BRCI883' MIL 
XIND 
XIND 
XIND 

Fordevices processed In Iotal compiianceIoMIL·STD-883,add1883 after part 
number. Consult factory lor 883 data sheet. 
Bum·in is available on commercial and Industrial )8mperature range parts In 
CerDIP, plastic DIP. and T().canpackages. 

GENERAL DESCRIPTION 
The REF-43 is a low-power precision reference providing a 
stable +2.5Voutput independent of variations in supply voltage, 
load conditions or ambient temperature. It is suitable as a 
reference level for 8, 10 and 12-bit data acquisition systems, or 
wherever a stable, known voltage is required. 

SIMPLIFIED SCHEMATIC 

+ 2.5V Low-Power Precision 
Voltage Reference 

REF-43 I 
Tight output tolerances and low thermal drift are assured by 
zener-zap trimming of both output voltage and its temperature 
coefficient. A unique curvature correction circuit reduces the 
thermal curvature which is characteristic of many previous 
bandgap references. 

PIN CONNECTIONS 

REF-43BRC/883 
20-CONTACT LCC 

(RC-Suffix) 

TEST* 

TEST·O· 7 N.C. 

VIN 2 6 Your 

TEMP 3 5 TRIM 

• 
GROUND (CASE) 

TO-99 
(J-Sufflx) 

8-PIN CERDIP 
(Z-Sufflx) 

8-PIN PLASTIC DIP 
(P-Sufflx) 

8-PINSO 
(S-Sufflx) 

*RESEAVED FOR FACTORY TESTING. 
MAKE NO ELECTRICAl. CONNECTION TO THESE PINS. 

r---------------~~--4r--~---------------------o~N 

~~--~------~----~----~vmrr 

TA'" 

TEMP 

~~~--------~--------~----~----+-----+-~~~--+-----o~OOND 
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REF-43 

The REF-43 may be operated With supply voltages from +4.5V 
to +40V. The output voltage changes by less than 178~V from 
one extreme of'supply voltage to the other. With only 450~A 
maximum quiescent current, the REF-43 is ideally suited to 
applications where power dissipation must be minimized, as in 
precision battery-powered equipment. The low supply current 
minimizes drift due to self-heating after power-up. 

A temperature output provides a means of determining system 
ambient temperature. Applications of the REF-43 include A/D 
and D/A conversion, 4-20mA transmitter/receiver operation,log 
amplifiers, and power-supply regulators. 

For a low-cost 2.5V reference available in small-outline pack
ages consult the REF-03 data sheet. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................... 40V 
Output Short-Circuit Duration ................................... Indefinite 

Operating Temperature Range 
REF-43B (J, Z) ........................................... -55·C to + 125·C 
REF-43F (J, Z) ............................................. -40·C to +85·C 
REF-43G (J, Z, P, S) .................................... -40·C to +85·C 

Storage Temperature Range ........................ -65·Cto +175·C 
Junction Temperature Range ....................... -65·C to + 175·C 
Lead Temperature (Soldering, 10 sec) .......................... 300·C 

PACKAGE TYPE elA (Note 2) elc UNITS 

'fO.99(J) 150 18 
B-PIn Hermetic DIP (Z) 148 16 
B-Pin PIaaIic DIP (P) lOS 43 

2O,Contact LCC (AC) 911 38 

B-Pin so (S) 158 43 "CNI 

NOTES: 
1. Absolute maximum ratings apply to both DICE and' packaged parIS, unless 

otherwise noted. 
2. ejA Is specified for worst case mounting conditions, I.e., ejA is specified for 

device In socket for TO, CerDlP, P-DIP, and LCC packages; e, A is specified 
for device solderad to printed circuit board for SO package. J 

ELECTRICAL CHARACTERISTICS at VIN = +5\1, I L = OmA, TA = 25·C unless otherwise noted. 

REF-43B REF-43F REF-43G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage No Load 0.04 0.1 0.02 0,06 0.04 0,1 % 
Tolerance 

Output Voltage Va No Load 2.4975 2.5000 2.S025 2.4985 2,5000 2,5015 2.4975 2.5000 2.5025 V 

Output Voltage , 10Hz to 1kHz 10 7 10 7 10 "VAMS Noise 8 nRMS (Note 1) 

Line Regulation V'N=+4.5V 0,8 2 0,8 2 0.8 2 ppmN to+40V 

Load Regulation IL =OmA 14 20 tol0mA 
14 20 14 20 ppm/mA 

Quiescent 
Isv No Load 340 450 340 450 340 4SO "A Supply Current 

Load Current 
IL (Note 2) 10 20 10 20 10 20 mA (Sourcing) 

Load Current 
Is (Note 3) -1,2 -1.2 -1.2 mA (Sinking) 

Short-Circuit 
Ise 

Output Shorted 60 60 60 mA Output Current to Ground 

Temperature 
Voltage VTEMP 567 567 567 mV 
Output 

VauTAdjust ±95 ±95 ±95 mV Range 

Long-Term <1VolTime (Note 4) ppm/month Output Drilt 

NOTE8: 
1. Guaranteed but not tested, 
2. Guaranteed by load regulation test. 
3. Output remains within 2,5V ±2,5mV. 
4. Calculated from accelerated life tests at TA = 'ISO"C. 

Activation energy = 0,7eV, 
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REF-43 
ELECTRICAL CHARACTERISTICS at VIN = +5V. Il = OmA. -55°CsTAS+125°Cforthe REF-43B and -40°CsT AS +85°Cforthe 

REF-43F/G. unless otherwise noted. 

REF-43B 
PARAMETER SYMBOL CONDITIONS MIN TYP 

Output Voltage 
No load 0.1 

Tolerance 

Output Voltage Vo No load 2.495 2.500 

Output Voltage 
-SS"CSTAS+125"C 6 

Temperature TCVo 
-40"C "T A " +85"C Coefficient 
(Notet) 

Line Regulation VIN=+4.5V 
to+40V 

load Regulation 
IL=OmA 

25 
tol0mA 

Quiescent 
Isy No load 400 

Supply Current 

load Current 
IL (Note 2) 10 20 

(Sourcing) 

Temperature 
Hysteresis 01 AT =±25"C 100 
Output Voltage 

Temperature 
Voltage TCVTEMP 1.9 
OutputT empco 

NOTES: 
1. Output voltage temperature coefficient is measured by the box method. 

The tempco is defined as the slope of the diagonat of a box drawn around 
the output voltage plotted against temperature. VouTis measured at T MIN. 
25"C and T MAX for the applicable temperature range. The lowest olthese 
three readings Is subtracted from the highest reading and the resulting 
difference Is divided by (T MAX - T MIN>. 

2. Guaranteed by load Regulation test. 

BURN-IN CIRCUIT 

+18V 

Li'o .. ,on 
2 

v,. 
REF"'3 

GND 

4 

~'O'. 
-18V 

REV.C 

REF-43F REF-43G 
MAX MIN TYP MAX MIN TYP MAX UNITS 

0.2 0.06 0.12 0.1 0.2 % 

2.505 2.497 2.500 2.503 2.495 2.500 2.505 V 

10 
6 10 10 25 

ppml"C 

3 3 3 ppmlV 

40 20 35 25 40 ppm/mA 

600 400 600 400 600 pi< 

10 20 to 20 mA 

100 100 !LV 

1.9 1.9 mVl"C 

OUTPUT VOLTAGE TRIM METHOD 

t: 
v,. 

I 
YOUT YOUT 

REF-43 5 

TRIM~~ 
GND 'OOk{} 

l' 
J, 
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REF43 

DICE CHARACTERISTICS 

2. VIN 
3. TEMPERATURE OUT 

4A. GROUND' 
4B. GROUND' 
5. TRIM 

SA. VOUT FORCEt 
6B. VouTSENSEt 

'PADS 4A AND 4B MUST BOTH BE BONDED TO GROUND. 
tVOUT FORCE AND SENSE ARE TYPICAI.I.Y BONDED 
TOGETHER AT THE 1.0AD. 

DIE SIZE 0.085 X 0.062 Inch, 5270 sq. mils 
(2.16 X 1.57 mm, 3.39 sq. mm) 

WAFER TEST LIMITS at Vs = +5V, Tj = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

No Load 
(Note'l) 

Output Voltage Tolerance 

Line Regulation V1N = +4.5V to +40V 

Load Regulation IL = OmA to 10mA 

Quiescent Supply Current ISY No Load 

Load Current (Sourcing) (Note 2) 

NOTES: 
1. Final output trims are not performed on standard product dice. These 

trims are typically performed after packaging. Precision Monollthics Inc. 
assumes no responsibility for Improper trimming by the customer. 
Contact factory for trim methods. 

2. Guaranteed by load regulation test. 

REF-43N 
LIMIT UNITS 

2.500 ± 0.005 V MAX 
0.2 % MAX 

ppm MAX 

20 ppm MAX 

450 pAMAX 

10 mAMIN 

Electrical tosts are performed at wafer probe to the limits shown. Due to 'varlations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and tesllng. 

TYPICAL PERFORMANCE CHARACTERISTICS 

20 

o 

1.0AD REGULATION 
VB TEMPERATURE 

VINI.+.~ I 
I 

lOUT = DmA TO 10mA 

"., 
/ ,., 

~ ....... .,.... i--"" ~ 

./ 

-55 -35 -15 +5 +25 +45 +85 +85 +105 +125 

TEMPERATURE (OC) 
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2 •• 

o 

LINE REGULATION 
VB TEMPERATURE 

YIN'" +4.SV TO +40~ 
lOUT "" OmA 

"., 
./ 

I---" -"., 

-
-55 -35 -15 +5 +25 +4$ +66 +85 +105 +125 

TEMPERATURE (Oe) 

• 

OUTPUT VOLTAGE CHANGE 
VB TEMPERATURE 

YIN = +5V 
lOUT ""OmA 

...... ...... -I-

-55 -35 -15 +5 +25 +45 +85 +85 +106 +125 

TEMPERATURE (Oe) 

REV.C 



TYPICAL PERFORMANCE CHARACTERISTICS 

• 25 

••• 
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10 T=OmA 
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'DO 

TEMPERATURE (DC) 

OUTPUT VOLTAGE CHANGE 
VI SUPPLY VOLTAGE 
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IL=O 

•• 
70 

•• 
5. .. 
3. 
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--" ,r 

" ,,-
/ 

10 15 20 25 30 35 40 

SUPPLY VOLTAGE (VOLTS) 

WIDEBAND OUTPUT NOISE 
VB BANDWIDTH (0.1 Hz TO 
FREQUENCY INDICATED) '···m_ V1N ""+5V 
TA""25D C 
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:J" 1DO'~III~~I~I'al i ~ 
I, .•••• 
,~-U~~~~~~~~~~ 
10 100 1k 10k 100k 1 M 
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RIPPLE REJECTION 
V8 FREQUENCY 

UI~"'+5V '"" 
AV1N "" SOOmY 

'OUT=omA 
TAo "" 25·C 
NO INPUT OECOUPLING 

I" 

..... 

r-.. 

• 'DO 1k 10k 100k 'M 
FREQUENCY (Hz) 

OUTPUT VOLTAGE CHANGE 
VI LOAD CURRENT 

T,,-25·C 
1-+-+-__ +-_-+ __ VIN -+5Y 

I 3r--t-t--t---t--+--~ 
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~ , 

I,.....~~:::t=_j 
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!Z 
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SUPPLY CURRENT 
V8 SUPPLY VOLTAGE 

Tit = +25"C 
IL = 0 

I-- "..... -"..... 

... 
• 10 15 20 25 30 35 40 

i 
i 
! g 

SUPPLY VOLTAGE (VOLTS) 

OUTPUT IMPEDANCE 
VI FREQUENCY 

VIN = +5V 
35 AloUT '" 1.4mAHIII--+lfHllHl-f-HfHIII-H 

TA ""2S0C 

1DD 1k 10k ,. .. 
FREQUENCY (Hz) 

BURN-IN DRIFT 
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~ -, 

'M 

" -21---+--+---+---!---I 
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REF-43 

APPLICATIONS INFORMATION 
The REF-43 provides a stable +2.5V output voltage with 
minimal dependence on load current, line voltage or temper
ature. This voltage is typically used to set an absolute refer
ence point in data conversion circuits, or in analog circuits 
such as log amps, 4-20mA transmitters and power supplies. 
The REF-43 is of partic\Jlar value in systems requiring a 
high-precision reference using a single +5V supply rail, or 
where power dissipation must be minimized. 

Because an onboard operational amplifier is used to amplify 
the basic bandgap cell voltage to 2.5V, supply decoupling is 
critical to the transient performance of a voltage reference. 
The supply line should be bypassed with a 10l'F tantalum 
capacitor in parallel with a 0.011'F to 0.11'F ceramic capacitor 
for best results. For less critical conditions, a single 0.11'F 
capacitor is adequate. 

FIGURE 1: Basic Connections 

V+ 

11i±--

p~ 
2 

VI. 

REF-43 VOUT ~VOUT+2.5V 

GND 

* 
Output decoupling is not generally required or recom
mended, except to achieve the lowest possible high
frequency output impedance when loads are being switched 
in and out quickly. As was the case with supply decoupling, 
best results will be achieved with a 10l'F tantalum capacitor in 
parallel with a 0.011'F to 0.11'F ceramic capacitor. Recom
mended high-frequency decoupling is shown in Figure 2A, 
while the transient response of the REF-43 to a sudden 2mA 
load is shown in Figures 2B and 2C. As can be seen from 
Figure 2B, if the reference is given 10l'S to settle after applica
tion or removal of .the load, no output decoupling is 
necessary. 

Load regulation is a measure of the DC output impedance of 
the reference. For the REF-43, this value is specified at 
20ppm/mA Max, which is equivalent to only 50 milliohms of 
output impedance. It is obvious that to truly realize this per
formance level, wiring resistances from the reference to the 
rest of the system must be kept as low as is practical. 

The REF-43 is capable of delivering at least 10mA to a load. 
To maintain its precision operation, loads should be kept 
within the 10mA specification. High-speed testing requires 
that load regulation is measured on a pulse basis, therefore 
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FIGURE 2A: Recommended Decoupling for 
High-Frequency Pulse Response 

V+ 

10pF TANTALUM 

f-'i~ ~FTO 
2 O.1pF -::-

VI. 

REF-43 VOUT • 
110PF lO.01PFTO 

GND 

* 
1 TANTALUM l O.'.F 

VOUT 

FIGURE 28: Pulse Response with No Output Decoupling 

FIGURE 2C: Pulse Response with Output Decoupling 

when calculating the output voltage tolerance within a sys
tem, the effects of current delivered to the load must be 
accounted for both as load regulation and as a temperature 
increase due to power dissipated within the IC. In AC sys
tems, the RMS power dissipation should be used. Thermal 
effects can be significant since a REF-43 delivering 10mA 
with an input voltage of 40V must dissipate almost 400mW of 
power. I n the TO-99 package, 400mW of power corresponds 
to a die temperature increase of 60°C above ambient. 

Die temperature is calculated by T j = (PoX 0JAl + TA, where 
Po is the sum of the power dissipation due to quiescent 
current and current delivered to the load, Po= (lsyX Vsl + 
(I LOAO X (Vs -2.5V)). The 0JA for different packages in a PC 
board surrounded by free air are listed below. 
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PACKAGE TVPE TVP 8 JA(OC/W) 

TO-99 150 

CERDIP 80 

PLASTIC 80 

LCC 110 

An additional source of error is dueto temperature gradients 
across the package leads, resulting in thermocouple effects. 
Temperature gradients will be generated when the IC is 
required to dissipate large amounts of power. Even at low 
power levels, thermocouple effects may appear as low fre
quency noise due to air currents across the leads. A signifi
cant improvement in low-frequency noise will be found by 
encasing the reference and any metal junctions such as 
solder jOints (which form thermocouples) along the refer
ence path in a light insulating foam or other enclosure to 
reduce turbulence. Thermocouple effects can easily add over 
1O~.vp_p of low-frequency noise. 

The temperature output of the REF-43 provides an output 
voltage which is proportional to the die temperature. When 
the REF-43 is operating at constant load current, this is a 
good Indication of system temperature. The nominal output 
voltage at 25°C is 567mV, and the slope is typically 
1.9mVlOC(±0.2mVlOC). The TEMP output is affected by the 
internal trimming done for output voltage tolerance, and will 
vary between units. If the temperature pin 3 is connected to 
external circuitry, it should be buffered by an op amp. Current 
into or out of pin 3 will change the temperature coefficient 
and curvature of the output voltage, while capacitance at the 
pin can create instabilities within the reference amplifier. 

GENERATING A -2.SV REFERENCE 
Often, there is a requirementfor a negative reference voltage. 
The simplest method of generating a -2.5V reference with the 
REF-43 is to connect an op amp in a gain of -1 to the output, 
as shown in Figure 3. This provides both positive and nega
tive 2.5V references. Figure 4 shows another method of 
obtaining a negative reference, in which the current-output 

FIGURE 3: ±2.5V Reference 

V+ 

Y,N 

REF-43 VOUT"'· ....... ----+---O+z.sv 

GND 

REV.C 

100kO 

100kO 

-2.5V 

REF-43 
FIGURE 4: 2.5V Reference 

+5V 

"0 

Y,N 

REF-43 YOUT • 

...... _----o-2.5V 

2k0 

-SV 

element is a PNP transistor, with the REF-43 in a servo loop to 
ensure that the output remains 2.5V below ground. 

BOOST TRANSISTOR PROVIDES HIGH 
OUTPUT CURRENT 
When applications require more than 10mA current delivery, 
an external boost transistor may be added to the REF-43 to 
pass the required current without dissipating excessive 
power within the IC. The maximum current output to the 
system is bounded only by the capabilities of the boosttran
sistor. This technique is shown in Figure 5 with and without 
current limiting. Current limiting may be used to prevent 
damage to the boost transistor. In Figure 5b, the limit occurs 
when the voltage dropped across R2 exceeds one VeE (0.6V). 
The current limit is sensitive to the variations of the diodes' 
forward drop and the PNP's VeE with temperature, and will 
decrease with increasing temperature. 

FIGURE 5: Output Current Boost 

•• No Current Limit b. 100mA Current Limit 

V+ V+ 

5110 

Y,N 

REF-43 YOUT "" ............ ---0 +2.SY Asv 
GTO 100mA 

GND GND 

2.49kO 2.41kO 
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REF-43" 
LOW-POWER CMOS DAC REFERENCE 
The REF-43 makes an excellent reference for use with CMOS 
and bipolar DACs. Figure 6 shows the REF-43 connected to 
the DAC-S012. a 12-bit parallel" loading CMOS DAC with 
memory. With an OP-43 output amplifier for fast settling. the 
circuit requires less than 3mA when driven from TTL gates. 
and less than 2mA when driven from CMOS gates. In situa
tions not requiring the higher speed of the OP-43. enhanced 
linearity and some savings in power dissipation can be real
ized using an OP-97 for the output amplifier. 

FIGURE 6: CMOS DAC Reference 

+5V 

PRECISION CURRENT SOURCE 
Current sources are often required in analog processing and 
computational circuits. The circuit of Figure 7 shows a high
output-impedance current source capable of single-supply 
operation. Performance is optimal at current levels below 
1 mAo since output voltage changes directly affect the power 
dissipated within the REF-43. 

Yo = OV TO -z.sv 

·OP AMP IS OP~43 IF HIGHER SPEED AND FASTER SETTt.lNG IS REQUIRED, 
OP-87 IF LOWER SPEED AND HIGHER LINEARITY IS REQUIRED. 

FIGURE 7: Precision Current Source 
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FIGURE 8: Single-Supply Kelvin-Output Thermometer 
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REF-43 
FIGURE 9: Thermocouple Amplifier with Cold-Junction Compensation 
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TEMPERATURE MEASUREMENT 
Using the REF-43's TEMP output, a Kelvin-output thermom
eter that operates off a single +SV supply can be built as 
shown in Figure 8. Since the output of the REF-43's TEMP pin 
is theoretically zero at O·K, trimming R3 adjusts both the 
slope and zero pOint. In actuality, the ±40mV zero pOint 
found by extrapolating the TEMP voltage vs. actual tempera
ture to zero will create a small error. A 4-20mA temperature 
transmitter is described on page 10 which uses two trims to 
eliminate this inaccuracy. 

For wider temperature ranges than semiconductors can 
withstand, thermocouples are commonly used. Depending 
upon the type used, a thermocouple can measure tempera
tures over 1000·C. Thermocouples require a reference junc
tion, at a known temperature, usually O·C. Since it is not 
generally convenient to have an ice bath, electronic methods 
of simulating this junction have been developed, called cold
junction compensation. In Figure 9, diode 01 is mounted 
isothermally to the termination of the thermocouple, and 
along with R1 and R2 provides the cold-junction compensa
tion required for accurate measurement. Using an OP-90 as 
the amplifier, the circuit will operate off a single +SV supply 
and is capable of measuring temperatures from O·C to 
+400·C. If negative temperatures must be measured, dual 
supplies must be used to allow the op amp to swing negative. 
In cases where the electronics are subject to temperature 
fluctuations, an OP-77 is recommended for its extremely low 
TCVos· 
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Calibration of the thermocouple amplifier is done after a 1S 
minute warm-up time using RS. A copper wire short is placed 
across the thermocouple terminating junctions, simulating a 
O·C condition. RS is then adjusted for a O.OOV output. The 
short is then removed and the amplifier is ready for use. Note 
that special care must be used in calibration when this circuit 
is operated single-supply, as the output of the OP-90 will 
swing to within SOOI'Vof ground, but not below ground. Thus 
RS must be trimmed to the point where the output just barely 
reaches its swing limit. 

By changing the appropriate resistor values, the amplifier 
may be used with type S, J or K thermocouples. In all cases, 
the output has been scaled with R9 to provide an output of 
10mV/·C. 

SEEBECK 
TYPE COEFFICIENT, a R1 R2 R7 R9 

K 39.21'V;oC 1100 S.76kO 102kO 269kO 

J SO.2I'V/·C 1000 4.02kO 80.6kO 200kO 

S 10.3I'V/·C 1000 20.SkO 392kO t07MO 

TWO-WIRE 4-20mA TRANSMITTERS 
4-20mA current loops are used in noisy environments for 
many types of remote data acquisition. With a two-wire loop, 
the sensing circuitry can be powered with the same lines 
used for signal transmission. 

VOLTAGE REFERENCES 6-135 



REF-43 

FIGURE 10: Two Wire 4-20mA Transmitter 
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The current transmitter of Figure 10 provides an output of 
4mA to 20mA that is linearly proportional to the input voltage. 
Linearity of the transmitter exceeds 0.004% and line rejection 
is below measurement limits. 

Biasing for the current transmitter is provided by the REF-
43FZ. The OP-90EZ regulates the output current to satisfy 
the current summation at the noninverting node: 

1 (VIN R5 2.5V R5 ) 
IOUT= - ---+ 

R6 R2 R1 

For the values shown in Figure 10, 

IOUT= (~)VIN+4mA 
100n 

giVing a full-scale output of 20mA with a 100mV input. 
Adjustment of R2 will provide an offset trim and adjustment 
of R1 will provide a gain trim. These trims do not interact 
since the noninverting input olthe OP-90 is at virtual ground. 
The Schottky diode, 01, prevents input voltage spikes from 
pulling the noninverting input more than 300mV below the 
inverting input. Without the diode, such spikes could cause 
phase reversal of the OP-90 and possible latch-up of the 
transmitter. Compliance of this circuit is from 4.5V to 40V. The 
voltage reference output can provide up to 2mA for trans
ducer excitation. 

The OP-90 is also available in dual and quad versions. Using 
an OP-490, three of the amplifiers can be used to implementa 
full instrumentation amplifier for signal conditioning before 
delivery to the 4-20mA transmitter. All four OP-90s require 
less than 80l'A supply current, and thus have virtually no 
impact on the current-budget of the 4-20mA loop. 

A simple temperature to 4-20mA transmitter is shown in Figure 
11. After calibration, the transmitter is accurate to within 1·C 
over the -50·C to +150·C temperature range. The transmitter 
operates from +6V to +40V with supply rejection better than 
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AS 

A4 
1OCIkO 

AI 
100/1 

(+4.5V TO +40V) 

IIIIk/l lOUT 

IOUT= ::: + emA 

3ppmlV. An OP-90 is used to buffer the TEMP pin, while the 
second OP-90 regulates the output current to satisfy the 
current summation at its noninverting input. 

The change in output current with temperature is the deriva
tive of the transfer function: 

aVTEMP 
alOUT = a=r- (R6+ R7) 

aT R2R1O 

From the formulas, it can be seen that if the gain trim is 
adjusted before the final offset trim, the two trims are not 
interactive, which greatly simplifies the calibration procedure. 

To calibrate the transmitter, begin by placing the REF-43 in 
an ice water (O·C) bath. If necessary, adjust the offset trim, 
R5, so that the output current is above 4mA. 

Record the output current. Next, place the REF-02 in a boil
ing water (100·C) bath. Adjust the gain trim, R6, so thatthe 
change in the output current reflects the desired mA/oC ratio 
described as follows: 

alFS 
Output Ratio = --"":"'::'---

aT OPERATING 

16mA 

aT OPERATING 

As an example, assume the transmitter is to operate over the 
-50·C to +150·C temperature range: 

16mA 16mA 
Output Ratio = = ---= 0.08mA/·C 

(150·C - 50·C) (200·C) 

If IOUTin the ice water bath equaled 6.3mA, then in the boiling 
water bath: 

I OUT(100'C) = I OUT(O'C) + 100·C (O.08mA/·C) 

= 6.3mA + 8mA = 14.3mA 

REV.C 



With the REF-43 in the boiling water bath. the gain trim. RS. in 
this example should be adjusted so lOUT equals 14.3mA. 

Once the gain trim has been completed. the offset trim can be 
made. Remem ber. that adj usting the offset tri m will not affect 
the gain. 

The offset trim can be set at any known temperature by 
adjusting RS until the output current equals: 

IOUT= ( DoIFS ) (TAMBIENT-TMINl +4mA 
DoT OPERATING 

Using the previous example and assuming the REF-43 is at 
20·e: 

FIGURE 11: Temperature to 4-20mA Transmitter 
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IOUT= ( 1SmA ) [20.e - (-50·C)' + 4mA = 9.SmA 
200·e J 

Table 1 shows the values of RS and R7 required for various 
temperature ranges. 

TABLE 1 

TEMP R6 
RANGE (FIXED) 

o·e to +70·e 10k 

-40·e to +6S·e 6k 

-so·e to + 1S0·e 3k 

'N4002 
IA 
N 

R7 
(TRIMPOT) 

Sk 

3k 

2k 

y+ 
+IVT0+40V 

., .8 ~FiM 
HOn 1 .. n .7 

2.n 

3~7 -.~ . .8 V 

'.n 
..... 2N171' 

OFFSET - 4 .1 
TRIM 1OOkO 

.,. 
'DOn 

''It.1I2W 

~ 

lOUT 
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FIGURE 12: Low Power Logarithmic Amplifier 
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LOW-POWER LOGARITHMIC AMPLIFIER 
A logarithmic amplifier accurate over morethan 4 decades is 
shown in Figure 12. This circuit requires less than 2mA of 
current when the input is at 1 V (OV output). The output 
voltage is given by VOUT = 10g(VREP'RREF) - log(V1rlRIN). 
thus the zero point may be adjusted by RREF and the input 
scaling by RIN. 
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Selection Guide 
Data Acquisition Subsystems 

Throughput 
Resolution Rate No. Bus Package Temp 

Model Bits kHz Channels Interface Options' Range2 Page Comments 

*AD1341 12 150 16/8 16 12 C,M C II 7-25 Complete, Programmable DAS with Fast Bus Interface 
AD1332 12 125 1 12 1 I,M C II 7-17 Complete 12-Bit 125 kHz Sampling ADC, On-Chip FIFO 
AD1334 12 65 4 12 1 I,M C II 7-21 Four-Channel 12-Bit Sampling ADC, On-Chip FIFO 
AD364 12 20 16/8 12 1 C,M C II 7-5 High Speed 16-Channel 12-Bit DAS 
AD363 12 25 16/8 12 I C,M C II 7-5 16-Channel 12-Bit DAS 
AD1362 16/8 C,M C II 7--41 16-Channel Analog Front-End for 12-Bit ADC 
AD79015 12 10 1 Serial 2,5 C C II 7-49 SmaIl Signal DAS with Instrumentation 

Amplifiers and Reference 
DASII52 14 25 14 I C II 7--65 14-Bit High Accuracy Sampling ADC 
DASII57 14 18 14 I C II 7--69 Low Power 16-Bit Sampling ADC 
DASII53 15 25 15 I C II 7--65 15-Bit High Accuracy Sampling ADC 
DASI1S8 15 18 15 I C II 7--69 Low Power 15-Bit Sampling ADC 
DASII59 16 18 16 I C II 7--69 Low Power 16-Bit Sampling ADC 

*AD79024 20 0.30 Serial 2,6 C C II 7-57 Quad 20-Bit Sigma Delta ADC, Low Power 

'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOlC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic F1atpack; 10 = Plastic Quad FJatpack; 11 = Single·In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; J3 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO·92. 

2Temperarure Ranges: C = Commercial, 0 to +70"C; I = IndustriaJ, -4O"C to +85°C (Some older products -25°C to +85°C); M = Military, -55"C to +125°C. 
Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Darabooks. 



Data acquisition subsystems provide many of the functional 
elements of a complete data acquisition system, in various com
binations. By doing this, these subsystems allow complete per
formance to be provided and specified more easily than with 
systems built from individual components. 

Among the functional blocks that data acquisition subsystems 
provide are: 

• multiple channel input multiplexer 
• programmable gain amplifier 
• sample-hold amplifier 
• microprocessor interface 
• analog-to-digital converter 
• converter reference 

Orientation 
Data Acquisition Subsystems 

The data acquisition subsystems detailed on the following pages 
provide a wide span of performance capabilities. Resolutions of 
12, 14, IS, 16 and 20 bits; gain ranges of 64:1 up to 512:1 and 
throughputs from 300 Hz to ISO kHz are available. These speci
fications must be compared along with input range, package 
size, power consumption and linearity to decide which data ac
quisition subsystem, if any, is best for the application. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

AD363 
16-Channel Data Acquisition Input Stage with: 

Digitally Controlled Channel Selection/Mode Control 
16 Single-Ended or 8 Differential Channels 
25 kHz Throughput Rate 
Guaranteed No Missing Codes Over Temperature 

AD364 
16-Channel Data Acquisition Input Stage with: 

Digitally Controlled Channel Selection/Mode Control 
16 Single-Ended or 8 Differential Channels 
20 kHz Throughput Rate 
Guaranteed No Missing Codes Over Temperature 
Three-State Buffered Digital Output 

PRODUCT DESCRIPTIONS 
The AD363 and AD364 are complete 16-channel data acquisi
tion systems which condition and subsequently convert an ana
log voltage into digital form. Each system consists of two 
devices, an analog input stage (AIS) and an analog-to-digital 
converter (ADC). The AIS includes a two 8-channel multiplex
ers, a channel address register, a unity gain instrumentation am
plifier, and a sample-hold amplifier. The multiplexers may be 
connected to the instrumentation amplifier in either an 8-
channel differential or l6-channel single ended configuration. A 
unique feature of these products is an internal user controlled 
switch which connects the multiplexers in either single-ended or 
differential mode. This allows a single device to perform in ei
ther mode with hard-wire programming and permits interfacing 
a mixture of single-ended and differential signals by dynamically 
switching the input mode control. 

The AD363 and AD364 differ in ADC performance. Each ADC 
is a complete 12-bit successive approximation converter includ
ing an internal clock and a precision reference. Active laser 
trimming results in maximum linearity errors of ±0.012% with 
conversion times of 25 ,...s (AD363) or 32 ,...s (AD364). The hy
brid AD363-ADC has five user selectable input ranges (±2.5, 
±5.0, ± 10.0, 0 to +5, and 0 to + 10 volts) and includes a high 
impedance buffer amplifier. The AD364-ADC is a monolithic 
converter with 3-state output buffer circuitry for direct interface 
to an 8-, 12-, or l6-bit processor bus and three user selected 
input ranges (±5, ± 10, and 0 to + 10 volts). 

Both products are specified for operation over both the commer
cial WC to + 70DC) and military (- 550C to + 125DC) temperature 
ranges. The AD363 and AD364 are available with environmen
tal screening. Please contact the factory or nearest sales office 
for details. 

REV. 0 

Complete 16-Channel, 12-Bit 
Data Acquisition Systems 

[
AE A2 ,1,1 AOJ INPUT 

CHANNEL 
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AD363/AD364 I 
FUNCTIONAL BLOCK DIAGRAMS 

CHANNEL SlNGLE·ENOI 
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LATCH MODE SELECT 
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IIS..ECT Dfl'FERBmAL 
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AD363/AD364-SPECIFICATIONS (typical @ +25°C, :15 V and +5 V unless othenvlse noted) 

PII1'8IIl_ AD363RK - AD363RS 

ANALOG INPUTS 
Number of Inputs 16 Single-Ended or S Differential (Electronically Selecmblc) * 
Input Voltage Ranges 

Bipolar ±2.5 V, ±5.0 V, ±10.0 V * 
Unipolar Oto +5V,Oto +10V * 

Input (Bias) Current, ~ Channel ±50nAmax * 
Input Impedance 

ON Channel 10'0 0, 100 pF * 
OFF Channel 10'00,10 pF * 

Input Fault Current (Power OFF or ON) 20 mA, max, Intemally Limited * 
Common-Mode Rejection 

Differential Mode 70 dB min (SO dB) typ) @ 1 kHz, 20 V p-p * 
Mux Crosstalk (Interchannel, 

Any OFF Channel to Any ON Channel) -80 dB max (-90 dB typ) @ 1 kHz, 20 V p-p * 
RESOLUTION 12 Bits * 
ACCURACY 

Gain Error' ±0.05% FSR (Adjustable to Zero) * 
Unipolar Offset Error ± 10 m V (Adjustable to Zero) * 
Bipolar Offset Error ±20 mV (Adjustable to Zero) * 
Linearity Error ±112 LSB max * 
Differential Linearity Error ± 1 LSB max (± 112 LSB typ) * 
Relative Accuracy ±0.025% FSR * 
Noise Error 1 mV p-p, 0.1 Hz to 1 MHz * 

TEMPERATURE COEFFICIENTS 
Gain ±30 ppml"C max (±IO ppmI"C typ) ±25 ppmI"C max (± 15 ppmI"C typ) 
Offset, ± 10 V Range ± 15 ppmI"C max (± 5 ppmI"C typ) ±S ppmi"C max (±5 ppmi"C typ) 
Differential Linearity No Missing Codes Over Temperature Range * 

SIGNAL DYNAMICS 
Conversion Time' 25 110' max (22 .... typ) * 
Throughput Rate, Full Rated Accuracy 25 kHz min (30 kHz typ) * 
Sample-and-Hold 

Aperture Delay 200 n. max (150 os typ) * 
Aperture Uncertainty 500 ps max (100 ps typ) * 
Acquisition Time 

To ±0.01% of Final Value IS .... max (10 110' typ) * 
For Full-Scale Step 

Feedthrough -70 dB max (-SO dB typ)@ 1 kHz * 
Droop Rate 2 mVims max (I mV/ms typ) * 

DIGITAL INPUT SIGNALS' 
Convert Command (to ADC Section, 

Pin 21) Positive Pulse, 200 os min Width. Leading Edge 
("0" to "I ") Resets Register, Trailing Edge 
("1" to "0") Starts Conversion * 

1 TTL Load * 
Input Channel Select (to Ana10g 

Input Section, Pins 28-31) 4-Bit Binary Channel Address * 
1 LS TTL Load * 

Channel Select Latch (to Analog 
(Input Section, Pin 32) "I" Latch Transparent * 

"0" Latched * 
4 LS TTL Loads * 

Sample-Hold Command (to Analog 
Input Section Pin 13 Normally "0" Sample Mode * 
Connected to ADC "Status," "I" Hold Mode * 
Pin 20) 2 LS TTL Loads * 

Short Cycle (to ADC Section Pin 14) Connect to +5 V for l2-Bits Resolution * 
Connect to Output Bit n + 1 for n Bits 
Resolution * 
1 TTL Load * 

Single-EndedlDifferential Mode Select 
(to Analog Input Section, Pin 1) "0" Single Ended Mode * 

"I" Differential Mode (+4.0 V min) * 
3 TTL Loads * 
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AD363/AD364 
Parameter AD363RK AD363RS 

DIGITAL OUTPUT SIGNALS' 
(All Codes Positive True) 
Parallel Date 

Unipolar Code Binary * 
Bipolar Code Offset Binaryrrwos Complement * 
Output Drive 2 TTL Loads * 

Serial Data (NRZ Format) 
Unipolar Code Binary * 
Bipolar Code Offset Binary * 
Output Drive 2 TTL Loads * 

Status (Status) Logic "I" ("0") During Conversion * 
Output Drive 2 TTL Loads * 

Internal Clock 
Output Drive 2 TTL Loads * 
Frequency 500 kHz * 

INTERNAL REFERENCE VOLTAGE +10.00 V, ±lOmV * 
Max External Current ±lmA * 
Voltage Temperature Coefficient ± 20 ppm/"C max * 

POWER REQUIREMENTS 
Supply VoltageS/Currents +15 V, ±5% @ +45 rnA max (+38 rnA typ) * 

-15 V, ±5%@ -45 rnA max (-38 rnA typ) * 
+5 V, ±5%@ +136 rnA max (+113 rnA typ) * 

Total Power Dissipation 2 Watts max (1.7 Watts typ) * 
TEMPERATURE RANGE 

Specification O"C to + 7O"C - 55'C to + 125"C 
Storage -55"C to + 150'C - 55'C to + 150'C 

PACKAGE OPTIONS 
Analog Input Section (DH-32E) AD363RKD AD363RSD 
AD Section (DH-32C) AD363RKD AD363RSD 

NOTES • 
'With 50 0, 1% fixed resistor in place of Gain Adjust pot. 
'Conversion time of ADC Section. 
'One TTL Load is dermed as IlL = -1.6 rnA max @ VIL = 0.4 V, IIH = 40 IlA max @ VIH = 2.4 V. One LS TTL Load is defmed as IlL = -0.36 rnA max 
@ VIL = 0.4 V, IIH = 20 f.'A max @ VIH = 2.7 V. 
·Specifications same as AD363RK. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS (ALL MODELS) 
+V, Digital Supply ....................... +5.5 V 
+V, Analog Supply ........................ +16 V 
-V, Analog Supply ........................ -16 V 
VIN' Signal ..................... ±V, Analog Supply 
VIN' Digital ................. 0 to +V, Digital Supply 
AGND to DGND .......................... ±I V 
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AD363/AD364 
AD363 PIN FUNCTION DESCRIPTION 

ANALOG INPUT SECTION ANALOG-TO-DIGITAL CONVERTER SECTION 

Pin Pin 
Number Function Number Function 

1 Single-EndlDifferential Mode Select 1 Data Bit 12 (Least Significant Bit) Out 
"0": Single-Ended Mode 2 Data Bit 11 Out 
"I": Differential Mode (+4.0 V min) 3 Data Bit 10 Out 

2 Digital Ground 4 Data Bit 9 Out 
3 Positive Digital Power Supply, + 5 V 5 Data Bit 8 Out 
4 "High" Analog Input, Channel 7 6 Data Bit 7 Out 

5 "High" Analog Input, Channel 6 7 Data Bit 6 Out 

6 "High" Analog Input, Channel 5 8 Data Bit 5 Out 

7 "High" Analog Input, Channel 4 9 Data Bit 4 Out 

8 "High" Analog Input, Channel 3 10 Data Bit 3 Out 
9 "High" Analog Input, Channel 2 11 Data Bit 2 Out 

10 "High" Analog Input, Channell 12 Data Bit 1 (Most Significant Bit) Out 

11 "High" Analog Input, Channel 0 13 Data Bit 1 (MSB) Out 
12 No Connect 14 Shon Cycle Control 

13 Sample-Hold Command Connect to + 5 V for 12 Bits 
"0": Sample Mode Connect to Bit (n + 1) Out for n Bits 
"I": Hold Mode IS Digital Ground 

Normally Connected to ADC Pin 20 16 Positive Digital Power Supply, +5 V 
14 Offset Adjust 17 Status Out 
IS Offset Adjust "0": Conversion in Progress 
16 Analog Output (parallel Data Not Valid) 

Norma1ly Connected to ADC "I": Conversion Complete 
"Analog In" (parallel Data Valid) 

17 Analog Ground 18 + 10 V Reference Out 

18 "High" ("Low") Analog Input, Channel 15 (7) 19 Clock Out (Runs During Conversion) 

19 "High" ("Low") Analog Input, Channel 14 (6) 20 Status Out 

20 Negative Analog Power Supply, -IS V "0": Conversion Complete 
21 Positive Analog Power Supply, +15 V (Parallel Data Valid) 

22 "High" ("Low") Analog Input, Channel 13 (5) "I": Conversion in Progress 

23 "High" ("Low") Analog Input, Channel 12 (4) (Parallel Data Not Valid) 

24 "High" ("Low") Analog Input, Channel 11 (3) 21 Conven Start In 

25 "High" ("Low") Analog Input, Channel 10 (2) Reset Logic ~ 
26 "High" ("Low") Analog Input, Channel 9 (I) Stan Conven ~ 

27 "High" ("Low") Analog Input, Channel 8 (0) 22 Comparator In 

28 Input Channel Select, Address Bit AE 23 Bipolar Offset 

29 Input Channel Select, Address Bit AO Open for Unipolar Inputs 

30 Input Channel Select, Address Bit Al Connect to ADC Pin 22 for 
31 Input Channel Select, Address Bit A2 Bipolar Inputs 

32 Input Charinel Select Latch 24 10 V Span R In 
"0": Latched 25 20 V Span R In 
"I ": Latch "Transparent" 26 Analog Ground 

27 Gain Adjust 

28 Positive Analog Power Supply, +15 V 
29 Buffer Out (for External Use) 
30 Buffer In (for External Use) 

31 Negative Analog Power Supply, -IS V 

32 Serial Data Out 
Each Bit Valid on Trailing (~) 

Edge Clock Out, ADC Pin 19 
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SPECIFICATIONS (typical @ + 25°C. :t15 Y and +5 Y unless otherwise noted) AD363/AD364 
Parameter AD364RJ AD364RK AD364RS AD364RT Units 

ANALOG INPUTS 
16 Single-Ended o! S Differential (ElectronicallY selectabl~) Number of Inputs 

Input Voltage Range 
Tmin toTJDIIl[ ±IO * * * V 

Input (Bias) Current per Channel ±50 * * * nA 
Input Impedsnce ON Channel 10'°11100 * * * OllpF 

OFF Channel 10'°1110 * * * OllpF 
Input Fault Current 20 * * * mAmax 
(Power ON or OFF) (Internally 
Common-Mode Rejection Limited) 

Differential Mode I kHz 20 V p-p 70 min (SO typ) * * * dB 
Mux Crosstalk (Any OFF CHANNEL 

to Any ON Channel) I kHz 
20 V p-p -SO max (-90 typ) * * * dB 

Offset, Channel to Channel ±5 * * * mVmax 

ACCURACY 
Gain Error' 0.3 * * * %ofFSR 
Unipolar Offset Error' ±IO ±S * ** mV 
Bipolar Offset Error ±50 ±20 * ** mV 
Linearity Error 0.024 0.012 * ** % ofFSRmax 

Tmin to Tmax 0.024 0.012 * * %ofFSRmax 
Differential Linearity Error 0.024 0.012 * ** %ofFSRmax 

Tmin to Tmax 0.024 0.012 * * %ofFSRmax 
Noise Error 1 mV p-p 0.1 Hz to 1 MHz * * * 

TEMPERATURE COEFFICIENTS 
Gain 54 31 * ** ppmI"C 
Offset (± 10 V Range) 12 7 * ** ppmfOC 
Operating Temperature Range O"C to + 7O"C * - 55'C to + 125'C *** ppmfOC 

SIGNAL DYNAMICS 
Conversion Time 32 max (25 typ) * * * J.LS 
Throughput Rate, Full Accuracy 20 min (25 typ) * * * kHz 
Sample-Hold 

Aperture Delay 200 max (150 typ) * * * ns 
Aperture Uncertainty 500 max (l00 typ) * * * ps 
Acquisition Time 

To 0.01% of Final Value 
For Full-Scale Step IS max (10 typ) * * * J.Ls 

Feedthrough at 1 kHz -70 max (-SO typ) * * * dB 
Droop Rate 2 max (1 typ) * * * mV/ms 

DIGITAL INPUT SIGNALS 
Analog Input Section 

Input Channel Select 4 Bit Binary Address * * * 
1 LS TTL Load * * * 

Channel Select Latch "1" Latch Transparent * * * 
"0" Latched * * * 
4 LS TTL Loads * * * 

Single-EndedlDifferentiai "0" Single Ended * * * 
Mode Select "1" Differential (+4 V min) * * * 

3 TTL Loads * * * 
Sample-and-Hold Command "0" Sample Mode * * * 

"1" Hold Mode * * * 
1 TTL Load * * * 

ADC Section' 4.5 .. V L .. 5.5 
Logic Input Threshold 

T ... toT.,.. 
Logic "1" 2.0 * * * V min 
Logic "0" O.S * * * V max 

Logic Input Current 
T ... to T.,.. 

Logic "1" 20 * * * J.LAmax 
Logic."O" 20 * * * J.LAmax 
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AD363/AD364 
Parameter AD364RJ 

DIGITAL OUTPUT SIGNALS 
Logic OutpUts T min to T max 

Sink Current VOUT = 0.4 V 1.6 
Source Current VOUT = 2.4 V 0.5 
OutpUt Leakage When in 

Three State ±4D 
Output Coding 

Unipolar Positive True Binary 
Bipolar Positive True Offset 

Binary 

POWER REQUIREMENTS 
Supply Voltages/Currents +15 V, ±5% @ 36 mA max 

-15 V, ±5% @65 mA max 
+5 V, ±5% @ 75 mA max 

PACKAGE OPTIONS 
Analog Input Section (DH·32E) AD364RJD 
ADC Section (0-28) AD364RJD 

NOTES 
IWith 50 n resistor from REF IN to REF OUT. Adjustable to zero. 
'Adjustable to zero. 
'12Jg line must be hard wired to V LOGIC or digital common. 

"Specifications aame as AD364RJ. 
""Specifications same as AD364RK 

"""Specifications same as AD364RS. 
Specifications subject to chaoge without notice. 

ABSOLUTE MAXIMUM RATINGS (ALL MODELS) 
+V, Digital Supply ....................... +5.5 V 
+V, Analog Supply .....•.......•...•....•. +16 V 
-V, Analog Supply .............•....•..... -16 V 
VIN' Signal ..............•.....• ±V, Analog Supply 
VIN' Digital .•.........•..... 0 to +V, Digital Supply 
AGND to DGND ...•.•..•................. ±1 V 
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AD364RK AD364RS AD364RT Uaits 

" " " mAmin 

" " " mAmin 

" " " .,A max 

" " " 
" " " 

" " " 
" " " 
" " " 
AD364RKD AD364RSD AD364RTD 
AD364RKD AD364RSD AD364RTD 

ORDERING GUIDE 

Temperature 
Model Range 

AD363RKD O"C to + 7O"C 

AD363RSD -55°C to + 125"C 

Package Option" 

DH·32E (Analog Input Section) 
DH·32C (ADC Section) 
DH·32E (Analog Input Section) 
DH·32C (ADC Section) 

AD364RJD O"C to +70"C DH·32E (Analog Input Section) 
D·28 (ADC Section) 

AD364RKD O"C to +70°C DH·32E (Analog Input Section) 
D·28 (ADC Section) 

AD364RSD -55"C to +125°C DH·32E (Analog Input Section) 
D-28 (ADC Section) 

AD364RTD -55°C to + 125"C DH-32E (Analog Ibput Section) 
D·28 (ADC Section) 

"D = Hermetic DIP. For outline infonnation see Package Information 
section. 
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AD363/AD364 
AD364 PIN FUNCTION DESCRIPTION 

ANALOG INPUT SECTION ANALOG-TO-DIGITAL CONVERTER SECTION 

Pin Pin 
Number Function Number Func:tion 

1 Single-End/Differential Mode Select I Logic Power Supply, + 5 V 

"0" Single-Ended Mode 2 Data Mode Select (1218) 
"1" Differential Mode "0": 8 Upper Bits or 

2 Digital Common 4 Lower Bits as Selected by Byte 

3 Positive Digital Power Supply, +5 V Select (Ao)) 

4 "High" Analog Input, Channel 7 3 Chip Select (CS) 

5 "High" Analog Input, Channel 6 "0": Device Selected 

6 "High" Analog Input, Channel 5 "1": Device Inhibited 

7 "High" Analog Input, Channel 4 4 Byte AddresS/Short Cycle (Ao) 

8 "High" Analog Input, Channel 3 "0": Upper 8 Bits Enabled (1218 "0")1 
9 "High" Analog Input, Channel 2 12-Bit Cycle 

10 "High" Analog Input, Channel I "1": Lower 4 Bits Enabled (1218 "1")1 

11 "High" Analog Input, Channel 0 8-Bit Cycle 

12 No Connect 5 Read Convert (RIC) 
13 Sample-Hold Command "0": Convert Start 

''0'': Sample Mode "I": Read Enable 
"1": Hold Mode 6 Chip Enable (CE) 
NormaJly Connected to ADC Pin 28 S : RIC "0," CS "0" Initiates Conversion 

14 Offset Adjust I : RIC "1," CS "0" Initiates Read 

IS Offset Adjust "0": Device Disabled 
16 Analog Output "1": Device Enabled 

Normally Connected to ADC 7 Analog Power Supply, + IS V (V d 
"Analog In" 8 Reference Out, + 10 V 

17 Analog Common 9 Analog Common (AC) • 18 "High" ("Low") Analog Input, Channel IS (7) 10 Reference In 
19 ''High'' ("Low") Analog Input, Channel 14 (6) 11 Analog Power Supply, -IS V (V ss) 
20 Negative Analog Power Supply, -IS V 12 Bipolar Offset 
21 Positive Analog Power Supply, + IS V 13 10 V Span Input 

22 "High" ("Low") Analog Input, Channel 13 (5) 14 20 V Span Input 
23 "High" ("Low") Analog Input, Channel 12 (4) IS Digital Common (DC) 
24 "High" ("Low") Analog Input, Channel 11 (3) 16 Data Bit 0 
25 "High" ("Low'') Analog Input, Channel 10 (2) 17 Data Bit 1 

26 "High" ("Low'') Analog Input, Channel 9 (1) 18 Data Bit 2 
27 "High" ("Low") Analog Input, Channel 8 (0) 19 Data Bit 3 
28 Input Channel Select, Address Bit AE 20 Data Bit 4 
29 Input Channel Select, Address Bit AO 21 Data Bit 5 
30 Input Channel Select, Address Bit Al 22 Data Bit 6 
31 Input Channel Select, Address Bit A2 23 Data Bit 7 
32 Input Channel Select Latch 24 Data Bit 8 

"0": Latched 25 Data Bit 9 
"1": Latch ''Transparent'' 26 Data Bit 10 

27 Data Bit 11 
28 Status Out 
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DESIGN 
Concept 

~-----'I r~ 
~LOW" ANALOG INPUTS 

AIS Functional Block Diagram 

Figures 1 and 2 show a general DAS application using the 
AD363 and AD364, respectively. 

CHANNEL 
SELECT 
LATCH 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design is 
optimized for its specific function. Production yields are in
creased thus decreasing costs. Furthermore, the standard config
uration packages plug into standard sockets and are easier to 
handle than larger packages with higher pin counts. 

" 
L, 

" , 
L" 

Figure 1. AD363 DAS 

OCPOWER 
!tt5V,+SVj 

, ' ==----:-=-:---, r.;;:;;:;--~;::=====t.!!!.-, 

~~ 
l L, 

~ " ~~ 

L.. 

I"E:U~AOI 
LCHANNELJ 

SELECT 

CHANNEL 
SELECT 
LATCH 

SlNGLE·ENDI 
DIFFERENTIAL 
MOOfSELECT 

Figure 2. AD364 DAS 
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System Timing 
Figure 3 is a general timing diagram for the circuits shown in 
Figures 1 and 2 operating at the maximum conversion rate. 

ADDRESS MAYBE CHANGED 

ADDRESS 

ADDRESS LATCH 

CONVERT COMMAND 

51 ATUS (SAMPLE-HOLDI 

GATED CLOCK 

Figure 3. A0363 Timing Diagram 

The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is "busy" by placing a Logic" 1" 
on its Status line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is "busy," the sample-and-hold is the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample
and-hold is holding the proper analog value, the address may 
be updated during conversion. Thus multiplexer settling time 
can coincide with conversion and need not affect throughput 
rate. 

S. The ADC indicates completion of its conversion by returning 
Status to Logic "0." The sample-and-hold returns to the 
Sample mode. 

6. If the input signal has changed full scale (different channels 
may be widely varying data) the sample-and-hold will typi
cally require 10 microseconds to"acquire" the next input to 
sufficient accuracy for lZ-bit conversion. 

After allowing a suitable interval for sample-and-hold to stabilize 
at its new value, another Convert Start command may be issued 
to the ADC. 

AD363·ADC OPERATION 
Fignre 4 shows a detailed timing diagram for the AD363-ADC. 
Serial data changes on rising edges of the internal clock and is 
guaranteed to be stable on falling edges. 

AD364·ADC OPERATION 
There are two sets of control pins on the AD364-ADC: the gen
eral control inputs (CE, CS, and RIC) and the internal register 
controls inputs (1Z/8 and Ao). The general control pins function 
similarly to those on most AID converters, performing device 
timing, addressing, cycle initiation, and read enable functions. 
The internal register control inputs, which are not found on 
most AID converters, 'select output data format and conversion 
cycle length. 
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GATED 
ClOCK 

~ INDETERMINATE PARALLEL DATA VALID 
an 1 
IMal 

liT 2 ~ 1\ 

liT 3 ~ U l 
IIT4 ~ U 1\ 

BIT & ~ III 
81T8 ~ U II 

BIn ~ III 
BIT8 ~ U " 
BIT. ~ U II 

alT 10 ~ III 
BIT 11 ~ III 
BIT 12 
~ U II 

(LSII 

SERIAL 

Figure 4. AD363-ADC Timing Diagram (Binary Code 
110101011001) 

The two major control functions, convert start and read enable, 
are controlled by CE, CS, and RIC. Although all three inputs 
must be in the correct state to perform the function (for convert 
start, CE = 1, CS = 0, RIC = 0; for read enable, CE = 1, CS 
= 0, RIC = 1), the sequence does not matter. For large sys
tems, typically microprocessor controlled, standard operation for 
convert start would be to first set RIC = 0 (from R!W line); ad
dress the chip with CS = 0, then apply a positive start pulse to 
CEo A read would be done similarly but with RIC = 1. 

Ao (byte select) and 12/8 (data format) inputs work together to 
control the output data and conversion cycle. In almost all situa
tions 1218 is hard-wired "high" (to V LOGIc) or "low" (to Digital 
Common). If it is wired high, all 12 data lines will be enabled 
when the read function is called by the general control inputs. 
For an 8-bit bus interface, 12/8 will be wired low. In this mode, 
only the 8 upper bits or the 4 lower bits can be enabled at once, 
as addressed by Ao. For these applications, the 4 LSBs (Pins 
1~19) should be hard-wired to the 4 MSB (Pins 24-27). Thus, 
during a read, when Ao is low, the upper 8 bits are enabled and 
present data on Pins 20 through 27. When Ao goes high, the 
upper 8 data bits are disabled, the 4 LSBs then present data to 
Pins 24 to 27, and the 4 middle bits are overridden so that zeros 
are presented to Pins 20 through 23. 

The Ao input performs an additional function of controlling 
conversion length. If Ao is held low prior to cycle initiation, a 
fullI2-bit,2S f.Ls cycle will result; if Ao is held high prior to 
cycle initiation, a shortened 8-bit, 16 f.LS cycle will result. The 
Ao line must be set prior to cycle initiation and held in the de
sired position at least until STS goes high. Thus, for micro-
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AD363/AD364 
processor interface applications, the Ao line must be properly 
controlled during both the convert start and read functions. 

STANDARD FULL CONTROL INTERFACE 
The timing for the standard full control interface is shown in 
Figure S. In this operating mode, CS is used as the address in
put which selects the particular device, RIC selects between the 
read data and start conversion functions, and CE is used to time 
the actual functions. 

------~-.~~--~-- ___ r--

--+ 

~ ----------------------

Figure 5. AD364-ADC Timing Diagram 

The left side of the figure shows the conversion start control. CS 
and RIC are brought low (their sequence does not matter), then 
the start pulse is applied to CEo The timing diagram shows a 
time delay for CS and RIC prior to the start pulse at CEo If less 
time than this is allowed, the conversion will still be started, but 
an appropriately longer pulse will be needed at CEo However, 
if the hold times for CS and RIC after the rising edge of the 
start pulse at CE are not followed, the conversion may not be 
initiated.-

The Ao line determines the conversion cycle length and must be 
selected prior to conversion initiation. If Ao is low, a 12-bit cy
cle results; if Ao is high, an 8-bit short cycle results. Minimum 
setup and hold times are shown. The status line goes high to 
indicate conversion in progress. The analog input signal is al
lowed to vary until the STS goes high. It must then be held 
steady until STS again goes low at the end of conversion. 

The data read function operates in a similar fashion except that 
RIC is now held high. The data is stored in the output register 
and can be recalled at will until a new conversion cycle is com
manded. In addition, if the converter is arranged in the 8-bit 
data mode, the Ao line now functions as the byte select address, 
with setup and hold times as shown. With Ao low, Pins 20 to 
27 (DB4-II) come out of three-state and present data. With Ao 
high, Pins l~ 19 (DB0-3) come out of three-state with data and 
Pins 20-23 present active trailing zeros. In the 8-bit mode, Pins 
1~19 will be hard-wired directly to Pin 24-27 for direct two 
byte loading onto an 8-bit bus. There are two delay times for 
the data lines after CE is brought low: tHD is the delay until the 
outputs are fully into the high impedance state. 

STANDALONE OPERATION 
For simpler control functions, the AD364-ADC can be con
trolled with just RIC. In this case, CE is wired high, CS low, 
1218 high, and Ao low. There are two ways of cycling the device 
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A0363/AD364 
TIMING SPECIFICATIONS-FULL CONTROL MODE 

tDSC 400 nsmax tDD 200 ns max 

tHEe 300nsmin tHD 25ns min 
tssc 300 ns min tSSR 150 ns min 
tHSC 200nsmin tsRR o min 
tSRC 250 ns min tsAR 150 ns min 
tHRC 200 ns min tHSR 50 ns min 
tSAC o min tHRR o min 
tHAC 300 ns min tHAR 50 ns min 

tc 15-35 fJ.S (l2-Bit) tHL 150 ns max 
10-24 fJ.S (S-Bit) tSAL 20 ns min 

tSHA 1001S fJ.S tSA \ o min 

with this simple hookup. tf a n*tive pulse is used to initiate 
conversion as in Figure 6, the converter will automatically bring 
the 12 data lines out of three-state at the end of conversion. The 
data will remain valid on the output lines until another pulse is 
applied. 

If the conversion is initiated by a high pulse as shown in Figure 
7, the data !iites are held in three-state at the end of conversion 
until RIC is brought high. The next conversion cycle is initiated 
when RIC goes low; the data from the previous cycle will remain 
valid for the time tHDR. An alternative to the above is to toggle 
RIC as needed to initiate a new cycle on read data. Data will 
appear when RIC is brought high, a new cycle is initiated when 
RIC goes low. 

TlI.NG FOR STAND ·ALONE OPERATIONS 
SHORT LOW PULSE: OUTPUTS COME ON AFTER CONVERSION 

~ ______ +-________ J 

DATA 81-12 --....;;i~----+-I VALID 

Figure 6. 

SHORT HIGH PULSE: OUTPUTS SYNCHRONIZED TO RISING EDGE 

~ ______ +-______ -+ ______ --J 

81-12 -:===-----<I~=~~ 
HIGH 

IMPEDANCE 

Figure 7. 

TIMING SPECIFICATIONS-FULL CONTROL MODE 

tHaL 250 ns min 
tDS 600 nsmax 
tHDR 25 ns max 
tHS 300 ns min l000ns max 
tHRH 300 nsmin 
tDDR 250 ns max 
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APPLICATIONS 
Single-EndedlDift"erential Mode Control 
The AIS features an interna1 anslog switch that configures the 
Analog Input Section in either a 16-channel single-ended or 
S-channel differential mode. This switch is controlled by a non
TTL logic input applied to Pin 1 of the Analog Input Section: 

"0": Single-Ended (16 Channels) 
"1": Differential (S Channels) (+4.0 V min) 

When in the differential mode, a differential source may be ap
plied between corresponding "High" and "Low" anslog input 
channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog In
put Section to settle to within ±0.01 % of its fmal value, but if 
the mode is switched concurrent with changing the channel ad
dress, no significant additional delay is introduced. The effect of 
this delay may be eliminated by changing modes while a conver
sion is in progress (with the sample-and-hold in the "Hold" 
mode). When SE and DIFF signals are being processed concur
rently, the DIFF signals must be applied between corresponding 
"High" and "Low" anslog input channels. Another application 
of this feature is the capability of measuring 16 sources individu
ally and/or measuring differences between pairs of those sources. 

Input Channel Addressing 
Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16-single-ended 
channels may be addressed by applying the corresponding digi
tal number to the four Input Channel Select address bits, AB, 
AO, AI, A2 (Pins 28-31). In the differential mode, the eight 
channels are addressed by applying the appropriate digital code 
to AO, AI, and A2; AB must be enabled with a Logic "1." In
terna1logic monitors the status of the SEIDIFF Mode input and 
addresses the multiplexers singularly or in pairs as required. 

ADDRESS ON CHANNEL (Pin Number) 

Differential 
AE A2 Al AO Single-Ended "Hi" "Lo" 

0 0 0 0 o (11) None 
0 0 0 1 I (10) None 
0 0 1 0 2 (9) None 
0 0 1 1 3 (S) None 
0 1 0 0 4 (7) None 
0 1 0 1 5 (6) None 
0 1 1 0 6 (5) None 
0 1 1 1 7 (4) None 
1 0 0 0 S (27) o (ll) 0(27) 
1 0 0 1 9 (26) I (10) 1 (26) 
1 0 1 0 10 (25) 2 (9) 2 (25) 
1 0 1 1 11 (24) 3 (S) 3 (24) 
1 1 0 0 12 (23) 4 (7) 5 (23) 
1 1 0 1 13 (22) 5 (6) 5 (22) 
1 1 1 0 14 (19) 6 (5) 6 (19) 
1 1 1 1 15 (IS) 7 (4) 7 (IS) 

Table I. Input Channel Addressing Truth Table 
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When the channel address is changed, six microseconds must be 
allowed for the Analog Input Section to settle to within ± 0.0 I % 
of its fmal output (including settling times of all elements in the 
signal path). The effect of this delay may be eliminated by per
forming the address change while a conversion is in progress 
(with the sample-and-hold in the "hold" mode). All unused in
puts must be grounded. 

Input Channel Address Latch 
The AIS is equipped with a latch for the Input Channel Select 
address bits. If the Latch Control pin (Pin 32) is at Logic "I," 
input channel select address information is passed through to 
the multiplexers. A Logic "0" "freezes" the input channel 
address present at the inputs at the" I" -to-"0" transition 
level-triggered. 

This feature is useful when input channel address information is 
provided from an address, data or control bus that may be re
quired to service many devices. The ability to latch an address is 
helpful whenever the user has no control of when address infor
mation may change. 

Sample-and-Hold Mode Control 
The Sample-and-Hold Mode Control input (Pin 13) is normally 
connected to the Status output (Pin 20) from an analog-to-digital 
converter. When a conversion is initiated by applying a Convert 
Start command to the ADC, Status goes to Logic "I," putting 
the sample-and-hold in to the "Hold" mode. This "freezes" the 
information to be digitized for the period of conversion. When 
the conversion is complete, Status returns to Logic "0" and 
the sample-and-hold returns to the "Sample" mode. Eighteen 
microseconds must be allowed for the sample-and-hold to ac
quire ("catch up" to) the analog input to within ±0.01% of the 
final value before a new Convert Start command is issued. 

The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this application, it 
also allows the user to change channels and/or SE/DIFF mode 
while a conversion is in progress thus eliminating the effects of 
multiplexer, analog switch and differential amplifier settling 
times. If maximum throughput rate is required for slowly 
changing signals, the Sample-and-Hold Mode Control may be 
wired to ground (Logic "0") rather than to ADC Status thus 
leaving the sample-and-hold in a continuous sample mode. 

Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AIS may be adjusted, that 
adjustment is normally performed at the ADC. In some special 
applications, however, it may be helpful to adjust the offset of 
the Analog Input Section. An example of such a case would be 
if the input signals were small « 10 m V) relative to the AIS 
voltage offset and if a gain stage was to be inserted between the 
AIS and the ADC. To adjust the offset of the AIS, the circuit 
shown in Figure 8 is recommended. 
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ANALOG 

INPUT 
SECTION 

Figure 8. AIS Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Gain Adjust, AD363-ADC: Gain may be adjusted by connect
ing a 100 n potentiometer between + 10 V Reference Output 
and Gain Adjust Input (ADC Pins 18 and 27). A multi-turn, 
low temperature coefficient potentiometer, such as a 20-turn 
cermet device, is recommended. This potentiometer may be re
placed with a 50 n, 0.1 % resistor to obtain an absolute gain cali
bration of 0.05% without trimming. 

Offset Adjust, AD363-ADC: The simplest offset adjust circuit 
requires a 20-turn, 20 kn cermet potentiometer and a 3.9 Mn 
resistor as shown in Figure 9a. This arrangement has an adjust
ment range of ±8 LSBs, and will contribute a maximum of 
2.3 ppml"C offset drift with a carbon composition fixed resistor 
(TC = -1200 ppm/Qq. Drift contributions from the offset ad
just circuit can be reduced well below this level using metal-film 
resistors and the circuit of Figure 9b. 

Gain Adjust, AD364-ADC: Gain may be adjusted by connect
ing a 100 n potentiometer between the Reference Output and 
Reference Input (ADC Pins 8 and 10). A multi-turn, low tem
perature coefficient potentiometer, such as a 20T cermet device, 
is recommended. A fixed SO n, I % resistor should be connected 
between Pins 8 and 10 if no gain trim is required. 

+15V 

~ ~g~ l - . . . t AD363-ADC 

-15V ----

Figure 9a. 

Figure 9b. 

Offset Adjust, AD364-ADC: Offset adjust circuits for unipolar 
and bipolar operation are shown in Figures lOa and lOb. In each 
case the potentiometer should be a multi-turn, low temperature 
coefficient device, such as 20-turn cermet. Lowest offset drift in 
unipolar operation will be realized when the fixed resistors are 
low-TC (100 ppm/°C) metal-film types. 
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AD363/AD364 
If no offset adjustment is desired, Pin 12 should be connected to 
Pin 9 (unipolar mode) or to Pin 8 through a 50 n 1% resistor 
(bipolar mode). 

OFFSET 
Rl 

lOOk 
-15V o-'WIo-O() 

lOOk 

10011 

STS 

HIGH 
BIT 

MIDDLE 
BITS 

AD364-ADC 
LOW 

REF IN BITS 

Figure 10a. Unipolar Gain & Offset 

6 CE 

STS 

HIGH 
BITS 

MIDDLE 
BITS 

AD364-ADC 

REF IN 

OFFSET~"'II\oIlr1..-{' BIP OFF 

10V SPAN 

LOW 
BITS 

20V SPAN - 15V 

9 ANA COM DIG COM 

Figure 10b. Bipolar Gain & Offset 

Input Scaling: Connections for the various ADC input ranges 
are given in Tables II and III. 

Buffer: An uncommitted unity-gain buffer is available in the 
AD363-ADC. This buffer has a 2 floS settling time to 0.01% for 
a 20 V step. Its input should be grounded if the buffer is not 
used. 
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Connect Connect 
Analog Connect Bipolar 

Range Input To Pin: Span Pin: Pin 23 To: 

o to +5 V 24 25 to 22 

o to +10 V 24 -
-2.5 V to +2.5 V 24 25 to 22 

-5 V to +5 V 24 - 22 

-lOVto+lOV 25 -

Table II. AD364-ADC Pin Connections 

Connect 
Analog Connect 

Range Input To Pin: Pin 12 To: 

o to +10 V 13 GND* 

-5Vto+5V 13 Pin 8** 

-10 V to +10 V 14 Pin 8** 

*Refer to Figure lOa for gain and offset adjustments. 
**Refer to Figure lOb for gain and offset adjustments. 

Table III. AD364-ADC Pin Connections 

Other Considerations 
Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing in 
the analog ground circuit and inducing spurious analog signal 
noise. Analog Ground (Pin 17) and Digital Ground (Pin 2) are 
not connected internally; these pins must be connected exter
nally for the system to operate properly. Preferably, this connec
tion is made at only one point, as close to the AIS, as possible. 
The case is connected internally to Digital Ground to provide 
good electrostatic shielding. If the grounds are not tied common 
on the same card with the AIS they should be connected with 
back-to-back general purpose diodes as shown in Figure II. 
This will protect the AIS from possible damage caused by volt
ages in excess of ± I volt between the ground systems which 
could occur if the key grounding card should be removed from 
the overall system. The device will operate properly with as 
much as ±200 mV between grounds, however this difference 
will be reflected directly as an input offset voltage. 

AIS ADC 

Figure 11. Ground-Fault Protection Diodes 

Power Supply Bypassing: The ±15 V and +5 V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. I floF tan
talum types are recommended; these capacitors should be lo
cated close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high fre
quency power supply decoupling since each power lead is by
passed internally with a 0.039 floF ceramic capacitor. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete AID System for DSP Includes: 

4th Order Antialiasing Filter 
12-Bit Sampling AID Converter 
32-Word FIFO Memory 
Fully Asynchronous. High Speed Digital Interface 

Sample Rate up to 125 kHz 
Entire System Is Dynamically Specified 
15 ns Data Access nme Allows "No Wait State" 

Interface to: ADSP-2100 (AI. TMS320C25 
DSP56000. NEC .... PD77230 

APPLICATIONS 
Sonar Signal Processing 
Vibration Analysis 
Ultrasound Imaging 
PC Data Acquisition 
High Speed Modems 
Motion Control 
Speech Processing 

PRODUCT DESCRIPTION 
The AD1332 is a complete, l2-bit NO converter system opti· 
mized for use in high speed digital signal processing (DSP) ap· 
plications. The device consists of a fourth order antialiasing 
fIlter, a l2-bit sampling NO, a fully asynchronous high speed 
digital interface and a 32-word FIFO memory. The AD1332 is 
manufactured using highly reliable advanced hybrid circuit as
sembly techniques and is packaged in a 4O-pin hermetic DIP. 

The antialiasing fIlter is an active four-pole Butterworth. Cutoff 
frequencies (fe) are user-selectable (capacitor programmable), 
and operation is specified for fe up to 50 kHz. The filter may 
be bypassed entirely if desired. 

The l2-bit sampling AID converter can convert ±5 V full-scale 
signals at sample rates up to 125 kHz. The rate is programmable 
by means of a single external clock. The entire converter system 
is specified and tested for signal-to-noise ratio and total har
monic distortion. 

The digital interface provides a true asynchronous link between 
the AID and a high speed microprocessor. Data transfer is con
trolled by generating an interrupt signal when data is available. 
Interrupts can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). In addition, the AD1332 can generate an in
terrupt signal when the NO conversion results are overrange. 

The AD 1332 provides a completely specified and tested system 
that bridges the interface and specification gap between NO 
converters and high speed DSP. 

This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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AD1332 -SPECIFICATIONS ITA = +25°C, Vs = ±15 V, VDD = +5 V, unless othelWise noted) 

AD1332BD AD1332TD 
MiD Typ Max MiD Typ Max Units 

FILTER (CI~ -'500pF :!:I%) , 
Input Impedarice 8 10 8 10 kn 
Voltage~ :!:IO :!:IO V 

Output Voltage R,.ange RL2:4 k :!:IO :!:IO V 
Comer Frequency, Accuracy :!:2 :!:2 % 

Drift :!:0.01 :!:0.01 %fC 
Gainl @ dc -0.05 +0.05 -0.05 +0.05 dB 

0.8 fc -I +1 -I +1 dB 
fc -3 -3 dB 
4fc -48 -45 -48 -45 dB 
10 fc -76 -76 dB 

Settling Time to O.OI%,IOV Step 100 125 100 125 ",8 

Offset :!:2 :!:5 :!:2 :!:5 mV 
Drift :!:20 :!:IOO :!:20 :!:IOO ",vrc 

Noise 75 75 ",Vrms 

SAMPLING NO CONVERTER2 
Input Impedance 4 5 4 5 kO 

Voltage Range -5 to +5 -5 to +5 V 
Output Coding Offset Binary Offset Binary 
CLK IN Frequency 0.5 2.5 0.5 2.5 MHz 

High Time 200 200 ns 
Low Time 200 200 ns 

Sampling Rate (fs) 125 125 kHz 
SIH 

Acquisition Time 2.8 2.8 ",S 

Droop Rate 0.25 0.5 0.25 0.5 mV/ms 
Over Temperature Doubles Every IO"C Doubles Every IO"C 

Aperture Delay Time IS IS ns 
Static Characteristics 

Integral Nonlinearity :!:1/2 :!:I :!:112 :!:I LSB 
Over Temperature :!:I :!:I LSB 

Resolution for No Missing Codes 12 12 Bits 
Over Temperature 12 12 Bits 

- Full-Scale Error :!:I :!:2 :!:I :!:2 LSB 
Over Temperature :!:2 :!:8 :!:2 :!:13 LSB 

+ Full-Scale Error :!:I :!:2 :!:I :!:2 LSB 
Over Temperafure :!:2 :!:8 :!:2 ±13 LSB 

PSRR, :!:Vs :!:112 :!:112 LSB/V 
Dynamic Characteristicsl, 3 

With Filter (fc = 50 kHz) 
Signal-to-Noise Ratio, fIN = 38.7 kHz 70 72 70 72 dB 
Total Harmonic Distortion, fIN = 38.7 kHz -82 -72 -82 -72 dB 
Intermodulation Distortion, flNl = 32.8 kHz 

& fIN2 = 34.3 kHz -82 -72 -82 -72 dB 
Without Filter 

Signal-to-Noise Ratio, fIN = 60.9 kHz 70 72 70 72 dB 
Total Harmonic Distortion, fIN = 60.9 kHz -78 -68 -78 -68 dB 
Intermodulation Distortion, fINl = 58.7 kHz 

& fIN2 = 60.9 kHz -78 -68 -78 -68 dB 
Reference Voltage -5.05 -4.95 -5.05 -4.95 V 

Output Current :!:I :!:2 :!:I :!:2 mA 
Drift :!:IO :!:30 :!:IO :!:30 ppmfC 
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AD1332BD 
Min Typ Max Min 

DIGITAL INPUTS l 

RD, WR, CS, RST, AO, 
DO-Dll, PTC ENB 

Input Voltage, Logic Low +0.8 
Input Voltage, Logic High +2.0 +2.25 
Input Current ±200 

SAMPLE IN, CLK IN 
Input Voltage, Logic Low +1.5 
Input Voltage, Logic High +3.5 +3.5 
Input Current ±10 

Input Capacitance 5 
RST LOW Pulse Width 10 10 

DIGITAL OUTPUTS l 

DO-Dll, SAMPLE OUT 
Output Voltage, Logic Low' +0.4 
Output Voltage, Logic High 

DO-Dll' +2.4 +2.4 
SAMPLE OUT, lOR = -0.4 rnA +4.0 +4.0 

High Impedance Leakage Current ±200 
IRQ,PTCENB 

Output Voltage, Logic Low' +0.4 
Off-State Leakage ±10 

Output Capacitance 5 
IRQ LOW to DO-Dll Valid4 0 

POWER REQUIREMENTS 
Operating Range 

±Vs ±1l.4 ±15.75 ±1l.4 
Voo +4.75 

+ V s Supply Current 50 
- V s Supply Current 48 
+ V 00 Supply Current 6 
Consumption 

±Vs = ±12V 1.2 
±Vs = ±15 V 1.5 

TEMPERATURE RANGE 
Operating and Specified -40 
Storage -65 

NOTES 
'Guaranteed over operating temperature range, tested at + 2S'C only. 
'fCLK = 2.S MHz, SAMPLE IN connected to SAMPLE OUT, PTe END = Low. 
'THD of harmonics 2-7 of the fundamental. SNR of fundamentalles. harmonics 2-7. 
4RD, CS, AO = "Low;" WR, RST = "High. II 

+5.25 
57 
57 
15 

1.4 
1.75 

+85 
+150 

sloL = 4 mA, IoH = -4 mA for AD1332BD. IOL = 3.2 mA, IoH = -3.2 mA for ADl332TD. 

SpecificatiOll8 subject to c:baqe without notice. 

ORDERING GUIDE 

Model 

AD1332BD 
ADl332TD/883B 

Temperature 
Range 

-4O"C to +85OC 
-55OC to + 1250C 

+4.75 

-55 
-65 

Package 
Option* 

DH-4OA 
DH-40A 

*D = Hermetic Cersmic DIP. For outline iuformation see 
Package Information section. 

AD1332 
AD1332TD 

Typ Max Units 

+0.8 V 
V 

±200 ..,A 

+1.5 V 
V 

±10 ..,A 
5 pF 

ns 

+0.4 V 

V 
V 

±200 ..,A 

+0.4 V 
±10 ..,A 

5 pF 
0 ns 

±15.75 V 
+5.25 V 

50 57 rnA 
48 57 rnA .. 

6 15 rnA 

1.2 1.4 W 
1.5 1.75 W 

+125 OC 
+150 OC 
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AD1332 

SWITCHING CHARACTERISTICS 
(over operating temperature and power supply voltage range, with COUT = 30 pF or 
100 pF except where noted) 

Parameter Description 

READ CYCLE 
tRc Read Cycle Time 

tA Data Access Time 

tLZ Output Low Z Time 
tHZ Output High Z Time 

tOH Output Hold Time 
tAORD AO Valid to RD LOW 
t RDAO RD HIGH to AO Invalid 
tAOCS AO Valid to CS LOW 
tcSAO CS HIGH to AO Invalid 

WRITE CYCLE 
twc Write Cycle Time 
twp Write Pulse Width 
tsu Data Setup Time 
tIH Input Hold Time 
tAoWR AO Valid to WR LOW 
tWRAO WR HIGH to AO Invalid 
tAoes AO Valid to CS LOW 

tcSAO CS HIGH to AO Invalid 

NOTE 
Specifications subject to change without notice. 
Specifications are guaranteed but not tested. 

ABSOLUTE MAXIMUM RATINGS* 
+Vs to APWRIASIG GND ................... +18 V 
-Vs to APWRIASIG GND ................... -18 V 
VDD to DGND ........................... +7 V 
APWRIASIG GND to DGND ......... -0.3 V to +0.3 V 
Analog Input to APWRIASIG GND 

SIH IN, FILTER IN, Clvg-C4vg ......... -Vs to +Vs 
Digital Input to APWR GND 

SAMPLE IN, CLK IN .............. -0.3 V to +7 V 
Digital Input to DGND 

DO-Dll, RD, WR, CS, AO, RST, 
PTC ENB ................ -0.3 V to VDD +0.3 V 

Conditions Min Max Units 

COUT = 30 pF 25 ns 
COUT = 100 pF 35 ns 
COUT = 30 pF 15 ns 
COUT = 100 pF 25 ns 
COUT = 150 pF 35 ns 

2 ns 
COUT = 30 pF 15 ns 
COUT = 100 pF 25 ns 

2 ns 
3 ns 
3 ns 
3 ns 
3 ns 

15 ns 
5 ns 
2 ns 
4 ns 
3 ns 
3 ns 
3 ns 
3 ns 

Output Short Circuit Duration 
FILTER OUT, REF OUT or Clwv-C4wv ...... Indefinite 
Digital Output .................. 1 Output for 1 sec 

Lead Temperature Range, 
Soldering for 10 sec . . . . . . . . . . . . . . . . . . . . . . + 300°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions ahove those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four-Channel A/D Converter for DSP Includes: 

Simultaneous or Independent Sampling 
Capability 

12-Bit Accurate A/D Converter 
2-Bit Channel 10 Tags Each Conversion Result 
32-Word FIFO Memory 
Fully Asynchronous, High Speed Digital Interface 

Single-Channel Sample Rate Up to 67 kHz 
Four-Channel Simultaneous Sample Rate Up to 28 kHz 
Entire System Dynamically Characterized 
Minimal Effective Aperture Delay Mismatch from 

Channel-to-Channel & Device-to-Device 
15 ns Data Access Time Allows "No Wait State" 

Interface to: ADSP-2100 (AI, TMS320C25 
DSP56000, NECfLPD77230 

Low Power, 250 mW/Channel 

APPLICATIONS 
Sonar Signal Processing 
Robotics/Machine Control 
Disk-Drive Head Positioning 
Vibration Analysis 

PRODUCT DESCRIPTION 
The AD1334 is a four-channel, l2-bit, sampling AID converter 
system optimized for use in multichannel digital signal process
ing (DSP) applications. The device consists of four independent 
sample-and-hold amplifiers, a multiplexer, an AID converter, a 
controller, a 32-word FIFO memory and a fully asynchronous 
high speed digital interface. The product is packaged in a 40-pin 
hermetic DIP. 

The channel controller enables the AD 1334 to appear as four 
independent channels of analog input by generating all of the 
timing necessary to ensure that the sampled channel is digitized 
to l2-bit accuracy. Upon receipt of a sample command, the con
troller will immediately place the sample-and-hold amplifier into 
hold mode and then prioritize and schedule the held value for 
AID conversion. At the appropriate time, the sampled input is 
gated through the multiplexer and, after settling, is digitized by 
the AID converter. The sample-and-hold amplifier is then re
turned to sample mode so that it can acquire the next sample. 

This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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For effective use in simultaneous sampling applications, the 
sample-and-hold amplifiers are designed to provide a minimum 
amount of aperture delay time mismatch from channel-to
channel and device-to-device. 

The 12-bit AID converter can convert ±5 V full scale signals at • 
sample rates up to 67 kHz for single-channel operation. In the 
simultaneous mode, the AD 1334 has a four-channel sample rate 

up to 28 kHz. The entire converter system is specified and 
tested for signal-to-noise ratio, total harmonic distortion and 
channel-to-channel isolation. 

The digital interface provides a true asynchronous link between 
the AID and a high speed microprocessor. Data transfer is con
trolled by generating an interrupt signal when data is available. 
Interrupts can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). The AD1334 can also generate an interrupt 
when the AID conversion results are overrange. 

The AD 1334 provides a completely specified and tested system 
that bridges the interface and specification gap between AID 
converters and high speed DSP. 
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AD1334-SPECIFICATIONS (TA = +25°C, Vs = ±15 V, VDD = HVand 'CUI = 2.5 MHz unlesinoteil) 
AD1334BD AD1334TD 

Min Typ Max Min Typ M/IX. Units 

SIH, MUX & AID CONVERTERI 

Input Impedance 2 2.5 2 2.5 kn 
Voltaie Range -5 to +5 -5 to +5 V 

Output Coding Offset Binary Offset Binary 
CLK IN Freqilency, (fa.K) 1.0 2.5 1.0 25 MHz 

High Time 200 200 ns 
Low Time 200 200 ns 

Sampling Rate Per Channel (fs) 
Simultaneous Mode (SIMUL T = LOW) 

1 Channel 67 67 kHz 
2 Channels 46 46 kHz 
3 Channels 35 35 kHz 
4 Channels 28 28 kHz 

Independent Mode (SIMUL T = HIGH) 
I Channel 67 67 kHz 
2 Channels 67 67 kHz 
3 Channels 44 44 kHz 
4 Channels 33 33 kHz 

SIH 
Acquisition Time to 0.01% 6.5 7.5 6.5 7.5 ,..s 
Droop Rate 0.2 1.0 0.2 1.0 mV/ms 

Over Temperature Doubles Every IO"C Doubles Every IO"C 
- 3 dB Small Signal Bandwidth 200 200 kHz 
Group DelayZ (fIN<IO kHz) 785 785 ns 
Aperture Delay' 0 10 IS 0 10 IS ns 
Effective Aperture Deiay4 (fIN<IO kHz) -700 -775 -850 -700 -775 -850 ns 

Static Characteristics 
Integral Linearity Error ±1I2 +1 ±1I2 +1 LSB 

Over Temperature ±I ±11I2 LSB 
Differential Linearity Error ±I ±I LSB 

Over Temperature ±I ±2 LSB 
- Full-Scale Error ±2 ±4 ±2 ±4 LSB 

Over Temperature ±4 ±8 ±4 ±13 LSB 
+ Full-Scale Error ±2 ±4 ±2 ±4 LSB 

Over Temperature ±4 ±8 ±4 ±13 LSB 
PSRR, ±Vs ±1I2 ±1/2 LSBIV 
Dynamic Characteristics" 6 

Signa1-to-Noise Ratio, fIN = 13.6 kHz 70 72 70 72 dB 
Total Harmonic Distortion, fIN = 13.6 kHz -86 -76 -86 -76 dB 
Intermodulation Distortion, fINI = 13.1 kHz 

& flN2 = 13.6 kHz -86 -76 -86 -76 dB 
Channel-to-Channel Isolation?, fIN = 8.009 kHz 

SIMULT = LOW 70 78 70 78 dB 
SIMULT = HIGH 74 74 dB 

Reference Voltage -5.05 -4.95 -5.05 -4.95 V 
Output Current ±I ±2 ±I ±2 rnA 
Drift ±IO ±30 ±IO ±30 ppml"C 
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AD1334BD AD1334TD 
Min Typ Max Min Typ Max 

DIGITAL INPUTS6 

Voltage Input, LOW +0.8 +0.8 
HIGH +Z.O +Z.Z5 

Input Current ±Z50 ±Z50 
Input Capacitance 5 5 
RST LOW Pulse Width 10 10 

DIGITAL OUTPUTS6 

DO-DB, READY 
Output Voltage, Logic LOW" +0.4 +0.4 
Output Voltage, Logic HIGH" +Z.4 +Z.4 
3-State Leakage Current ±Z50 ±Z50 

IRQ, CONTROL ENB 
Output Voltage, Logic LOW" +0.4 +0.4 
IRQ Off-State Leakage ±1O ±1O 

Output Capacitance 5 5 
FIFO Fall-Thru Time 400 800 400 800 
IRQ LOW to DO-DB Valid9 0 0 

POWER REQUIREMENTS 
Operating Range 

±Vs ±11.4 ±15.75 ±11.4 ±15.75 
VDD +4.75 +5.Z5 +4.75 +5.25 

Supply Current 
+Vs 47 60 47 60 
-Vs 39 50 39 50 
+VDD 7 15 7 15 

Consumption 
±Vs=±IZV 1.0 l.2 1.0 1.2 
±Vs=±15V l.25 1.5 l.25 1.5 

TEMPERATURE RANGE 
Operating and Specified -40 +85 -55 +IZ5 
Storage -65 +150 -65 +150 

NOTES 
'Specifications are per channel in 4 Channel Simultaneous Mode (SAMPLE ()"3 connected together and SIMULT & CONTROL ENB = LOW), 
at fs = 28 kHz, and with SAMPLE ()"3 having an 80% duty cycle unless noted. 

2Group delay is the negative of the 1st derivative of phase with respect to frequency and is a measure of the analog time delay through the S/H. 
3 Aperture delay is the time delay from the SAMPLE input to SIH switch opening and is a measure of the digital time delay through the S/H. 
'Effective aperture delay is the difference between analog and digital time delays described in (2) and (3). 
'THD of harmonics 2-7 of the fundamental. SNR of fundamental less harmonics 2-7. 
6Guaranteed over operating temperature and power supply voltage range. 
7Isolation of anyone channel from remaining three channels which have near maximum amplitude ac signals at their inputs. 
'IoL = 4 mA for AD1334BD, IOL = 3.2 mA for AD1334TD; IOH = -4 rnA for AD1334BD, IOH = -3.2 rnA for AD1334TD. 
'RD, CS, AO = LOW; WR, RST = HIGH. 
Specifications subject to change without norice. 

ORDERING GUIDE 

Model 

ADB34BD 
ADB34TD/883B 

Temperature 
Range 

-40'C to +85'C 
-55'C to + lZ5'C 

Package 
Option* 

DH-40A 
DH-40A 

*D = Hermetic Ceramic DIP. For outline information see 
Package Information section. 

AD1334 

Units 

V 
V 
IJ.1\ 
pF 
ns 

V 
V 
IJ.1\ 

V 
f1A 
pF 
ns 
ns 

V 
V 

rnA 
rnA 
rnA 

W 
W 

°C 
'C 
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AD1334 
SWITCHING CH' ARA' CTERISTICS (~ver operating temperature and power supply voltage range, 

, , " , ' With COUT = 30 pF or 100 pF except where noted) 

Parameter Description 

READ CYCLE 
tRC Read Cycle Time 

tA Data Access Time 

tLZ Output Low Z Time 
tHz Output High Z Time 

toH Output Hold Time 
tAORD AO Valid to RD LOW 
tRDAO RD HIGH to AO Invalid 
tAocS AO Valid to CS LOW 
tcSAO CS HIGH to AO Invalid 

WRITE CYCLE 
twc Write Cycle Time 
twp Write Pulse Width 
tsu Data Setup Time 
tIH Input Hold Time 
tAowR AO Valid to WR LOW 
tWRAO WR HIGH to AO Invalid 
tAOCS AO Valid to CS LOW 

tcSAO CS HIGH to AO Invalid 

Specifications subject to cbsnge without notice. 
All specifications are guaranteed but not tested. 

ABSOLUTE MAXIMUM RATINGS· 
+Vs to APWRIASIG GND ................... +18 V 
-Vs to APWRIASIG GND ................... -18 V 
Voo to DGND ........................... +7 V 
APWRIASIG GND to DGND ......... -0.3 V to +0.3 V 
Analog Input to APWRIASIG GND ......... -Vs to +Vs 
Digital Input to APWR GND 

SAMPLEO-SAMPLE3, CLK IN, 
SIMULT, CONTROL ENB .......... -0.3 V to +7 V 

Digital Input to DGND 
DO-DB, RD, WR, CS, AO, RST .. -0.3 V to Voo+O.3 V 

Conditions Min Max Units 

COUT = 30 pF 25 ns 
COUT = 100 pF 35 ns 
CoUT = 30 pF 15 ns 
CoUT = 100 pF 25 ns 

2 ns 
COUT = 30 pF 15 ns 
CoUT = 100 pF 25 ns 

2 ns 
3 ns 
3 ns 
3 ns 
3 ns 

15 ns 
5 ns 
2 ns 
4 ns 
3 ns 
3 ns 
3 ns 
3 ns 

Output Shon Circuit Duration 
REF OUT, TP ....................... Indefmite 
Digital Output .................. 1 Output for 1 sec 

Lead Temperature Range, 
Soldering for 10 sec . . . . . . . . . . . . . . . . . . . . . . + 300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Exposure 
to absolute maximum conditions for extended periods may affect device 
reliability. 

CAUTION ______________________________________________ __ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, pennanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
150.000 Channels/Second Throughput Rate 
Analog Inputs 

16 Single-Ended (SE) or 8 Differential (DE); 
Expandable to 32 SE or 16 DE 

Over Voltage Protected 
Power Supply Loss Protected 

Programmable Gain Amplifier (PGA) 
Binary Gains 1 to 128 
Independent Gain Selection per Channel 

12-Bit Sampling A/D Converter 
Processor Interface 

FIFOs for Channel Control and Conversion Results 
Fully Asynchronous 16-Bit Parallel Bus 
15 ns Data Access Time 
Selectable 16-Bit Data Format 
Programmable Interrupt Structure 

Ceramic Surface Mount Package 

APPLICATIONS 
DSP Data Acquisition 
Missile Guidance 
Vibration Analysis 
Process Control 

PRODUCT DESCRIPTION 
The AD1341 is a complete 16-channel data acquisition system 
optimized for use in multichannel control and digital signal pro
cessing applications. The device consists of two 8-channel input 
multiplexers, a programmable gain amplifier (PGA), a 12-bit 
sampling AID converter, two 32-word FIFOs, a controller, and 
registers for status and control. The device is packaged in a 100-
lead ceramic quad flat package. 

The input multiplexers can be configured for either 16 channels 
of single-ended input or 8 channels of differential input. The 
number of channels can be doubled with the addition of a single 
external 16-channel multiplexer. The inputs are protected 
against power loss for applications where the AD 1341 is not 
powered from the same source as its inputs. 

The programmable gain amplifier has differential inputs and 8 
binary gain ranges from 1 to 128. Each channel can be pro
grammed for a different gain. The controller timing allows the 
AD1341 to operate at the full 150,000 channels/second at gains 
from 1 to 8. Above 8, the throughput rate decreases proportion
ately to the increase in gain. 

The 12-bit sampling AID converter is specified and tested for 
both static and dynamic performance. 

REV. A 

16-Channel 
Data Acquisition System 

AD1341 
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The AD 1341 communicates asynchronously with the micropro
cessor over a 16-bit wide data path. Data can be formatted in 
either straight binary or twos complement with left, center or 7 
right justification. A 32-word FIFO is used to control channel 
selection and PGA gain. A second 32-word FIFO is used to 
store AID conversion results. 

PRODUCT HIGHLIGHTS 
1. High throughput rate makes the AD1341 ideal for use in a 

wide range of applications in motion control, speech process
ing, PC data acquisition, medical instrumentation, and mis
sile guidance. 

2. Software development is simplified because timing for chan
nel selection, PGA gain changing and settling, and AID con
version is internal to the AD1341. Registers are available for 
enabling interrupt conditions and polling interrupt conditions 
or real-time status. 

3. Software overhead is reduced by having FIFOs store channel 
information and conversion results. 

4. Processor interface is simplified because the AD1341 operates 
fully asynchronously to the processor, has a maximum 
15 ns data access time and is isolated by hybrid circuit 
construction. 

DATA ACQUISITION SUBSYSTEMS 7-25 



ADl341 SPECIFIC.'JIO·NS (T. = +25°C, Vs = ±15 V dc, Voo = +5 V dc, 16-channel, single-ended bip.olar 
- K mode, ASYNCEN = Low, Fell( = 3.0 MHz, and G = 1, unless otherwise noted) 

ADl341KZ ADl341TZ 
Parameter Min Typ Max Min Typ Max Units 

ANALOG INPUTS (Per Channel) 
Impedance 

Single Ended 1001150 1001150 MOllpF 
Differential 1001125 1001125 MOllpF 

Voltage Range 
Common Mode ±1O ±10 V 
Differential 10+G 10+G V 

CMRR @ 120 Hz, G = 1 80 90 80 90 dB 
G =128 80 90 80 90 dB 

Bias Current (V CM =}) ±0.1 ±2 ±0.1 ±2 nA 
Tmin to Tmax ±200 ±300 nA 

Voltage Noise (RTI) G=I 75 75 ,...Vrms 
G = 128 10 10 ,...Vrms 

ANALOG OUTPUT 
Reference Voltage 9.90 10.10 9.90 10.10 V 

Drift ±10 ±30 ±1O ±30 ppm?C 
Output Current ±1 ±2 ±1 ±2 mA 

TRANSFER CHARACTERISTICS 
Standard Throughput Rate l 

G = 1,2,4 or 8 150,000 150,000 Chan/Sec 
G = 16 75,000 75,000 Chan/Sec 
G = 32 37,500 37,500 Chan/Sec 
G=64 18,750 18,750 Chan/Sec 
G = 128 9,375 9,375 ChanlSec 

Accelerated Throughput Ratel • 2 

G = 1,2,4 or 8 150,000 150,000 ChanlSec 
G = 16 100,000 100,000 Chan/Sec 
G = 32 57,690 57,690 Chan/Sec 
G=64 29,410 29,410 Chan/Sec 
G = 128 14,850 14,850 ChanlSec 

STATIC CHARACTERISTICS 
PGA Gain Accuracy (Any Gain) ±1I2 ±2 ±1/2 ±2 % 
Integral Nonlinearity ±1I2 ±1 ±1I2 ±1 LSB 

Tm;n to Tmax ±1 ±1 LSB 
Resolution for No Missing Codes 12 12 Bits 

Tm;n to Tmax 12 12 Bits 
Unipolar Offset Error ±1 ±2 ±1 ±2 LSB 

Tm;n to Tmax ±4 ±6 LSB 
Bipolar Zero Error ±1 ±2 ±1 ±2 LSB 

Tm;n to Tmax ±4 ±6 LSB 
Gain Error ±1 ±2 ±1 ±2 LSB 

Tmin to Tmax ±8 ±12 LSB 

DYNAMIC CHARACTERISTICS 
SNR 

G = 1, fs = 150.0 kHz3 70 73 70 73 dB 
G = 2, fs = 150.0 kHz 72 72 dB 
G =4, fs = 150.0 kHz 72 72 dB 
G = 8, fs= 150.0 kHz 71 71 dB 
G = 16, fs = 75.0~ 68 71 68 71 dB 
G = 32, fs = 37.5 kHz 70 70 dB 
G = 64, fs = 18.8 kHz 69 69 dB 
G = 128, fs = 9.4 kHz 66 66 dB 
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AD1341KZ AD1341TZ 

Parameter Min Typ Max Min Typ Max Units 

THD 
G = 1, fs = 150.0 kHz' -90 -80 -90 -80 dB 
G = 2, fs = 150.0 kHz -90 -90 dB 
G = 4, fs = 150.0 kHz -88 -88 dB 
G = 8, fs = 150.0 kHz -88 -88 dB 
G = 16, fs = 75.0 kHz' -88 -78 -88 -78 dB 
G = 32, fs = 37.5 kHz -88 -88 dB 
G = 64, fs = 18.8 kHz -85 -85 dB 
G = 128, fs = 9.4 kHz -84 -84 dB 

CHANNEL-TO-CHANNEL ISOLATION 80 80 dB 

DIGITAL INPUTS' 
Input Voltage 

Logic Low 0.8 0.8 V 
Logic High 2.0 2.25 V 

Input Current :t60 :t200 :t60 :t200 IJ.A 
Input Capacitance 2 2 pF 
RST Low Pulse Width 10 10 ns 
CLK Input 

Frequency 3.0 3.0 MHz 
Duty Cycle 45 55 45 55 % 

DIGITAL OUTPUTS· 
Output Voltage 

Logic Low 
IOL = 4.0 rnA 0.2 0.4 V 
IOL = 3.2 rnA 0.2 0.4 V 

Logic High 
IOH = -4.0 rnA 2.4 4.5 V 
IOH = -3.2 rnA 2.4 4.5 V 

Output Capacitance 6 6 pF 
High Impedance Leakage, 

DO-DIS :t6O :t200 :t60 :t200 IJ.A 
Off State Leakage, IRQ :tl :tl0 :tl :t1O IJ.A 

POWER SUPPLY 
Operating Voltage Range 

+Vs + 14.25 +15.75 +13.5 +16.5 V 
-Vs -15.75 -14.25 -16.5 -13.5 V 
VDD +4.75 +5.25 +4.5 +5.5 V 

Quiescent Current 
+Vs 41 56 41 56 rnA 
-Vs 35 50 35 50 rnA 
VDD 5 10 5 10 rnA 

POWER CONSUMPTION 1.2 1.6 1.2 1.6 W 

PSRR, :tVs :t 112 :t 112 LSBN 

TEMPERATURE RANGE 
Operating and Specified 0 +70 -55 +125 °C 
Storage -65 +150 -65 +150 °C 

NOTES 
1 All channel gains are fixed at the specified value. 
2 Accelerated performance is achieved through using a pipeline architecture and constant SHA acquisition times (see page 12 of this data sheet). 
'fIN = 4.6 kHz for G = I, 2.3 kHz for G = 16 tests. SNR excludes harmonics 2-9. THD includes harmonics 2-9. Input amplitude is -0.3 dB relative to 
full-scale at each gain. 

4Guaranteed over operating temperature range, tested at + 25°C only. 

Specifications subject to change without notice. 
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AD1341 
ABSOLUTE MAXIMUM RATINGS* Output Short Circuit Duration 
+Vs to APWRIASIG GND ................... +18 V Reference & Multiplexer Outputs ............ Indefinite 
-Vs to APWRIASIG GND ................... -18 V Digital Outputs ............... 1 Output for I Second 
Voo to DGND ........................... +7 V Lead Soldering Temperature (10 seconds) ......... + 300°C 
APWRIASIG GND to DGND ......... -0.3 V to +0.3 V 
Analog Inputs to APWRIASIG GND 

Multiplexer .............. +Vs + 16 V, -Vs - 16 V 
PGA ............................ -Vs to +Vs 
Reference Input .................... 0 V to + II V 

Digital Inputs to DGND .. -0.3 V to Voo + 0.3 V or 10 rnA 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION ______________________________________________ __ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

SWITCHING CHARACTERISTICS (~ver operating temperature and power supply voltage range, 
with COUT = 30 pF or 100 pF except where noted) 

Parameter 

READ CYCLE 
tRC 

tA 

tLZ 
tHz 

tOH 
tARO 

tROA 
tACS 
tcsA 

WRITE CYCLE 
twc 
twp 
tsu 
tIH 
tAWR 
tWRA 
tACS 

tCSA 

Description Condition Min Typ Max Units 

Read Cycle Time COUT = 30 pF 25 ns 
COUT = 100 pF 35 ns 

Data Access Time COUT = 30 pF 15 ns 
COUT = 100 pF 25 ns 
COUT = 150 pF 35 ns 

Output LO-Z Time 2 ns 
Output HI-Z Time COUT = 30 pF 15 ns 

COUT = 100 pF 25 ns 
Output Hold Time 2 ns 
Address Valid to RD Low 3 ns 
RD High to Address Invalid 3 ns 
Address Valid to CS Low 3 ns 
CS High to Address Invalid 3 ns 

Write Cycle Time 15 ns 
Write Pulse Width 5 ns 
Input Setup Time 2 ns 
Input Hold Time 3 ns 
Address Valid to WR Low 3 ns 
WR High to Address Invalid 3 ns 
Address Valid to CS Low 3 ns 
CS High to Address Invalid 3 ns 

ORDERING GUIDE 

Temperature Package 
Model Range Option* 

AD1341KZ O°C to +70°C Z-100 

AD1341TZ/883B -55°C to + 125°C Z-100 

*z = Ceramic Leaded Chip Carrier Package. For outline information see 
Package Information section. 
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AO-A2 

RD 

DOUT ----+-4l~ 

NOTES 
Cs IS VALID BEFORE OR COINCIDENT WITH iiii HIGH· TO· LOW TRANsmON. 
Cs IS INVALiD AFTER OR COINCIDENT WITH iiii LOW· TO· HIGH TRANsmON. 
WR IS NOT ACTIVE DURING READ CYCLE. 

Figure 1a. Timing Waveform for Read Cycle No.1 (RD 
Control/ed) 

AO-A2 

DOUT ----+-4lm~ 

NOTES 
iiii IS VALID BEFORE OR COINCIDENT WITH Cs HIGH· TO· LOW TRANsmON. 
iiii IS INVALID AFTER OR COINCIDENT WITH Cs LOW. TO· HIGH TRANSmoN. 
\Vii IS NOT ACTIVE DURING READ CYCLE. 

Figure 1b. Timing Waveform for Read Cycle No.2 (CS 
Control/ed) 

AC TEST CONDITIONS 

Input Pulse Levels 
Input RiselFall Times 
Timing Reference Levels 

Inputs 
Outputs 

LOW 
HIGH 
Enabled to LOW 
Enabled to HIGH 
Disabled from LOW 
Disabled from HIGH 

DGND to +3.0 V 
<5 ns 

1.5 V 

0.4 V 
2.4 V 
VT -0.1 V 
VT +0.1 V 
VOL +0.5 V 
VOH -0.5 V 

VT = 1.5 V, the voltage to which 3·stated outputs are forced. 

REV. A 

AD1341 

NOTES 
Cs IS VALID BEFORE OR COINCIDENT WITH WR HIGH· TO· LOW TRANSITION. 
Cs IS INVALID AFTER OR COINCIDENT WITH Wii LOW· TO· HIGH TRANSITION. 
iiii IS NOT ACTIVE DURING WRITE CYCLE. 

Figure 2a. Timing Waveform for Write Cycle No. 1 (WR 
Control/ed) 

NOTES 
Viii IS VALID BEFORE OR COINCIDENT WITH Cs HIGH· TO· LOW TRANSmON. 
Viii IS INVALID AFTER OR COINCIDENT WITH Cs LOW· TO • HIGH TRANsmON. 
iiii IS NOT ACTIVE DURING WRITE CYCLE. 

Figure 2b. Timing Waveform for Write Cycle No.2 (CS 
Control/ed) 

DOUTo-_~~ +1.5V 

Figure 3. Output Load 
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Figure 1,. Change in Data 
Access Time VS. Loading 

REV. A 



ID ... 
I 

i z 
w .. .. 
w 

~ 

-10 

-20 

-30 

-40 

-50 

SAMPLE RATE: 15O.000kHz 
INPUT FREQUENCY: 74.588kHz 
INPUT AMPLITUDE: - 0.2dB +--+-+--1--1--11 
SNR: 72.0dB 
SlNAD: 64.7dB 
THD: - 65.8dB +----ir--t--t--t--t--t--t-n 

Figure 12. AD1341 Dynamic Performance (Single Channel, 
Gain = 1) 

THEORY OF OPERATION 

Functional Overview 
The AD1341 is a complete data acquisition system designed 
with modern processor technology in mind. The heart of the 
AD1341 is a 12-bit Sampling Analog-to-Digital Converter with a 
maximum thtoughput of 150 kHz. The basic 10 V input range 
may be pin-strapped for either unipolar (0 to + 10 V) or bipolar 
(-5 V to +5 V) operation. The ADC is preceded by a 
Programmable-Gain Instrumentation Amplifier possessing 8 
binary-weighted gains between 1 and 128. Multiplexers provide 
16 input channels which can be configured for either single
ended or 8-channel differential operation via a pin-strap option. 
All multiplexer inputs are fully protected against overvoltage 
and power-loss conditions. The multiplexer outputs and PGIA 
inputs are not internally connected to provide maximum flexibil
ity and expansion capability. A + 10 V reference output is also 
available. 

The AD 1341 offers a wide range of interface and control op
tions. Programming and data readout are performed over a high 
speed asynchronous parallel 16-bit bus. Conversion results are 
stored in a 32-word FIFO which can be used to reduce 110 
overhead. Six data formats are available. Sampling sequences of 
up to 32 channeVgain combinations are written to a command 

CHlIk1CH'I'
I 
I 

! ......... 
CH7. 

i 
I' ..... 
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Figure 13. Functional Block Diagram 

AD1341 
FIFO. A sampling sequence may be executed just once or may 
be continued indefinitely using the programmable Repeat mode. 
The AD1341 also includes expansion outputs which make possi
ble a doubling of the number of input channels using a single 
external multiplexer. Expanded configurations retain all the op
erating features of a stand-alone AD 1341. The interrupt struc
ture is fully programmable. Status polling is fully supported . 
Finally, the AD1341 includes an independent programmable 
l6-bit countdown timer. Figure 13 shows a complete block dia
gram of the AD 1341. 

Input Configurations 
The AD134I's ADC may be configured for either unipolar or 
bipolar inputs. Unipolar operation results when Ref Out (Pin 
80) is connected to Ref In (Pin 79). BP Off (Pin 78) must be 
connected to Analog Signal Ground during unipolar operation. 
Bipolar operation requires the connection of Ref In, Ref Out, 
and BP Off. An external + 10 V reference such as the AD2710 
may be used if lower drift is required. A + 10.24 V reference 
will provide a basic LSB size of 2 mV when the PGIA gain is 
set to 1. 

The AD134I's multiplexer outputs and PGA inputs are not con
nected internally, but are instead brought out to package pins. 
Several pin-strapping options are possible to tailor the part to 
meet specific system requirements. The number of input chan
nels may also be doubled with ease by using the AD134I's ex
ternal multiplexer addressing capabilities. 

AD1341 
MULTIPLEXER 

L 
ANALOG 

INPUT --+--J\\/\,f\r--i---t>--.... 
(1 OF 16) 

VSS 

Figure 14. AD1341 Input Protection Circuitry 

Single-ended or differential operation is selected using the 
SEIDE input. When the MUXPAND input is grounded, the 
AD1341 can provide either 16 single-ended or 8 differential in
puts. The number of inputs may be increased to 32 (single
ended) or 16 (differential) by pulling up the MUXPAND input 
and using an ADG506A multiplexer. Five expansion outputs 
enable and address the external multiplexer to give the expanded 
system the full functionality and programmability of a stand
alone AD1341. The four possible input schemes are shown in 
Figures IS through 18, and the required pin-strapping is sum
marized in Table I. 
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AD1341 

AD1341 

MUXI 

MUXO 

Figure 15. AD1341 Configured for 16 Single-Ended Input 
Channels 

ADG506A 

D 

EN A3 A2 Al AO 

MUXAO 
MUXA1 
MUXA2 
MUXA3 

ENXMUX 

AD1341 

MUXI 

MUXO 

53 39 

Figure 16. AD1341 Configured for 8 Differential Input 
Channels 

AD1341 

MUXI 

MUXO 

Figure 17. AD1341 with Expansion to 32 Single-Ended 
Input Channels 
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AD1341 

CH13- r---. ." I 

ADG506A 

CH12-

CH11-
MUX1 

Figure 18. AD1341 with Expansion to 16 Differential Input Channels 

16-Channels 8-Channels 32-Cbannels 16-Channels 
Single-Ended Differential Single-Ended Differential 

SEIDE 0 I 0 1 
MUXPAND 0 0 1 I 
MUXOUTI PGA+lN PGA+lN PGA+lN PGA-IN 
MUXOUTO PGA+lN PGA-IN PGA+IN PGA-IN 
ASIGGND PGA-IN PGA-IN 
D(ADGS06A) PGA+lN PGA+IN 
EN (ADGS06A) ENXMUX ENXMUX 
AO (ADGS06A) MUXAO MUXAO 
AI (ADG506A) MUXAI MUXAI 
A2 (ADGS06A) MUXA2 MUXA2 
A3 (ADGS06A) MUXA3 MUXA3 

Table I. Connections for AD1341 Input Options 

The AD1341's multiplexer inputs are protected against destruc
tive latchup under power-loss and overvoltage conditions. Each 
input uses a 2 kfl current-limiting resistor and two diodes to 
provide protection to at least 16 V beyond the analog supplies 
(Figure 14). The expanded input configurations in Figures 17 
and 18 maybe similarly protected by adding 2 kfl resistors in 
series with each external multiplexer input. Interactions between 
channels may occur under overload conditions. Unused AD1341 
and ADG506A multiplexer inputs must be grounded. 

DIS DI4 013 DI2 011 DIO 

Nat Bin, LJ Bll BIO B9 B8 B7 B6 
Nat Bin, CJ 0 0 Bll BIO B9 B8 
Nat Bin, RJ 0 0 0 0 Bll BIO 
2s Com, LJ Bll BIO B9 B8 B7 B6 
2s Com, CJ BIT Bll Bll BIO B9 B8 
2s Com, RJ Bll BII Bll Bll BIT BIO 

Oata Format Selection 
Six data formats are available, offering a choice between natural 
binary and 2s complement coding with left, center, or right jus
tification of the 12-bit result within the 16-bit field. The data 
format is determined by connections made to the three inputs 
FMTO, FMTl, and FMT2 (Pins 87, 86, and 85). These connec
tions should be hardwired. Logical Os are assigned to all unused 
places in the natural binary formats. The sign bit is extended as 
required and Os are forced in empty least-significant places in 
the 2s complement formats. Tables II and III describe the data 
formats and their selection. 

FMT2 FMTl FMTO Output Format 

0 0 0 Natural Binary, Left Justified 
0 0 I Natural Binary, Right Justified 
0 I 0 Natural Binary, Center Justified 
0 I I Reserved 
I 0 0 2s Complement, Left Justified 
I 0 I 2s Complement, Right Justified 
I I 0 2s Complement, Center Justified 
I I I Reserved 

Table II. Data Format Selection 

09 08 07 06 05 04 D3 D2 DI 00 

B5 B4 B3 B2 BI BO 0 0 0 0 
B7 B6 B5 B4 B3 B2 BI BO 0 0 
B9 B8 B7 B6 B5 B4 B3 B2 BI BO 
B5 B4 B3 B2 BI BO 0 0 0 0 
B7 B6 B5 B4 B3 B2 BI BO 0 0 
B9 B8 B7 B6 B5 B4 B3 B2 BI BO 

Table III. AD1341 Data Formats. 015 Is Data Bus MSB; B111s ADC MSB 
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ADl341 
Figure 19 shows the basic connections required for a data acqui
sition system with 16 single-ended input channels, ± 5 V input 
range, and left-justified 2s complement data. 

+11V -11V .sv 

Figure 19. Typical Interface Circuit 

Control Structure 

...... OPT 

""" ... .. 

)

,,"00 
CONTIIOL 

The AD1341 is controlled through its digital interface. The de
vice is completely disabled following power-up or a reset and 
must be programmed before conversions can be initiated. 

Conversion sequences are stored in the Channel Control FIFO, 
from which they are subsequently executed. Each conversion 
instrUction contains both a channel address and a channel gain. 
The Channel Control FIFO is 32 words deep. 

Execution of programmed conversion sequences is enabled via 
the Mode Control Register. This register is also used to perform 
a programmed reset, to enable or disable interrupts, Repeat 
mode, and the timer, and to choose the system timing option. 
Selection from among a wide range of interrupt options is gov
erned by the contents of the Interrupt Mask Register. Register 
contents may be read back for verification. A 32-word FIFO 
provides buffering for conversion results. The AD134I's register 
address space is defined in Table IV. 

A2 Al AO Register NamelFunction Mnemonic 

0 0 0 Channel Control FIFO CCR 
0 0 I Conversion Result FIFO CRR 
0 I 0 Reserved 
0 I I Reserved 
I 0 0 Mode Control Register MCR 
I 0 I Timer Register TMR 
1 I 0 Interrupt Mask Register IMR 
1 I I Status Register STS 

Table IV. AD1341 Addresses 

REGISTER DESCRIPTIONS 

Channel Control Register (CCR) 

Type 

RIW 
R 

RIW 
RIW 
RIW 
R 

The CCR is a 16-bit read/write register. Up to 32 CCR words 
may be written to the Channel Control queue for subsequent 
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execution. The CCR contains a channel address and an associ~ 
ated gain. This information can be read back after the conver
sion is complete and the conversion result has been read out. 
The CCR bits are as follows (the MSB is BI5): 

CCR Description 

Bits GN2 through GNO control the PGIA gain. GNO is the 
LSB. Gains are binary weighted, ranging from I to 128. A gain 
code of 000 corresponds to a gain of I and a gain code of III 
produces a gain of 128. Any channel may be programmed for 
any gain. A4 through AO are channel address bits. AO is the 
LSB. The range of available addresses depends upon the input 
configuration, which is determined by the wiring of the SEIDE 
and MUXPAND inputs. Address ranges are outlined in Table 
V. Address bits invalid for the chosen input configuration must 
be written as Os. Bits outside the gain and address fields are ig
nored during writes and set to 0 during reads. 

Valid 
Address 

Input ConftgUration SEIDE MUXPAND Range 

8-Channel Differential I 0 0-7 
16-Channel Single-Ended 0 0 0-15 
16-Channel Differential 1 1 0-15 
32-Channel Single-Ended 0 1 0-31 

Table V. AD1341 Address Ranges 

The CCR should be read only after reading a conversion result 
from the CRR (see below). Reading the CRR causes the related 
CCR data to be stored in a temporary register. The contents of 
this register are presented on the data bus during a subsequent 
CCR read. If the first CCR read is not performed before the 
second CRR read, the gain and chaimel information associated 
with the first CRR result will be lost. 

Conversion Result Register (CRR) 
The CRR is a 16-bit read-only FIFO register. The results of 
conversions are stored in the CRR up to 32 words deep. The 
results can be read out sequentially without reading the CCR in 
between, but the channel and gain information for the previous 
result will be discarded. In the descriptions below RO-Rll rep
resent the conversion result and SE represents sign-extension 
bits. These will be the same as Rll for 2s complement numbers 
and are 0 for natural (unsigned) binary numbers. 

CRR Description-Left justified 

CRR Description-Center justified 

CRR Description-Right justified 

Overrange and underrange results in natural binary format are 
coded as twelve Is and twelve Os, respectively, and are posi
tioned within the 12-bit field as determined by the selected 
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justification. Twos complement overranges and underranges are 
represented as 0111 1111 1111 and 1000 0000 0000, respectively. 
These results will also be properly justified and sign-extended. 

Mode Control Register (MCR) 
The MCR is a 16-bit readlwrite register. It contains six active 
bits. The reset (default) state for all bits is O. 

MCR Description 

INT enables or disables the interrupt mask register (IMR). In
terrupt generation under IMR control is enabled when INT is 
set to 1. New interrupts are disabled when INT is set to 0, but 
any interrupts pending when INT was set to 0 are not affected. 

RST provides a programmed AD1341 reset. Writing a 1 to RST 
causes all registers and FIFOs to be reset to their default states. 
RST remains set until the reset sequence is complete, at which 
time it is cleared. A reset sequence requires one complete clock 
cycle and may take up to 667 ns (assuming a 3 MHz clock) de
pending upon the timing of the MCR write relative to the sys
tem clock. 

CVN enables or disables conversions under host control. Setting 
CVN begins the execution of the conversion sequence stored in 
the CCR. Clearing CVN prevents the initiation of further con
versions; any in-process conversion( s) will be completed and the 
conversion results written to the CRR. An in-process conversion 
is one for which the gain and channel instruction has been 
clocked out of the CCR. CVN may be set again anytime after it 
has been cleared; any conversions still in the CCR will resume 
in an orderly fashion. 

REP enables the Repeat mode when set to 1. This bit may be 
set at any time. Setting REP disables any further writing to the 
CCR. Once REP has been set, the data written into the CCR 
queue since the last read will be repeated in a circular fashion. 
If Repeat mode is enabled after conversions have begun only the 
unexecuted conversions in the CCR queue will be repeated. Re
peat mode functions with any number of instructions in the 
CCR queue. Clearing REP clears the CCR queue and the con
troller in preparation for receiving new data and starting new 
conversions. 

TIM is used to disable or enable the 16-bit internal timer. The 
timer is disabled when TIM is set to 0, and enabled when TIM 
is set to 1. When enabled the counter counts down from the 
count stored in the TMR and generates an interrupt (if the 
timer interrupt is enabled). The preset count is then reloaded 
from the TMR and another countdown cycle begins on the next 
clock edge. Clearing TIM will halt the timer and clear its count. 
The contents of the TMR are not affected by clearing TIM. If 
the timer is enabled after having been disabled, it will begin its 
countdown from the previously programmed count. A Terminal 
Count signal is available on Pin 22. 

ACC permits selection between standard and accelerated system 
timing (see Conversion Timing). Standard timing is selected when 
ACC is set to 0, and accelerated (optimized) timing is selected 
when ACC is set to 1. 

Timer Register (TMR) 
The TMR is a read/write register used to losd and query the 
general purpose timer. Writing to the TMR will program a time 

REV. A 

AD1341 
delay value. The delay time is given by 

delay time = programmed count x basic delay unit. 

The basic delay unit is one clock period, or 333.3 ns with a 
3.00 MHz clock, and the maximum delay is 6SS3S basic delay 
units. TIS is the MSB. The reset (default) state for the TMR is 
O. There may be an uncertainty of 1 clock period on the first 
countdown interval after the timer is enabled. All subsequent 
timer intervals will be identical and equal to the programmed 
delay provided timer operation is not interrupted. 

TMR Description 

Reading the TMR will give the current programmed value. 
Reads are supported only when the timer is disabled. It is not 
possible to read the timer status during timer operation. 

Interrupt Mask Register (IMR) 
The IMR is a 16-bit read/write register. Setting bits in the IMR 
determines the conditions used to generate an interrupt to the 
host processor. The desired interrupt condition(s) is set by writ
ing a 1 to the appropriate bites); all other IMR bits must be 
written as Os. The reset (default) state for the IMR is all bits o. 
IMR Description 

Set IMR bits have the following effects: 

CVD will cause an interrupt to be asserted every time a con
version result is shifted into the CRR. 

CVP will cause an interrupt to be asserted when the conver
sion result obtained by executing the last command in the 
CCR is shifted into the CRR. The condition for a CVP inter
rupt is sensed at the scheduled start of the "last" conversion 
(see Conversion Timing). Writing another command to the 
CCR prior to the scheduled start of the "last" conversion will 
block the CVP interrupt. 

TME will cause an interrupt to be asserted when the timer 
count reac.'les zero. 

ORG will cause an interrupt to be asserted whenever over
range data are shifted into the CRR. 

CCF will cause an interrupt to be asserted when the CCR 
queue is full. The CCR depth is 32 words. 

CCH will cause an interrupt to be asserted when the CCR 
queue is at least half full (contains at least 16 words). 

CCE will cause an interrupt to be asserted when the last 
channeVgain command is shifted out of the CCR and the 
conversion programmed therein begins. It is this conversion 
which leads to a CVP interrupt if no further commands are 
written to the CCR. 

CRF will cause an interrupt to be asserted when the CRR is 
full. The CRR depth is 32 words. 

CRR will cause an interrupt to be asserted when the CRR is 
at least half full. 

CRE will cause an interrupt to be asserted when the CRR is 
empty. 
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Status Register (STS) 
The Status Register is a 16-bit read only register which provides 
a continuous summary of the AD 1341 's internal state. The de
fault condition for all STS bits is transparent. When an inter
rupt condition is enabled, the STS will latch the corresponding 
bit upon the assertion of the enabled interrupt; all other bits 
remain transparent. The interrupt will remain asserted until the 
processor reads the STS contents; any latched STS bits will be reset 
to transparent mode once the read operation is completed. Any pend
ing interrupt conditions will continue the interrupt request once 
the STS register is read. The EVT bit is set whenever any of 
the unmasked interrupt conditions has generated an interrupt 
request. 

STS Description 

STS bits correspond to IMR bits with the exception of EVT. 
STS bits have the following meanings: 

EVT is set whenever an enabled interrupt event has oc
curred. This bit cannot be cleared directly by the user and 
remains set until the interrupt has been serviced. 

CVD is set whenever a conversion is completed. 

CVP is set whenever the conversion pipeline (CCR queue) is 
empty. 

TME is set when the timer expires. 

ORG is set when overrange or underrange data are shifted 
into the CCR. 

CCF is set when the CCR queue has been filled. 

CCH is set when the CCR queue is at least half full. 

CCE is set when the CCR queue has been emptied. 

CRF is set when the CRR FIFO is full. 

CRH is set when the CRR FIFO is at least half full. 

CRE is set when the CRR FIFO is empty. 

Some of the remaining STS bit positions are used for diagnostic 
purposes. These bits (B11, B9, B5, B4, and B3) should be 
masked during normal operation. 

FIFO Boundary Conditions 
Overflow conditions occur whenever more than 32 words are 
written to either the CCR or the CRR. In both cases, data be
yond the 32nd word are lost. The first 32 data words are not 
affected. 

An underflow condition occurs when more than 32 words are 
read out of the CRR. The last valid word remains in the CRR 
and will be placed on the bus repeatedly in response to addi
tional read commands. The CCR queue cannot underflow. Con
versions cease after the last command in the CCR has been read 
and executed when Repeat mode is disabled. 

Conversion Timing 
The AD 1341 normally overlaps some of its signal processing 
functions to maximize throughput. Such pipelining provides 
maximum throughput when mUltiple conversion instructions are 
buffered in the CCR and executed sequentially using the inter
nal controller. Externally triggered conversions are also possible, 
either with or without pipelining. Finally, the internal timer 
may be used in conjunction with external triggering to further 
customize the sampling rate. 
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Pipelined Conversions 
Normal pipelined operation is enabled by grounding the 
ASYNCEN input (Pin 20) and tying the SCLK input to V DD' 

In this mode the AD 1341 's timing is governed by its internal 
controller. Channel and gain instructions for conversion N + I 
are read from the CCR and executed at the start of AID conver
sion N. This permits the PGIA's settling to occur during the 
AID conversion. The AD1341's throughput depends on the 
number of channels and the gain mix because of the variation in 
PGIA settling time with gain. The internal sequencer always 
provides the proper settling time for the active channel regard
less of the number of channels used or the gains selected. 

There are two sequencer modes, Standard and Accelerated, se
lected using the ACC bit (Bit 5) in the MCR. Standard timing 
mode increases both the SHA acquisition time and the PGIA 
settling time for higher gains. Accelerated mode maintains con
stant SHA acquisition time independent of gain and provides 
maximum system throughput. Table VI details throughput per
formance for the two timing modes. The listed throughputs as
sume all channels operate at the same gain. 

Standard Mode Accelerated Mode 

Clocks per Throughput, Clocks per Throughput, 
Pipelined Pipelined Pipelined Pipelined 

Gain Conversion (kHz) Conversion (kHz) 

1-8 20 150.00 20 150.00 
16 40 75.00 30 100.00 
32 80 37.50 52 57.69 
64 160 18.75 102 29.41 
128 320 9.38 202 14.85 

Table VI. AD1341 Timing and Throughput (3 MHz Clock) 

When Repeat mode is enabled, the instructions in the CCR are 
read and executed indefmitely in a circular fashion. The per
channel sampling rate in Repeat mode for arbitrary numbers of 
channels and various gains can be determined with a simple cal
culation. This calculation uses the "Clocks per Pipelined Con
version" data from Table VI and the programmed channel and 
gain mix. Each channel is sampled at the calculated rate, while 
the exact sample time will be determined by the specific channel 
and gain order. The example below an assumes input expansion 
as shown in Figure 17. 

11 channels at gains between 
1 and 8 

8 channels at gain of 16 
5 channels at gain of 32 
2 channels at gain of 64 
4 channels at gain of 128 

30 channels 

11 x 20 = 220 clock periods 
8 x 30 = 240 clock periods 
5 x 52 = 260 clock periods 
2 x 102 = 204 clock periods 
4 x 202 = 808 clock periods 

1732 clock periods 
1 

System sample rate = 1732 x 333.33 ns 1.73210 kHz 

Calculation of System Sample Rate (Accelerated Timing 
Mode, 3 MHz Clock) 

It is also possible to measure the system sample rate by counting 
the number of clock periods between successive rising edges of 
the CC output. CC goes high at the start of the last conversion 
in a sequence and remains high until that conversion is com
pleted. CC does not toggle when a single conversion is repeated. 
The duty cycle of CC depends on the number of channels in a 
sequence and their gains. Transitions of CC occur on rising 
clock edges. 
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Externally Triggered Conversions 
Conversions may be triggered directly by the host system when 
ASYNCEN is tied to V DO' Externally triggered conversions may 
only be used with Repeat mode enabled. Channel and gain infor· 
mation must first be written to the CCR. After all CCR writes 
are completed, REP (MCR Bit 9) should be set by the host pro
cessor. This clocks out the first CCR instruction, setting the 
multiplexer address and PGIA gain. A subsequent rising edge 
on the SCLK input places the SHA into Hold mode and trig
gers the AID conversion, which is clocked to its completion us
ing the 3 MHz clock. The first rising clock edge following the 
rising edge of SCLK also clocks the next channel/gain word 
from the CCR, permitting the pipelining of externally triggered 
conversions. The typical setup time for SCLK high relative to 
the rising edge of the clock is 10 ns. 

The AD1341's acquisition timing controller is inoperative when 
ASYNCEN is tied high, so the host system must provide suffi
cient time to acquire each input before pulsing the SCLK line. 
Failure to do so will produce an incorrect conversion result. The 
minimum time required for a given gain may be found using the 
"Clocks per Pipelined Conversion" columns of Table VI. Exter
nally triggered conversions have an inherent timing uncertainty 
of I clock period (333.3 ns with a 3 MHz clock) when SCLK is 
not synchronized with the external clock. 

SCLK functions much like the Start-Convert input of a standard 
ADC. Unlike a conventional ADC, however, the ADI3411acks 
a BUSY or STATUS output. The IMR may be programmed to 
cause an interrupt at the completion of each conversion, which 
will make the IRQ output functionally similar to a traditional 
BUSY or STATUS output. All AD1341 interrupt conditions 
function normally with externally-triggered conversions. 

Timer-Controlled Conversions 
The AD134I's programmable timer may be used to control ex
ternally triggered conversions, making possible extremely low 
sample rates with minimal host overhead. Timer-controlled con
versions may only be used with Repeat mode enabled. TC (Pin 22) 
should be connected to SCLK (Pin 21), and the timer must 
be programmed to generate a delay at least equal to the largest 
required number of "Clocks per Pipelined Conversion" from 
Table VI. 

MCR Bits 7 and 9 should be set after the CCR and TMR have 
been programmed. This will clock out the first CCR instruction 
and start the timer. The first input channel is sampled and the 
AID conversion begins with first rising edge of the TC output, 
which indicates the end of the timer interval. This edge also 
clocks the next instruction from the CCR, reloads the timer de
lay stored in the TMR, and restarts the timer. A conversion is 
performed every time the timer expires until the AD 1341 is re
programmed or reset. 

Single Conversions 
Repeat must be disabled to perform a single conversion. The 
desired channel and gain must first be written to the CCR. 
Setting CVN (MCR Bit 11) will begin the conversion under in
ternal timing control when ASYNCEN is low. The times re
quired to perform the acquisition and conversion of a single 
sample are listed in Table VII; these times are measured from 
the first rising clock edge after CVN has been set. The typical 
setup time for CVN (trailing edge of WR to rising edge of 
CLK) is 10 ns. 
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Because acquisition and conversion begin on a clock edge rather 
than precisely when CVN is set, there may be an uncertainty in 
the instant at which the input is sampled. The variation will be 
up to one clock period in systems in which bus operation is not 
synchronous with the AD134I's 3 MHz clock, and one clock 
period (333 ns) should be added to the contents of Table VII to 
account for this. These variations can be eliminated when the 
host system's bus is synchronized with the 3 MHz clock pro
vided CVN's setup time is met. 

Standard Mode Accelerated Mode 
Conversion Conversion 

Gain Time, ~s Time, ~s 
1-8 11.00 11.00 
16 17.67 15.00 
32 31.00 23.33 
64 57.67 40.00 
128 111.00 73.33 

Table VII. AD1341 Conversion Times (3 MHz ClOCk, 
ASYNCEN Low) 

With ASYNCEN high, single conversions may be triggered ex
ternally. The channel and gain instruction is clocked from the 
CCR when REP is set, and signal acquisition begins at that 
time. The rising edge of SCLK places the SHA into Hold 
mode, and the AID conversion begins on the first rising clock 
edge following the SCLK transition. Table VIII lists the mini
mum permissible acquisition times between setting CVN and 
the rising edge of SCLK, along with the time required for the 
actual AID conversion. The total conversion time is the sum of 
Table VIII's acquisition time and AID time. 

Standard Mode Accelerated Mode 

Acquisition AID Acquisition AID 
Gain Time, ~s Time, ~s Time, ~s Time, ~s 
1-8 6.67 4.33 6.67 4.33 
16 13.33 4.33 10.67 4.33 
32 26.67 4.33 19.00 4.33 
64 53.33 4.33 35.67 4.33 
128 106.67 4.33 69.00 4.33 

Table VIII. AD1341 Tlmmg and Throughput (3 MHz Clock) 

There is an uncertainty of one clock period in both the acquisi
tion and AID times listed in Table VIII when system operation 
is asynchronous. The first of these uncertainties arises from the 
variable relationship between the trailing edge of WR with re
spect to the rising edge of CLK, while the second results from 
the timing uncertainty between the rising edges of CLK and 
SCLK. 

APPLICATIONS 
Analog Interface 
Each of the AD134I's 16 multiplexer inputs is protected against 
overvoltage and power-loss conditions by a series resistor and 
two diodes (Figure 14). Each input's time constant is typically 
50 ns when the AD1341 is strapped for differential inputs and 
100 ns in the single-ended configuration. The settling delays 
caused by these time constants have been accounted for in the 
AD 1341's internal timing generator. Additional external series 
resistance will increase these time constants and could prevent 
the inputs from settling within the time allotted. For this reason 
the AD 1341 's inputs are best driven by low-impedance sources 
such as op amp outputs. 
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The AD1341's multiplexer outputs and PGIA inputs are 
brought out of the package to permit easy system expansion. 
Excessive capacitance at. theSe pins should be avoided as it will 
also interfere with settling. All connections should be kept as 
short and direct as possible to minimize capacitance and noise 
coupling. (The AD1341's timing generator allows sufficient in
put settling time with the capacitance added by the expansion 
multiplexer a~ shown in Figures 17 and 18.) 

A small amount of charge is dumped through each input when
ever it is selected or deselected. The magnitude of this charge is 
typically 4 pC. Each signal source should have a low output im
pedance at high frequencies in order to absorb this transient. 
Micropower op amps may have difficulty with this type of tran
sient because of their generally higher output impedances and 
lower gain-bandwidth products. The AD711, AD712, and 
AD713 are good choices for driving the AD1341's inputs. 

Each multiplexer input requires a return path for off-state leak
age currents. The driving source normally supplies this path. 
Unused inputs must not be left floating and should be con
nected to the analog ground plane. 

Power Supplies and Grounds 
Proper grounding and power supply bypassing techniques are 
necessary to obtain the AD1341's specified performance. The 
AD 1341 has separate connections for analog signal ground, ana
log power ground, and digital ground. All Analog Signal and 
Power Ground pins must be connected to a common' ground 
plane beneath the AD1341. This will provide the low impedance 
path required to minimize coupling between dynamic supply 
currents and low level signals being processed by the AD 1341. 

The AD1341's metal lid is internally connected to Analog Power 
Ground to provide maximum shielding against electrical interfer
ence. The lid faces the circuit board when the AD1341 is sol
dered in place. The board surface directly beneath the AD1341 
should not contain signal or power traces to eliminate the possi
bility of short circuits. Using this area as a ground plane will 
result in the lowest possible ground impedance and will preserve 
signal fidelity. 

The Digital Ground pins should also be connected to this 
ground plane if at all possible. This will provide the greatest 
immunity to digital switching noise. If this causes ground loops 
or other system-level problems then a separate ground plane or 
other low impedance ~turn path must be provided. In this case 
the analog and digital grounds should be connected together at 
the AD1341 using back-to-back Schottky diodes and a good 
high frequency bypass capacitor. Ceramic capacitors in the range 
0.01-0.1 I1F are recommended. These components will prevent 
destructive dc potential differences between grounds and will 
also provide a low impedance path for transient currents. 

Each power supply should be capacitively bypassed to the 
ground plane(s) with the capacitors located as closely as possible 
to. the device in order to provide a low source impedance for 
dynamic signal and supply currents. Both ceramic and solid tan
talum capacitors should be used for each supply. Appropriate 
values are 0.01-0.1 I1F for ceramic capacitors and 1-1011F for 
tantalum capacitors. Aluminum electrolytic capacitors have 
much higher equivalent series resistance than comparable-value 
tantalum devices and are not recommended. 

Digital Interface 
The AD 1341's fast parallel bus simplifies the system designer's 
task by permitting zero-wait-state operation in most applica
tions. In many cases the interface between the AD1341 and a 
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Figure 22. DSP56000 to AD1341 Interface 

microprocessor requires nothing more than an address decoding 
function. Figures 20 through 23 illustrate the AD1341's inter
face with several popular single-chip digital signal processors. 

The AD1341's digital interface provides TTL- and CMOS
€ompatible levels with 10K ECL speed, exhibiting typical edge 
rates of 1.4 os with 15 pF loading. Proper layout and impedance 
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Figure 23. 80960 to AD1341 Interface 

matching techniques are essential to prevent problems caused by 
crosstalk, reflections, and ground bounce. 

Crosstalk 
The fast edge rates and large voltage swings in CMOS systems 
will cause capacitive and inductive coupling (crosstalk) between 
adjacent PCB circuit traces. This will compromise signal integ
rity and reduce noise margins. The effect is most severe on 
"clocked" control lines (RD, WR, and CS) which are close to 
data lines. The coupled noise may be large enough to initiate 
spurious I/O operations. 

Crosstalk can be reduced by eliminating long parallel PCB cir
cuit traces and by routing data lines away from clocked control 
lines. Grounded circuit traces may also be used to provide 
shielding between data and control lines, but this is less effective 
than physical separation. 

Reflections 
The gross impedance mismatches between high impedance 
CMOS inputs, low impedance CMOS outputs, and typical PCB 
circuit trace impedances can lead to voltage reflections and ring
ing. Reflections from impedance discontinuities become impor
tant whenever the line's round-trip delay exceeds the driving 
signal's rise or fall time. The critical line length, beyond which 
reflections begin to play a role, is only 13 cm for the AD 1341, 
assuming an edge rate of 1.4 V Ins and a line delay of 0.055 ns/cm. 
The critical line length can be increased by running the signal 
lines over a ground plane because the added capacitance will 
reduce the edge rate (at the expense of increasing ground 
bounce). 

A much better solution is to provide proper terminations for all 
signal lines. The AD1341's CMOS outputs do not have suffi
cient current drive capability to permit terminating PCB lines in 
their characteristic impedance. Series damping is a satisfactory 
alternative means to reduce reflections and ringing. A small re
sistor (typically 10 n to 75 !1) is placed in series with the signal 
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line as close to the signal source as possible. The goal is to 
match the driver's output resistance plus the series resistance to 
the line impedance. This will absorb any wave reflected back 
towards the source. 

The primary disadvantage of series termination is that the line 
impedance and terminating resistor form a voltage divider net
work and the voltage along the line may lie between valid logic 
levels during the line's two-way propagation delay time. This 
means that while any number of device inputs may be connected 
at the end of the line, device inputs which require valid logic 
levels during the propagation delay time cannot be distributed 
along the line. 

The Application Note "Systems Design Considerations When 
Using Cypress CMOS Circuits," published by Cypress Semicon
ductor Corporation, provides in-depth analysis and discussion of 
various line-matching techniques. 

Ground Bounce 
Large transient currents will flow into digital ground whenever 
one or more of the AD 1341's data bus outputs switches from 
high to low (or from high impedance to low when the previous 
bus data were high). These currents result from the discharge of 
parasitic capacitances associated with the data bus. Inductance 
in the ground return path creates a resonant L-C circuit with 
the parasitic capacitances, resulting in ringing in "ground" at 
the device relative to "ground" at the supply or elsewhere in the 
system. The amplitude and duration of this ringing, or "ground 
bounce" depends on the amount of parasitic reactance. Both the 
amplitude and duration of the ringing increase as the inductance 
or capacitance increase. 

The effect of ground bounce is to degrade the logic-low noise 
margin. This can result in system data errors. In particularly 
severe cases it can initiate spurious I/O operations in the 
AD1341 and cause the loss of data. The best defenses against 
ground bounce are to minimize the capacitive loading of the 
data bus and to use a ground plane to provide a low impedance 
return path for the inevitable transient currents. When large bus 
capacitance is unavoidable, it may prove beneficial to use 
BiCMOS bus transceivers between the AD1341 and the system 
data bus. This will increase both read and write cycle times, but 
the controlled edge speeds will reduce the peak currents, de
creasing the possibility of erroneous data or I/O operations. The 
transceivers should be located close to the AD1341 to minimize 
the capacitance seen by the AD 1341's data outputs. 
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FEATURES 
Pin and Functional Replacement for AD362: 

Lower Power Dissipation 
Lower Noise 
Internal Hold Capacitor 

16 Single-Ended or B Differential Channels with 
Switchable Mode Control 

True 12-Bit Precision: Nonlinearity sO.005% 
High Speed: 10",s Acquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts 

Required 
Versatile: Simple Interface to Popular Analog-to-Digital 

Converters 
High Differential Input Impedance (10'°n) and 

Common Mode Rejection (BOdB) 
Fully Protected Multiplexer Inputs 

PRODUCT DESCRIPTION 
The AD1362 is a complete, precision16-channel data acquisition 
system. The device contains two g-channel multiplexers, a dif
ferential amplifier, a sample-and-hold with high-speed output 
amplifier, a channel address latch and control logic. The multi
plexers may be connected to the differential amplifier in either 
an 8-channel differential or l6-channel single-ended configura
tion. A unique feature of the AD 1362 is an internal user
controllable analog switch that connects the multiplexers in 
either a single-ended or differential mode. This allows a single 
device to perform in either mode without hard-wire program
ming and permits a mixture of single-ended and differential 
sources to be interfaced by dynamically switching the input 
mode control. 

The sample-and-hold mode control is designed to connect 
directly to the "Status" output of an analog-to-digital converter 
so that a convert command to the ADC will automatically put 
the sample-and-hold into the "Hold" mode. An internal preci
sion hold capacitor is included with each AD1362. The AD1362 
output amplifier is capable of driving the unbuffered analog 
input of most high speed, 12-bit successive-approximation 
ADCs. The interface is thereby reduced to two simple connec
tions with no additional components required. 

The AD 1362KD is specified for operation over a 0 to + 70°C 
temperature range while the AD 1362SD operates to specification 
from -55°C to + 125°C. Processing to MIL-STD-883, Class B 
is available for the AD1362SD. Both grades are packaged in a 
hermetic 32-pin ceramic dual-in-line package. 
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16-Channel, 12-Bit 
Data Acquisition System 

AD1362 I 
FUNCTIONAL BLOCK DIAGRAM 

DGND +5V +15V -1SV AGND 

LATCH CHANNEL 
S£LECT S£LECT 

PRODUCT HIGHLIGHTS 

SINGLEIDIFF 
CONTROL 

1. The AD1362, when used with a precision analog to digital 
converter, forms a complete, accurate, high-speed data 
acquisition system. 

2. The l6-input channels may be configured in single-ended, 
differential or a mixture of both modes. Mode switching is 
provided by a user controllable internal analog switch. 

3. Multiplexers, differential amplifier, sample-and-hold and 
high-speed output buffer provide complete analog interfacing 
capabilities. 

4. Internal channel address latches are provided to facilitate 
interfacing the AD 1362 to data, address or control buses. 

5. The AD 1362 is specified over the entire military temperature 
range, -55°C to + 125°C. Processing to MIL-STD-883, Class 
B is available. 
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AD1362 -SPECIFICATIONS (typical @ + 25°C, ±15 V and +5 V unless otherwise noted) 

AD1362KD ADl362SD 
Parameter Test Condition Min Typ Max Min Typ Max Units 

ANALOG INPUTS 
Input Voltage Range Tmin to T""", -10 +10 * * V 
Input Bias Current Per Channel ±50 * nA 
Input ImpedancP On Channel 10 * GO 

100 * pF 
Off Channel 10 * GO 

10 * pF 
Input Fault Current Power Off or On 20 * mA 
Common Mode Rejection Diff Mode, 1kHz, 20V pop 70 SO * * dB 
Mux Crosstalk, Any Off Ch 

to Any On Ch 1kHz, 20V pop -so -90 * * dB 
Ch to Ch Offset ±2.5 * mV 

ACCURACY 
Gain Error Tmin to Tmax ±0.02 * %FSR 
Offset Error Tmin to Tmax ±4 * mV 
Linearity Error «125°C ±0.005 * % 

Tmin to Tmax ±0.01 * % 
Noise Error 25°C, 0.1 to IMHz 0.5 * mVp-p 

Tmin to T max' 0.1 to IMHz 1.0 * mVp-p 

TEMPERATURE COEFFICIENTS 
Gain T min toT""", ±4 ±2 ppml"C 
Offset ±IOV Range, T min to Tmax ±2 ±1.5 ppml"C 

SAMPLE AND HOLD DYNAMICS 
Apenure Delay ISO 200 * * ns 
Apenure Uncenainty 100 500 * * ps 
Acquisition Time 20V Step to ±0.01% 10 IS * * j.Ls 
Feedthrough 1kHz -80 -70 * * dB 
Droop Rate I 2 * * mV/ms 
Pedestal Voltage -15 11 +15 * * * mV 

POWER SUPPLY REQUIREMENTS 
+ V, Analog Voltage + 14.25 +15.75 * * V 
-V, Analog Voltage -14.25 -14.75 * * V 
+V, Digital Voltage +4.75 +5.25 * * V 
+V, Analog Current 30 * mA 
- V, Analog Current 30 * mA 
+V, Digital Current 40 * mA 
Total Power Dissipation 0.5 1.1 * W 

TEMPERATURE RANGE 
Specification 0 +70 -55 +125 OC 
Storage -55 +85 -55 +150 OC 

DIGITAL INPUT SIGNALS 

TTL' I Signal Pins Loads Logic High Logic Low 

Input Channel Select 2S-31 ILS (4-Bit Binary Address) 
Channel Select Latch 32 SLS Transparent Latched 
Single EndedIDiff Mode Select 3LS Differential Single Ended 
Sample-and-Hold Command 13 2LS Hold Sample 

NOTE 
'One TIL Load is defined as I'L =-I.6mA m.u: @ Va =O.4V, IJH=40f,LA m.u: @ V,H=2.4Y. One LSTIL Load is defmed as I'L =-O.36mA @ V,L =O.4V, 
IIH=20f,LA m.u: @ VIH=2.7V. . 
*Specifications same as ADI362KD. 
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AD1362 
ABSOLUTE MAXIMUM RATINGS 
+V, Digital Supply ......................... +5.5V VIN' Signal ...................... ±V Analog Supply 
+ V, Analog Supply ......................... + 17V VIN' Digital .................. 0 to +V, Digital Supply 
- V, Analog Supply ......................... -17V AGND to DGND ........................... ±IV 

ORDERING GUIDE PIN ASSIGNMENTS 

Temperature Max Gain Package SINGLElDIFF CONTROL 1 • 

Model Range TC Option· 

ADl362KD o to +70°C ±4ppm?C DH-32E 
AD 1362SD -55°C to + 125°C ±2ppmrG DH-32E 
AD 1362SD/883B - 550C to + 125°C ±2ppm?C DH-32E 

*DH-32E = Bottom Brazed Ceramic DIP. For Outline information see 
Package Information section. 

NO CONNECT 12 

OFFSET ADJUST 14 

OFFSET ADJUST 15 

ANALOG OUTPUT 16 

Function Number Description 

Single/Diff Control I Mode Select, Differential or Single Ended 
DGND 2 Digital Ground 
+5V 3 Digital Power Supply, +5V dc 
Ch 7 4 "High" Analog Input Channel 7 
Ch 6 5 "High" Analog Input Channel 6 
Ch 5 6 "High" Analog Input ChannelS 
Ch 4 7 "High" Analog Input Channel 4 
Ch 3 8 "High" Analog Input Channel 3 
Ch 2 9 "High" Analog Input Channel 2 
Ch I 10 "High" Analog Input Channel I 
ChO 11 "High" Analog Input Channel 0 
NC 12 No Connect 
SHACmd 13 Sample/Hold Control Input to SHA 
Offset Adjust 14 Offset Adjustment Input # I 
Offset Adjust IS Offset Adjustment Input #2 
Analog Output 16 Analog Output to ADC 
AGND 17 Analog Ground 
Ch IS 18 "High" ("Low") Analog Input Channel 15 (7) 
Ch 14 19 "High" ("Low") Analog Input Channel 14 (6) 
-15V 20 Negative Analog Power Supply -15V dc 
+15V 21 Positive Analog Power Supply + 15V dc 
Ch 13 22 "High" ("Low") Analog Input Channel 15 (5) 
Ch 12 23 "High" ("Low") Analog Input Channel 14 (4) 
Ch 11 24 "High" ("Low") Analog Input Channel 13 (3) 
Ch 10 25 "High'" ("Low") Analog Input Channel 12 (2) 
Ch 9 26 "High" ("Low") Analog Input Channel 11 (I) 
Ch 8 27 "High" ("Low") Analog Input Channel 10 (0) 
AE 28 Input Channel Address MSB 
AO 29 Input Channel Address Bit 0 
Al 30 Input Channel Address Bit I 
A2 31 Input Channel Address Bit 2 
Latch Select 32 Channel Select Latch Control Input 

LATCH SELECT 

Al 

AO 

AE 

CHI fa) 

CHI (11 

CH10121 

CH11 131 

CH1Z (4) 

CH13 15) 

-15V 
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AD1362 
FUNCTIONAL DESCRIPTION 
The AD 1362 consists of two 8-channel multiplexers, a differen
tial amplifier, a sample-and-hold with high speed output buffer, 
channel address latches and control logic as shown in the block 
diagram. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel single
ended configuration. A unique feature of the AD 1362 is an 
internal analog switch controlled by a digital input that performs 
switching between single-ended and differential modes. This 
feature allows a single AD 1362 to perform in either mode with
out external hard-wire interconnections. Of more significance is 

DONO +5V +15V -15V AGND 

LATCH CHANNEL 
SELECT SELECT 

SINGLEIDIFF 
CONTROL 

AD'1362 Block Diagram 

THEORY OF OPERATION 
Concept 
The AD1362 is intended to be used in conjunction with a high 
speed, precision analog-to-digital converter to form a complete 
data acquisition system (DAS). Figure I shows a general 
AD1362 with ADC DAS application. 

AE A2 A1 AD , / 

CHANNEL 
SELECT 

DC POWER 

the ability to serve a mixture of both single-ended and differen
tial sources with a single AD1362 by dynamically switching the 
input mode control. 
Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") input register. With a Logic" I" 
at the Latch Select input, the address signals feed through the 
register to directly select the appropriate input channel. This 
address information can be held in the register by placing a 
Logic "0" on the Latch Select input. Internal logic monitors the 
status of the Single-Ended/Differential Mode input and 
addresses the multiplexers accordingly. 

A differential amplifier buffers the mUltiplexer outputs while 
providing high input impedance in both differential and single
ended modes. 

The sample-and-hold is a high speed device that can also func
tion as a gated operational amplifier. Its uncommitted differen
tial inputs allow it to serve a second role as the output subtrac
tor in the differential amplifier. A Logic" I" on the Sample
and-Hold Command input will cause the sample-and-hold to 
"freeze" the analog signal while the ADC performs the conver
sion. Normally the Sample-and-Hold Command is connected to 
the ADC Status output which is at Logic" I" during conversion 
and Logic "0" between conversions. For slowly changing 
inputs, throughput speed may be increased by grounding the 
Sample-and-Hold Command input instead of connecting it to 
the ADC status. 

The output buffer is a high speed amplifier whose output 
impedance remains low and constant at high frequencies. There
fore, the AD1362 may drive a fast, unbuffered, precision ADC 
without loss of accuracy. 

By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design is 
optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard con
figuration packages plug into standard sockets and are easier to 
handle than larger packages with higher pin counts. 

ANALOG·TO·DIGIT AL 
CONVERTER 

CONVERT START 

~ MS81 
83 
84 
85 
86 
87 
B6 
B6 
810 ~ 
B11 !: 
812 LS8 ~ 

STATUS j 

Figure 1. AD 1362 with ADC as a Complete Data Acquisition System 
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System Timing 
Figure 2 is a timing diagram for the AD 1362 connected as 
shown in Figure I and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12-bit type such as 
the ADS73 or AD ADC80. 

ADDRESS 
LATCH 

ADDRESS MAY BE CHANGED 

I 
CONVERT 
COMMAND 

______ rL 

STATUS 
(SAMPlE·HOLDI 

GATED CLOCK 

Figure 2. DAS Timing Diagram 

The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is "busy" by placing a Logic" I" 
on its Status Line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is "busy," the sample-and-hold is in the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample
and-hold is holding the proper analog value, the address may 
be updated during conversion. Thus multiplexer settling time 
can coincide with conversion and need not affect throughput 
rate. 

S. The ADC indicates completion of its conversion by returning 
Status to Logic "0." The sample-and-hold returns to the 
Sample mode. 

6. If the input signal has changed full scale (different channels 
may have widely-varying data), the sample-and-hold will typ
ically require 10 microseconds to "acquire" the next input to 
sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to sta
bilize at its new value, another Convert Start command may be 
issued to the ADC. 

REV. A 
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NOTE 
Valid Output Data 
Not all ADCs have all data bits available when Status indicates 
that the conversion is complete. Some successive approximation 
ADCs must have a Status delay built in or the final data bit will 
lag Status. This will result in two problems: 

1. The sample-and-hold will return to Sample, disturbing the 
analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in atl error. 

2. If the falling edge of Status is being used to load the data 
into a register, the least significant bit will not be valid when 
loaded. 

An external delay or use of an ADC with a valid Status output 
is necessary to prevent this problem. 

Single·EndedlDifferentiai Mode Control 
The ADI362 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended or 
8-channel differential mode. This switch is controlled by a TTL 
logic input applied to Pin I: 

"0": Single-Ended (16 channels) 
"I": Differential (8 channels) 

When in the differential mode, a differential source may be 
applied between corresponding "High" and "Low" analog input 
channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output to settle to within 7 
±O.OI% of its final value, but if the mode is switched concur-
rent with changing the channel address, no significant additional 
delay is introduced. The effect of this delay may be eliminated 
by changing modes while a conversion is in progress (with the 
sample-and-hold in the "Hold" mode). When SE and DIFF 
signals are being processed concurrently, the DIFF signals must 
be applied between corresponding "High" and "Low" analog 
input channels. Another application of this feature is the capa-
bility of measuring 16 sources individually andlor measuring 
differences between pairs of those sources. 

Input Channel Addressing 
Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding digi
tal number to the four Channel Select address bits, AE, AO, AI, 
A2 (Pins 28-31). In the differential mode, the eight channels are 
addressed by applying the appropriate digital code to AO, AI, 
and A2; AE must be enabled with a Logic "1." Internal logic 
monitors the status of the SEIDIFF Mode input and addresses 
the multiplexers singularly or in pairs as required. 

When the channel address is changed, six microseconds must be 
allowed for the AD1362 to settle to within ±O.OI % of its final 
output (including settling times of all elements in the signal 
path). The effect of this delay may be eliminated by performing 
the address change while a conversion is in progress (with the 
sample-and-hold in the "Hold" mode). 
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AD1362 
ADDRESS ON CHANNEL 

Differential 
A.E A2 Al AO Single Ended "Hi"· "Lo" 

0 0 0 0 0 None 
0 0 0 I I None 
0 0 I 0 2 None 
0 0 I I 3 None 
0 I 0 0 4 None 
0 I 0 I 5 None 
0 I I 0 6 None 
0 I I I 7 None 
I 0 0 0 8 0 0 
I 0 0 I 9 I I 
I 0 I 0 10 2 2 
I 0 I I II 3 3 

0 0 12 4 5 
0 I 13 5 5 
I 0 14 6 6 

15 7 7 

Table I. Input Channel Addressing Truth Table 

Input Channel Address Latch 
The AD1362 is equipped with a latch for the input Channel 
Select address bits. If the Latch Select pin is at Logic" I," 
input channel select address information is passed through to 
the multiplexers. A Logic "0" "freezes" the input channel 
address present at the inputs at the" I "-to-"0" transition (level
triggered). 

This feature is useful when input channel address information is 
provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an aqdress 
is helpful whenever the user has no control of when address 
information may change. 

Sample-and-Hold Mode Control 
The Sample-and-Hold Mode Control input is normally 
connected to the Status output from an analog to digital con
verter. When a conversion is initiated by applying a Convert 
Start command to the ADC, Status goes to Logic "I" putting 
the sample-and-hold into the "Hold" mode. This "freezes" the 
information to be digitized for the period of conversion. When 
the conversion is complete, Status returns to Logic "0" and the 
sample-and-hold returns to the "Sample" mode. Eighteen 
microseconds must be allowed for the sample-and-hold to 
acquire ("catch up" to) the analog input to within ±O.OI% of 
the final value before a new Convert Start command is issued. 

The· purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this applicataion, 
it also allows the user to change channels and/or SEIDIFF mode 
while a conversion is in progress thus eliminating the effects of 
multiplexer, analog switch and differentialamplifier settling 
times. If maximum throughput rate is required for slowly 
changing signals, the Sample-and-Hold Mode Control may be 
wired to ground (Logic "0") rather than to ADC Status thus 
leaving the sample-and-hold in a continuous Sample mode. 
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Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD1362 may be adjusted, 
that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful io adjust the 
offset of the Data Acquisition System. An example of such a 
case would be if the input signals were small « 10m V) relative 
to AD1362 offset and gain errors. To adjust the offset of the 
AD1362, the circuit shown in Figure 3 is recommended. 

OUTPUT 

ADI362 

TOV+ANALOG 
1+15V) 

Figure 3. AD1362 Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Other Considerations 
Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing in 
the analog ground circuit and inducing spurious analog signal 
noise. Analog Ground and Digital Ground are not connected 
internally; these pins must be connected externally for the sys
tem to operate properly. Preferably, this connection is made at 
only one point, as close to the AD1362 as possible. The case is 
connected internally to Digital Ground to provide good electro
static shielding. If the grounds are not tied common on the same 
card with the AD 1362 , the digital and analog grounds should be 
connected locally with back-to-back general-purpose diodes as 
shown in Figure 4. This will protect the AD1362 from possible 
damage caused by voltages in excess of ± I volt between the 
ground syst~ms which could occur if the key grounding card 
should be removed from the overall system. The device will 
operate properly with as much as ±200mV between grounds; 
however, this difference will be reflected directly as an input 
offset voltage. 

TO 
CARD 

CONNECTOR 

ADI362 

DGNDI AGND 

ADC 

DGNDI AGND 

f IN914 
OR 
EQUIVALENT 

Figure 4. Ground-Fault Protection Diodes 
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PlYWer Supply Bypassing: The ± 15V and + 5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. One 
microfarad tantalum types are recommended; these capacitors 
should be located close to the system. It is not necessary to 
shunt these capacitors with disk capacitors to provide additional 
high frequency power supply decoupling since each power lead 
is bypassed internally with a 0.039fLF ceramic capacitor. 

Interfacing to Popular Analog to Digital Converters 
The AD 1362 has been designed to interface directly to most 
analog to digital converters; often no additional components are 
required and only two interconnections must be made. The 
direct interface requirements for the ADC are as follows: 

I. The ADC Status output must be positive-true Logic (" I" 
during conversion). 

2. Transition from "0" to "I" must occur at least 200ns before 
the most significant bit decision is made (successive approxi
mation ADC) or before input integration starts (integrating 
type ADC). 

3. Status must not return to "0" before the LSB decision is 
made. 

4. If Status is being used to latch output data, it must not 
return to Logic "0" until all output data bits are valid and 
available. 

ANALOG 
INPUTS 

(161 

INPUT 
CHANNEL 
SELECT 

(41 

DC POWER 

SAMPLE/HOLD 

CHANNEL 
SELECT 
LATCH 

Jl 

DATA 
BITS 
OUT 
(121 

CONVERT DATA STROBE 
START (TQ OUTPUT 

REGISTER) 

a. 12-Bit DAS Using AD 1362 and AD ADCBO 

AD1362 
Complete system throughput performance is determined by 
combining the worst-case specifications of the AD1362 and the 
ADC. If guaranteed system performance is required, the AD363 
and AD364 are recommended. The AD363 includes an AD1362 
and an AD572 12-bit, 25-microsecond precision ADC. The 
AD364 consists of an AD1362 and an AD574 12-bit, micro
processor compatible, low cost ADC. Each is specified as a 
complete, two-package system. 

Figure Sa shows the AD1362 driving an AD ADC80. The 
AD ADC80 is a 12-bit, 25-microsecond, low cost ADC that 
meets all of the requirements listed above. Throughput rate is 
typically 30kHz with no missing codes over the operating tem
perature range. 

Figure 5b shows a lO-bit application based on the AD 1362 and 
the AD573, a complete low cost lO-bit, 25-microsecond ADC. 
In this case, one of the above requirements is not met: 

I. DR (DATA READY), as Status, is positive-true, but ... 

2. DR does not indicate that a conversion is in progress until 
1.5fLs after conversion starts. 

The gating provided by UI allows the applied convert command 
(CC) to initiate input hold at the AD1362. CC must last for 
more than 1.5fLs so that DR may then assume control of Hold. 

ANALOG 
INPUTS 

(161 

INPUT 
CHANNEL 

SELECT 
(41 

DCPQWER 

SAMPLE/HOLD 

CHANNEL 
SELECT 
LATCH 

1/474LS32 

CONY 

c~~!~b 0------10-----\ 

.....r-L.. 1.5PI 
...:J I:: MIN 

DATA STROBE L.... ________ (TO OUTPUT 

REGISTER) 

b. 10-Bit USing AD 1362 and AD573 

DATA 
BITS 
OUT 
(101 

Figure 5. Data Acquisition Systsems Based on the AD1362 and Popular ADCs 
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AD1362 

ANALOG 
'Nl'UTS 

c",:~mo-------------------' 

ANALOG 
INPUTS 

ANALOG 
INPUTS 

CO~¥~=~o-________________ --' 

CO~¥~=~ 0------------------..... 

Figure 6. High Speed Data Acquisition Systems Based on AD 1362 and Fast ADCs. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Functional Complete DAS 
Single Package 
Monolithic 
High Impedance Differential Inputs 
Guaranteed Low 1 nA Input Bias Current 
Guaranteed 80 dB Common-Mode Rejection 
External Selectable Bandpass Filter Frequencies 
Software Programmable Gain Selection 
12-Bit AID Converter with On-Chip Reference 
Serial Communication Interface 
Deta Sampling 40,000 Samples/Second 
± 5 V Supplies 
Low 175 mW (typ) Power Consumption 
Small 28-Terminal Surface Mount Package (PLCC) 

APPLICATION 
Small Signal Deta Acquisition 
ECG Signal Data Acquisition 
Patient Monitoring 

GENERAL DESCRIPTION 
The AD7901S is a complete data 
small signals (i.e., biomedical ECG a 
minimum 40,000 samples/sec. It provides 
stability, and functional completeness in as' -pin pa 

It includes a high performance instrumentation amplifier at tbe 
front-end, bandpass fIlter, and an accurate 12-bit ADC witb on
chip reference. 

An on-chip clock circuit is provided, which may be used witb a 
crystal for stand-alone operation. Alternatively, tbe clock input 
may be driven from an external CMOS-compatible clock source 
such as a microprocessor clock. 

The AD790lS serial interface is compatible witb many micro
processors and digital signal processors such as tbe ADSP-2100, 
TMS32020, ,",D7720, and DSP-S6000. It can also be used 
witb general purpose serial to parallel converters such as shift 
registers. 

The AD790lS is fabricated in Analog Devices' linear compatible 
CMOS process (LC2MOS), an advanced, all ion-implanted pro
cess tbat combines fast CMOS logic and linear, bipolar circuits 
on a single chip, tbus achieving excellent linear performance 
while still retaining low CMOS power levels. 

Small Signal 
Data Acquisition System 

AD79015 I 
FUNCTIONAL BLOCK DIAGRAM 

AAI ABI 
DAD MIS AAO AIlS ABO API AFO 

Aour 

_----oXIN 
ADC 

CONTROl. 
LOGIC 

BUSY 

CONVERT 

CLKlN 

L..._...J-V CLI<OUT 

DONI> 

, complete small signal DAS. It includes a high 
differential front end amplifier, programmable 

ernally controlled high and low comer fre-
12-bit AD converter witb on-chip reference. 

plifier has extremely low input bias current of 
< nA over full temperature range. Typical input bias cur
rent at ambient temperature is 20 pA. 

3. On-chip guard driver to minimize external components. 

4. Software programmable gain setting witb a gain range of 
o dB to 31 dB. 

5. On-chip clock oscillator to minimize external components. 

6. A serial interface is provided to make it easy to use AD7901S 
in applications where full isolation from tbe mains power is 
required. 

7. Serial interface supports multichannel applications witb mini
mal external components. 

8. LC2MOS circuitry gives low power drain (175 mW typ) from 
+5 V, and -5 V supplies. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD79015 -SPECIFICATIONS ~~:: O:!!! :~:.~d Vss = -5 V :I: 5%. All specfficaUons TMIM to T_ 

Parameter All Grades Units Test ConditioolComments 

INPUT AMPLIFIER 
GAIN 

Gain Range 14 dB 
5 VN 

Gain Error ±0.1 dB max Over Full Temperature Range 
VOLTAGE OFFSET 

Input Offset Voltage 10 mVmax 
INPUT CURRENT 

Input Bias CUiTent 1 nAmax Over Full Temperature Range 
Typical Input Bias 20 pA Typical at + 25"C 

INPUT 
Input Resistance 109 o min 
Input Capacitance 6 pFtyp 
Differential Input Voltage Range 
Gain = 5 (DC Coupled) ±0.5 V max 
Common-Mode Input Voltage ±0.5 V max 
Common-Mode Rejection Ratio 80 dB min 

NOISE 
Voltage Noise (RTI) 2 10 Hz @ + 25"C 

4 100 Hz @ +25"C 
Noise -V p-p = 6.6 x V rms, 
of Error 

GUARD DRIVER 
Capacitive Load 
Resistive Load 

AMPLIFIER A 
Gain 

Gain Accuracy 

Input Offset Voltage 
Input Bias Current 

AMPLIFIER BILOW PASS FILTER 
Gain 

Low 0 dB 
1.0 VN 

High 16 dB 
6.3 VN 

Gain Error 0.2 dB max 
2.4 % 

Input Offset 2 mVmax 
Resistors in Network 5 % max of Absolute Value, over Full Temperature Range 

PROGRAMMABLE GAIN AMPLIFIER 
Gain 

Minimum Gain 0 dB 
1.0 VN 

Maximum Gain IS dB 
5.6 VN 

Gain Step Size 1 dB 
12.2 % 

Gain Accuracy 0.1 dB max 
1.0 VN 

Input Offset Voltage 2 mVmax 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

CONVERTER (Core Cell Is the AD7870) 
DYNAMIC PERFORMANCE 

Signal-ta-Noise Ratio (SNR) 
Total Harmonic Distortion 
No Missed Codes 
TracklHold Acquisition Time 
Conversion Time 

DC ACCURACY 
Resolution 
Relative Accuracy 
DNL 
Bipolar Zero Offset 
Full-Scale Error 

ANALOG INPUT 
Input Voltage Range 
Input Current 

REFERENCE OUTPUT 

Reference Voltage @ +25"C 
Reference Tempco 

DIGITAL INTERFACE 
INPUTS 

Logic "I" Voltage 
Logic ''0'' Voltage 
Input Current 
Input Capacitance 

OUTPUTS 
Logic "I" Voltage 
Logic "0" Voltage 
Floating State Leakage 
Floating State Capacitance 

POWER REQUIREMENTS 

All Grades 

68 
-80 
Guaranteed 
2 
13.25 

12 
±1 
±1 
±1 

.±1 

±3 
±550 

2.98/3.02 

Units 

dB 
dB 

fl.s 
fl.S 

Bits 
LSB 
LSB 
% 
% 

V 
Il.A 

AD79015 

Test Condition/Comments 

min, V,N = 1 kHz Sine, fSAMPLE = 10 kHz 
max, VIN = 1 kHz Sine, fSAMPLE = 10 kHz 

max 
@ 4 MHz Qock Frequency 

Typical 
Typical 
@VIN=OV 
@ VIN = -3 V or VIN = +3 V, Relative to Reference 

Vnn +5 
Vss -5 
Inn 25 
Iss 25 
Power Dissipation 175 

V nominal 
V nominal 
mAmax 
mAmax 
mWtyp 

±5% for Specified Performance 
±5% for Specified Performance 

TEMPERATURE RANGE CTMIN to T MAJJ 0 to +70 
Specifications subject to chan&e without notice. 

ABSOLUTE MAXIMUM RATINGS· 
('fA = +2S'C unless otherwise noted) 

"C 

Vnn to DGND ...•..........•....• -0.3 V to +7 V 
Vss to DGND .••.....•.........••. +0.3 V to -7 V 
AGND to DGND ••..........• -0.3 V to Vnn + 0.3 V 
Analog Input Voltage to AGND .......••.••. Vss to Vnn 
Digital Input Voltage to DGND ...... -0.3 to Vnn + 0.3 V 
Digital Output Voltage to DGND ••.•• -0.3 to Vnn + 0.3 V 
Operating Temperature Range ...........•. O"C to +70"C 
Storage Temperature •.............. -65"C to + 150·C 
Power Dissipation (Any Package) to +75"C ....... 450 mW 
Derates above +75"C ................... by 6 mWrc 

*Stress above those listed under "Absolute Maximum Ratings" may ... use 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indialted in 
the operational section of this specification is not implied. Expoaure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any one time. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD79015 
TIMING CHARACTERISTICS (Yuu = +5 V, Vss = -5 V, Ambient Temperatura +25"C) 

Parameter Limit Units Conditions/Comments 

TIMING 
tcLK 10 jl.smax Clock Cycle Time 100 kHz Clock 

250 nsmin Clock Cycle Time 4 MHz Clock 
tl tcLK nsmin ADC Start Convert Pulse Width 
tz 80 nsmax CONVERT! to BUSY t 
t3 53* tcLK nsmax ADC Busy Period 
t4 0 nsmin BUSY! to CSB ! 
ts 2.5 tcLK nsmax CSB! toRWB 
~ 2.5 tcLK nsmin CSB! to DATA VALID t 

4.5 tcLK nsmax CSB! toDATAVALlDt 
t7 30 nsmax SCLK t to DATA VALID t 
ts 30 nsmin Data at Output before SCLK ! 
1., 50 nsmin Data at Output after SCLK ! 
tlO 30 nsmax SCLKt to DATA VALID! 
tu 0 nsmin DATA VALID! toCSBlRWBt 
t12 50 nsmax CSBt to d SCLK Float (See diagram below.) 
t13 0 nsmin Data before SCLK ! 
tl4 0.5 tcLK nsmin after SCLK 

"The Internal Logic is dynamic so must be continuously clocked at 100 kHz minim 

-:-:9-L 
~I. 

~ ---------+~~ 

ca. 

DATA VAU. ____________________ ...11 

DATA ---------------------(r£nKr-
BUOY 

~ ---------+~~ 

caB 

DATA VAUD ____________ "'--______ -'1 

DATA ---------------------( 

Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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PIN FUNCTION DESCRIPTION 

Pin Mnemonic 

DAO 
2 DAI(-) 
3 DAI(+) 
4 GDO 
5 Vss 
6 AAO 
7 ABIS 
8 ABI 
9 ABO 
10 AFI 
11 AFO 
12 AoUT 
13 X1N 

14 VDD 

15 CLKIN 
16 CLKOSC 
17 DGND 
18 DATA VALID 
19 SDO 
20 SCLK 
21 RWB 
22 CSB 
23 BUSY 
24 CONVERT 
25 VRBF 

26 AAI 
27 AAIS 
28 AGND 

Description 

Differential Amplifier Out 
Differential Amplifier In ( - ) 
Differential Amplifier In ( + ) 
Guard Drive Output 
Negative Supply, -5 V 
Amplifier A Out 
Amplifier B In (Switched) 
Amplifier B In 
Amplifier B Out 
Active Filter In ( - ) 
Active Filter Out 
Analog Out 
External ADC Input 
Positive Supply, + 5 V 
Clock Input Pin. An external TIL compatible cio 
Clock Oscillator Pin 
Digital Ground 
This pin Signals valid data inlou 
Serial Data InIOut. This 
Serial Clock Output. 
ReadJWrite S 
Chip Se 
Convene 
Start Con on 
Voltage Reference 
Amplifier A In 
Amplifier A In (Switched) 
Analog Ground 

ABO 

AFI 

PIN CONFIGURATION 

PLCC 

AD79015 

TOPYIEW 
(Not to Seale) 

to this pin 

VREF 

CONVERT 

BUSY 

CSB 

AWB 

SLCK 

SD 

AD79015 
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AD79015 
CIRCUIT INFORMATION 
SIGNAL LEVELS 
For an input gain of 5, the maximum Input Signal for Full
Scale ADC Output is ±10 mY. 

INTERNAL CLOCK OSCILLATOR 
Figure 1 shows the AD79015 internal clock circuit. A crystal or 
ceramic resonator may be connected as in Figure 1 to provide a 
clock oscillator for the internal timing. Alternatively, the crystal! 
resonator may be omitted and an external CMOS-compatible 
clock source connected to CLKIN. The mark/space ratio of the 
external clock must be in the range of 45/55 and 55/45. An in
verted CLKIN signal will appear at the SCLK output pin. 

ClK AD79015 

.... ' g1.. osc 

.---o-...... ~ ~"" __ SClK 

C2" 

NOTES: 
• 4MHz CRYSTAUCERAMIC RESONATOR 

"C1 AND C2 CAPAcrrANCE VALUES DEPEND ON 
CRYSTAUCERAMIC RESONATOR MANUFA 
TYPICAL VALUES ARE FROM 30pF TO 1 

Figure 1. AD790151nterna 

ACTIVE LOW.~ASS FILTER 
The internal active filter is implemented with a 2nd 
tive feedback configuration. 

ABO AFI 

R1 R2 

C2 
AFO 

R3 AD79015 

VOUT 

R1'= R3 =40kO 
R2=210kO 

Figure 2. Low-Pass Filter 

The filter cutoff frequency and filter damping factor are deter
mined by selecting the appropriate values of C1 and Cz• The 
resistor value for Rl and R3 is 40 kO and R2 is 210 kO. 

fC2 [fRi (R3 JR2 X R3] . R3 
d = VCl VID + Viii + ----m- gam = Rl 

• BOUT [dv4-/j2] Bandpass nppk - = - 20 IoglO ---
BIN 2 

HIGH-PASS FILTER (Example Only) 
This external high-pass filter can be implemented between the 
input gain stage and Amplifier A. 

AAO 
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PROGRAMMING THE AD7901S 
The function of the part is set by writing a ten-bit word to the 
control register on chip using the serial interface. The timing 
for the write operation is provided in the timing diagrams. 

The order and function of the bits in the control register is as 
follows: 

Bit 9 A "I" sers externa1 input to the ADC. 

Bit 8 Internal use only. Must be set to a "1." 
Bit 7 Internal use only. Must be set to a "1." 
Bit 3-Bit 6 A 4-bit binary code to set the gain of the program

mable gain block between 0 dB and IS dB in steps 
of I dB. 
"0000" is 0 dB and "llll" is 15 dB. 

Bit 2 A "0" sets the gain of 3rd stage to 0 dB. 
A "1" sets the gain of 3rd stage to 16 dB. 

Bit 1 A "I" closes the internal switches at the inputs to 
the 2nd and 3rd stage amplifiers. 

Bit 0 Internal use only. Must be set to a "0." 

Valid data available only after the first read from and write t 
the interface register 

7.51cn 

7.51cn 

Figure 3. ADC Analog Input 

AD79015 
ANALOG INPUT 
Figure 3 shows the ADC analog input. The analog input range 
is 3 V into an input resistance of typically 15 kO. The designed 
code transition occurs midway between successive integer LSB 
values (i.e., 112 LSB, 3/2 LSBs, 5/2 LSBs ... FS-3/2 LSBs). 
The output code is binary with 1 LSB = FS/4096 = 6 V/4096 
= 1.46 m V. The ideal inputloutput transfer function is shown 
in Figure 4. 

111...111 
111 ... 110 
111 ... 101 
111 ... 100 

OV 

INPUT VOLTAGE 

Bipolar Input/Output Transfer Function 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
20-Bit Sigma-Delta ADC 

Dynamic Range of 105 dB (150 Hz Input) 
:to.0015% Integral Nonlinearity (150 Hz Input) 

On-Chip Low-Pass Digital Filter 
Cut..()ff Programmable from 300 Hz to 18.75 Hz 
Unear Phase Response 

Five Une Serial 1/0 
Easy Interface to DSPs and Microcomputers 
Software Control of Filter Cut-Off 
:t5V Supply 
Low Power Operation: 50 mW 

APPLICATIONS 
Biomedical Data Acquisition Systems 

ECG Machines 
EEG Machines 

Process Control Systems 
High Accuracy Measurement Systems 

GENERAL DESCRIPTION 
The AD79024 is a Signal Proces . 
Systems. It is particuJarly suitable f, 
like ECG and EEG machines. The device is 
ing 4 channels with bandwidths of up to 300 Resolutio 
20 bits, and the usable dynamic range varies from 115 dB with 
an input bandwidth of 18.75 Hz to 90 dB with an input band
width of 300 Hz. 

The required system low-pass flltering is inherent in the sigma 
delta technique. This eliminates front-end flltering. 

Three address pins program the device address. This allows a 
data acquisition system with up to 32 channels to be set up in a 
simple fashion. The output word from the device contains 32 
bits of data. One bit is determined by the state of the DO input 
and may be used with an external Pacemaker Detect Circuit to 
indicate that the output word is invalid because of the presence 
of a pacemaker pulse. There are 20 bits of data. Two bits 
contain the channel address, and 3 bits are the device address. 
Thus, each channel in a 32-channe1 system would have a dis
crete 5-bit address. The device also has a CASCOUT pin and 
a CASCIN pin which allow simple networking of multiple 
devices. 

The on-chip Control Register is programmed using the SCLK, 
SDATA and TFS pins. Three bits of the Control Register set 
the Digital Filter Cut-Off Frequency for the device. Selectable 
frequencies are 300 Hz, 150 Hz, 75 Hz, 37.5 Hz and 18.75 Hz. 
A further 2 bits appear as outputs Dl and D2 and can be used 
for controlling calibration at the front end. The device is avail
able in a 44-pin plastic QFP (Quad Flat Pack) package. 

LC2MOS 
20-Bit Data Acquisition System 

AD79024 I 
FUNCTIONAL BLOCK DIAGRAM 

AVDD DVDD AVos RESET AO Al A2 CLKIN CLKOUT 

AD79024 

E~;~~:;§MOOE CASCIN 
CASCOUT 

r::::=:=-_-.t! RFS 
SDATA 

SCLK 

...... --++-00 DRDY 

C;=;::Jo--,¢ TFS 

DO 

fabricated in Analog Devices' Linear Compati
process (LC2MOS), an advanced, all ion-implanted 

that combines fast CMOS logic and linear, bipolar cir
cuits on a single chip, thus achieving excellent linear perfor
mance while still retaining low CMOS power levels. 

NC 1 
NC 2 
Dl 3 

DOND 4 
NC5 

RFS 8 
SCLK7 

RESET 8 
AGND 9 

AVDD10 

"IN 0 " 

PIN CONFIGURATION 

Plastic QFP 

iii ~ .. >o;! 
!id!lGS~h~h 
3IU!;'(UIIHIIll~ 

AD79024 
TOP VIEW 

33 MODE 
33NC 
31 NC 
30 DVDD 
29 DO 
28 NC 
27 CASCIN 
2e CASCOUT 
25 VRE• 
24 AYss 
23 AGND 

NOTE: PIN I_GND IS THE PRIMARY AGND TO THE PART. 
SECONDARY AGND PINS ARE USED TO ISOLATE 
THE ANALOG INPUT PINS. 
NC PINS MAY BE CONNECTED TO EITHER DIGITAL 
SUPPLY OR LEFT UNCONNECTED. 
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AD79024 SPECIFICATIONS1, 2 (fCUlI• = 4 MHz, AYOII = +5 Y ± 5%; AYss = -5 Y ± 5%; AIND = 
- DIND = 0 Y; YREF = 2.5 Y; Filter Cut-Off == 150 Hz; AI.=:1:2.5 Y, 

30 Hz Sine Wive; AI. Source Resistance = 75002 with 1 nF to AIND at each A. •. TA = T.I• to TMAl(' unless otherwise stated.) 

Parameter 

STATIC PERFORMANCE 
Resolution 

Limit @ TMIN, TMAX Units Test ccincHdOnstcomments 

Bits 
Integral Linearity Error 

20 
0.0015 
0.003 
I 

% FSR typ 
% FSRmax 
% FSRmax 
% FSRmax 
% FSRmax 
% FSRmax 

Guaranteed No Missed Codes to 20 Bits3 

Gain Error 
Gain Match Between Channels 
Offset Error 
Offset Match Between Channels 
Noise 

DYNAMIC PERFORMANCE 
Sampling Rate 
Output Update Rate 
Filter Cut-Off Frequency 
Settling Time 
Usable Dynamic Range' 
Total Harmonic Distortion 

Intermodulation Distortion 

Absolute Group Delsy3 
Differential Group Delsy3 

ANALOG INPUT 
Input Range 
Input Capacitanee 
Input Bias Current 

LOGIC INPUTS 
VINH, Input High Voltage 
VINL, Input LOw Voltage 
IINH' Input Current em, Input Capacitance 

LOGIC OUTPUTS 
VOH' Output High Voltage 
VOL' Output Low Voltage 

POWER SUPPLIES 
Reference Input 
AVoo 
DVoo 
AVss 
100 

Iss 
Power Supply Rejections 

NOTES 
'Operating TemperatUre Range -4O'C to +85'C. 

0.05 
1 
0.5 
See Table I 

300 
500 
See Table I 
See Table I 
See Table I 
-96 
-48 
100 
52 
10 
10 

2.4 
0.4 

2.413.1 
4.75/5.25 
4.75/5.25 
-4.75/-5.25 
5 
5 
-70 

kHz 
Hz 

VminlVmax 
VminlVmax 
VminlVmax 
VminlVmax 
mA max 
mAmax 
dBtyp 

'The AIM pins present • very high impedance dynamic load which variea with clock frequency. 
'Guaranteed by design and c:haracterization. 
'Usable Dyaamic: Range is guaranteed by measuring noise and relating this to the Full·ScaIe Input Range. 
'100 mV pk;>k, 120 Hz sine wave applied to each supply. 
Specifications subject to cbanse without notice. 

= ±lOmVpk-pk 

= ±lOmVpk-pk 

Table I. Usable Dynamic Range, RMS Noise and Filter SettIiDg Time va. Filter Bandwidth 

Programmed Usable Dynamic Range RMS Noise Filter SeitIing Time to 
Baildwidtb (Hz) (dB) ( .. V) ±0.0007% FS (ms) 

300 90 56 5 
ISO 108 7 10 
75 115 3 20 
37.5 115 3 40 
18.75 115 3 80 

NOTE 
Usable Dyaamic: Range is defined as the ratio of the rms full-scale reading (sine wave input) to the 
rms noise of the converter. 
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AD79024 

Ti ' Ch cte 'sti 1 2 (AV •• = DV •• = +5 V :t 5%; AVss = -5 V :t 5%; AGND = DGND = 0 V; fCUIM = 4 MHz; Input 
Imlng ara rI CS' Levels: Logic 0 = 0 V, Logic 1 = DVDD; unless otherwise stated.) 

Parameter 
fcum",4 

ContrOl Register Timing 
t, 
t2 

t, 
t. 
ts 
1,; 

Master Mode Timing 
t, 
t86 

~ 
t,o 
t" 
t12 
t,.' 
t'48 

t'5 
t'6 

Slave Mode Timing 
1, 

t'6 
t" 
t'8 
t'9 
t 20 

t 2, 

t2/ 
t 2,8 

t24 

NOTES 

Limit @ TMJN, TMAX 

400 
4 
400 
4 
50 
50 

250 
77 
30 
20 
10 
20 

200 
500 
100 
250 
77 
50 
10 
100 
250 
50 

Units Conditions/Comments 

kHz min Master Clock Frequency: Internal Gate Oscil1ator 
MHz max 
kHz min Master Clock Frequency: Externally Supplied 
MHz max 
nsmax Digital Output Rise Time; Typically 20 ns 
nsmax Digital Output Fall Time; Typically 20 ns 

nsmin SCLKPeriod 
nsmin SCLK Width 
nsmin TFS Setup Time 
nsmin SDATA Setup Time 
nsmin A Hold Time 
nsmin 

CASCIN Pulse Width 
nsmin CASCOUT Pulse Width 
nsmin CASCIN High to SCLK High Setup Time 
nsmin SCLKPeriod 
nsmin SCLKWidth 
nsmin RFS to SCLK High Setup Time 
nsmin RFS Hold Time After SCLK Low 
nsmax SCLK High to SDATA Valid 
nsmax SCLK Falling Edge to Hi-Z Delay. 
nsmax SCLK Low to CASCOUT High Delay 

'Sample tested at + 2S'C to ensure compliance. All inpot signals are specified with If = tf = 5 DS (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures I to 6. 
'CUtIN Duty Cycle range is 20% to 80%. 
'The AD79024 is production tested with feLKIN at 4 MHz. It is guaranteed by characterization to operate at 400 kHz. 
'Specified using 10% and 90% points on waveform of interest. 
"If DRDY is high when a rising edge occurs on CASCIN, the rising edge will Dot be recognized until DRDY goes low to indicate that the output register can 
be rea.1. 
't13 and t" are measured with the load circuit of Figure I and defmed as the time required for an output to cross 0.8 V or 2.4 V. 
"1'4 and 1" are derived from the measured time taken by the data outputs to chan&e 0.5 V when loaded with the circuit of Figure I. The measured number i. 
then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the tim. quoted in the Timing Characteristics is 
the true bus relinquish time of the part and as such is independent of mernaI bus loading capacitances. 
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AD79024 

TO 
OUTPUT 
PIN 0--.-1( 

Figure 1. Load Circuit for Access Time and 
Bus Relinquish Time 

CASCIN(I) 

SCLK(O) --:--...., 
RFS(O) ____ oJ 

SDATA(O) 

----~ 

SCLK(I/O) 

TFS~) 

SDATA(Q 

CASCOl1T(O) ----------'-.~r_ 

CASCIN(I) 

SCLK(I) ---..., 
RFS(~ 

SDATA (01 ______ ____ 

CASCOl1T(O) _________ _ 

Figure 2. Control Register Timing Diagram 

Figure 4. Slave Mode Timing Diagram 
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AD79024 
ABSOLUTE MAXIMUM RATINGS· Operating Temperature Range 
AVDD to AGND ................... -0.3 V to +7 V Commercial Plastic (B Version) ......... -4O"C to +8S·C 
AVss to AGND •••..•......•...... +0.3 V to -7 V 
AGND to DGND ...............•. -0.3 V to +0.3 V 
AVDD to DVDD •••••••••••••••••• -0.3 V to +0.3 V 
Analog Inputs to AGND •.• AVss - 0.3 V to AVDD + 0.3 V 

Storage Temperature Range .......... -6SOC to + ISO·C 
Lead Temperature (Soldering, 10 sees) •.......... + 3000C 
Power Dissipation (Any Package) to +7SOC ....... SOO mW 
Derates above +7SOC by ......•........... 10 mWrC 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only sud functional 

VIlEF to AGND ........... Vss - 0.3 V to VDD + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to VDD + 0.3 V 

operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Digital Outputs to DGND ........ -0.3 V to VDD + 0.3 V 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 

WARNING! cJ 
~~EDUIC[ should be discharged to the destination socket before devices are inserted. 

PIN DESCRIPTION 

Pin 

AVDD 

DVDD 

AVss 
RESET 

AO-A2 

CLKIN 
CLKOUT 

MODE 

CASCIN 

CASCOUT 

RFS 

SDATA 
SCLK 
DRDY 

TFS 
DO 
DI, D2 

VIlEF 

AGND 
DGND 

Description 

Analog Positive Supply, + S V no 
Digital Positive Supply, + S 
Analog Negative Su 
A high pulse on ut channels. It can be used in a multi-
channel system to 
The three address pins, , 
data stream from the device. 
Oock Input for External Clock. 
Oock Output which is used to generate an internal master clock by connecting a crystal between CLKOUT and 
CLKIN. If an external clock is used, then CLKOUT is not connected. 
This digital input determines the device interface mode. If it is hardwired low then the Master Mode interface is 
enabled; whereas if it is high, the Slave Mode interface is enabled. 
Positive-edge triggered digital input which is used to enable the output data stream. This input is used to cascade 
several devices in a multichannel system. 
Digital output which goes high at the end of a complete 4-channel data transfer. This can be connected to the 
CASCIN of the next device in a multi-channel system to ensure proper control of the data transfer. 
Receive Frame Synchronization signal for the serial output data stream. This can be an input or output depending 
on the interface mode. 
Serial Data Input/Output pin. 
Serial Oock Input/Output. The SCLK pin is configured as an input or output, depending on the state of the Mode pin. 
Data Ready Output. DRDY is low when valid data is available in the output register. It goes high for four clock 
cycles when a new word is being loaded into the output register, to indicate that valid data is not available. 
Transmit Frame Sync input for programming the on-chip Control Register; 
Digital Data Input. This is contained in the digital data stream sent from the device. 
Digital Outputs. These two digital outputs can be programmed from the on-chip Control Register. They can be 
used to switch in calibration signals at the front end. 
Reference Input, nominally 2.S V. 
Analog Ground. Ground reference for analog circuitry. 
Digital Ground. Ground return for digital circuitry. 

AINI-AIN4 Analog Input pins. The analog input range is ±2.S V. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DATA ACQUISITIDN SUBSYSTEMS 7-61 



A079024 
DESCRIPTION OF OPERATION 

Voltage Ref~RlDc:e 
Full scale analog input corresponds to reference voltage input. 

The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain' errors rather 
than offset errors~ Most precision references however have suffi
ciently low output impedance and wide enough bandwidth to 
settle to the reqUired accuracy in the time allowed by the 
AD79024. 

The reference should be chosen to have minimal noise in the 
pn;grammed passband. Recommended references are the 
AD5~0,AD680Or theADREF-43 from Analog Devices. These 
lOw noiSe ~erences have a typical noise spectral density of 
40 nV/y1Iz at 300 Hz. 

Cloc:kGeneration 
The device operates from a master clock which must be pro
vided either from a crystal source or an external clock source. If 
a crystal is used, it must be connected across the CLKIN and 
CLKOUT pins. An external clock can be used by driving the 
CLKIN input directly with a CMOS compatible clock. In this 
case, CLKOUT is left unconnected. The nominal clock fre
quency for the device is 4.096 MHz. 

Control Register Description 
The 16-bit control register is programmed in 
Three control lines are used: TFS, SCL 
can be an input or an output depen . 
MODE pin. When this is low, SCLK is 
Mode); and when it is high, SCLK is an input 
When TFS goes low, fi\lta on the SDATA line is cl 
the control register on each succeeding falling edge 

When 8 bits have been clocked in, the transfer automatically 
stops. Only when another negative going edge is derected on 
TFS will new information be written into the control register. 
The control register programming model is shown in Table II. 
Bits DB8 and DBO allow the control register to ideIitify whether 
the MS Byte or the LS Byte has been programmed. Only when 
DB8 is a.l and DBO is a 0 will the register recogniZe that a 
complete valid word has been programmed. 

Control Register bit, A3, acts as an extra address bit which must 
always be ser to 1 to enable programming of the AD79024. If it 
is ser to 0 then the programmed word is ignored. This allows 
the user to bypass the AD79024 control register and use the se
rial stream from the DSP or microcomputer to program other 
serial peripheral devices. 

When a valid word has been received, the device interrogates 
the mode bit, MO. If this is 0, then the digital filter cut-off fre
quencies are programmed to the appropriate value if the device 
address pins correspon e A2, AI, AO bits in the control 
register. If the d . s pins do not correspond to the A2, 
AI, AO bits, ,1, FCO bits are ignored. If MO is 
1, then t-off frequencies are programmed to 

irrespective of the address bits. In a 
ows the user to either program all 

-off frequency or else to give 
-off frequency. 

FCl, PCI, FCO program the digital filter 
Table IV). 

2, Dl control the digital output Pins D2 
grammed in the same way as FC2, FCI, 

Table II. Control R.ter Programming Model 

Table m. MO Truth Table 

MO Operatiol Mode 

o Initialization Mode O. A2, AI, AO determine which 
device is addressed and programmed with cut-off 
frequency and digital output. 

Initialization Mode 1. A2, AI, AO ignored. All devices 
are addressed and programmed with common cut-off 
frequency and digital output. 

Table IV. Cut-Off Frequency Truth Table 

Fel FCI FCO Cut-Off Frequency (Hz) 

0 0 0 300 
0 0 I 150 
0 I 0 75 
0 1 1 37.5 
1 0 0 18.75 
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Reset 
The AD79024 has a hardware reset which can be used to syn
chronize many devices. When the RESET pin goes low after 
being high for at least 4 CLKIN cycles, the modulator sampling 
points and digital ftlter starting points are all synchronized. This 
synchronizes all devices which receive the RESET pulse and 
gives simultaneous sampling of all channels. 

Data Output Interface Modes 
When the control register has been programmed, the device be
gins conversion. There is an initial delay of 400,000 master 
clock cycles to allow the digital ftlters to settle. These ftlters are 
Sinc3 and so the ftlter output update rate is directly related to 
the programmed cut-off frequency. The ratio between these is 
3.81. So, for a ftlter cut-off frequency of 300 Hz, the output 
update is 1.145 kHz. The falling edge of the DRDY output in
dicates that the output shift register has been updated. There 
are two interface modes. One is the Master Mode where the 
AD79024 is the master in the system and the processor to 
which it is communicating is the slave. The other mode is the 
Slave Mode where the AD79024 is the slave and the processor 
is the system master. In both of these modes the data output 
stream contains 4 x 32 bits corresponding to the four in 
channels. The output data format is given in Table V, 
channel address format is given in Table VI. 

Master Mode Interface 
In this mode, data is clocked out 
na1ly generated serial clock and £ 
Two signals initiate the transfer. T 
and the internally generated DRDY Sign 
is detected on CASCIN, the device checks the 
Note, that on initial power-up or after a reset has been appJie 
the CASCIN input is not necessary on device 000 for the first 
data transfer but is required thereafter. 

AD79024 
If DRDY is low, then the 3-state output, RFS, goes high on the 
next rising edge of CLKIN and stays high for two CLKIN cy
cles before going low again. The 3-state SCLK output is also 
activated on the same rising edge. As RFS goes low, DB31 is 
clocked out on the rising edge of SCLK. Data is transmitted in 
16-bit words. For each AIN, there are two 16-bit words and two 
RFS signals. When DBO of AIN4 has been clocked out, SCLK 
goes back into 3-state and the CASCOUT output goes high for 
two master clock cycles. DRDY also goes high at this point. 
Successive devices can be networked together by tying the 
CASCOUT of one device to the CASCIN on the next one. 

The Master Mode interface is very suitable for loading data 
into a serial-to-parallel shift register or for DSPs like the ADSP-
2101 which can accept a continuous stream of 16-bit words. 

Slave Mode Interface 
ter processor controls the transfer of data 
. g block. It starts the transfer by send
tion pulse and serial clock to the 

d be in response to an interrupt generated 
ut on the AD79024. If the device has de

n CASCIN or is device 000 on its first 
out data on the next rising edge of 

e data bits have been clocked out, the 
goes high for two CLKIN cycles and DRDY 

high. If the device is still transmitting data when a 
es available, the old data will continue to be 
he new data is lost. 

de interface is suited to both microcomputers like 
and 68HCll and also DSPs like the TMS32OC25, • 

DSP-2101 and 56000. 

Table V. Output Data Word Format 

DB31 .•.•. DB12 

DBI9 ..... DBO 
Conversion Result 

DBll DBIO DB9 DBS DB7 DB6 

CAl CAO AO Al A2 DO 
Channel Address Device Address Pace Detect 

Table VI. Channel Address Format 

Channel 

AIN I 
AIN 2 
A1N 3 

AIN4 

CAl CAO 

o 0 
o I 
I 0 
I I 

DBS •.•....•• DBO 

X ............ X 
Don't Care 
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Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete with High Accuracy Sample/Hold and 

AID Converter 
Differential Nonlinearity: ± 0.002% FSR max 

(DAS1153) 
Nonlinearity: DAS1152: ±0.005% FSR max 

DAS1153: ±0.003% FSR max 
Low Differential Nonlinearity T.C.: ±2ppm/oC max 
High Throughput Rate: 25kHz min (DAS1152) 
High Feedthrough Rejection: -96dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to A/D/A/M 824 and 

A/D/AIM 825 Modules 
APPLICATIONS 
Process Control Data Acquisition 
Automated Test Equipment 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Robotics 

GENERAL DESCRIPTION 
The DASIIS2IDAS11S3 are 14-/IS-bit sampling analog-to-digital 
converters having a maximum throughput rate of 2SkHz/20kHz. 
They provide high accuracy, high stability, and functional 
completeness all in a 2" x 4" x 0.44" metal case. 

Guaranteed high accuracy system performance such as nonlinearity 
of ±O.OOS% FSR (DAS11S2)/±0.003% FSR (DASIIS3) and 
differential nonlinearity of ±0.003% FSR (DAS11S2)/±0.002% 
FSR (DAS1153) are provided. Guaranteed stability such as 
differential nonlinearity T .C. of ± 2ppm;oC (DASII53) maximum, 
zero T.C. of ±80fLV/'C maximum, gain T. C. of ±8ppm/'C 
maximum and power supply sensitivity of ±O.OOI% FSRI% Vs 
are also provided by the DASIIS2IDAS11S3. 

REV. A 

14-Bit & 15-Bit Sampling 
Analog-to-Digital Converters 

ANALOG{' 
INPUT 2 

3 

ANALOG 
GND 

DASl152/DASl153 I 
FUNCTIONAL BLOCK DIAGRAM 

HI ENABLE 

r-----'-4 I--""MSB 
MSB 
BIT 2 

BIT 3 
BIT 4 
BIT 5 

r-"--__ --' y BIT 7 

+15V 
(ANALOG 80 DIGITAL GNDS 

TR' 
STATE 

BUFfERS 

_~~.E~I'!~E~~~R.!!A.!:.L!2. -=-

'SJH INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE/HOLD AMPLIFIER IS USED 

BIT 10 

BIT 11 
BIT 12 
BIT 13 
BIT 14 lLSB FOR DAS11521 

BIT 15 jLSB FOR OAS1153) 

DIGITAL GNO 

The DAS l1S2/DAS l1S3 make extensive use of both integrated 
circuit and thin film components to obtain their excellent 
performance, small size, and low cost. The devices contain a 7 
precision sample/hold amplifier, high accuracy 14-/IS-bit analog-
to-digital converter, tri-state output buffers, internal gain and 
offset trim potentiometers, and power supply bypass capacitors 
(as shown in Figure I). 

Four analog input voltage ranges are selectable via user pin 
programming: 0 to +SV, 0 to + IOV, ±SV, and ± lOY. Uni
polar coding is provided in true binary format with bipolar 
coding displayed in offset binary and two's complement. 
Tri-state buffers provide easy interface to bus structured 
applications. 
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DASl1521DASl153-SPECIFICATIONS (typical @ +25°C unless otherwise specified.) 
MODEL DASll52 DASll53 OUTLINE DIMENSIONS 
RESOLUTION 

DYNAMICPBRFORMANCE 
Throughput Rate 
Conversion Time 
S/H Acquisition 'rime 
S/H Aperture Delay . 
S/H Aperture Uncmainty 
Feedthrougb Rejection' 
Droop Rate 
Dielectric Absorption Error 

ACCURACY 
Integral Nonlinearity' 
DifferentiaiNonlinearity 
No Missing Codes 
± 3a Noise (S/H plus ~D) 
± 3" Noise (AID) 

STABILITY 
DifferentiaiNonlinearityT.C. 
GainT.C. 
ZeroT.C. 
Power Supply Sensitivity 

ANALOG INPUT 
VolugeRange 

Bipolar 
Unipolar 

ADC Input Impedance 0 to + SV 

SIH Input Impedance 

DIGITAL INPUTS 
Convert Command4 

SlHControl 

Oto + lOY, ±5V 
±IOV 

Low Enable, High Enable 

DIGITAL OUTPUTS 
Parallel Data Outputs 

Unipolar 
Bipolar 
POtput Drive 

Status 
Output Drive 

INTBRNALREFBRENCBVOLTAGE 
External Load Current (Rated Performance) 
Temperature Stability 

POWERREQUlRBMBNTS 
Rated. Voltages 
Operating Volragea' 
Supply Current Drain ± lSV 

+5V 

TBMPBRATURERANGE 
Specified 
Operating 
Storage 
Relative Humidity 
Shielding 

SIZE 

NOTES 
*Spctifications same as DASl152 
IMcasured in hold mode, input lOV pk-pk@. 10kHz. 
lW'orst-cue summation of SlH and ND aonliDcarity errors. 
3FSR means Fun Scale RaDp. 

14 Bits 

2SkHzmin 
3S .... max 
4 .... max 
sOns 
Ins 
-96cIB 
O.OS"'V/ .... (0. I"'V/ .... max) 
±O.OOS%oflnputVolugeChange 

± O.OOS% FSR' max 
± 0.003% FSR'max 
Guaranteed 
7S",Vrms 
SO",Vrms 

±2ppmrcmax 
±8ppmJOCmax 
±30 ... VrCtyp, ±80f.1VrCmax 
±O.OOI%FSR'1% V, 

±5V,±lOV 
Oto+SV,Oto+IOV 
2.Skll 
Skll 
10.Okll 
IOOMOISpF 

lTIL Load, Positive Pulse 
Negative Edge Triggered 
HOLD = LogicO 
SAMPLE = Logic I 
ENABLE = LogicO 

Binary 
Offset Binary, 2's Complement 
ZTTLLoads 
Logic "I" During Conversion 
2TTLLoads 

+IOV, ±0.3% 
2mAmax 
±SppmfCmax 

IS Bits 

20kHz min 
44J.Lsmax 
S..,smax . 

±0.OO3%FSR'max 
±O.OO2% FSR3 max 

± ISV(±3%), +5V(±S%) 
±12Vto+I7V,+4.7SVto+S.2SV • 
±37mA 
SOmA 

Oto +7O"C 
-25"Cto +8S"C 
-25"Cto +8S"C 
MeetsMIL·STD-202E, Method 103B • 
Electrostatic(RFI)6 Sides, • 
B1ectromqnetic (EM!) 5 Sides 

2" x 4" x 0."" Metal Package 

Dimensions shown in inches and (mm). 

C NONCONDUCT1VE I.AIEL 

~ C--~ I:t: 
0.02& DIA.... LNONCONDUC:1'M! U UBI .... ),.. 
HAl.f.HARD BRASS HEADER 

1 GOLDPLATEDCMIJ..G-4&2041 1---'-"'.o_-----___ ..... ,_ . T 

ro-----<tOZ I'02.II-' -----,:------.j 
METAL CASE 

"FOR MODEL PAS11U _ BIT Ii ILSlIl. 
'°FOltMODEL p,t,S1152_ 81T M (UIlI1. 

CASE IS NOT HERMETfCALLY SEALED 

~ connecting the Convcn Command IIIKI. the SlH controltenniDals together, Ihc pube width muSI be kmI enough for the SIH 
amplifier to acquire the input signal to the required accuracy 4p.s (max, DASllS2)1S .... (max, DASIIS3). If the AID converter 
is only used, the Conven Command pulIe width should be lOOns min (see Figure 2). 

51f only the ADC portioa is used. the opendDs power supply votbse can be IDIiDtaincd at :!: IlV to :!: 17V. But if the Sill ICCtioD is 
required, the operatiDs voltaae must be maiatained at :!: 15V (± 3%) 01' the SIH input vo1uI8t nwst be Iimitcd to -7Y 
to + IOV fora ±12V supply voltage. 

6ftecommeuded Power Supply: Analos Device. Model 923. 
Specifications lubjctl to chaace without notice. 
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ASSEMBLY INSTRUCTIONS 
CAUTION: This module is not an embedded assembly and is 
not hermetically sealed. Do not subject to a solvent or water-wash 
process that would allow direct contact with free liquids or vapors. 
Entrapment of contaminants may occur, causing performance 
degradation and permanent damage. Install after any clean/wash 
process and then only spot clean by hand. 
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OPERATION 
The DAS1152/DAS1153 are functionally complete data acquisition 
subsystems being fully characterized as such. All the necessary 
data acquisition and microprocessor interface elements are 
provided internal to these devices. Accuracy and performance 
criteria are tested and specified for the entire system. Thus, 
design time and associated high accuracy problems are minimized 
because layout and component optimization have already been 
performed. 

For operation, the only connections necessary to the DAS 1152/ 
DAS1153 are the ± 15V and + 5V power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri
state controls. Analog input and digital output programming are 
user selectable via external jumper connections. 

ANALOG INPUT SECTION 
The analog input can be applied to just the A/D converter or to 
the internal sample/hold amplifier ahead of the AJD converter. 
When using just the AID converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the samplelhold amplifier in conjunction with AJD con
verter, apply the analog input to the S/H INPUT terminal and 
connect the S/H OUTPUT terminal to the appropriate AID 
converter analog input. 

Table I. Analog Input Pin Programming 

ADaioll Voltage Connect Connect Connect 
Input V.N or SIH Out Analog Common Ref Out 
Raoge To To To 

010 +5V ANA IN I, 
ANA IN 2, Ground NC· 
ANA IN 3 

010 + lOY ANAIN2 Ground NC· 
ANAIN3 ANA IN I 

±SV ANA IN I Ground, ANAIN2 
ANAIN3 

±lOV ANAIN3 Ground, ANAIN2 
ANA IN I 

*NoConnecnon 

Errors due to source loading are eliminated since the samplelhold 
amplifier is a high-impedance unity-gain amplifier. High . 
feedthrough rejection is provided for either single-channel or 
multichannel applications. Feedthrough rejection can be 
optimized, in multichannel applications, by changing channels 
at the rising or falling edge of the SIH control pulse. 

r-----
I 
I 
I CONNECT 
I FOR 

! O=~o,::SN 
I 
I L. ____ _ 

REF OUT 

ANA IN' 

ANA IN 2 

ANA IN 3 

S/H OUTPUT 

S/H INPUT 

s/H CONTROL 

+,DV GAIN 
REFERENCE ADJUST 

? OFFSET 
ADJUST 

,---

ANALOG 
INPUT f--RANGE 14115 

SELECTtON arr 
AID 
CONVERTER 

SAMPLElHOLD ~ I AMPLIRER 

I '--

Figure 2. Analog Input Block Diagram 
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Applying the DASl152/DASl153 
TIMING DIAGRAM 
The timing diagram for the DAS1152IDAS1153 is illustrated in 
Figure 3. This figure also includes the sample/hold amplifier 
acquisition time. 

If the sample/hold amplifier is required, the TRIGGER input 
and S/H CONTROL terminal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the samplelhold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 4 .... s (DAS 1152)/5 .... s 
(DASI153) to insure accuracy is attained. If the sample/hold 
amplifier is not used, the trigger pulse needs to be only lOOns 
(min) in length to satisfy the AID converter trigger requirements. 
At the falling edge of the trigger pulse, the sample/hold 
amplifier is placed in the hold mode, the AID conversion 
begins, and all internal logic is reset. Once the conversion 
process is initiated, it cannot be retriggered until after the end 
of conversion. 

With this negative edge of the trigger pulse the MSB is set low 
with the remaining digital outputs set to logic high state, and 
the status line is set high and remains high through the full 
conversion cycle. During conversion each bit, starting with the 
MSB, is sequentially switched low at the rising edge of the 
internal clock. The DAC output is then compared to the analog 
input and the bit decision is made .. Each comparison lasts one 
clock cycle with the complete I4-/15-bit conversion taking 35 .... s/ 
44 .... s maximum for the DAS1152IDAS1153 respectively. At this 
time, the STATUS line goes low signifying that the conversion 
is complete. For microprocessor bus applications, the digital 
output can now be applied to the data bus by enabling the tri
state buffers. For maximum data throughput, the digital output 
data should be read while the samplelhold amplifier is acquiring 
the new analog input signal. 

TRIGGERI n ___________ _ 
SlH ~NTROL : 

INPUT +Fs::·1r--+I-----------
SIGNAL 0 j-:-----------

-FS -,-------------, 
+FS~, 

SJH OUTPUT 0 - -:::=========== -FS -, 

INTERNAL nnnn nnn 
CLOCK -----I W W W '-iT-l U W L-

EOC I _ 35~. MAX It~ 
~ 44p.s MAX (D::~~::-----L-

Msa---U ss 
n_-y---, ~s 

BIT 2 J L.J 
- --,----, rlS 

BIT 3 J LJ .' 
NOTES 

, I , , 
I , I 

SM r--wnm; 
LJ V/l/J$' 

Ss---, rmmTJ 

L...JWUh ' 

,,, 1. Output Data Valid. 

* 2. If SlH Control and Trigger are tied together, Pulse Width 
must be 4,..5 (DAS1152115,..sIDAS11531 min to allow the S/H 
Amplifier to acquire the Input Signal. If the ADC is only 
used. the Trigger Pulse must be 100ns min. 

Figure 3. DAS11521DAS1153 Timing Diagram 
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DAS11521DASl153 
GAIN AND OFFSET ADJUSTMENT 
The DASllS2IDASllS3 contain internal gain and' offset 
adjustment potentiomete~s. Eachpotentiometer has ample 
adjustment range so that gain and offset errors can be trimmed 
to zero. 

Since offset calibration is not affected by changes in gain 
calibration, it should be performed prior to gain calibration. 
Proper gain and offset .·calibration requires great care and the 
use of extremely sensitive and accurate reference instruments. 
The voltage standard. used as a signal source must be very s.table 
and be capable of being set to within ± 1IlOLSB of the desired 
value at any point within its range. 

OFFSET CALIBRATION 
For a 0 to + 10V unipolar range set the input voltage precisely 
to + 30SILV for the DAS11S2 and + l53ILVfor the DAS1l53. 
For a 0 to + SV unipolar range set the input to + 15 31L V for the 
DASlIS2 and + 76ILV for the DAS1I53. Then adjust the zero 
potentiometer until the converter is just on the verge of 
switching from 000 ........ 000 to 000 ........ 001. 

For the ± 5V bipolar range set the input voltage precisely to 
+30SILV for the DAS1l52 and + 153ILV for the DASI153. For 
a ± 10V bipolar range set the input voltage precisely to + 610IL V 
for the DAS1l52 and +3051LV for the DAS1l53. Adjust the 
zero potentiometer until the offset binary coded units are just 
on the verge of switching from 000 ........ 000 to 000 ........ 001 
and the two's complement coded units are just on the verge of 
switching from 100 ........ 000 to 100 ........ 001. 

GAIN CALmRATION 
Set the input voltage precisely to +9.99909V (DAS1I52)1 
+9.99954V (DAS1I53) for the 0 to + 10V units, +4.99954V 
(DASI152)1 +4.99977V (DASI153) for 0 to + 5V units, 
+9.99817V (DAS1l52)1 + 9.99909V (DAS1I53) for ± lOY 
units, or +4.99909V (DASI152)/+4.99954V (DASI153) for 
± 5V units. Note that these values are 1 1/2LSBs less than 
nominal full scale. Adjust the gain potentiometer until binary 
and offset binary coded units are just on the verge of .switching 
from 11 ..... 10 to 11.. ... 11 and two's complement coded units 
are just on the verge of switching from 011.. ... 10 to 011.. ... 11. 

DASllS2/DASllS3 INPUT/OUTPUT RELATIONSHIPS 
The DAS1152IDAS1I53 produces a true binary coded output 
when configUred as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two's complement 
output codes. The most significant bit (MSB) is used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two's complement coding. Table II shows.the DASI152IDASI153 
unipolar analog input/digital output relationships. Tables III 
and IV show the DAS1l52IDAS1l53 bipolar analog input/digital 
output relationships. 
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NOMINAL BIPOLAR INPUT-OUTPUT RELATIONSHIPS 

Table II. Unipolar Input/Output Relationships 

Oto +5V ... 
DASII52 DASII53 

+4.99969V +4.99984V +9.99939V +9.99969V 
+2.50000V +2.50000V +s.oooov +s.ooooov 
+O.62S00V +0.62S00V + I.2S000V + 1.2S000V 
+0.0003V +O.OOOISV +O.OOO6V +O.0003V 
+o.oooov +o.oooov +o.oooov +o.oooov 

DIGITAL OUTPUT 
BinaryCocie 

DASII52 DASII53 

II III III III III 
10 000 000 000 000 
00 100 000 000 000 
00 000 000 000 001 
00 000 000 000 000 

III III III III III 
100 000 000 000 000 
001 000 000 000 000 
000 000 000 000 001 
000 000 000 000 000 

Table III. DAS115~ Bipolar Input/Output Relationships 

Anal°llnput 
±5VRa_ ±lOVRaDp 

+4.99939V +9.99878V 
+ 2.S0000V + 5.0000V 
+ 0.00061V + 0.00122V 
+ O.OOOOOV + O.OOOOOV 
- S.OOOOOV -IO.OOOOOV 

DiPtai Output 
Offset Binary Code Two's ComplementCode 

II III III III III 01111111111111 
II 000 000 000 000 01 000 000 000 000 
10 000 000 000 001 00 000 000 000 001 
10 000 000 000 000 00 000 000 000 000 
00 000 000 000 000 10 000 000 000 000 

Table ,V. DAS1153 Bipolar Input/Output Relationships 

Anol°llnpnt 
±5vaa_ ±lOVRaDp 

+4.99969V 
+2.50000V 
+0.0003V 
+o.ooooov 
-s.ooooov 

+9.99939V 
+!i.oooov 
+0.0006IV 
+o.ooooov 
-IO.OOOOOV 

Diaital Output 
Offset BiaaryCode Two'sComplemeatCode 

111 III 111 111 111 011 III III III III 
110 000 000 000 000 010 000 000 000 000 
100 000 000 000 001 000 000 000 000 001 
100 000 000 000 000 000 000 000 000 000 
000 000 000 000 000 100 000 000 000 000 

TRI-STATE DIGITAL OUTPUT 
The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE 
terminals. If the tri-state feature is not required, normal digital 
outputs can be obtained by connecting the enable pins to 
ground. 

POWER SUPPLY AND GROUNDING CONNECTIONS 
Although the analog power ground and the digital ground are 
connected in the DAS1l521DAS1l53, care must still be taken to 
provide proper grounding due to the high accuracy nature of 
these devices. Though only general guidelines can be given, 
grounding should be arranged in such a manner as to avoid 
ground loops and to minimize the coupling of voltage drops (on 
the high current carrying logic supply ground) to .the sensitive 
analog circuit sections. Analog and digital grounds should 
remain separated on the PC board and terminated at the 
respective DAS1l52/DASIl53 terminals. 

No power supply decoupling is required since, the DAS1I521 
DASl153, contain high quality tantalum capacitors on each of 
the power supply inputs to ground. 
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r'IIANALOG 
WDEVICES 

Low Power 14-Bit, 15 Bit & 16-Bit 
Sampling Analog-to-Digital Converters 

FEATURES 
Complete with High Accuracy Semple/Hold and 

AID Converter 
Low Power Consumption: 6S0mW max, Vs = :t 15V 
Reted Performance: - 25"C to + 85"C 
Low Nonlinearity (DAS1158 and DAS1159) 

Differential: :to.0015% FSR max 
Integral: :to.OO3% FSR max 
DIfferential T.C.: :t1ppml"C max 

High Throughput Rate: 18kHz min 
Byte-Selectable Tri·Stete Buffered Outputs 
Internal Gain" Offset Potentiometers 
Improved Second Source to AlD/AIM-B34 and 

AlD/AIM-835 Modules 

APPLICA1l0NS 
Seismic Date Acquisition 
Portable Fiekllnstrumentetion 
Automated Test Equipment 
Process Control Date Acquisition 
Medical Instrumentation 

GENERAL DESClUP110N 
The DAS1l57/DAS1l58JDAS1l59 are 14-/15-/16-bit sampling 
analog·to-digital converters. They are ideally suited for use in 
portable and remote data acquisition equipment where low 
power consumption (65OmW maximum) and wide temperature 
range ( - 25"C to + 85"C rated performance) are required. 

DAS1l57/DAS1l58IDAS1l59 provide guaranteed high accuracy 
and high stability system performance essential to medical, 
analytical and process control equipment: differential nonlinearity 
of ±0.OOI5% max and integral nonlinearity of ±0.OO3% max 
(DAS1l58 and DAS1l59); no missing codes guaranteed; gain 
T.C. of ±8ppmI"C max, zero T.C. of ±80",VI"C max and 
differential nonlinearity T.C. of ± Ippmf'C max. 

The wide dynamic range will enhance the performance of critical 
measurements in gas and liquid chromatography, blood analyzers, 
distributed data acquisition in factory automation and power 
generating equipment, and in automatic test equipment. 
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DASl157/DASl158/DASl159 I 
FUNCTIONAL BLOCK DIAGRAM 

1------1AfF OUT 
HI ENABLE 

{, 
ANALOG 

INPUT : 

,----.-J c~~M:U 

:;82 r~ ~~~,Bs', 

SIH OUTPUT9-----., 

BIT 3 
BIT. 
BIT 5 
BITe 

,,'--_r yIlT 7 

·SlH INPUT 
LO ENABLE 

'-''---1.--''aIT 8 

11K CONTAOLA....---' 

EOC 

TRIGGERr-L... __ ...J 

+1SV 
(ANALOG • DIGITAL GNDS 

TRI· 
STATE 

BUFFERS 

ANALOG 
GND _~~~'!....t4t!.~.!! ~!!,,!!~L!! 

-S/H INPUT IS THE ANAlOG SIGNAL WPUT IF THE 
INTERNAL SAMPLEIHOlD AMPLIFIER IS USED. 

BIT 9 
BIT 10 

BIT 11 
BIT 12 
BIT 13 

BIT 14 (LSB FOR DAS1'&71 

BIT 15 (LSB fOR DAS11581 

+5V 

DIGITAL GND 

The DASl157IDASl1581DAS1l59 make use of Analog Devices' 
proprietary CMOS technology to achieve low power operation, 7 
while utilizing the latest integrated circuit and thin·film compo-
nents to achieve the highest level of performance and reliability. 

As shown in Figure I, each device contains a precision sample/hold 
amplifier, high accuracy l4-/15-1l6-bit analog·to-digital converter, 
precision reference, CMOS tri·state output buffers (for direct 8-
bit or 16-bit bus interface), user accesSible gain and offset adjust 
potentiometers, and power supply bypass capacitors, all in a 
compact low profile 2" x 4" x 0.375' metal case package. No 
additional components are required for operation. 
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DASl157IDASl158IDASl159-SPECIFICATIONS 
(typical @ +25°C, Vs = ±15V, Vo;" +5Vunless otherwise specified) 

MODEL 

RESOLUTION 

DYNAMIC PERFORMANCE 
Throughplit Rale 
Conversion Time 
StH Acquisition Time 
SlH Aperture Delay 
SIH Aperture Uncenainty 
Feedthrongh Rejection I 
Droop Rate 
DieleclricAbsorption ElTOt 

ACCURACY 
Integral Nonlinearitr 
Differential Nonlinearity4 

No MissingCodes 
±3aNoise(SlHplusAlD) 
::!:3aNoise(A/D) 

STABILITY 
Differential Nonlinearity T.e. 
GainT.C. 
ZeroT.C. 
Conversion Time T ,C. 
Power Supply Sensitivity 
Warm-UpTime 

ANALOG INPUT 
Voltage Range 

Bipolar 
Unipolar' 

ADC Input Impedance 0 to + 5V 

SIR Input Impedance 

DIGITAL INPUTS 
AID Tri_ 

Logic Levels 
S/HControl 

Oto + lOY. ±5V 
:tIOV 

Low Enable, High Enable' 

DIGITAL OUTPUTS 
Parallel Data Outputs 

Unipolar 
Bipolar 
Output Dr~ve 

EndofConversion 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
External Load Current(Rated Performance) 

POWER REQUIREMENTS 
Rated Voltages 
Operating Voltages8,9 

Suw1yCurrent Drain ± lSV 
+5Y 

TotalPowerConsumption, Vs= ± ISV 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 
Relative Humidity 
Shielding 

SIZE 

148ils 

181tHzmin: 
SO,:i.SllWt ' 
5",,5 max 
250m 
'-lns 
-9OdBmin 
O,OS",VI~,O.I .... V/ .... smax 
± O.OOS%ofInput Voltage Change 

± 0.005% FSRJ max 
±0.003% FSRJ max 
Guaranteed 
O.OO22%p-p(7S .... Vems) 
0.0015% p-p(SO .... V ~s) 

±2ppmrcmax 
± 8ppmI"C max 
± 30 .... vrctyp, ± 80 ... vrc max 
~O.05%rC 

±O.OOI%FSR3I%Vs 
Less than 1 Minute 

±5V, ±IOV 
Oto +5V,Oto + 10V 
2.5k1} 
5k1} 
lOki} 
IOOMIlj15pF 

DASIlSB 

IS Bits 

± 0.003% FSR3 max 
±0.OO15%FSR3 max 

::!: Ippml"Cmax 

PositivePulsc.Neg.EdgcT~ I' 
5V CMOS Compatible * 
SAMPLE = Logic 1, TTL ComPatible * 
ENABL£';'L9gicO,CMOSffTLCompatible * 

Binuy 
Offset Binary, 2'sCompiement 
2TTLl.oo<b 
Logic "1" DuringConversiOD 
2TTLl.oo<b 

.+ lOY, ±0.3% 
2mAmax 

±15V(±3%), +SV(±5%) 
± 12Vto ± 17V, +4.75Vto+5.25V 
±lSmA 
lOrnA 
sOOmw typ, 6SOmW max 

-25"Cto +85"C 
-25"Cto + 85°C 
-40"Ct.o + l00"C 
Meets MIL~STD~202E, Method 103B 
Electrostatic (RFI)6 Sides 
Electromagnetic(EMl) 5 Sides 

2" X 4" x 0.375~ Meta1Package 

DASlIS9 

168i15 

See Note 7 
SeeNote7 

NOTES 
*Specifir;;ations same as DASI157 

**SpecificationSSlzneasDAS1158 
LMeaaured in hold mode, inpill ZOV pk-pk (a. 10kHz. 
zWorst_c:ase sumllUOOn of SIH and AID nonlinearity errors. 
JpSR means Full Scale Range. 

6J.ow Byte Enable pin conoectiol\lj iUll Bils 8 through IS; High 
Byte Enable pin connecticm. arc MSB, MSB or Bit 16 and 
BitsZ through 7. 

4Diffilrential Nonlinearity in the 0 to + 5V input range is specified I' 
±O.OO30/0 tyPical for the DASII57, DASllSSlnd DASII59. 

SWhen connecting the Trigger and the SIH control tenninllls 
tosether, tbe pulse width must be loDJ enoush for the SIH 
ampJifaer 10 acqwre the input !Ugna.lto tbe required ac:cunLq' (5..,.s 
min). If the AID converter only is used, the Trigger pulse widrb 
$hould.be l..,.s min (ste Figure ~). 

'DASII59 unipolar cod.iq is provided in a modified binary format 
(MSB complement) while bipolar codins is two's complemenl 
only. The MSB must be inverted Cor binary IllII offset binary 

"""'. 'When tbeSiH section is requim:I. -Vs must be at IClIlt 5 volts 
more neptive than the most neptive analog iaput voltage lexample: 
Vs = ± I2V dc, tberefore, lJIlU[imum analog input is + 10 and 
-7V). 
~ Po\ver Supply: Analog Devices Model 923. 
Specl.f1C8tionISubjlll;:t 11,1 change w:ithout notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (nun). 

rNONCONDUCTIVE LAIEL 

_!JcI:=.;;"",,,,,,,====r==d.'-1!I0,!"ii-bb·===rrl.3:MAX 

-H_~.=-:NIIRASS LNONCiINDUCTIVE "EAOER II 0.25 CIAI MIN 

T GOLD PLATED (MIL-G-4U041 ·lfl--.---\--------3.II00CIU11--------I. I I. 4.03!10UIMAK 

METALCA$E ....... 

... '" .M> ... ... 
" .. .. .. 

TOP VIEW • 
'fOil MODEL DAS"57 _ BlT'f (LSII 

"FOil MODELDAS',51_BtT·'5 (LSBI 
"'fOII MODEL DAS1151_ BIT" (LSII 

ASSJ!MIILY INSTRUCTIONS 

h='''''''~ 
,!~?r';::;~ T.M ............ ~:3.N~ 

:",.!:: ~ 
':~ g~~ 

.~~ I ... ~I 
aT'f(LSBl tl 

--i I_D.' (2.541 GIlID 

CAUTION: This ~ is DOt In embedded UICIIIbly aod is 
DOl: bermcticaIIy scaled. Do DOt subject to • solftDt 01' wata'--wasb. _ that would _ dim:t __ with tioc Iiquida .. 

vapon. EntrapmeDt of conWDiDmts may occur~ c:aIlIiDa performuce depadatioo aad __ damqe. _ after 
ony dcoDIwuh _ aad _ ooIy __ by_. 

REV. A 



OPERATION 
For operation, the only connections necessary to the DASllS71 
DASI 1581DASI 159 are the ± 15V and + 5V power supplies, 
analog input signal, trigger pulse, and the HI-ENABLElLO
ENABLE tri-state controls. Analog input and digital output 
programming are user selectable via external jumper 
connections. 

Input voltage ranges are selectable via user pin programming: 0 
to +5V,Oto + lOY, ±5Vand ± lOY. Unipolar coding is provided 
in true binary format with bipolar coding displayed in offset 
binary and two's complement (DAS1157 and DASl158). DASll59 
unipolar coding is provided in a modified binary format (MSB 
complement) while bipolar coding is two's complement only. 

ANALOG INPUT SECTION 
The analog input can be applied to just the AID converter or to 
the internal sample/hold amplifier ahead of the AID converter. 
When using just the AID converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the sample/hold amplifier in conjunction with AID con
verter, apply the analog input to the SIH INPUT terminaI and 
connect the SIH OUTPUT terminal to the appropriate AID 
converter analog input. 

Analog Voltage Connect Connect 
Input V'N or SIH Out Analog Common 
Range To To 

010 +SY ANA IN I, 
ANA IN 2, Ground 
ANA IN 3 

010 + lOY ANAIN2 Ground 
ANA IN 3 ANA IN I 

±5V ANA IN I Ground, 
ANAIN3 

±IOV ANAIN3 Ground, 
ANA IN I 

*NoConnection 

Table I. Analog Input Pin Programming 

~-----
I 
I 
I CONNECT 
I FOR 

1~'t~N 
I 
I L ____ _ 
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REF OUT +1OV GAIN 
REFERENCE ADJUST 

, OFFSET 
ADJUST 
~ 

ANA IN 1 

ANA IN 2 ANALOG 
INPUT r--RANGE 14-115·/'&. 

ANA IN 3 SELECTION BIT 
AID 

CONVERTER 

SlH OUTPUT 

SIH INPUT I SAMPLElHOLD"}J I AMPUFIER 

SJH CONTROL I '--

Figure 2. Analog Input Block Diagram 

Connect 
Ref Out 

To 

NC· 

NC· 

ANA IN 2 

ANAIN2 

I 

\ 

Applying the DASl157IDASl158IDASl159 
Errors due to source loading are eliminated since the sample/hold 
amplifier is a high-impedance unity-gain amplifier. High feed
through rejection is provided for either single-channel or multi
channel applications. Feedthrough rejection can be optimized, 
in multichannel applications, by changing channels at the rising 
or faIling edge of the SIH control pulse. 

TIMING DIAGRAM 
The timing diagram for the DASll57/DASll58fDASll59 is 
illustrated in Figure 3. This figure also includes the sample/hold 
amplifier acquisition time. 

If the sample/hold amplifier is required, the TRIGGER input 
and S/H CONTROL terminaI can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the sample/hold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 5j.LS to insure accuracy. If 
the sample/hold amplifier is not used, the trigger pulse needs to 
be IlJ.s (minimum) in length to satisfy the AID convener trigger 
requirements. At the faIling edge of the trigger pulse, the sample! 
hold amplifier is placed in the hold mode, all internal logic is 
reset and the AID conversion begins. The conversion process 
can be retriggered at any time, including during conversion. 

With this negative edge of the trigger pulse, the MSB is set 
high with the remaining digital outputs set to logic low state, 
and the end of conversion is set high and remains high through 
the full conversion cycle. During conversion each bit, starting 
with the MSB, is sequentially switched high at the rising edge 
of the internal clock. The DAC output is then compared to the 
analog input and the bit decision is made. Each comparison 
lasts one clock cycle with the complete 14-/15-/I6-bit conversion 
taking 50IJ.s maximum. At this time, the end of conversion line 
goes low signifying that the conversion is complete. For micro
processor bus applications, the digital output can now be applied 
to the data bus by enabling the tri-state buffers. For maximum 
data throughput, the digital output data should be read while 
the sample/hold amplifier is acquiring the new analog input 
signal. 

TRIGGER! n SIH CONTROL , _________ _ 

, 
INPUT +FS _I : 

SIGNAL 0 J-:----------
-FS -,----------

I 

+FS~, 
SJH OUTPUT 0 - -:=========== -FS -, 

If 
EOC -'---so .. MAX ·fa 

,." ~o:':put Data Valid. 

2. If SlH Control and Trigger are Tied Together. 
Pulse Width Must Be 51'S Min to Allow the 
SfH Amplifier to Acquire the Input Signal. If 
the ADC is Onlv Used, the Trigger Pulse Must 
Be 1p.s Min. 

Figure 3. DAS1157IDAS1158/DASl159 Timing Diagram 
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DASl157~ASl158~ASl159 

GAIN AND OFFSET ADJUSTMENT 
The DAS1lS7IDAS1l581DAS1l59 contain internal gain and 
offset adjuStment potentiometers. Each potentiometer bas ample 
adjustment range so that gain and offset errors can be trimmed 
to zero. 
Offset calibration is not affected by changes in gain calibration, 
and should be performed prior to gain calibration. Proper gain 
and offset calibration requires great care and the use of extremely 
sensitive and accurate reference instruments. The voltsge standard 
used as a signal source must be very stable and be capable of 
being set to within ± I/IOLSB of the desired value at any point 
within its range. 

OFFSET CALmRATION 
For a 0 to + 10V unipolar range, set the input voltage precisely 
to +305 .... V for the DAS1l57, + 153 .... V for the DAS1l58 and 
+ 76 .... V for the DAS1l59. For a 0 to +5V unipolar range, set 
the input to + 153 .... V for the DAS1l57, + 76,...V for the DAS1l58 
and + 38 .... V for the DAS1l59. Then adjust the zero potentiometer 
until the converter is just on the verge of switching from 
000 ...... 000 to 000 ...... 001 (DAS1l57/DAS1l58) or from 
100 ........ 000 to 100 ........ 001 (DAS1l59). 

For the ± 5V bipolar range, set the input voltage precisely to 
+305,...V for the DAS1157, + 153,...V for the DAS1l58 and 
+ 76 .... V for the DAS1l59. For a ± 10V bipolar range, set the 
input voltsge precisely to +610,...V for the DAS1l57, +305,...V 
for the DASll58 and + 153 .... V for the DAS1159. Adjust the 
zero potentiometer until the offset binary coded units are just 
on the verge of switching from 000 ........ 000 to 000 ........ 001 
and the two's complement coded units are just on the verge of 
switching from 100 ........ 000 to 100 ........ 001. 

GAIN CALIBRATION 
Set the input voltage precisely to + 9.9990.9V (DAS1157)1 
+9.99954V (DAS1158)1+9.99977V (DAS1159) for the 0 to 
+ 10V units, +4.99954V (DAS1157)1+4.99977V (DAS1158)1 
+4.99989V (DAS1159) for 0 to +5V units, +9.99817V 
(DAS1l57)/+9.99909V (DASI158)1 + 9.99954V (DAS1l59) for 
± 10V units, or +4.99909V (DAS1l57)/+4.99954V (DAS1158)1 
+4.99977V (DAS1159) for ±5V units. Note that these values 
are I 1I2LSBs less than nominal full scale. Adjust the gain 
potentiometer until binary and offset binary coded units are just 
on the verge of switching from 11 ..... 10 to 11 ..... 11 or modified 
binary and two's complement coded units are just on the verge 
of switching from 011 ..... 10 to 011 ..... 11. 

DASllS7IDASllS8IDASllS9 INPUT/OUTPUT 
RELATIONSHIPS 
The DAS1157/DAS1158 produces a true binary coded output 
when configured as a unipolar device. ConfIgured as a bipolar 
device, it can produce either offset binary or two!s complement 
output codes. The most signifIcant bit (MSB) is used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two's complement coding. The DAS1159 produces a modified 
binary coded output when configured as a unipolar device. 
ConfIgured as a bipolar device it can only produce two's com
plement output codes. The DAS1159 uses MSB to obtain the 
modifIed binary and two's complement output codes; the DASI159 
does not have an MSB output. Table II *ows the DAS11571 
DAS1158/DAS1l59 unipolar analog input/digital output re
lationships. Table III shows the DAS1157/DAS1158IDAS1159 
bipolar analog input/digital output relationships. 

7-72 DA TA ACQUISITION SUBSYSTEMS 

Input Voltap-Output Code Reiatiouhips 

Unipolar Input Voltaps 

Analog Input Diaital Output 

Oto +SVRange Oto +lOVRange 

DAS1157 Binary Code 
+4.99969V +9.99939V II 1111 II1I 1111 
+O.OOOOOV +O.OOOOOV 00 0000 0000 0000 

DAS1lS8 Binary Code 
+4.9998SV +9.99969V III IIII IIII IIII 
+O.OOOOOV +O.OOOOOV 000 0000 0000 0000 

DAS1159 Modified Binary Code 
+4.99992V +9.99985V Olll Illl 1111 llli 
+O.OOOOOV +O.OOOOOV 1000 0000 0000 0000 

Table II. Unipolar Input-Output Relationships 

Bipolar IIIput Vall .... 

AaaIotI"'pu1 Diaital 0u1pU1 

,.SV .... ,.Iova .... OIfHtIliaarJCocIe Two', CompIemeatCocle 

DASll57 
+4.99939V +9.9987SV II 1111 1111 1111 01 1111 1111 1111 
+o.ooooov +o.ooooov 10 0000 0000' 0000 00 0000 0000 0000 
-s.ooooov -1O.OOOOOV 00 0000 0000 0000 10 0000 0000 0000 

DAS1158 
+4.99969V +9.99939V 111 1111 1111 1111 011 1111 1111 1111 
+o.ooooov +O.OOOOOV 100 0000 0000 0000 000 0000 0000 0000 
-s.ooooov -IO.OOOOOV 000 0000 0000 0000 100 0000 0000 0000 

DAS1I59 
+4.9998SV +9.99969V 0111 1111 1111 1111 
+O.OOOOOV +o.ooooov 0000 0000 0000 0000 
-s.ooooov -IO.OOOOOV 1000 0000 0000 0000 

Table III. Bipolar Input-Output Relationships 

TRI-STATE DIGITAL OUTPUT 
The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE terminals. 
If the tri-state feature is not required, normal digital outputs 
can be obtained by connecting the enable pins to ground. 

POWER SUPPLY AND GROUNDING CONNECTIONS 
No power supply decoupling is required since the DAS11571 
DAS1158/DAS1159 contain high quality tantalum capacitors on 
each of the power supply inputs to ground. 

The analog and digital grounds are intcrnally connected in the 
DAS1l57/DAS1l58/DAS1l59. But in many applications, an 
external connection between the digital ground pin and analog 
ground pin is advisable for optimum performance. 

DIGITAL 
POWER 
SUPPLY 

COMMON 

D~1-~.:8~~1~~ STAR.p()INT OF , ___________ , ANALOOGROUNDS 

)::~~ :=1 
I' I 
I DASl 1S7lDASl 1581DASI159 I l __________ J ANAlOG 

POWER 
SUPPLY 

COMMON 

Figure 4. Typical Ground Layout for DAS1157!DAS1158! 
DAS1159 
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: Selection Tree 
~ Analog 110 Ports 
g 
(§ 

~ 
:::tJ 
til 

General Purpose 

AD7569 
(CompletelParallel Interface) 
AD7669 
(Complete/2 DACs/Parallel Int) 
AD7769 
(2 Ch ADC/2 DACslParallel Int) 

AD7868 
(Complete/Serial Interface) 

AD7869 
(Complete/Serial Interface) 

ANALOG 1/0 PORTS 

AD7774 
(4 Ch ADC/3 DACs) 

10-BitADC 

AD7773 
(Complete Embedded Servo) 
AD7775 
(Complete Embedded Servo) 

Digital Mobile Radio 

AD7001 
(European GSM Baseband 110) 
AD7002 
(European GSM Baseband 110) 
AD700S 
(No. Amer TIA Baseband 110) 

DSP Peripheral 

AD28mspOl 
(High Perf Modem Front End) 
AD28msp02 
(Voiceband Linear Coded 



Selection Guide 
Complete Analog lID Ports 
General Purpose 

SHABW Settling 
Resolution ConvTime kHz Time Ref. Volt Bus Package Temp 

Model Bits max ,..S typ ,..8 IntlExt Interface Optionsl Range2 Page Comments 

AD7S69 8 2 500 Int 8,p.P 2,3,4,5,6 C,I,M Cn8-7 CMOS, Complete 110 Port with 
DAC, ADC, SHA, Amps and 
Reference 

AD7669 8 2 500 1 Int 8, ,..p 2,5,6 C,I,M Cn8-7 CMOS, Complete 110 Port with 
2 DACs, ADC, SHA, Amps, and 
Reference 

AD7769 8 3 500 2.5 Ext 8, ,..p 2,5 C Cn8-27 CMOS, Two-Channel ADClDAC 
with Output Amplifiers 

*AD7868 12 10 500 3 +3 V, Int Serial, ,..p 2,3,6 I,M C II 8-79 CMOS, Complete 110 Port with 
12-Bit ADC and 12-Bit DAC 

*AD7869 14 10 500 3.5 +3 V, Int Serial, p.P 2,3,6 C,I,M C II 8-95 CMOS, Complete 110 Port with 
14-Bit ADC and 14-Bit DAC 

Disk Drive Servo 
ADC DACs Settling 
Resolution ConvTime Resolution Time Ref.Volt Bus Package Temp 

Model Bits max ,..S Bits p.s IntJExt Interface Optionsl Range2 Page Comments 

*AD7774 8 3 8 4 IntJExt 8,p.P 2,5 C cn 8-43 CMOS, 110 Port with 4-Cbannel, 8-Bit ADC, 
11 8 ll-Bit and Two 8-Bit DACs 

*AD7773 10 3 8 3 2.1 V, Int 10, p.P 6 C cn 8-63 Complete Embedded Servo Front End for Hard 
10 4 Disk Drive with Separate Address and Data Pins 

*AD777S 10 3 8 3 2.1 V, Int 10, p.P 6 C C II 8-43 Same as the AD7773 Except with Multiplexed 
10 4 AddresslData Bus 

'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92. 

2Temperature Ranses: C = Commercial, 0 to +7O"C; I = Industrial, -4O"C to +85°C (Some older products -25OC to +85OC); M = Military, -5SOC to +l2SoC. 
l> Boldface type: Product recommended for new design. 
~ *New product since the publication of the most recent Databooks • 
..... o 
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t Selection Guide 
:b 

~ Complete Analog liD Ports 
o 
G'l 

c§ 

~ 
Cil 

Communications 

Model 

DACIADC 
Resolution 
Bits 

DACIADC 
SNR+ THD 
dB 

*AD7001 10/8 56/44 
*AD7002 10/12 -162 

*AD7005 10/12 -/62 

* AD28msp02 16/16 65/65 

*AD28mspOl 16/16 SOISO 

Through-
put 
kSPS 

2170 
4333 (DAC) 
541.7 (ADC) 
97.2 (DAC) 
194.4 (ADC) 
8 

7.2/8.0/9.6 

Ref. Volt Bus 
IntlExt Interface 

2.5 V, Int 10, 8 Serial, ,..p 
2.5 V, Int Serial, ,..p 

2.3 V, Int Serial, ,..p 

2.5 V, Int Serial, ,..p 

2.5 V, Int Serial, ,..p 

Package Temp 
Options' Range2 Page Comments 

10 C3 C I 4-47 GSM Baseband 110 Port 
10 C3 C I 4-59 GSM Baseband 110 Port with 

On-Board GMSK Modulator 
10 C3 CI4-75 TIA Baseband 110 Port 

6 C C 14-25 Complete Voice Band Linear Codec 
with On-Chip Filtering 

6 C C I 4-9 Complete Analog Front End for High 
Performance DSP-Based Modems 

'Package Options: I = Hennetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Geramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92. 

'Temperature Ranges: C = Commercial, 0 to +700C; I = Industrial, -40'C to +8S'C (Some older products -2S'C to +8S'C); M = Military, -SS'C to + 12S'C. 
30perates to -25°C. 
*Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 



Analog 110 Port products represent one of the highest levels of 
integration and functionality available in an IC package. These 
devices usually consist of the following functional blocks: 

• single or multiple channel ADC 
• one or more voltage output DACs with varying resolution 
• sample-and-hold amplifiers 
• one or more voltage references for both the DACs and ADC 
• analog and/or digital filters 
• associated control logic for easy f.LP interfacing. 

This high level of integration on a chip has several distinct ad
vantages over a multipackage solution. The ability to perform 
several functions on one chip lowers a systems chip count, 
thereby decreasing a system's real estate requirements while in
creasing its reliability. These devices, consisting of the various 
functional blocks, are fully specified, thus allowing for more 
predictable performance characteristics over the full operating 
range. The inherent cost savings due to a lower chip count as 
well as to lower R&D expenditures make Analog 110 Port de
vices an attractive solution for many data acquisition and distri
bution applications. 

Our product portfolio for these devices can be subdivided into 
the following three subcategories: General Purpose, Disk Drivel 
Servo, and Communications. Some Analog 110 Ports are in
tended for specific industry applications but should not be con
sidered to be limited to only those applications. General Purpose 
110 Ports have a wide range of applications which include: 

• digital signal processing 
• speech recognition and synthesis 
• spectrum analysis 
• high speed modems 
• servo control 
• infinite sample and hold 
• analog delay line 
• peak detection. 

Orientation 
Analog lID Ports 

These General Purpose 110 Ports are fully specified for dynamic 
parameters such as signal-ta-noise ratio and harmonic distortion 
as well as traditional de specifications. 

Our Disk DriveiServo category contains products which span 
the complete range of disk diameters and capabilities. Products 
such as the AD7773 and AD7775 contain all the circuitry to im
plement the demodulation and signal conversion in embedded 
servo systems. Both devices consist of a differential amplifier 
front end, a rectifier/integrator, a IO-bit sampling ADC and an 
8- and lO-bit DAC. The AD7775 uses a multiplexed address! 
data bus with an ALE input latch to latch the address while the 
AD7773 uses a IO-bit data port with separate address pins. 

The Communication 110 Port products integrate much of the 
functional blocks required in various communications applica
tions onto a single chip. The AD28mspOI and the AD28msp02 
are linear codecs that provide a complete front end for high per
formance modem and voiceband DSP applications, while the 
AD7001102/05 are three products designed for the Pan-American 
(GSM) and American Digital Cellular Telephone systems. 

DEFINITION OF SPECIFICATIONS 
The specifications pertaining to these Analog 110 Port products 
are similar to those used in evaluating ADCs and DACs. 

ANALOG 110 PORTS 8-5 
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-.ANALOG 
WDEVICES 

LC2MOS 
Complete, 8-Bit Analog I/O System 

FEATURES 
2f1.s ADC with Track/Hold 
1 fI.S DAC with Output Amplifier 

AD7569, Single DAC Output 
AD7669, Dual DAC Output 

On-Chip Bandgap Reference 
Fast Bus Interface 
Single or Dual 5V Supplies 

GENERAL DESCRIPTION 
The AD7569/AD7669 is a complete, 8-bit, analog 1/0 system on 
a single monolithic chip. The AD7569 contains a high speed 
successive approximation ADC with 211S conversion time, a 
tracklhold with 200kHz bandwidth, a DAC and output buffer 
amplifier with Il1s settling time. A temperature-compensated 
1.25V bandgap reference provides a precision reference voltage 
for the ADC and the DAC. The AD7669 is similar but contains 
two DACs with output buffer amplifiers. 

A choice of analog input/output ranges is available. Using a 
supply voltage of + 5V, input and output ranges of zero to 
1.25V and zero to 2.5 volts may be programmed using the RANGE 
input pin. Using a ± 5V supply, bipolar ranges of ± 1.25V or 
± 2.5V may be programmed. 

Digital interfacing is via an 8-bit 1/0 port and standard micro
processor control lines. Bus interface timing is extremely fast, 
allowing easy connection to all popular 8-bit microprocessors. A 
separate start convert line controls the tracklhold and ADC to 
give precise control of the sampling period. 

The AD7569/AD7669 is fabricated in Linear-Compatible CMOS 
(LC2MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low power CMOS logic. The 
AD7569 is packaged in a 24-pin, 0.3" wide "skinny" DIP, a 24-
terminal SOIC and 28-terminal PLCC and LCCC packages. The 
AD7669 is available in a 28-pin, 0.6" plastic DIP, 28-terminal 
SOIC, and 28-termina1 PLCC package. 

REV. A 

AD7569/ AD7669 I 

Y,. 

RANGE 

iN'i' 

Bufi 

AlB 

FUNCTIONAL BLOCK DIAGRAM 

elK Y" 

FUNCTIONAL BLOCK DIAGRAM 

eLK 

... DB7 

PRODUCT HIGHLIGHTS 
1. Complete Analog 110 on a Single Chip. 

DGND 

The AD7569/AD7669 provides everything necessary to 
interface a microprocessor to the analog world. No external 
components or user trims are required, and the overall 
accuracy of the system is tightly specified, eliminating the 
need to calculate error budgets from individual component 
specifications. 

2. Dynamic Specifications for DSP Users. 
In addition to the traditional ADC and DAC specifications 
the AD7569/AD7669 is specified for AC parameters, including 
signal-to-noise ratio, distortion and input bandwidth. 

3. Fast Microprocessor Interface. 
The AD7569/AD7669 has bus interface timing compatible 
with all modern microprocessors, with bus access and relinquish 
times less than 75ns and Write pulse width less than 8Ons. 
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AD7569/ AD7669--DAC SPEC IFICATIONS 1 
(VIII= +5Y :!:5%;Ysl = RANGE = AGNODAC = AGNO. = OGNO = DY; lit. = 2110, Ct. = lDDpFtoAGNo.lII.lessolherwisestated, 
All specifications Tain to TIIm unless oIhelWise stated.) 

AD7569 
J.AV ........ 
AD7669 AD7569 AD7569 AD7569 -... JV""'" K,BV_ SVenioa TV ....... 

STATIC PERFORMANCE 
Rcaolution4 8 8 8 8 
ToW Unadjusted Error' ~2 ~2 ~3 ~3 
RcIati .. A<:curacy' ~I ::t1/2 ~I :!:1/2 
Differential Nonlinearity' ~I ~314 ~I ! ±3/4 
UoipolarOlfsctError 

@25"C ~2 ±1.5 ~2 ±1's 
Tmjl)toT_ ~2.5 ~2 ~2.5 ~2 

Bipolar Zero Offse. Error 
@25"C ~2 ±I.S ~2 ±l.S 
Tmia to T ...... ~2.5 ~2 ±2.5 ~2 

Full-Scale Error'(AD7569Only) 
@25"C ~2 ~I ~2 ~I 

TlQiQtoT_ ~3 ~2 ~4 ~3 

Full-ScaleError'(A076690aly) 
@25"C ~3 
TllliaroTmu: ~4.5 

DACAlDACB Full Scale Error Match6 

(A07669 Oaly) ~2.5 
.6.FulIScaleI4VoD. T .... = 25"C 0.5 0.5 0.5 0.5 
.6.FullScaleJ.6.vss ,T ... = 2SOC 0.5 0.5 0.5 0.5 
Load Regulationat Full Scale 0.2 0.2 0.2 0.2 

DYNAMIC PERFORMANCE 
Spoto-Noise Ratio' (SNR) 44 46 44 46 
Total Harmooic Dis.ortion' (THD) 48 48 48 48 
Intermodulation Distonion5 (lMD) 55 55 55 55 

ANALOG OUTPUT 
Output Voltage Ranges 

Unipolar 0[0 + 1.25/2.5 
Bipolar ±1.2S/+2.S 

LOGIC INPUTS 
~.AIB.WI{.RANGE.RESET.DBO-DB7 

]nput Low Voltage, VINL 0.8 0.8 0.8 0.8 
Input HigbVoltage, VINH 2.4 2.4 2.4 2.4 
lnpu.LeakageCurren. 10 10 10 10 
Input Capacitance7 10 10 10 10 

DBO-DB7 
lnpu. Coding(Siosie Supply) Binary 
Inpu. Coding(Duai Supply) 2aCom.plement 

ACCHARACTERISTICS' 
VoI .... Outpu. Se.tHngTime 

Posi.ive Full-&:aIeCllaage 2 2 2 2 
Negative FuU-Seal.Change (Single Supply) 4 4 4 4 
Negative FuU-ScaleChange (Dual Supply) 2 2 2 2 

Digital-to-AnalogGlitch ImpulseS IS 15 15 15 
Digi.aI Feedthrough' I I I I 
VIN to VOUT Isolation 60 60 60 60 
DAC to DACCrosstalk' (A076690aly) I 
DACA.o DACB Isolation' (AD76690aly) -70 

POWER RBQUlRI!MENTS 
VDDRange 4.7515.25 4.75/5.25 4.75/5.25 4.75/5.25 
V"Range(Dual Supplics) -4.75/-5.25 -4.75/-5.25 -4.75/-5.25 - 4.751- 5.25 

100 
(AD7569) 13 13 13 13 
(AD7669) 18 

lss(DtiaI SuppJios) 
(AD7569) 4 4 4 4 
(AD7669) 6 

DACiADCMATCHING 
GoinMatcbing' 

@25"C I I I I 
T .... toT_ I I I I 

NOTES 
'Spodfioalioas.....,. to both DACa in !be AD7669. VOUT oppIico to both VourA II1Id VOUTB of !be AD7669. 
'ElIccpt ..- ........ pa:ifu:otionJ lIPPIy for all __ iaJ:Iudiaa bipoIor "- with dual IIIppIy opentioa • 
.... empcnture IIIPSBft u follows: J, It vcniou; 0 to +7OOC 

A, B venioaa; - 25"C to +85"C 
5, T venioDI; - SSoc to + 12S"C 

41LSB-4.88mVfor 0 to + 1.2SV outpUt~, 9.76mV for 0 to +2.SV aad. ±l.2SV raapa aDd 19.5mV foe ±2.SV map. 
'SecT..........,.. 

Ualls CoadIIioIIIICom 

Bits 
LSBtyp 
LSBmax 
LSBmax Guaranteed Moootonic 

DACdata is allOs; Vss=OV 
LSB .... TypicaltempCOis IO"Vl"Cfor + 1.25V ...... 
LSBmax 

DACdataisalIOs;Vss= -5V 
LSB .... Typical tempco is 20"Vl"Cfo, ~ l.25V ...... 
LSB .... 

Voo=5V 
LSB .... 
LSB .... 

Voo=5V 
LSBmu: 
LSBmax 

LSBmax VOD=5V 
LSBmax VOUT = 2.SV;AVOD = :!:S% 
LSBmax VOUT = -25Vj4Vss = ±S% 
LSBmax RL = 2k!l toOIC 

dB min VOUT = 20kHzfuU«ale sinc wave with fSAMPUNG = 400kHz 
dB max VOVT = 20kHz full-scale sine wavewithfSAMPUNG = 400kHz 
dB.yp fa= 18.4kHz,fb= 14'skHz with fSAMPUNG = 400kHz 

Volts VOD - + SV, Vss-OV 
Volts VDD = +SV, Vss= -SV 

V .... 
V min "" .... VIN=OtOVDD 
pFmax 

Settling time towithin ± If2LSB offinal value 
.... amax TypicaUy l .... s 
p,smax Typically 2", 
.... smax Typically I". 
nVsecstyp 
nVsecstyp 
dBtyp VIN "" ±2.SV,SOkHzSineWave 
nVsccstyp 
dB .... 

VminIV .... For SpeciflCCl Performaace 
VminIV .... Specified Performaa<:o abo applies to V ss - OV 

for uoipoIar ,_. 
VQUT=VIN =2.SV;LoP:]npug=2.4V;CLK=O.8V 

mA .... On.pu. ua100ded 
mA .... Outputs unloaded 

VOUT=VIN= -2.SV;LogiclD.pu~=2.4V;CLK=O.8V 
mA .... On.pu. ua100ded 
mA .... Outputl uaJoaded 

VINtoVQUTmatcbwithVIN = ±2.SV, 
%typ lOkHzsinewave 
%typ 

'ladudeo intmlal ... ___ em>< ODd iJ _ted __ emir hII _ odiUlted ..... IdooI uoipoIor Iizll.ocaIe ""- iI (FS - ILSB); ida! bipoIor pooiti .. 
Iizll.ocaIe ""- is (Fs/2 - ILSB) ODd idcaI bipoIor .... Iive full-scale ... _ is - PS/2. 

'SImple ...... ot 25"C IV ...... compIioDce. 
Speci/k:atioDl.ubject to dwJac withou. aotico. 
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ADC SPECIFICATIONS AD7569/AD7669 
(Yoo = + 5V :!: 5%; Vss 1 = RANGE = AGNDDAC = AGNDADC = DGND = DV; fcUI = 5MHz external unless otherwise stated. 
All specifications T min to T max unless otherwise stated.) Specifications apply to Mode 1 interface. 

AD7569 
J,AVeniou' 
AD7669 AD7569 AD7569 AD7569 

ParameteJ' JVenioa K,BVeniODl SVenioD TVenioD 

DC ACCURACY 
Rcsolution3 8 8 8 
Total Unadjusted Error" ~l ~l ±4 ±4 
Relative Accuracy" ±1 ±1I2 ±1 ::tIll 
Differential Nonlinearity" ±1 ±l/4 ~1 ±3f4 
Unipolar Offset Error 

@2S'C ±2 ::t: 1.5 ~2 ± 1.5 
TmintoTnw: ~l ±2.5 ±l ±2.5 

Bipolar Zero Offset Error 
@2S'C ±3 ~2.5 ~l ±2.S 
TmintoTmu ~l.5 ±l ±4 ~l.5 

FuU~Scale Errors 
@2S'C -4, +0 -4, +0 -4, +0 -4, +0 
TmintoTmu -5.S, +1.5 -S.S,+15 -7.5,+2 -7.S, +2 

.:1FullSca1eJAVDD, TA =25°C 0.5 0.5 0.5 0.5 

.1.FuIlScalefAVss• TA = 25"<: O.S 0.5 0.5 O.S 

DYNAMIC PERFORMANCE 
Signal-Io-Noise Ratio" (SNR) 44 46 44 45 
Total Harmonic Distortion" (THO) 48 48 48 48 
Intcrmodulation Distortion" (IMD) 60 60 60 60 
Frequency Response 0.1 0.1 0.1 0.1 
TrackIHold Acquisition Time7 200 200 loo 300 

ANALOG INPUT 
Input Voltage Ranges 

Unipolar Oto+1.2SI+2.S 
Bipolar ± 1.2SI±2.S 

Input Current ±300 ±300 ±300 ±300 
Input Capacitance 10 10 10 10 

LOGIC INPUTS 
cs,lID,S'f,CLK,RESET,RANGE 

Input Low Voltage. V1NL 0.8 0.8 0.8 0.8 
Input High Voltage. V INH 2.4 2.4 2.4 2.4 

~nput~citance8 __ 10 10 10 10 
CS,RD,ST,RANGE,RESET 

Input Leakage Current 10 10 10 10 
CLK 

Input Current 
IINL -1.6 -1.6 -1.6 -1.6 
IINH 40 40 40 40 

LOGIC OUTPUTS 
DBO-DB7, INT,iil]SY 

VOL. Output Low Voltage 0.4 0.4 0.4 0.4 
VOH• Output High Voltage 4.0 4.0 4.0 4.0 

DBO-DB7 
Floating State LeakageCurrent 10 10 10 10 
Floating Slate Output Capacitance8 10 10 10 10 

Output Coding (Single Supply) Binary 
Output Coding (Dual Supply) 2s Complement 

CONVERSION TIME 
With External Clock 2 2 2 2 
With Internal Clock. T A = 2SoC 1.6 1.6 1.6 1.6 

2.6 2.6 2.6 2.6 

POWER REQUIREMENTS As per DAC Specifications 

NOTES 
IExcept where noted, specifications apply for all ranges including bipolar ranges with dual supply operation. 
2<fempcrarure ranges are as rouows: J, K versions; 0 to + 7O"C 

A, B versions; - 250C to + 850C 
S, T versions; - SSOC to + 1250C 

Uoits 

Bits 
LSBtyp 
LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 
LSBmax 
LSBmax 

dB min 
dB max 
dBtyp 
dBtyp 
nstyp 

Volts 
Volts 
".A max 
pFtyp 

V max 
V min 
pFmax 

~Amax 

mAmax 
~Arnax 

Vrnax 
V min 

~Amax 
pFmax 

.... max 
J.Lsmin 
~smax 

lILSB=4.88mV forO to +1.25V range,9.76mV forO to +2.SVand ±1.2SV ranges and 19.5mVfor ±2.5Vrange. 
"Sec Tcnninolo8Y. 
$Includes internal voltage reference error and is calculated after offset error has been adjusted out. Ideal unipolar 
last code transition occurs at (FS - 3/2LSB); Ideal bipolar last code transition occurs at (FSl2 - 3/2LSB). 

6EucI rrequencies are 101kHz and 384kHz to avoid harmonics coinciding with sampling frequency. 
7Rising edge or BUSYto ralling edge of ST. The time given refers to the acquisition time which gives a 3dB 
degradation in SNR from the tested f1g\U'e. 

·SlDlple tested at 25"<: to ensure compliance. 

Specifications subject to change without notice. 

REV. A 

CoaditionsiCommcats 

No Missing Codes 
Typicaltempcois lOJ.LVt'Cfor + 1.2SVrangc; Vss=OV 

Typicaitempcois20lLVrCfor ± 1.2SVrangcj Vss= -SV 

Voo=5V 

VIN = + 2.SV,AVDD = ±S% 
VIN = -2.SV;AVss = ±S% 

V IN = 100kHz full-scale sine wavewithfsAMPLING '" 4OOkHz6 

VIN = 100kHz full~sca1e: sine: wave: with fSAMPLING = 4OOkHz6 

fa = 99kHz. fb = 96. 7kHz with fSAMPLING = 400kHz 
VIN = ±2.SV.dct0200kHzsincwave 

VDO = +SVjVss=OV 
Voo= +SV;Vss = -SV 
See equivalent circuit Fig. S 

V1N=OtOVOD 

VIN=OV 
V1N = VDD 

IsINK = 1.6mA 
IsouRcE = 200)l.A 

fCLK=SMHz 
Using recommended clock components shown in Fig~ 
ure 21. Clock frequency can be adjusted by varying RcLK. 
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AD7569/AD7669--TlMING CHARACTERISTICS1 (SeeFlgUres8,10,12;Voo = 5V ±5%;Vss = OYQI' -5V±5%) 

Limit at Limitat 
Limit at Tmin, Tmax T min, Tmax 

Parameter 25·C (All Grades) a,K,A,BGrades) (S, TGrades) Units Test Conditions/Comments 

DACTiming 
tl 80 80 90 nsmin WR Pulse Width 
t2 0 0 0 nsmin CS, A/B to WR Setup Time 
t3 0 0 0 nsmin CS, A/B to WR Hold Time 
t4 60 70 80 nsmin Data Valid to WR Setup Time 
ts 10 10 10 nsmin Data Valid to WR Hold Time 

ADCTiming 
t6 50 50 50 nsmin ST Pulse Width 
t7 llO 130 150 nsmax ST to BUSY Delay 
t8 20 30 30 nsmax BUSY to INT Delay 
t9 0 0 0 nsmin BUSY to CS Delay 
tlO 0 0 0 nsmin CS to RD Setup Time 
tll 60 75 90 nsmin RD Pulse Width. Determined by t13' 
tl2 0 0 0 nsmin CS to RD Hold Time 
t13 2 60 75 90 nsmax Data Access Time after RD; CL = 20pF 

95 120 135 nsmax Data Access Time after RD; CL = 100pF 
tl4 3 10 10 10 nsmin Bus Relinquish Time after RD 

60 75 85 nsmax 
tiS 65 75 85 nsmax RD to INT Delay 
tl6 120 140 160 nsmax RD to BUSY Delay 
tl7 2 60 75 90 nsmax Data Valid Time after BUSY; CL = 20pF 

90 ll5 135 nsmax Data Valid Time after BUSY; CL = lOOpF 

NOTES 
ISample tested at + 2SOC to ensure compliance. All input control signals are specified with tR = tF = 50S (10% to 90% of + SV) and timed from a voltage level of 1.6V. 
2tn and (17 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross either O.SV or 2.4V. 
3tl4 is defined as the time required for the data line to change O.5V when loaded with the circuit of Figure 2. 
Specifications subject to change without notice. 

'~IT-
DGND 

a. High-Z to VOH 

-+ CL 

~DGND 
b. High-Z to VOL 

Figure 1. Load Circuits for Data Access Time Test 

ABSOLUTE MAXIMUM RATINGS 
Voo to AGNDoAC or AGNDADC .. 
Voo toDGND .......... . 
Voo to Vss ............ . 
AGNDoAC or AGNDADC to DGND 
AGNDoAC to AGNDADC ... 
Logic Voltage to DGND '" 
CLK Input Voltage to DGND 
VOUT(VOUTA, VOUTB) to 

AGND I OAC .. 
VIN to AGNDADC .... 
NOTE 

. -O.3V, +7V 
-O.3V, +7V 

. -O.3V, + 14V 
-0.3V, Voo +0.3V 

. ........ ±5V 
-0.3V, Voo +0.3V 
-0.3V, Voo +0.3V 

. Vss -O.3V, Voo+0.3V 
Vss -0.3V, Voo +0.3V 

'Output may be shorted to any voltage in !he range Vss to Vooprovided that 
the power dissipation of the package is not exceeded. Typical short circuit 
current for a short to AGND or Vss is SOmA. 

CAUTION 

DBN----.----.~---o 

3kn ~ 10pF 

DGND 

a. VOH to High-Z 

+lV
3kn 

DBN--t-=o 

10pF 

~DGND 
b. VOL to High-Z 

Figure 2. Load Circuits for Bus Relinquish Time Test 

Power Dissipation (Any Package) to + 75·C 
Derates above 75·C by . . 

Operating Temperature Range 
Commercial (J, K) 
Industrial (A, B) . . . . . 
Extended (S, T) 

Storage Temperature Range . 
Lead Temperature (Soldering, 10 Sees) 

450mW 
6mWrC 

o to +70·C 
- 25·C to + 85·C 

- 55·C to + 125·C 
- 65·C to + 150·C 
..... +300°C 

*Stress above those listed under "Absolute Maximum Ratings" may 
cause pennanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
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NOTE: 
The term DAC (Digital-to-Analog Converter) throughout the 
data sheet applies equally to the dual DACs in the AD7669 as 
well as to the single DAC of the AD7569 unless otherwise stated. 
It follows that the term VOUT applies to both VouTA and V oUTB 
of the AD7669 also. 

TERMINOLOGY 
Total Unadjusted Error 
Total unadjusted error is a comprehensive specification which 
includes internal voltage reference error, relative accuracy, gain 
and offset errors. 

Relative Accuracy (DAC) 
Relative Accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
allowing for offset and gain errors. For the bipolar output ranges 
the endpoints of the DAC transfer function are defined as those 
voltages which correspond to negative full-scale and positive 
full-scale codes. For the unipolar output ranges the endpoints 
are code I and code 255. Code I is chosen because the amplifier 
is now working in single supply and in cases where the true 
offset of the amplifier is negative it cannot be seen at code O. If 
the relative accuracy was calculated between code 0 and code 
255 the "negative offset" would appear as a linearity error. If 
the offset is negative and less than ILSB, it will appear at code 
I, and hence the true linearity of the converter is seen between 
code I and code 255. 

Relative Accuracy (ADC) 
Relative Accuracy is the deviation of the ADC's actual code 
transition points from a straight line drawn between the endpoints 
of the ADC transfer function. For the bipolar input ranges 
these points are the measured negative full-scale transition point 
and the measured positive full-scale transition point. For the 
unipolar ranges the straight line is drawn between the measured 
first LSB transition point and the measured full-scale transition 
point. 

Differential Nonlinearity 
Differential Nonlinearity is the difference between the measured 
change and an ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB max ensures 
monotonicity (DAC) or no missed codes (ADC). A differential 
nonlinearity of ± 3/4LSB max ensures that the minimum step 
size (DAC) or code width (ADC) is 114LSB and the maximum 
step size or code width is 3/4LSB. 

Digital-to-Analog Glitch Impluse 
Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in n Vsecs and is measured when the digital input code is changed 
by I LSB at the major carry transition. 

REV. A 
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Digital Feedthrough 
Digital Feedthrough is also a measure of the impulse injected to 
the analog output from the digital inputs but is measured when 
the DAC is not selected. It is essentially feedthrough across the 
die and package. It is also a measure of the glitch impulse trans
ferred to the analog output when data is read from the internal 
ADC. It is specified in nVsecs and is measured with WR high 
and a digital code change from all Os to all Is. 

DAC-to-DAC Crosstalk (AD7669 Only) 
The glitch energy transferred to the output of one DAC due to 
an update at the output of the second DAC. The figure given is 
the worst case and is expressed in n V sees. It is measured with 
an update voltage of full scale. 

DAC-to-DAC Isolation (AD7669 Only) 
DAC-to-DAC Isolation is the proportion of a digitized sine wave 
from the output of one DAC which appears at the output of the 
second DAC (loaded with all Is). The figure given is the worst 
case for the second DAC output and is expressed as a ratio in 
dBs. It is measured with a digitized sine wave (fSAMPLlNG = 

100kHz) of 20kHz at 2.5V pk-pk. 

Signal-to-Noise Ratio 
Signal-to-Noise Ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude of 
the fundamental. Noise is the rms sum of all the nonfundamental 
signals ( excluding de) up to half the sampling frequency. SNR 
is dependent on the number of quantization levels used in the 
digitization process; the. more levels, the smaller the quantization 
noise. The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit converter, 
SNR = 50dB. 

Harmonic Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7569/AD7669, Total Harmonic 
Distortion (THD) is defined as 

""" lv' + V' + V' + Vs' + V.' 
20 log V' 1 V

I
4 

where V I is the rms amplitude of the fundamental and V" V 3, 

V 4, V 5 and V 6 are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities wiH create distortion 
products, of order (m + n), at sum and difference frequencies of 
mfa±nfh, where m,n = 0, 1,2,3, .... . Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa+fh) and (fa-fh) and the 
third order terms include (2fa + fh), (2fa - fh), (fa + 2fh) and 
(fa-2fh). 
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AD7569/AD7669 
AD7569 PIN CONFIGURATIONS 

DIP, SOIC 

VDD § :j v,. :> 

AGNDAPC 

ClK 

iNT 

BUSY 

ST 

RO 

as 08. 

D.' iNA 

08. 

DGND 

i3 ~ Q 

AD7669 PIN CONFIGURATIONS 
Ne :::: NO CONNECT 

DIP, SOIC 

Nt = NO CONNECT 

PLCC 

~ ~ 
~ 

:j } !i1 z 
" ~ .. 
0 

AD7669 
TOP VIEW 

(Not to Scale) 

Ne :: NO CONNECT 
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PLCC LCCC 

a ~ 
0 0 
2 

8 2 

" l! .J " .. :> .. 
~ ~ 

tf ~ • z 
8 z 

~ } ~ l! • ~ :> :> :> 

• , 2 1 28 27 26 

25 elK RANGE 5 '" 2. ClK 

RESET 6 2' M 

AD7569 BUSY 
087 7 

AD7569 
23 BUSY 

TOP VIEW NC • TOP VIEW 22 NC 
INot to Sca'e' !Not to Scale' ST 

0 u 
2 2 

" Q 

DB6 9 21 

DB5 10 20 AD 

DB4 11 

",t..:====~; 
19 CS 

12 13 14 15 16 17 18 

'" 8 I~ Q 

~ 8 
Ne '" NO CONNECT 

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 

Model Range TMiN-TMAX Option1 

AD7569JN ODCto +70DC ±lLSB N-24 
AD7569JR ODCto +70DC ±ILSB R-24 
AD7569AQ - 25°C to + 85°C ±lLSB Q-24 
AD7569SQ2 - 55°C to + 125°C ±lLSB Q-24 
AD7569KN O°Cto + 70°C ± 1I2LSB N-24 
AD7569BQ -25°Cto + 85°C ± 1I2LSB Q-24 
AD7569TQ2 - 55°C to + 125°C ± 1I2LSB Q-24 
AD7569JP O°Cto + 70°C ±ILSB P-28A 
AD7569SE2 - 55°C to + 125°C ±ILSB E-28A 
AD7569KP O°Cto + 70°C ±1/2LSB P-28A 
AD7569TE2 - 55°C to + 125°C ± 1I2LSB E-28A 

AD7669JN O°Cto + 70°C ±lLSB N-28 
AD7669JP O°Cto + 70°C ±ILSB P-28A 
AD7669JR O°Cto + 70°C ±ILSB R-28 

NOTES 
'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = Small Outline SOIC. For outline 
information see Package Information section. 

'To order MIL-STD-883, Class B processed parts, add 1883B to part 
number. Contact your local sales office for military data sheet. 
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PIN FUNCTION DESCRIPTION 
(Applies to the AD7569 and AD7669 unless otherwise stated.) 

Pin 
Mnemonic 

AGNDnAc 

VOlTr 
(VouTA, VouTB) 

Vss 

RANGE 

DB7 
DBt>-DB2 

DGND 

OBI 

DBO 

WR 

Description 

Analog Ground for the DAC(s). Separate 
ground return paths are provided for the 
DAC(s) and ADC to minimize crosstalk. 

Output Voltage. VOUT is the buffered output 
voltage from the AD7569 DAC. VouTA and 
V OlTrB are the buffered DAC output voltages 
from the AD7669. Four different output 
voltage ranges can be achieved (see Table I). 

Negative Supply Voltage (- 5V for dual supply 
or OV for single supply). This pin is also used 
with the RANGE pin to select the different 
input/output ranges and changes the data 
format from binary (V ss = OV) to 2s comple
ment (Vss= -5V) (see Table I). 

Range Selection Input. This is used with the 
V ss input to select the different ranges as per 
Table I. The range selected applies to both 
the analog input voltage of the ADC and the 
output voltage from the DAC(s). 

Reset Input (Active Low). This is an asyn
chronous system reset which clears the DAC 
register( s) to all Os and clears the INT line of 
the ADC (i.e., makes the ADC ready for new 
conversion). In unipolar operation this input 
sets the output voltage to OV; in bipolar oper
ation it sets the output to negative full scale. 

Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6 to Data Bit 2. 

Digital Ground. 

Data Bit 1. 

Data Bit o. Least Significant Bit (LSB). 

Write Input (Edge triggered). This is used in 
conjunction with CS to write data into the 
AD7569 DAC register. It is used in conjunction 
with CS and AlB to write data into the selected 
DAC register of the AD7669. Data is trans
ferred on the rising edge of WR. 

Input/Output 

Pin 
Mnemonic 

AlB (AD7669 
Only) 

CLK 

Vnn 

DBO-DB7 

AD7569/ AD7669 

Description 

Chip Select Input (Active Low). The device 
is selected when this input is active. 

READ Input (Active Low). This input must 
be active to access data from the part. In the 
Mode 2 interface, RD going low starts con
version. It is used in conjunction with the CS 
input (see Digital Interface Section). 

Start Conversion (Edge triggered). This is 
used when precise sampling is required. The 
falling edge of ST starts conversion and drives 
BUSY low. The ST signal is not gated with 
CS. 

BUSY Status Output (Active Low). When 
this pin is active the ADC is performing a 
conversion. The input signal is held prior to 
the falling edge of BUSY (see Digital Inter
face Section). 

INTERRUPT Output (Active Low). INT 
going low indicates that the conversion is 
complete. INT goes high on the rising edge 
of CS or RD and is also set high by a low 
pulse on RESET (see Digital Interface 
Section). 

DAC Select Input. This input selects which 
DAC register data is written to under control of 
CS and WR. With this input low data is written 
to the DACA register; with this input high data 
is written to the DACB register. 

A TTL compatible clock signal may be used 
to determine the ADC conversion time. Internal 
clock operation is achieved by connecting a 
resistor and capacitor to ground. 

Analog Ground for the ADC. 

Analog Input. Various input ranges can be 
selected (see Table I). 

Positive Supply Voltage (+ 5V). 

Range Vss Voltage Range Data Fonnat 

0 OV Oto + 1.25V Binary 
1 OV Oto +2.5V Binary 
0 -5V ± l.25V 2s Complement 
1 -5V ±2.5V 2s Complement 

Table I. Input/Output Ranges 
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AD7569/AD766S-Typical Performance Graphs 

500 I 
VDD = +5V 
Vss=OV 
TA =25"C 

I 

~ r-
L REFERErE (iMPUTED) 

i'-
~ 

ou~punv~TH 
ALLOsONOAC 

100 

.......... 
~ .... 

20 

1. 
50 100 200 SOD 1k 2k Sk 10k 20k 50. 

FREQUENCY - Hz 

Noise Spectral Density vs. Frequency 

WR 
(2VIDIV) 

DACVoUT 
(10mVIDIV) 

Positive-Going Settling Time (± 2.5V Range) 

2.5V -- D,rc -----2.41SV 

I 
~ 2.45V 

......--
~ 
u.. 2.425V 

2.4V 
-55 -25 

ADC ---VDO= +5V 
Vss=DV 
RANGE=5V 

25 
TEMPERATURE - "C 

...... 
............... 

70 85 125 

DACIADC Full-Scale Temperature Coefficient 

8-14 ANALOG 110 PORTS 

80 

&0 

40 

20 

o 2. 

DAC-FSWlTH 

'"'r<::,ALONV" 

TA = HOC 

lAC + FS. voo( 

" ADC -FS. v.t '" ~ I -'- ........ '" ........ 
ADC + FS, VDD , 

'-

100 200 1. 2. 10k 20k 100k ZOOk 

FREOUENCY - Hz 

Power Supply Rejection Ratio vs. Frequency 

WR 
(2VIDIV) 

DACVoUT 
(10mVIDIV) 

Negative-Going Settling Time (± 2.5V Range) 

-20 

-4 • 

.l! .. 
-&0 

SAMPLE FREQUENCY = 4OU.Hz 
INPUT FREQUENCIES = 159.4kHz, 167.8kHz 
IMD=69.7dB 
TA =25"C 

kHz 

IMD Plot for ADC 

REV. A 



CIRCUIT DESCRIPTION 

D/A SECTION 
The AD7S69 contains an 8-bit, voltage-mode, D/A converter 
which uses eight equally weighted current sources switched into 
an R-2R ladder network to give a direct but unbuffered 0 to 
+ 1.2SV output range. The AD7669 is similar but contains two 
DI A converters. The current sources are fabricated using PNP 
transistors. These transistors allow current sources which are 
driven from positive voltage logic and give a zero-based output 
range. The output voltage from the voltage switching R-2R 
ladder network has the same positive polarity as the reference 
and therefore the DI A converter can be operated from a single 
power supply rail. 

The PNP current sources are generated using the on-chip bandgap 
reference and a control amplifier. The current sources are switched 
to either the ladder or AGNDoAc by high speed p-channel 
switches. These high-speed switches ensure a fast settling time 
for the output voltage of the DAC. The R-2R ladder network of 
the DAC consists of highly stable, thin-film resistors. A simplified 
circuit diagram for the DI A converter section is shown in Figure 
3. An identical D/A converter is used as part of the AID converter 
which is discussed later. 

2R .. 2 • 

AGNDoAc 

SHOWN FOR ALL 1s0NTHEDAC 

Figure 3. DAC Simplified Circuit Diagram 

OP AMP SECTION 
The output from the D/A converter is buffered by a high speed, 
noninverting op amp. This op amp is capable of developing 
± 2.SV across a 2kll and 100pF load to AGNDoAc• The amplifier 
can be operated from a single + SV supply to give two unipolar 
output ranges or from dual supplies (± SV) to allow two bipolar 
output ranges. 

The feedback path of the amplifier contains a gain/offset network 
which provides four voltage ranges at the output of the op amp. 
The output voltage range is determined by the RANGE and Vss 
inputs. (See Table I in the Pin Function Description section.) 
The four output ranges possible are: 0 t.o + 1.2SV, 0 to + 2.SV, 
± 1.2SV and ±2.SV. It should be noted that whatever range is 
selected for the output amplifier also applies to the input voltage 
range of the AID converter. 

The output amplifier settles to within 1I2LSB of its final value 
in typically less than SOOns. Operating the part from single or 
dual supplies has no effect on the positive-going settling time. 
However, the negative-going output settling time to voltages 
near OV in single supply will be slightly longer than the settling 
time to negative full scale for dual supply operation. Additionally, 
to ensure that the output voltage can go to OV in single supply, 
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AD7569/AD7669 
a transistor on the output acts as a passive pull-down with output 
voltages near OV with V ss = OV. This means that the sink capability 
of the amplifier is reduced as the output voltage nears OV in 

, single supply. In dual supply operation the full sink capability 
of 1.2SmA is maintained over the entire output voltage range. 

For all other parameters the single and dual supply performances 
of the amplifier are essentially identical. The output noise from 
the amplifier with full scale on the DAC is 200,.. V peak-to-peak. 
The spot noise at 1kHz is 3SnV/\!HZ with aliOs on the DAC. 
A noise spectral density versus frequency plot for the amplifier 
is shown in the typical performance graphs. 

VOLTAGE REFERENCE 
The AD7S69/AD7669 contains an on-chip bandgap reference 
which provides a low noise, temperature compensated reference 
voltage for both the DAC and the ADC. The reference is trimmed 
for both absolute accuracy and temperature coefficient. The 
bandgap reference is generated with respect to V 00' It is buffered 
by a separate control amplifier for both the DAC and the ADC 
reference. This can be seen in the DAC ladder network config
uration in Figure 3. 

DIGITAL SECTION 
The data pins on the AD7S69/AD7669 provide a connection 
between the external bus and both the DAC data inputs and 
ADC data outputs. The threshold levels of all digital inputs and 
outputs are compatible with either TTL or SV CMOS levels. 
Internal input protection of all digital pins is achieved by on-chip 
distributed diodes. 

The data format is straight binary when the part is used in 
single supply (V ss = OV). However, when a V ss of - SV is applied, 
the data format becomes 2s complement. This data format applies 
to the digital inputs of the DAC and the digital outputs of the .' 
ADC. 

ADC SECTION 
The analog-to-digital converter on the AD7S691 AD7669 uses the 
successive approximation technique to achieve a fast conversion 
time of 2,..s and provide an 8-bit parallel digital output. The 
reference for the ADC is provided by the on-chip bandgap 
reference. 

Conversion start is controlled by ST or by CS and RD. Once a 
conversion has been started another conversion start should not 
be attempted until the conversion in progress is completed. 
Exercising the RESET input does not affect conversion; the 
RESET input resets the INT line high which is useful in interrupt
driven systems where a READ has not been performed at the 
end of the previous conversion. The INT line does not have to 
be cleared at the end of conversion. The ADC will continue to 
convert correctly but the function of the INT line will be 
affected. 

Figure 4 shows the operating waveforms for a conversion cycle. 
The analog input voltage, VIN, is held SOns typical after the 
falling edge of ST or (CS & RD). The MSB decision is made 
approximately SOns after the second falling edge of the input 
CLK following a conversion start. If tl in Figure 4 is greater 
than SOns, then the falling edge of the input CLK will be seen 
as the first falling clock edge. If tl is less than SOns, the first 
falling clock edge of the conversion will not occur until one 
clock cycle later. The succeeding bit decisions are made approx 
imately SOns after a CLK edge until conversion is complete. At 
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AD7569/AD7669 
the end of conversion, the SAR contents are transferred to the 
output latch and the SAR is reset in readiness for a new conversion. 
A single conversion lasts for 8 input clock cycle.s. 

~:; lL ______________ ~I·~,------------~r 

BU8V--,L __ ~------4_--------r--'! If 
-I I- 5On. TV1' 

VIN ----....!I--------------..,u~----------~/ 
f.--.t 100nsTVP 

eLK 

Figure 4. Operating Waveforms Using External Clock 

ANALOG INPUT 
The analog input of the AD7569/AD7669 feeds into an on-chip 
track-and-hold amplifier. To accommodate different full-scale 
ranges, the analog input signal is conditioned by a gain/offset 
network which conditions all input ranges so that the internal 
ADC always works with a 0 to + 1.25V signal. As a result, the 
input current on the V IN input varies with the input range selected 
as shown in Figure 5. 

v,. 
81 

Ie 10kU 
8. VOLTAGE RANGE ONSWJTCH I, 

OTO +1.25V 81 OO.A 
OTO +2.5V 8. OO.A 
-1.25VTO+1.25V 8. 140t'A 
-2,5VTO +2.5V sa 2800A 

SkU 

SkU 

Figure 5. Equivalent V,N Circuit 

TRACK-AND-HOLD 
The track-and-hold (T/H) amplifier on the analog input of the 
AD7569/AD7669 allows the ADC to accurately convert an input 
sine wave of 2.5V peak-to-peak amplitude up to a frequency of 
200kHz, the Nyquist frequency of the ADC when operated at 
its maximum throughput rate of 400kHz. This maximum rate of 
conversion includes conversion time and time between conversions. 
Because the input bandwidth of the T/H amplifier is much 
larger than 200kHz, the input signal should be band~limited to 
avoid converting high-frequency noise components. 

The operation of this T IH amplifier is essentially transparent to 
the user. The TIH amplifier goes from its tracking mode to its 
hold mode at the start of conversion. This occurs' when the 
ADC receives a conversion start command from either ST or CS 
& RD. At the end of conversion (BUSY going high) the T/H 
reverts back to tracking the input signal. 

EXTERNAL CLOCK 
The AD7569/AD7669 ADC can be used with its on-chip clock 
or with an externally applied clock. When using an external 
clock, the CLK input of the AD7569/AD7669 may be driven 
directly from 74HC, 4000B series buffers (silch as 4049) or from 
TTL buffers. When conversion is complete, the internal clock 
is disabled. The external clock can continue to run between 
conversions without being disabled. The IDBrklspace ratio of the 
external clock can vary from 70/30 to 30/70. 
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INTERNAL CLOCK 
Clock pulses are generated by the action of an internal current 
source charging the external capacitor (Ccuc) and this external 
capacitor discharging through the external resistor (Rcuc). When 
a conversion is complete, this internal clock stops operating and 
the CLK pin goes to the DOND potential. Connections for 
RcLK and CCLK are shown in the operating diagram of Figure 
21. The nominal conversion time versus temperature for the 
recommended RcLK and CCLK combination is shown in Figure 
6. The internal clock provides a convenient clock source for the 
AD7569/AD7669. Due to process variations, the actual' operating 
frequency for this RcLK/CcLK combination can vary from device 
to device by up to ::i: 25%. 
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Figure 6. Conversion Time vs. Temperature for Internal 
Clock Operation 

DIGITAL INTERFACE 

DAC Timing and Control - AD7569 
Table II shows the truth table for DAC operation for the AD7569. 
The part contains an 8-bit DAC register which is loaded from 
the data bus under control of CS and WR. The data contained 
in the DAC register determines the analog output from the 
DAC. The WR input is an edge-triggered input and data is . 
transferred into the DAC register on the rising edge of WR. 
Holding CS and WR low does not make the DAC register 
transparent. 

B Wi RESET DAC Function 

H H H DAC Register Unaffected 
L L H DAC Register Unaffected 
L .f H DAC Register Updated 

I L H DAC Register Updated 
X X L DAC Register Loaded with All Zeros 

.L=Low State H=High State X=Don't eare 

Table II. AD7569 DAC Truth Table 

The contents of the DAC register are reset to aliOs. by an active 
low pulse on the RESET line and for the unipolar output ranges 
the output remains at OV after RESET returns high. For the 
bipolar output ranges a low pulse on RESET causes the output 
to go to negative full scale. In unipolar applications the RESET 
line can be used to e1lsure power-up to OV on the AD7569 DAC 
output and is also useful when used as a zero override in system 
calibration cycles. If the RESET input is connected to the system 
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RESET line, then the DAC output resets to OV when the entire 
system is reset. Figure 7 shows the input coiltrollogic for the 
AD7569 DAC and the write cycle timing diagram is shown in 
Figure 8. 

TO OAC LADDER 

RESET ---------' 

DBO Dh DB7 

INPUT DATA 

Figure 7. AD7569 DAC Input Control Logic 

DATA HIGH IMPEDANCE 
BUS 

-A07669 ONLY 

NOTES 

HtGH IMPEDANCE 
BUS 

1. ALL INPUT RISE AND fALL TIMES MEASURED FROM 10% TO 90% OF +5V. 
tR :: tF = 5ns 

2. nMING MEASUREMENT REfERENCE LEVEL IS 
V INH + V INL 
--2-

Figure 8. AD75691AD7669 Write Cycle Timing Diagram 

DAC Timing and Control - AD7669 
Table III shows the truth table for the dual DAC operation of 
the AD7669. The part contains two 8-bit DAC registers which 
are loaded from the data bus under the control of CS, AlB and 
WR. Address line AlB selects which DAC register the data is 
loaded to. The data contained in the DAC registers determines 
the analog output from the respective DACs. The WR input is 
an edge-triggered input and data is transferred into the selected 
DAC register on the rising edge of WR. Holding CS and WR 
low does not make the selected DAC register transparent. The 
AlB input should not be changed while CS and WR are low. 

~ Wi XiB IESE'f DAC Function 

H H X H DAC Registers Unaffected 
L .f L H DACA Register Updated 
I L L H DACA Register Updated 
L S H H DACB Register Updated 
S L H H DACB Register Updated 
X X X L DAC Registers Loaded with 

All Zeros 

L = Low State H = High State X = Don't eare 

Table III. AD7669 DAC Truth Table 
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AD7569/AD7669 
The contents of the DAC registers are reset to all Os by an 
active low pulse on the RESET line and for the unipolar output 
ranges the outputs remain at OV after RESET returns high. For 
the bipolar output ranges a low pulse on RESET causes the 
outputs to go to negative full scale. In unipolar applications the 
RESET line can be used to ensure power-up to OV on the AD7669 
DAC outputs and is also useful when used as a zero override in 
system calibration cycles. If the RESET input is connected to 
the system RESET line, then the DAC outputs reset to OV 
when the entire system is reset. Figure 9 shows the DAC input 
control logic for the AD7669, and the write cycle timing diagram 
is shown in Figure 8. 

TO DACA LADDER 

TO DACB LADDER 

AlB 

RESET - ________ ~ FflDM 
v •• 

DBD OBI DB7 

INPUT DATA 

Figure 9. AD7669 DAC Control Logic 

ADC Timing and Control 
The ADC on the AD75691 AD7669 is capable of two basic operating 
modes. In the first mode the ST line is used to start conversion 
and drive the track-and-hold into hold mode. At the end of 
conversion the track-and-hold returns to its tracking mode. The 
second mode is achieved by hard-wiring the ST line high. In 
this case, CS and RD start conversion and the microprocessor is 
driven into aWAIT state for the duration of conversion by 
BUSY. 

-1 '.1-
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Figure 10. ADC Mode 1 Interface Timing 
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AD7569/AD7669 
MODE 1 INTERFACE 
The timing diagram for the first mode is shown in Figure 10. It 
can be used in digital signal processing and other applications 
where precise sampling in time is required. In these applications 
it is important that the signal sampling occurs at exactly equal 
intervals to minimize errors due to sampling uncertainty or 
jitter. In these cases the ST line is driven by a timer or some 
precise clock source. 

The falling edge of the ST pulse starts conversion and drives 
the AD75691 AD7669 track-and-hold amplifier into its hold 
mode. BUSY stays low for the duration of conversion and returns 
high at the end of conversion and the track-and hold amplifier 
reverts to its tracking mode on this rising edge of BUSY. The 
INT line can be used to interrupt the microprocessor. A READ 
to the AD75691 AD7669 address accesses the data and the INT 
line is reset on the rising edge of CS or RD. Alternatively the 
INT can be used to trigger a pulse which drives the CS and RD 
and places the data into a FIFO or buffer memory. The micro
processor can then read a batch of data from the FIFO or buffer 
memory at some convenient time. The ST input should not be 
high when RD is brought low otherwise the part will not operate 
correctly in this mode. 

It is important, especially in systems where the conversion start 
(ST pulse) is asynchronous to the microprocessor, that a READ 
does not occur during a conversion. Trying to read data from 
the device during a conversion can cause errors to the conversion 
in progress. Also, pulsing the ST line a second time before 
conversion end should be avoided since it too can cause errors 
in the conversion result. In applications where precise sampling 
is not critical the ST pulse can be generated from a microprocessor 
WR or RD line gated with a decoded address (different to 
AD7569/AD7669 CS address). 

AINO 

AINl v,. DB7 
FROMIlP 

DBO 
AD7569/* 

AINN AD7669 Os 

Sf Sf 00 
-ADDITIONAL PINS OMITIeD fOR CLARITY 

Figure 11. Multichannellnputs 

This interface mode is also useful in applications where a number 
of input channels are required to be converted by the ADC. 
Figure II shows the circuit configuration for such an application. 
The signal which drives the ST input of the AD7569/AD7669 is 
also used to drive the ENABLE input of the multiplexer. The 
multiplexer is enabled on the rising edge of the ST pulse while 
the input signal is held on the falling edge. Therefore, the signal 
must have settled to within 8 bits over the duration of this ST 
pulse. The settling time, including tON (ENABLE) of the multi
plexer plus the T/H acquisition time (typically ZOOns), thus 
determines the width of the ST pulse. This is suited to applications 
where a number of input channels need to be successively sampled 
or scanned. 

8-18 ANALOG 110 PORTS 

MODE 2 INTERFACE 
The second interface mode is intended for use with microprocessors 
which can be forced into aWAIT state for at least Z,..s. The ST 
line of the AD7569/AD7669 must be hard-wired high to achieve 
this mode. The microprocessor starts a conversion and is halted 
until the result of the conversion is read from the converter. 
Conversion is initiated by executing a memory READ to the 
AD7569/AD7669 address, bringing CS and RD low. BUSY 
subsequently goes low (forcing the microprocessor READY or 
WAIT input low), placing the microprocessor into a WAIT 
state. The input signal is held on the falling edge of RD (assuming 
CS is already low or is co-incident with RD). When the conversion 
is complete (BUSY goes high), the processor completes the 
memory READ and acquires the newly converted data. While 
conversion is in progress, the ADC places old data (from the 
previous conversion) on the data bus. The timing diagram for 
this interface is shown in Figure IZ. 

Os~ \I ~ 
.,,-.1 r- '''11-

00'--. I 
'''11- I 

Busvll-----~1 
I ',,1-

M----~--------II·,----~I r--
·"~t J '" t -.I... t;: 

HIGH ------.. ':o------~~ 
DATA IMPi~~NCE OLD ;ATA ~ 

Figure 12. ADC Mode 2 Interface Timing 

The major advantage of this interface is that it allows the micro
processor to start conversion, WAIT and then READ data with 
a single READ instruction. The user does not have to worry 
about servicing interrupts or ensuring that software delays are 
long enough to avoid reading during conversion. The fast con
version time of the ADC ensures that for many microprocessors, 
the processor is not placed in aWAIT state for an excessive 
amount of time. 

DIGITAL SIGNAL PROCESSING APPLICATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (SNR, Harmonic Distortion, Intermodulation 
Distortion) of both the ADC and DAC are critical. The 
AD7569/AD7669 is specified dynamically as well as with standard 
dc specifications. Because the track/hold amplifier has a wide 
bandwidth, an anti-aliasing filter should be placed on the VIN 
input to avoid aliasing of high-frequency noise back into the 
band of interest. 

The dynamic performance of the ADC is evaluated by applying 
a sine-wave signal of very low distortion to the VIN input which 
is sampled at a 409.6kHz sampling rate. A Fast Fourier Transform 
(FFT) plot or Histogram plot is then generated from which 
SNR, harmonic distortion and dynamic differential nonlinearity 
data can be obtained. For the DAC, the codes for an ideal sine 
wave are stored in PROM and loaded down to the DAC. The 
output spectrum is analyzed, using a spectrum analyzer to evaluate 
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SNR and harmonic distortion performance. Similarly, for inter
modulation distortion, an input (either to VIN or DAC code) 
consisting of pure sine waves at two frequencies is applied to 
the AD7569/AD7669. 

., 
~ , 

INPUT FREQUENCY", 130.6kHz 
SAMPLE FREQUENCY =409.&kHz 
SNR=48.4dB 
T .. =25'1: 

-~~--------------------~-----------; 

~ -40 ~--------------------~-----------; 

I 

Figure 13. ADC FFT Plot 

Figure 13 shows a 2048 point FFT plot of the ADC with an 
input signal of 130kHz. The SNR is 48.4dB. It can be seen that 
most of the harmonics are buried in the noise floor. It should be 
noted that the harmonics are taken into account when calculating 
the SNR. The relationship between SNR and resolution(N) is 
expressed by the following equation: 

SNR = (6.02N + 1.76)dB 

This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards from the above equation, it is possible to get a measure 
of ADC performance expressed in effective number of bits (N). 
This effective number of bits is plotted versus frequency in 
Figure 14. The effective number of bits typically falls between 
7.7 and 7.8 corresponding to SNR figures of 48.1 and 48.7dB. 

Figure 15 shows a spectrum analyzer plot of the output spectrum 
from the DAC with an ideal sine-wave table loaded to the data 
inputs of the DAC. In this case, the SNR is 46dB. 

~ r~------------~--~~--~------------
~7.5r---------------------------------~ 

~ 
~ 7r---------------------------------~ 

~ 
Ij 6.5 r---------"------------------------1 
~ TA =2S"C 

SAMPLE FREQUENCY::: 409.6kHz 

: ..... 
INPUT FREQUENCY - kHz 

Figure 14. Effective Number of Bits vs. Frequency 
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Figure 15. DAC Output Spectrum 

HISTOGRAM PLOT 
When a sine wave of specified frequency is applied to the V IN 

input of the AD7569/AD7669 and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal lLSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a missing 
code means zero counts for a particular code. The absence of 
large spikes in the plot indicates small differential nonlinearity. 

Figure 16 shows a histogram plot for the ADC indicating very 
small differential nonlinearity and no missing codes for an input 
frequency of 204kHz. For a sine-wave input, a perfect ADC 
would produce a cusp probability density function described by 
the equation 

P(V) - ---::-.!-I --::..,.-
- 'IT (A2 - V2)V' 

where A is the peak amplitude of the sine wave and P(V) the 
probability of occurrence at a voltage V. 

The histogram plot of Figure 16 corresponds very well with this 
cusp shape. 

Further typical plots of the performance of the AD7569/AD7669 
are shown in the Typical Performance Graphs section of the 
data sheet. 

25 •• r-------,..--------,~------...._------_. 

INPUT FREQUENCV '" 204.2kHz 
SAMPLE FREQUENCY = 409.6kHz 
NUMBER Of SAMPLES= 100.000 
T .. = 25'1: 

1250 H--------f--------Ie--------I---------JI 

.. 128 

COOE 
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Figure 16. ADC Histogram Plot 

255 

ANALOG liD PORTS 8-19 



AD7569/AD7669 
INTERFACING THE AD7S69/AD7669 

AD7S69/AD7669- Z80 INTERFACE 
Figure 17 shows a typical interface to the Z80 microprocessor. 
The ADC is configured for operation in the Mode I interface 
mode. A precise timer or clock source starts conversion in appli
cations requiring equidistant sampling intervals. The scheme 
used, whereby INT of the AD75691 AD7669 generates an interrupt 
on the Z80, is limited in that it does not allow the ADC to be 
sampled at the maximum rate. This is because the time between 
samples has to be long enough to allow the Z80 to service its 
interrupt and read data from the ADC. To overcome this, some 
buffer memory or FIFO could be placed between the AD75691 
AD7669 and the Z80. Writing data to the relevant AD7569! 
AD7669 DAC simply consists oCa <LD(nn), A> instruction 
where nn is the decoded address for that DAC. Reading data 
from the ADC, after an INT has been received, consists of a 
<LDA, (nn» instruction. 

zoo ""1----------1 
""1-----'----'---01 
iiii/o---------1 

DO 
N01U 
'ADDITIONALClRCUlTRVOMmEOFORCLARtTY 
::W~SAMPUNG~TtONS 

Figure 17. AD75691AD7669 to Z80 Interface 

AD7569/AD7669 - 68008 INTERFACE 
A typical interface to the 68008 is shown in Figure 18. In this 
case the ADC is configured in the Mode 2 interface mode. This 
means that the one read instruction starts conversion and reads 
the data. The read cycle is stretched out over the entire conversion 
period by taking the INT line back into the DT ACK input of 
the 68008. The additional gates are required so that the 68008 
gets a DTACK when the processor is writing data to the AD7569! 
AD7669. In this case there are no wait states introduced into 
the write cycle. Writing data to the relevant AD7569!AD7669 
DAC consists of a <MOVE.B Dn, addr> where Dn is the data 
register which contains the data to be loaded to that DAC and 
addr is the decoded address for the DAC. Data is read from the 
ADC using a <MOVE.B addr,Dn> with the conversion result 
placed in register Dn. 

." 
"1----., 

o,I------.J 

NOTES 
'ADDmoNALCiRCUlTRVOl't'llTTEDFORCLARI1'Y 
"AD'lflltONLY 

Figure 18. AD75691AD7669 to 68008 Interface 
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AD7S69/AD7669 - ADSP·ZlOO INTERFACE 
Figure 19 shows a typical interface to the OSP processor. the 
ADSP·2100. The ADC is in the Mode 2 interface mode which 
means that the ADSP-2100 is halted !luring conversion. This is 
achieved using the decoded address output. This is gated with 
DMWR to ensure that it halts the processor for READ instructions 
only. INT going low at the end of conversion releases the processor 
and allows it to finish off the READ instruction. 

NOTES 
'AODITIONALCIRQJITRYOMITTEDFORClAMTV 
2A1m1f190NLY 

Figure 19. AD75691AD7669 to ADSP-2100 Interface 

Because the instruction cycle of the ADSP-2100 is so fast (125ns 
cycle) the DMWR pulse has to be stretched also for write cycles. 
This is achieved using the 74121 which generates a pulse which 
is fed back to DMACK. The duration of this pulse determines 
how long the ADSP-2100 write cycle is stretched. The buffers 
which drive the DMACK line must have open-collector outputs. 
Writing data to the relevant AD7569!AD7669 DAC is achieved 
using a single instruction, <DM (addr) = MRO> where addr is 
the decoded address of that DAC and MRO contains the data to 
be loaded to the DAC register. Data is read from the ADC 
using a single instruction also, <MRO = DM (addr»where the 
conversion result is placed in the MRO data register. 

AD7569/AD7669 - IBM pc. INTERFACE 
The AD7569!AD7669 is ideal for implementing an analog input! 
output port for the IBM PC. Figure 20 shows an interface which 
realizes this function. The ADC is configured in the Mode I 
interface mode and conversions are initiated using a precise 
clock source for equidistant sampling intervals. At the end of 

11M PC 

"1---..., 

.EN 

, ... /0----1-..., 
mwl---.-I-~---~ 

Figure 20. AD75691AD7669 to IBM PC Interface 

"IBM PC i. a trademark of InceraalioDat Busiae •• Macbine. Carp. 
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conversion the INT line goes low, and the 74121 generates a 
RD pulse for the AD7569/AD7669. This RD pulse accesses 
data from the ADC and places the conversion result into a register 
on the 74646. The rising edge of this pulse generates an interrupt 
request to the processor. The conversion result is read from the 
74646 register by performing an 1/0 read to the decoded address 
of the 74646. Writing data to the relevant AD7569/AD7669 
DAC involves an 1/0 write to the 74646 which transfers the data 
to the data inputs of the AD7569/AD7669. Data is latched into 
the selected DAC register on the rising edge of lOW. 

APPLYING THE AD7569/AD7669 DAC 
An internal gain/offset network on the AD7569/AD7669 allows 
several output voltage ranges. The part can produce unipolar 
output ranges of 0 to + 1.25V or 0 to + 2.5V and bipolar output 
ranges of -1.25V to + 1.25V or -2.5V to +2.5V. Connections 
for these various output ranges are outlined below. 

UNIPOLAR (0 to +1.25V) CONFIGURATION 
The first of the configurations provides an output voltage range 
of 0 to + 1.25V. This is achieved by tying the V ss and RANGE 
inputs to AGNDDAci = OV). Figure 21 shows the configuration 
of the AD7569 to achieve this output range. A similar configuration 
of the AD7669 gives the same output range. The table for output 
voltage versus the digital code in the DAC register is shown in 
Table IV. 

Figure 21. AD7569 Unipolar (0 to + 1.25V) Operation 

DAC Register Contents 
MSB LSB Analog Output, VOUT 

llll llll e55 ) + VREF 256 

1000 0001 C29) + VREF 256 

1000 0000 C28) + VREF 256 = + VREP'2 

Oll! Ill! (I27) + VREF 256 

0000 0001 + VREF(2~6) 
0000 0000 OV 

NOTE: ILSB = (VREF)(2-') = VREF (11256); VREF = + 1.25V Nominal 

Table ,V. Unipolar (0 to + 1.25V) Code Table 
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AD7569/AD7669 
UNIPOLAR (0 to +2.5V) CONFIGURATION 
The 0 to + 2.5V output voltage range is achieved by tying V ss 
to AGNDDAci = OV) and the RANGE input to V DD' The table 
for output voltage versus digital code is as in Table IV, with 
2,VREF replacing VREF. Note that for this range 

ILSB = 2,VREF (2- 8) = VREF 1~8 

BIPOLAR (-1.25V to +1.25V) CONFIGURATION 
The first of the bipolar configurations is achieved by tying the 
RANGE input to AGNDDAci = OV) and V ss to - 5V. The V ss 
voltage level at which the AD7569/AD7669 changes to bipolar 
operation is approximately - I V. When the part is configured 
for bipolar outputs the input coding becomes 2s complement. 
The table for output voltage versus the digital code in the DAC 
register is shown in Table V. Note that, as with the unipolar 
configuration, a digital input code of aliOs produces an output 
ofOV. It should be noted, however, that a low pulse on the 
RESET line for the bipolar ranges sets the ouput voltage to 
negative full scale. 

DAC Register Contents 
MSB LSB Analog Output, VOUT 

Oll! Ill! C27) + VREF 128 

0000 0001 +VREF G28) 

0000 0000 OV 

Ill! Ill! -VREF G28) 

1000 0001 C27) -VREF 128 

1000 0000 C28) -VREF 128 = -VREF 

NOTE: ILSB = (VREF)(2-') = VREF (11128) 

Table V. Bipolar (- 1.25V to + 1.25V) Code Table 

BIPOLAR (-2.5V to +2.5V) CONFIGURATION 
The - 2.5V to + 2.5V bipolar output range is achieved by tying 
the RANGE input to V DD and the V ss input to - 5V. Once 
again; the input coding is 2s complement. The table for output 
voltage versus digital code is as in Table V with 2,VREF replacing 
V REF. Note that for this range 
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· AD7569/AD1669 
APPLYING THE AD7569/AD7669 ADC 
The analog input oil the AD75691 AD7669 accepts the same four 
input ranges as the output'ranges on the DAC. Whatever output 
range is selected for the DAC also applies to the input range of 
the ADC. 

Although separate AGNDs exist for both the DAC and ADC to 
minimize crosstalk, writing data to the DAC while the ADC is 
performing a conversion may result in an incorrect conversion 
from the ADC due to an interaction of currents between the 
DAC and ADC. Therefore, to ensure correct operation of the 
ADC, the DAC register should not be updated while the ADC 
is converting. 

UNIPOLAR OPERATION 
The circuit of Figure 21 shows the AD7569 configured for both 
an input and output range of 0 to + 1.25V (the AD7669 config
uration is similar). The nominal transfer characteristic for this 
range is shown in Figure 22. The output code is Natural Binary 
with ILSB = (I.25/256)V = 4.88mV. 

As before, to achieve the unipolar 0 to + 2.5V input range Vss 
is connected to OV and the RANGE input is tied to a logic 
high. The nominal transfer characteristic is as in Figure 22 but 
in this case ILSB = (2.5/256)V = 9.76mV. 

OUTPUT 
CODE FULL SCALE 

f 
TRANSITlO\ 

:::::::: AI: 
11111101 

I 
I , I 
I ' FS=I.2SV 

I ,',LSB=FS 

I ' 25i 

:::::fL' i 
00000001 : 

00000000 -- ---- I I I. 
01 LSB 2LSS'S 3LSS'S L~: _ 1LSB 

V.N• INPUT VOLTAGE (IN TERMS OF LSBsJ 

Figure 22. Nominal Transfer Characteristic for Unipolar 
(0 to + 1.25V) Operation 

BIPOLAR OPERATION 
The analog input of the AD7569/AD7669 AOC is configured 
for bipolar inputs when V 5S = - 5V. The output code provided 
by the part is 2s complement. Figure 23 shows the transfer 
function for bipolar ( - I.25V to + I.25V) operation. The LSB 
size for this range is (2.5/256)V = 9.76mV. 

The transfer function for the - 2.5V to + 2.5V range is identical 
to that of Figure 23 but now FS = 5V and the LSB size is 
(5/256)V = 19.5mV. 

ADC OFFSET AND FULL·SCALE ERROR 
ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale error have little or no effect on system performance. A 
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DU1PUT 

'111'"~1 01111110 

0000 0001 _ FS 

0000 0000 1-T2'--_~~ __ +-+ __ ';'I-=-'----<~ AIN 

I +;S - 1LSI 
11111111 I 

I 

::::ri r 
1000 0000 t lJ 

FS .. 2.5V 

tUB = " 

Figure 23. Nominal Transfer Characteristic for Bipolar 
(- 1.25V to + 1.25V) Operation 

typical example is a digital filter, where an ac analog signal is 
quantized by the ADC, digitally processed and recreated using 
the DAC. In these type of applications the offset error can be 
eliminated by ac coupling the recreated signal. Full-scale error 
effect is linear and does not cause problems as long as the input 
signal is within the full dynamic range of the ADC. An important 
parameter in DSP applications is Differential Nonlinearity and 
this is not affected by either offset or full-scale error. 

In applications where absolute accuracy is important then ADC 
offset and full-scale error can be adjusted to zero. Figure 24 
shows the additional components required for offset and full-scale 
error adjustment; Offset error must be adjusted before full-scale 
error. Zero offset is achieved by adjusting the offset of the op 
amp driving VIN (i.e., Al in Figure 23). In unipolar applications, 
for zero offset error, apply 1I2LSB at the analog input and 
adjust the op amp offset voltage until the ADC output code 
flickers between 0000 0000 and 0000 000 I. For zero full-scale 
error apply an analog input of FS - 3/2LSBs and adjust RI 
until the ADC output code flickers between 1111 II \0 and 
11111111. 

In bipolar applications, to adjust for bipolar zero offset apply 
- 1I2LSB at the analog input and adjust the op amp offset 
voltage until the output code flickers between 1111 1111 and 
0000 0000. For zero full-scale error apply + FS/2 - 3/2LSB at 
the analog input and adjust RI until the ADC output code 
flickers between 0111111 0 and 0111 1111. 

ANAUIG 
0-.0' 

NOTES 

R .. ... >-. __ -.--qv,. 

,IItU 

'ADDITIONAL PINS 0Mm'ED FOR CLARITY 

+SV 

AD75111' 
AD7111111 

IFOR UNlPOI.AR RANGES TH. CAN IE Ole WITH .... =27on 

Figure 24. ADC Error Adjust Circuit 
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( 
DIFfERENTIAL 
INPUT FROM 

SENSOR 

AD7569/AD7669 
+5V 

"ADDITIONAL CIRCUITRY OMMITTED FOR CLARITV 

Figure 25. Peak-Reading AID Converter 

PEAK DETECTION - AD7569 
The circuit of Figure 25 shows a peak-reading AID converter 
which is useful in such applications as monitoring flow rates, 
temperature, pressure, etc. The circuit ensures that a peak will 
not be missed while at the same time does not require the 
microprocessor to frequently monitor the data. The peak value 
is stored in the A/D converter and can be read at any time. 

The gain on the AD524 is adjusted to yield a 0 to + 2.5V output. 
When the input signal exceeds the current stored value, the 
output of the TL311 goes low, triggering the Q output of the 
74121. This low-going pulse starts a conversion on the AD7569 
ADC and at the end of conversion latches the result into the 
DAC. This pulse must be at least l20ns greater than the conversion 
time of the ADC. The Q output is used to drive the strobe 
input of the TL311, resetting the TL311 output high in readiness 
for another conversion. 

The additional gates on the RD and WR inputs are to allow the 
data to be read by the microprocessor while at the same time 
ensuring that the DAC is not updated when the microprocessor 
reads the data. It may be necessary to monitor the AD7569 
BUSY line to ensure that a processor READ is not attempted 
while the AD7S69 is in the middle of a conversion. The READ 
pulse width from the processor must be less than I fLS to ensure 
correct data is read from the ADC. A low-going pulse on the 
RESET line resets the DAC output to OV and starts a new 
"peak-detection" period. This RESET pulse must also be less 
than IfLS. 

DISK DRIVE APPLICATION - AD7669 
Closed-Loop Microstepping 
Microstepping is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional 
resolution of the disk drive head over that obtainable from a 
full-step driven stepper motor. Typically, a two-phase stepper 
motor has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs determines 
the number of microsteps into which each full step can be divided. 
For example, with a 1.8° full-step motor and a 4-bit DAC, a 
microstep size of 0.11° (I.8°/(2D) is obtainable. 

The microstepping technique improves the positioning resolution 
possible in any control application. However, the positional 
accuracy can be significantly worse than that offered by the 
original full-step accuracy specification due to load torque effects. 
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To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. The closed-loop system 
allows an error between the desired position and the actual 
position to be monitored and corrected. The correction is achieved 
by adjusting the ratio of the phase currents in the motor windings 
until the required head position is reached. 

The AD7669 is ideally suited for the closed-loop microstepping 
technique with its on-chip dual DACs for positioning the disk 
drive head and on-board ADC for monitoring the position of 
the head. A generalized circuit for a closed-loop microstepping 
system is shown in Figure 26. The DAC waveforms are shown 
in Figure 27 along with the direction information for clockwise 
rotation supplied by the controller. 

POsmON 
TRANSDUCER 

0 ~EPPEA 
MOTOR 

Figure 26. Tvpical Closed-Loop Microstepping Circuit with 
theAD7669 

The AD7669 is used in the unipolar 0 to + 2.SV configuration. 
This allows the circuit of Figure 26 to be completely ,unipolar 
( + SV, + 12V supplies); no negative power supplies are required. 
The power output stage is a dual H-Bridge device such as the 
UDN-2998W from Sprague Electric. The phase currents in 
both windings are detected by means of the small value sense 
resistors, RsA and RsB, in series with the windings. The voltage 
developed across these resistors is amplified and compared with 
the respective DAC output voltage. The comparators in turn 
chop the phase winding current. The ADC completes the feedback 
path by converting information from a suitable transducer for 
analysis by the controller. 
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AD7569/AD7669 

VO~A~ "SINE" PHASE 

VouTB ~ ~ 
"COSINE"PHASE I ~ '\. 

DIRECTION f 
"SINE" 

L-__________ ~ ________ --+. 

DIRECTION 1 
"COSINE" L ___ ..L _______ -'-_ .... 

Figure 27. Typical DAC Output Voltages for Microstepping 
and Direction Signals for Clockwise Rotation with the 
UDN-2998W 

ANALOG DELAY LINE - AD7569 
In many applications, especially in audio systems, it is necessary 
to provide a delay on the input signal. The circuit of Figure 28 
shows how a simple analog delay line can be implemented based 
on the AD7569. The input signal is sampled using the AD7569 
ADC and converted data is loaded into the 6116 (2K x 8 static 
ram). The inverted input clock drives a counter which selects 
the address for the 6116. The delay is selected by choosing one 
of the output lines of the HCT4040 counter to reset the counter. 
This can be 'done using a simple switch in a manual system or 
by a multiplexer in a programmable delay application. Data is 
written to the DAC using the inverted input clock signal. 

V, 

INPUT <>--------j v," 
SIGNAL 

+5V 

VOUT I---~~ELAVED' 

01 011 

OUTPUT 
SIGNAL 

10F11 
SWITCH 
SELECTOR 
ORMUX 

elK 
IN .;;<>----1 l HCT4040 

MR 

Figure 28. Analog Delay Line 

8-24 ANALOG 110 PORTS 

On initial start-up the output voltage. Vo • will be invalid until 
the length of the delay is reached (i.e., until the counter is 
reset). From here on the delayed data is read from the 6116 and 
loaded to the DAC before the newly converted data is written 
into the same memory location. The input clock to the system 
can be a square wave of maximum input frequency 200kHz 
(assuming 2..,.s conversion time for the ADC). The mark/space 
ratio of the input clock can be varied to maximize the sampling 
frequency if required. The clock low time has to be equal to the 
conversion time and access time of the ADC plus the setup time 
required for the 6116. The clock high time has only to be equal 
to the setup time for the DAC plus the delay time through the 
counter and the access time of the 6116. 

The amount of memory used, as well as the sampling frequency, 
determines the maximum possible delay. Using the HCT4040 
and the 6116 with an input clock frequency of 200kHz, the 
maximum delay is 5ms on a maximum input frequency of 100kHz. 
Using 64K memory, with an 8kHz input clock frequency the 
maximum delay is 8 seconds on a maximum input frequency of 
4kHz. 

TRANSIENT RECORDER - AD7569 
The scheme just outlined can also form the basis for a transient 
recorder. In this case transients on the input signal are converted 
and'stored in memory. The transient can then be recalled from 
memory at a later time and the transient waveform can be recreated 
using the AD7569 DAC. 

INFINITE SAMPLE-AND-HOLD - AD7569 
The AD7569 is ideal for implementing a single-chip infinite 
sample-and-hold function. Basically, the ADC samples and 
converts the input signal into an 8-bit digital word. The 8 bits 
of data are then loaded to the DAC and the sampled value is 
restored to analog form. The sampled value is held until the 
DAC register is updated. The full-scale matching between the 
ADC and the DAC on the AD7569 ensures a typical error of 
less than I % between the analog input voltage and the "held" 
output voltage. Figure 29 shows the connections required on the 
AD7569 to achieve this infinite sample-and-hold function. 

SAMPLE 
INPUT" "l....J o---I~~ AD 

VOUT 

AD7569* 

'ADDITIONAL PINS OMITTED FOR CLARITY 
"SAMPLE INPUT (MINI = tCONVERT + t" + to 

figure 29. Infinite Sample-and-Hold 

"HELD" 
ANALOG 
'OUTPUT 
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TARE FUNCTION FOR WEIGH SCALE - AD7569 
The infinite sample-and-hold just outlined can also form the 
basis of a circuit to provide a tare function for a weigh scale 
system. Figure 30 shows a circuit for a weigh scale system. It 
incorporates a tare function using a simple circuit based on the 
AD7569. 

The AD587 along with the 2N6285 provides a buffered + lOY 
reference to supply the low impedance load cell transducer. The 
load cell output is amplified by the AD624 precision instrumen
tation amplifier with gain adjustment provided by Rl. The 
output of the AD624 is applied to the noninverting input of a 
unity gain differential summing amplifier which uses the AD707, 
a high precision'op amp with low drift. The AD707 feeds a 

+ 15V D-1P"-----., 
r----- ----, 
I I 
I I 
I I 
I I 
I : 
I 2N6285 I 

2200 

I I 
l _________ J 

AD7569/ AD7669 
3 112 digit panel meter module which converts the signal for 
digital readout. The input signal to the panel meter is also applied 
to the analog input of the AD7569 for the tare function. When 
the tare switch (Sl) is closed, a tare cycle commences and VIN is 
sampled and held infinitely at VOUT until the next tare cycle. 
VOUT drives the inverting input of the differential amplifier and 
forces its output to zero. Thus, the tare function is used to give 
a readout of zero for any undesired weight, such as a box, when 
only the item placed in it is to be weighed. The tare function 
can also be used in calibrating the system, to cancel out offset 
errors due to the load cell, AD624 and differential amplifier. 

The AD7569 offers many advantages in the system outlined, 
such as: simple, low cost circuit - no need for microprocessor, 
software, etc. - and low power consumption. 

3112DIGIT 
PANEL 
METER 

MODULE 

+5V~ ........... -I V DD 
VDUT 

Rm'i' v,. 
RANGE 

lkO 
Sf 

AD7569* 

TARE 
SWrrCH~IS~I)~ ______ ~~ l00kori WR v .. 

cs DGND 

iii) AGNDDAC 

ClK AGNDADC 

6.21tO 68pF 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 30. Weigh Scale System with Tare Function 

REV. A ANALOG 110 PORTS 8-25 

• 



8-26 ANALOG liD PORTS 



~ANALOG 
WDEVICES 

FEATURES 
Two-Channel. 8-Bit 2.5 IJ.s ADC 
Two 8-Bit. 2.5 IJ.s DACs with Output Amplifiers 
Span and Offset of ADC and DAC 

Independently Adjustable 
Low Power 

APPLICATIONS 
Winchester Disk Servo Controllers 
Floppy Disk Microstepping 
Closed Loop Servo Systems 

GENERAL DESCRIPTION 
The AD7769 is a complete, two-channel, 8-bit, analog 110 port. 
It has versatile input and output signal conditioning features 
that make it ideal for use in head-positioning servos in Winches
ter disk systems. It is equally suitable for floppy disk microstep
ping head positioning, other closed loop digital servo systems 
and general purpose 8-bit data acquisition. 

The AD7769 contains a high speed successive approximation 
ADC, preceded by a two-channel multiplexer' and signal condi
tioning circuits. The input span of the ADC and the offset of 
the zero point from ground can be independently set by apply
ing ground referenced voltages. The AD7769 also contains two 
independent, fast settling, 8-bit DACs with output amplifiers. 
The output span and offset voltage of the DACs can be set inde
pendently of those of the ADC. This makes the AD7769 espe
cially useful in disk drives, where only a positive supply rail is 
available and the ranges of the ADC and DACs must be refer
enced to some positive voltage less than the supply. 

The AD7769 is easily interfaced to a standard 8-bit mpu bus via 
an 8-bit data port and standard microprocessor control lines. 

The AD7769 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 28-pin plastic DIP and 28-termina1 
PLCC package. 

·Covered by U.S. Patent No. 4,990,916. 
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LC2MOS 
Analog lID Port 

AD7769* I 
FUNCTIONAL BLOCK DIAGRAM 

liDO MIND lADe) AIlND (DACI Vcc 

'.' 

'--____ --<!!) "_ .... (£»ACI 

PRODUCT HIGHLIGHTS 
1. Two-Channel, 8-Bit Analog 110 port on a Single Chip. 

The AD7769 contains a two-channel, high speed ADC with 
input signal conditioning and two, fast settling 8-bit DACs 
with output amplifiers, on a single chip. 

2. Independent Control of Span and Offset. 
The input voltage span of the ADC and the midpoint of the 
transfer function, the output voltage swing of the two DACs 
and the half-scale output voltage, can be set independently 
by applying ground referenced control voltages. 

3. Dynamic Specifications for DSP Users. 
In addition to the traditional ADC and DAC specifications, 
the AD7769 is specified with ac parameters including signal
to-noise ratio, distortion and signal bandwidth. 

4. Fast Microprocessor Interface. 
The AD7669 has bus interface timing compatible with all 
modem microprocessors, with bus access and relinquish 
times less than 65 ns and a Write pulse width less than 
90 ns. 
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AD7769 -SPECIFICATIONS 
(Yuu = +12 V ±10%; Vee = +5 V ±5%; AGND [ADC] = AGND [DAC] = DGND= 0 V; 

AO'C SPECIFIC.'JIONS VS1AS [ADC] =. +5 V; VSW1NB [ADC] = +2.5 V; feLK = 5 MHz external. All specifications Tml• to Tmo' 
" unless otherwise stated.) 

Parametu J Version A Version Units 

DC ACCURACY 
Resolution 8 * Bits 
Relative Accuracy ±I * LSBmax 
Differential Nonlinearity ±I * LSBmax 
Bias Offset Error 

+25"C ±2.5 * LSBmax 
Tmin toTmax ±3.0 * LSB max 

Bias Offset Match 
+25"C ±2.5 * LSBmax 
T ... toT_ ±3.5 * LSBmax 

Plus or Minus Full-Scale Error 
+25"C ±2.0 * LSBmax 
Tmin to Tmax ±2.5 * LSBmax 

Plus or Minus Full-Scale Match 
+25°C ±3.5 * LSBmax 
Tmio to Tmax ±4 * LSBmax 

ADC TO DAC MATCHING 
Bias Offset Match 

+25°C ±2.5 * LSBmax 
Tmin to Tmax ±3.5 * LSBmax 

Plus or Minus Full-Scale Match 
+25"C ±3.5 * LSBmax 
Tmin ,to Tmax ±4.0 * LSBmax 

DYNAMIC PERFORMANCE' 
Signal-to-Noise Ratio (SNR) 44 * dB min 
Total Harmonic Distortion (THD) 48 * dB max 
Intermodulation Distortion (IMD) 60 * dBtyp 
Frequency Response 0.1 * dBtyp 

ANALOG INPUTS 
Input Voltage Ranges, VINA, VINB VBIAS - VSWING or 0 V min 

VBIAS + V WING or 9.8 V max 
Input Currents, IINA, IINB ±0.4 * rnA max 

ADC REFERENCE INPUTS 
Input Voltage Levels 

VBIAS (ADC) 2/6.8 * V minimax 
VSWING (ADC) 2.0/3.0 * V minimax 

Input Currents 
VBIAS (ADC) Input ±800 * .... Amax 
V SWING (ADC) Input ±I * ,...A max 

LOGIC OUTPUTS 
DBO-DB7, INT 

VOL' Output Low Voltage 0.4 * V max 
VOH' Output High Voltage 4.0 * V min 

DBO-DB7 
Floating State Leakage Current ±IO * ,...A max 
Floating State Capacitance' 10 * pFmax 

Output Coding Offset Binary 

POWER REQUIREMENTS 
Vee Range 4.7515.25 * VminlVmax 

VooRange 10.8/13.2 * VminlVmax 
Ioo @ +25°C 20 * rnA max 

Vu"Am VINB = T ... to T=> 22 * rnA max 

Icc @ +25"C 5 * rnA max 
T ... toT_ 6 * rnA max 

NOTES 
'Temperature range as follows: J Version: 0 to +70"C; A Version: -40°C to +8S0 C. 
'Sample tested at + 2S"C to ensure compliance. 
*Specification same as J Version. 
Specifications subject to change without notice. 
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Conditions/Comments 

See Terminology 
No Missing Codes. See Terminology. 
See Terminology 

Channel A to Channel B 

See Terminology 

Channel A to Channel B 

Channel AlB to V OUT AlB 
VBIAS (DAC) = +5 V, VSWING (DAC) = +2.5 V. 

V IN = 100 kHz Full-Scale Sine Wave with fSAMPLING = 400 kHz 
V IN = 100 kHz Full-Scale Sine Wave with fSAMPLING = 400 kHz 
fa = 99 kHz, fb = 96.7 kHz with fSAMPLING = 400 kHz 
V IN = Full-Scale, dc to 200 kHz Sine Wave 

Whichever Is the Higher 
Whichever 10 the Lower 

With Respect to AGND (ADC). For Specified Performance. 
With Respect to AGND (ADC). For Specified Performance. 

ISINK = 1.6 rnA 
ISOUReE = 200 ,...A 

For Specified Performance. The Part Will Function wi,th V cc = 
5 V ± 10% with Degraded Performance. 
For Specified Performance 
For ADC and DAC: VBIAS = 5.0 V; VOWING = 3.0 V; VINA, 
VB1AS; DAC Code = FF (Hex); DACA and DACB Load = 5 kO 
to AGND (DAC). Typically 100 = 14 rnA. 
Logic Inputs = 2.4 V, CLK Input = 0.8 V. TypicaUy Icc = 
1.5 rnA. 
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AD7769 

DACA, DACB SPECIFICATIONS 
(VOO = +12 V :1:10%; Vee = +5 V :1:5%; AGNO [OAC] = AGND [AOC] = OGNO = 0 V; 
VB1AS [OAC] = +5 V; VSW1NG [OAC] = +2.5 V; VouTA, VouTB load to AGNO [OAC], RL = 5 kG, 
CL = 100 pF. All specifications 1mi• to 1ma.1 unless otherwise stated.) 

Parameter J Version A Version Units 

STATIC PERFORMANCE 
Resolution 8 * Bits 
Relative Accuracy ±I * LSB max 
Differential Nonlinearity ±I * LSB max 
Bias Offset Error 

+2S'C ±2.0 * LSBmax 
Tmin to Tmax ±2.S * LSBmax 

Bias Offset Match 
+2S'C ±2.S * LSB max 
Tmin to Tmax ±3.S * LSBmax 

Plus or Minus FuU-Scaie Error 
+2S'C ±1.S * LSBmax 
Tmin to Tmax ±2.0 * LSBmax 

Plus or Minus Full-Scale Match 
+2S'C ±3.S * LSBmax 
Tmin to Tmax ±4.0 * LSBmax 

ADC to DAC MATCHING As Per ADC Specifications 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio (SNR) 44 * dB min 
Total Harmonic Distortion (THD) 48 * dB max 
Intermodulation Distortion (IMO) 55 * dB typ 

ANALOG OUTPUTS 
Output Voltage Ranges 

VouTA, V oUTB VBIAS - VSWING or 0.5 V min 
V BIAS + V SWING or 
VDD -2.0 V max 

DC Output Impedance 0.5 * Otyp 
Short-Circuit Current 20 * mAtyp 

DAC REFERENCE INPUTS 
Input Voltage Levels 

VBIAS (DAC) 3/6.8 * V minimax 
VSWlNG (DAC) 2.0/3.0 * V minimax 

Input Currents 
VBIAS (DAC) Input ±2 * f.lA max 
V SWING (DAC) Input ±I * f.lA max 

AC CHARACTERISTICS2 

Voltage Output Settling Time 4 * !,-smax 
Digital-to-Analog Glitch Impulse 30 * nV sec typ 
Digital Feedthrough 1 * nV sec typ 

LOGIC INPUTS 
~D, WR, ADClDAC, 
CHAfCHB, DBO-DB7 

Input Low Volrage, VINL 0.8 * V max 
Input High Voltage, VtNH 2.4 * V min 
Input Leakage Current ±1O * f.lA max 
Input Capacitance 10 * pFmax 

CLK 
Input Low Voltage 0.8 * V max 
Input High Voltage 2.4 * V min 
Input Leakage Current ±1O * !'-Amax 

DBO-DB7 
Input Coding Offset Binary 

POWER REQUIREMENTS As per ADC Specifications 

NOTES 
'Temperature range as follows: J Version: 0 to +70'C; A Version: -40'C to +8S'C. 
2Sample tested at + 25°C to ensure compliance. 

*Specifications same as J Version. 
Specifications subject to change without notice. 
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Conditions/Comments 

See Terminology 
Guaranteed Monotonic. See Terminology. 
See Terminology 

VOUT A to VOUT B 

See Terminology 

VOUT A to VOUT B 

VOUT = 20 kHz Full-Scale Sine Wave With fSAMPLING = 400 kHz 
V OUT = 20 kHz Full-Scale Sine Wave With fSAMPLING = 400 kHz 
fa = 18.4 kHz, fb = 14.5 kHz with fSAMPUNG = 400 kHz 

Whichever Is the Higher 

Whichever Is the Lower 

With Respect to AGND (DAC). For Specified Performance. 
With Respect to AGND (DAC). For Specified Performance. 

Settling Time to Within ± 112 LSB of Final Value. Typically 2.5 !,-S. 
See Terminology 
See Terminology 

External Clock. For Internal Qock Operation Connect 
the CLK Pin to VDD• 
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AD7769 
TIMING CHARACTERISTICS1. 2 (Vee = +5 V :1:5%; VDD = +12 V :1:10%; AGND [ADC] = AGND [DAC] = DGND = 0 V. 

. For ADC and DAC. V81AS = +5 V. VSWINS = +2.5 V.> 

Limit at Limit at 
Parameter Label +2S"C T..u.. T ...... Units Test Conditions/Comments 

ADClDAC CONTROL TIMING 
CS to WR Setup Time t, 0 0 nsmin 
CS to WR Hold Time t2 0 0 nsmin 
ADClDAC to WR Setup Time t3 0 0 ns 
ADClDAC to WR Hold Time t4 0 0 nsmin 
CHAlCHB to WR Setup Time ts 0 0 nsmin 
CHAlCHB to WR Hold Time t6 0 0 nsmin 
WR Pulse Width t7 80 80 nsmin 

ADC CONVERSION TIMING 
Using Externa1 Clock Load Circuit of Figure 3, CL = 20 pF 

WR to INT Low Delay t8 2.6 2.6 JJ.smax 
Using Internal Oock Load Circuit of Figure 3, CL = 20 pF 

WR to INT Low Delay t8 1.9/3.0 1.9/3.0 JJ.s minimax Typically 2.5 JJ.S 
WR to INT High Delay t" 85 85 nsmax Load Circuit of Figure 3, CL = 20 pF 

t" 120 120 nsmax Load Circuit of Figure 3, CL = 100 pF 
WR to Data Valid Delay3 tlO t8+70 t8+70 nsmax Load Circuit of Figure I, CL = 20 pF 

tlO t8+110 t8+110 nsmax Load Circuit of Figure I, CL = 100 pF 

ADC READ TIMING 
CS to RD Setup Time tll 0 0 nsmin 
CS to RD Hold Mode t'2 0 0 nsmin 
RD to Data Valid Delay3 t13 15/65 15/65 ns minimax Load Circuit of Figure I, CL = 20 pF 

t13 30/100 30/100 ns minimax Load Circuit of Figure I, CL = 100 pF 
Bus Relinquish Time after RD High4 t'4 15/65 15/65 ns minimax Load Circuit of Figure 2 
RD to INT High Delay t,s 80 80 nsmax Load Circuit of Figure 3, CL = 20 pF 

t,s 110 110 nsmax Load Circuit of Figure 3, CL = 100 pF 
RD Pulse Width t'6 t13 t13 nsmin Determined by t13 

DAC WRITE TIMING 
Data Valid to WR Setup Time t'7 65 65 nsmin 
Data Valid to WR Hold Time t'8 15 20 nsmin 
WR to DAC Output Settling Time t'9 4 4 JJ.smax Load Circuit of Figure 4 

NOTES 
'See Figures 11, 12 and 13. 
'Sample tested at +25"C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
't,O and t" are measured with the load circuits of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
"t,• is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

DBN:-:fr 

3 kO.& __ ~C' 
DGND 

a. High-Z to VOH 

+5 V 

! 3 kO 

DBNT 

C, 

~DGND 
b. High-Z to VOL 

Figure 1. Load Circuits for Data Access Time Test 

INT--l ..... -
C 

~D~ND 
Figure 3. Load Circuit for RD and WR to tNT Detay Test 
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DBN~ 

3 kO ~ ___ .~ 10 pF 

DGND 

a. VOH to High-Z 

+5 V 

'~-f: T 10 pF 

'VDGND 

b. VOL to High-Z 

Figure 2. Load Circuits for Bus Relinquish Time Test 

VOUTA.B~ 

5 k0-b ~ 100 pF 

AGND(DACI 

Figure 4. Load Circuit for DAC Settling Time Test 

REV. A 



ABSOLUTE MAXIMUM RATINGS· 
VDD to AGND or DGND .............•. -0.3 V, + 15 V 
Vex to DGND ............. -0.3 V, VDD +0.3 V or 7 V 

(Whichever is Lower) 
AGND to DGND ................ -0.3 V, VDD +0.3 V 
Digital Inputs to DGND 

(Pins 12, 13, 15-18) ......•....•. -0.3 V, VDD +0.3 V 
Digital Outputs to DGND 

(Pins 3-10, 11) ....•........... -0.3 V, Vex +0.3 V 
Analog Inputs to AGND ............ -0.3 V, VDD +0.3 V 
Analog Outputs to AGND ......•... -0.3 V, VDD +0.3 V 
Operating Temperature Range 

Commercial (J Version) .................. 0 to +70·C 
Industrial (A Version) ............... -40·C to +85"C 

AD7769 
Power Dissipation (Any Package) 

to +75"C .........•................... 500 mW 
Derates Above +75·C by .........•........ 6 mWrc 

Storage Temperature Range ............ -65"C to +150"C 
Lead Temperature (Soldering 10 sees) .........•.. + 300"C 

·strc .... above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 

CAUTION ____________________________________________ __ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE NOTE 

Model 
Temperature 
Range 

Package 
Option· 

Do not allow Vex to exceed VDD by more than 0.3 V. In cases 
where this can happen the diode protection scheme shown below 
is recommended. 

AD7769JN 
AD7769JP 
AD7769AN 
AD7769AP 

O·C to +70·C 
O"C to +70"C 
-40·C to +85·C 
-40"C to +85·C 

N-28 
P-28A 
N-28 
P-28A 

*N = Plastic DIP; P = Plastic Leaded Cbip Carrier. For package outline 
information see Package Information section. 

PIN CONFIGURATION 

DIP 
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PLCC 
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AOnn 
TOP VIEW 

fNot to SUle' 

12 1 14 15 1. 17 ,. 
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A07769 
PIN FUNCTION DESCRIPI'ION 
Pin MIIemoDic Description 

VDD 

2 Vee 

3-10 DB7-DBO 

11 !NT 

12 CLK 

13 CHAlCHB 

14 DGND 

15 ADClDAC 

16 WR 

17 RD 

18 CS 

19 VSWING (ADC) 

20 AGND(ADC) 

21 VINB 

22 VBIAS (ADC) 

23 VINA 

24 AGND(DAC) 

25 V SWING (DAC) 

26 VOUTB 

27 VBIAS (DAC) 

28 VOUTA 

+ 12 V Power Supply. This powers the analog circuitry. 

+ 5 V Power Supply. This powers. the logic circuitry. 

Input/Output Data Bus. A bidirectional data port from which ADC output data may be read and 
to which DAC input data may be written. DB7 is the Most Significant Bit. 

Interrupt Output (active low). INT is set high on the falling edge of RD or WR to the ADC and 
goes low at the end of a conversion. 

Clock input. A clock is required for the ADC. An external TTL-compatible clock may be applied 
to this input pin. Alternatively, tying this pin to V DD enables the internal clock oscillator. With 
an external clock, the mark-space ratio can vary from 30nO to 70/30. 

Channel AlChanneI B Select Input. Selects Channel A or Channel B of the DAC or ADC. Used in 
conjunction with WR, RD, CS and ADClDAC for read or write operations. 

Digital Ground. 

ADC or DAC Select Input. Selects either the ADC or the DAC for read or write operations in 
conjunction with WR, RD, CS and CHAICHB. 

Write Input (edge triggered). This is used in conjunction with the ADClDAC, CHAlCHB and CS 
control inputs to start an ADC conversion or write data to the DAC. AnADC conversion starts 
on the rising edge of WR. 

Read Input (active low). This input must be low to access data from the ADC. 

Chip Select Input (active low). The device is selected when this input is low. 

ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the in
put voltage Full-Scale Range (FSR) of the ADC. VIN (FSR) = 2 V SWING (ADC). 

ADC Analog Ground. 

Analog Input for Channel B. See V INA description. 

ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the 
midpoint of the ADC transfer function. 

Analog Input for Channel A. The input voltage range of both ADC channels is given by: 
VIN AlB = VBIAS (ADC) ±VSWING (ADC). 

DAC Analog Ground. 

DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the out
put voltage .Full-Scale Range (FSR) of the DACs. VOUT (FSR) = 2 V SWING (DAC). 

Analog Output Voltage from DAC B. See VourA description. 

DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the 
midpoint output voltage of the DACs. 

Analog Output Voltage from DAC A. The output voltage range of both DACs is given by: 
VOUT AlB = VBIAS (DAC) ± VSWING (DAC). 

Differential Nonlinearity TERMINOLOGY 
Relative Accuracy 
For an ADC, Relative Accuracy or endpoint nonlinearity is the 
maximum deviation, in LSBs, of the ADC's actual code transi
tion points from a straight line drawn between the endpoints of 
the ADC transfer function, i.e., the 00 to 01 and FE to FF Hex 
(01111111 to 11111111 Binary) code transitions. 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB max en
sures monotonicity (DAC) or no missed codes (ADC). 

For a DAC, Relative Accuracy or endpoint nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer func
tion, i.e., those voltages which correspond to codes 00 and FF 
Hex. 

For the specified input and output ranges, 1 LSB = 19.5 mY, 
but will vary with V SWING' For both DACs and ADC, 
I LSB = 2 VSWING 1256 = FSR 1256. 
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Bias Offset Error 
For an ideal ADC, the output code for an input voltage equal to 
VBIAS (ADC), should be 80 Hex (10000000 binary). The ADC 
Bias Offset Error is the difference between the actual midpoint 
voltage for code 80 Hex and VBIAS (ADC), expressed in LSBs. 

For an ideal DAC, the output voltage for code 80 Hex should 
be equal to VBIAS (DAC). The DAC Bias Offset Error is the 
difference between the actual output voltage and VBIAS (DAC), 
expressed in LSBs. 
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Plus and Minus Full-Scale Error 
The ADC and DACs in the AD7769 can be considered as de
vices with bipolar (plus and minus) input ranges, but referred to 
VBIAS instead of AGND. Plus Full-Scale Error for the ADC is 
the difference between the actual input voltage at the FE to FF 
code transition and the ideal input voltage (V BIAS + V SWING 

-1.5 LSB), expressed in LSBs. Minus Full-Scale Error is simi
larly specified for the 01 to 00 code transition, relative to the 
ideal input voltage for this transition (V BIAS - V SWING 

+0.5 LSB). Plus Full-Scale Error for the DACs is the differ
ence, expressed in LSBs, between the actual output voltage for 
input code FF and the ideal voltage (V BIAS + V SWING -

1 LSB). Minus Full-Scale Error is similarly specified for code 
00, relative to the ideal output voltage (VBIAS - V SWING)' Note 
that Plus and Minus Full-Scale errors for the ADC and the 
DAC outputs are measured after their respective Bias Offset er
rors have been adjusted out. 

Digital-to-Analog Glitch Impulse 
Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog outputs when the digital inputs change state with either 
DAC selected. It is normally specified as the area of the glitch 
in n V secs and is measured when the digital input code is 
changed by 1 LSB at the major carry transition. 

Digital Feedthrough 
Digital Feedthrough is also a measure of the impulse injected 
into the analog outputs from the digital inputs but is measured 
when the DACs are not selected. It is essentially feedthrough 
across the die and package. It is important in the AD7769 since 
it is a measure of the glitch impulse transferred to the analog 
outputs when data is read from the ADC register. It is specified 
in nV secs and is measured with WR high and a digital code 
change from aliOs to all Is. 

AD7769 
Signal-to-Noise Ratio (SNR) 
SNR is the measured Signal-to-Noise Ratio at the output of the 
converter. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; the more 
levels, the smaller the quantization noise. The theoretical SNR 
for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit con
verter, SNR = 49.92 dB. 

Total Harmonic Distortion (THD) 
THD is the ratio of the rms sum of harmonics to the fundamen
tal. For the AD7769, Total Harmonic Distortion is defined as 

(V 2+ V 2+ V 2+ V 2+ V 2)'12 
20 log 2 3 ~, 5 6 

where V 1 is the rms amplitude of the fundamental and V 2' 

V 3' V., V 5 and V 6 are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb> any active device with nonlinearities will create distortion 
products, of order (m+n), at sum and difference frequencies of 
rnfa +nfb' where m, n = 0, 1, 2, 3 ... Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + fb) and (fa -fb) and the third 
order terms include (2f.+fb), (2f.-fb)' (f.+2fb) and (fa-2fb). 

LOGIC TRUTH TABLE 

ADC CHANNEL SELECT AND START CONVERSION 

CS ADClDAC CHAlCHB WR RD DBa-DB7 INT Comments 

0 0 X Note 1 Note 1 1 INT Is Set on Falling Edge of WR. 
0 0 0 Note 1 Note 1 1 Select ADC Channel A and Start Conversion. 
0 0 I Note 1 Note 1 1 Select ADC Channel B and Start Conversion. 

0 INT Goes Low at End of Conversion. 

READ ADC DATA 

CS ADClDAC CHAlCHB WR RD DBa-DB7 INT Comments 

0 X X X ADC Data 1 INT Is Set High on Falling Edge of RD. 
0 X X X 0 ADC Data 1 ADC Data on Data Bus. 
0 X X X High-Z I Data Outputs High Impedance. 

WRITE TO DACA OR DACB 

CS ADClDAC CHAlCHB WR RD DBa-DB7 INT Comments 

0 1 0 1 I1P Data N/C I1P Writing Data to DACA. 
0 1 1 1 I1P Data N/C I1P Writing Data to DACB. 
0 1 0 0 ADC Data N/C Data from Last ADC Conversion Will Be Written to DACA. 
0 1 1 0 ADC Data N/C Data from Last ADC Conversion Will Be Written to DACB. 
1 X X X X High-Z N/C No Operation. 

NOTES 
IIf RD ~ 1, DBO-DB7 will remain high impedance. If RD = 0, DBO-DB7 will output previous ADC data. The RD input should not change during a 
conversIOn, 

2X = Don't Care. 
'N/C = No Change. 
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AD7769 
CIRCUIT DESCRIPTION 
Analog Inputs and Outputs 
The AD7769 provides the analog-to-digital and digital-to-analog 
conversion functions required between the microcontroller and 
the servo power amplifier in digital servo systems. It is intended 
primarily for closed loop head positioning in Winchester disk 
drives but may also be used for microstepping in drives with 
stepper motor head positioning or other servo applications. The 
AD7769 contains a high speed, 8-bit, sampling ADC with two 
input channels and two 8-bit DACs with output buffer amplifi
ers. A unique feature of the AD7769 is the input and output 
signal conditioning circuitry which allows the analog input and 
output voltages to be referred to a point other than analog 
ground. The input range and offset of the ADC, the output 
swing and offset of the DACs may be adjusted independently by 
the application of ground-referenced, positive control voltages, 
VBIAS (ADC), VSWING(ADC), VBIAS (DAC) and VSWING 
(DAC). Thus, for example, the peak-to-peak output swing of 
the DACs could be set to 3 V above and 3 V below a bias volt
age of5 V. 

Figures 5 and 6 show the transfer functions of the ADC and 
DACs and their relationship to VBIAS and VSWING. The mid-

ANALOG INPUT. VINA. VINB 

Figure 5. ADC Transfer Function 

DAC A. DACB INPUT CODE (HEX) 

VOUT = VSlAS+VSWlNG (20-1) 
where D = N/256 

N = DAC INPUT CODE IN DECIMAL 

Figure 6. DAC Transfer Function 
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point code of the ADC, 80 Hex (10000000 Binary), occurs at an 
input voltage equal to V BIAS. The input FSR of the ADC is 
equal to 2 V SWING' so that the Plus Full-Scale code transition 
(FE to FF Hex) occurs at a voltage equal to V BIAS + V SWING 
-1.5 LSBs and the Minus Full-Scale code transition (01 to 00 
Hex) occurs at a voltage VBIAS - VSWlNG +0.5 LSBs. The 
transfer function of the DACs bears a similar relationship to 
VBIAS and VSWlNG. The DAC output voltage for code 80 Hex 
(10000000 binary) is equal to VBIAS' whilst FF Hex (Ill 1 llll 
binary) gives an output voltage of VBIAS + V SWING -I LSB 
(Plus Full-Scale) and 00 Hex gives an output voltage of VBIAS 
- VSWING (Minus Full-Scale). 

The ability to refer input and output signals to some voltage 
other than ground is of particular importance in disk drive ap
plications. Typically, only + 5 V digital and + 12 V analog sup
ply voltages are available, and the analog signals are often 
referred to a voltage around half the analog supply. 

Driving the Analog Inputs and Reference Inputs 
The analog inputs, VINA and VINB, must be driven from low 
output impedance sources, such as from op amps. In addition, 
VBIAS (ADC) must be driven from a similar type low impedance 
source (e.g., voltage reference). 

Op amps are not required to drive the V SWING (ADC), V BIAS 
(DAC) and V SWING (DAC) inputs as these are high impedance 
inputs (200 nA typical input current) that feed into on-chip 
buffer amplifiers. The reference voltages for these inputs can be 
derived using suitable resistor divider networks. 

The analog reference available in the disk drive system can be 
used to set the bias voltage of the AD7769, and could also be 
attenuated to provide the reference for the input and output 
swing as shown in Figure 7. The same bias voltage would gener
ally (though not necessarily) be used for the ADC and the 
DACs, though the input and output ranges might be different. 

+12 V 

+5 V 

ANALOG 
REF 

GND 
:QO.'.F 

AD7769* 

Voo 

Vee 

R3 L 
V01AS (DAel 

Rl V01AS (ADe) 

VSWlNG (DAe) 

~ V SWING (ADe) 

h R2 R" 

1 AGND(DAC) 
1.0 p.FIO.1 flF 

AGND IADC) 

* ADDITIONAL PINS OMITIED FOR CLARITV 

Figure 7. Typical Analog Connections to the AD7769 

ADC Conversion Cycle 
Figure 8 shows the operating waveforms for a conversion cycle. 
On the rising edge of WR, the conversion cycle starts with the 
acquisition and tracking of the selected ADC channel, VINA or 
VINB. The analog input voltage is held 50 ns (typically) after 
the fourth fa1ling edge of the input CLK following a conversion 
start. If to in Figure 8 is greater than 150 ns, then the falling 
edge of the input CLK will be seen as the first falling clock 
edge. If to is less than 150 ns, the first fa1ling clock edge to be 
recognized will not occur until one cycle later. 
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V.. I 
I I 
t-- CHANNEl. ACQUISITION/TRACKING --I 
I I 
I "HOlD" 

-TIMING SHOWN FOR tD GREATER THAN 150 ns 

I 
I 
I 

I 

II 

DB7(MSBI 

I 
I 
I 
I 
I 

DBO(LSBI 

Figure 8. Operating Waveforms Using External Clock 

. Following the "hold" on the analog input, the MSB decision is 
made approximately 50 ns after the next falling edge of the in
put CLK. The succeeding bit decisions are made approxi
mately 50 ns after a CLK edge until conversion is complete. At 
the end of conversion, the INT line goes low 100 ns (typically) 
after the LSB decision and the SAR contents are ttansferred to 
the output latch. The SAR is then reset in readiness for a new 
conversion. 

Track-and-Hold 
The track-and-hold (TIH) amplifier on the analog input to the 
ADC of the AD7769 allows the ADC to accurately convert an 
input sine wave of 5 V peak-to-peak amplitude up to a fre
quency of 200 kHz, the Nyquist frequency of the ADC when 
operated at its maximum throughput rate of 400 kHz. This 
maximum rate of conversion includes conversion time and time 
between conversions. Because the input bandwidth of the track
and-hold is much greater than 200 kHz, the input signal should 
be band limited to avoid folding unwanted signals into the band 
of interest. 

DACOutputs 
The D/A converter outputs are buffered with on-board; high 
speed op amps that are capable of driving 5 kO and 100 pF 
loads to AGND (DAC). Each output amplifier settles to within 
112 LSB of its final output value in typically less than 2.5 jl.S. 

See Figures 9 and 10 for waveforms of the typical output set
tling time performance. 

The output noise from the amplifiers with full scale on the 
DACs is typically 200 jI. V peak-ta-peak. 

~ 

,/ 

V 
I T ... = +2I"C 

Voo= +12 V 
Vccz +5 V 
VIIIAS - +5 V 

I ~~;!t::a ns/DlY -
VERTICAL: 0.1 V/DlY 

I 
I 

f--

Figure 9. Positive-Going Settling Time 
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Figure 10. Negative-Going Settling Time 

Internal 1 External Clock Operation 
The AD7769 can be operated on either its own internal clock 
or with an externally applied clock signal . For internal clock 
operation the CLK input must be tied to V 00. No external 
components are required. The internal clock typically runs at 
5 MHz giving a typical conversion time of 2.5 jl.S. For external 
clock operation the CLK input must be driven with a TTU 
HCMOS compatible input. The mark/space ratio of the clock 
signal can vary from 30nO to 70/30. For an input frequency of 
5 MHz, the conversion time is 2.5 jl.S. 

Digital Inputs and Outputs 
The AD7769 communicates over a standard, 8-bit microproces
sor data bus and is controlled by standard mpu control lines, 
CS, WR, RD, INT, plus two address lines, ADCIDAC and 
CHAICHB, which select the DAC or ADC function and Chan
nel A or Channel B input/output channel. The Chip Select (CS) 
line selects the device, Write (WR) is used to initiate ADC con
versions or to write data to the. DAC, depending on the state of 
ADClDAC. INT is a status flag that indicates completion of a 
conversion, while RD is used to read ADC output data. The 
8-bit data port (DBO-DB7) is a bidirectional port into which 
data can be written to the two DAC registers, and from which 
data can be read from the ADC register. ADC output data may 
also be written directly into either of the DAC registers. 

These logical operations are detailed in Table I and in the tim
ing diagrams, Figures 11 to 13. Figures 12 and 13 show the 
fairly straightforward operations of reading ADC data and writ
ing data to the DACs, and need little explanation. Figure 11 
shows the timing for ADC channel selection and conversion 
start. This is more complicated as the state of the data outputs 
during a conversion depends on CS and RD. 

To initiate a conversion (or any other operation) the device must 
be selected by taking CS low. A conversion is started by taking 
WR low, then high again (conversion starts on rising edge of 
WR). There are three possibilities for the state of the data out
puts during the conversion. 

1. If RD is held high, the data outputs will be high impedance 
throughout the conversion. 

2. If RD and CS are both held low until after INT goes low, 
then DRO-DB7 will initially output data from the last con
version. Mter INT goes low the new conversion data will 
appear on DBO-DB7. 
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3. If RD is held low but CS is taken high during the conver

sion, the device will be de-se1ected and DBO-DB7 will revert 
to theil high imPedance state. This will not affect completion 
of the conversion, but the data cannot be read, or any other 
operation performed, until CS is taken low again. 

4. Note that the state of RD should not be changed during a 
conversion. 

ADC/DAC 

CHA/CHB 
--~~----~~----~:~------------

-------=-t-=-I.=-------+------:"" ~ . 
iN'f ____ -I-JI .. L--

D~B7 
(iii =01 

------ ~f_----"\ r------'\ HIGH t'o§ 
_______ .... ~"'·-----}IMPEDANCE 

PREVIOUS ADC DATA NEW ADC DATA 

~:fi~~r ----------~H~~~H~IM=P=ED~AN~~~f:~I-------------

Figure 11. Timing for ADC Channel Select and Conversion 
Start 

'","""_----- '" -----,-+1" ir-------

1'---+----------.11.- 1,. 

DATA ------t--t==::V~A~LI~D~DA~T~A==j 

iN'f ___ -+---'I 

Figure 12. Timing for ADC Data Read 

ADC/DAC 

CHA/CHB -J)\.-+--'------!-....J!y,f----

D~B7 ---+-w-------!----,.lr-!'~ 

~ _________ ~>__----it" -:::it· ±./2 LSB VouA 8 _ ,,-J t -r 
NOTE. 

NOTE 1. THE TIME AXIS IS COMPRESSED FOR THIS SECTION dF THE DIAGRAM 

Figure 13. TIming for DAC Channel Select and Data Write 
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DIGITAL SIGNAL PROCESSING APPUCATIONS 
In Digit81 Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dy
namic characteristics (SNR, Harmonic Distortion, Intermodula
tion Distortion) of both the ADC and DACs are critical. The 
AD7769 is specified dynamically as well as with standard dc 
specifications. Because the track/hold'iunplifier has a wide band
width, an antialiasing filter should be placed on ·the V rNA and 
V1NB inputs to avoid aliasing of high frequency noise back into 
the bands of interest. 

The dynamic performance of the ADC is evaluated by applying 
a sine wave signal of very low distortion to the V rNA or V rNB 
input which is sampled at a 409.6 kHz sampling rate. A Fast 
Fourier Transform (FFT) plot or Histogram plot is then gener
ated from which SNR, harmonic distortion and dynamic differ
ential nonlinearity data can be obtained. For the DACs, the 
codes for an ideal sine wave are stored in PROM and loaded 
down to the DAC. The output spectrum is analyzed, using a 
spectrum analyzer to evaluate SNR and harmonic distortion per
formance. Similarly, for intermodulation distortion, an input 
(either to VIN or DAC code) consisting of pure sine waves at 
two frequencies is applied to the AD7769. 

Figure 14 shows a 2048 point FFT plot of the ADC with an 
input signal of 130 kHz. The SNR is 49.2 dB. It can be seen 
that most of the harmonics are buried in the noise floor. It 
should be noted that the harmonics are taken into account when 
calculating the SNR. The relationship between SNR and resolu
tion (N) is expressed by the following equation: 

'lJ , 

SNR = (6.02N+ 1.76) dB 

INPUT FREQUENCY = 130.6 kHz 
SAMPLE fREQUENCY = 409.6 kHz 
SNR = 48.4 dB 
TA = 25"C 

-2'~------------------~--------~ 

~-~~------------------~--------~ 

I 

130.6 
FREQUENCY - kHz 

Figure 14. ADC FFT Plot 
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This is for an ideal pan with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By work
ing backwards from the above equation, it is possible to get a 
measure of ADC performance expressed in effective number of 
bits (N). The effective number of bits is plotted versus fre
quency in Figure IS. The effective number of bits typically falls 
between 7.7 and 7.9, corresponding to SNR Figures 48.1 and 
49.7 dB. 

Ii 
~ 7.51-----------------\ 

!il 
~ 71-----------------\ 

!l: Ii •. 5~---------------I 
$ TA =2I"C 

SAMPLE FREQUENCY = 409.8 kHz 

204.8 
INPUT fREQUENCY - kHz 

Figure 15. Effective Number of Bits vs. Frequency 

Figure 16 shows a spectrum analyzer plot of the output spec
trum from one of the DACs with an ideal sine wave table loaded 
to the data inputs of the DAC. In this case, the SNR is 47 dB. 

-2. 

-00 

I 
1-.... 

-100 
START OHz 

RBW 30 Hz VBW3 Hz 

T ... = 25"C 

I 
I 

STOP 50000 Hz 
ST28.IMIN 

Figure 16. DAC Output Spectrum 

Histogram Plot 
When a sine wave of specified frequency is applied to the V INA 
or V1NB input of the AD7769 and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal I LSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a 
missing code means zero counts for a particular code. The ab
sence of large spikes in the plot indicates small differential non
linearity. 

Figure 17 shows a histogram plot for the ADC indicating very 
small differential nonlinearity and no missing codes for an input 
frequency of 204 kHz. For a sine wave input, a perfect ADC 
would produce a probability density function described by the 
equation: 

REV. A 

AD1169 
where A is the peak amplitude of the sine wave and p (V) the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 17 corresponds very well with this shape. 

H80r----r----,r----,----, 

I 

INPUT FREQUENCY = 204.2 ktk 
SAMPlE FREQUENCY = 408.' kHz 
NUMBER OF SAMPLES "" 1oo,DOO 
TA = 2S"C 

I!; 
>12S0~---r_--~---_+---_fl 

I 

.. '28 
CODE 

,.2 

Figure 17. ADC Histogram Plot 
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In digital signal processing applications, where the AD7769 is 
used to sample AC signals, it is essential that the signal sam
pling occurs at exactly equal intervals. This minimizes errors 
due to sampling uncertainty or jitter. A precise timer or clock 
source, to start the conversion process, is the best method of 
generating equidistant sampling intervals. 

MICROPROCESSOR I MICROCOMPUTER 
INTERFACING 
The AD7769 is designed for easy interfacing to microprocessors 8 
and microcomputers as a memory mapped peripheral or an I/O 
device. In addition, the AD7769 high speed bus timing allows 
direct interfacing to many DSP processors such as the 
TMS32OCIO and ADSP-2101. 

AD7769 - TMS320CIO Interface 
A typical interface to the TMS32OCIO is shown in Figure 18. 
The AD7769 is mapped at a pon address, and the interface is 
designed for the maximum TMS32OCIO clock frequency of 
20 MHz. 

MEN r-t>t TMS320C10 1 >- cs 
PA2 AD7769" 

PA1 ADC/DAC 

PAD CHA/CHB 

WE WR 

DEN iii) 

INT INT 

DB7 I ,D7-00 DBO 

D15 
DATA BUS ~ DO . ADDInONAL PINS OMITTED FOR CLARITY 

Figure 18. AD7769 to TMS320C10 Interface 
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AD7769 
Conversion is initiated on the selected AD7769 ADC channel 
using a single 110 instruction, <OUT ADC, A>. The processor 
then polls INT until it goes low before reading the conversion 
result using an <IN A, ADC> instruction. Writing data 
to the relevant AD7769 DAC consists of an <OUT DAC, A> 
instruction. 

AD7769 - ADSP-2101 Interface 
Figure 19 shows a typical interface to the DSP microcomputer, 
the ADSP-2101. The ADSP-2101 is optimized for high speed 
numeric processing tasks. 

DM13 

DMol-----, 

ADSp·2101 

WR I--------....... WR 

Rii Rii 
IRQ2 INT 

DIS t------' 

DOt------------J 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 19. AD7769 to ADSP-2101 Interface 

Because the instruction cycle of the ADSP-2101 is very fast 
(80 ns cycle), the WR and RD pulses must be stretched out to 
suit the AD7769. This is easily achieved as the ADSP-2101 
memory interface supports slower memories and memory
mapped peripherals (i.e., AD7769) with a programmable wait 
state generation capability. A number of wait states, from 0 to 
7, can be specified for each memory interface. One wait state is 
sufficient for the interface to the AD7769. 

AD7769 - 8051 Interface 
A choice of two interface modes are available to the 8051 
microcomputer. 

Figure 20 shows a typical interface to the 8051 processor bus. It 
is suitable for the maximum 8051 clock frequency of 12 MHz. 
In this interface mode, Port 0 provides the multiplexed low or
der address and data bus and Port 2 provides the high order 
address bus (A.-A1S)' 

Figure 21 shows the AD7769 interfaced to the 8051 parallel 1/0 
ports. This interface circuit is simpler to implement than the 
previous interface to the processor bus, but, in general, the 
maximum data throughput rate is much slower (for the same 
clock frequencies). In addition to its simplicity, the interface to 
the parallel 1/0 ports versus the processor bus allows indepen
dent control of both the WR and RD inputs to the AD7769. 

For example, the 8051 can set both WR and RD low at the 
same time. This pertnits data from the last ADC conversion to 
be written directly from the ADC register into the selected DAC 
register (see Logic Truth Table). This allows very fast transfer 
of data from the ADC to the DAC and is a useful feature for 
some applications such as a fast, programmable, infmite sample
and-hold function. 
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P2.7 

P2.O 

PSEN 

8051 
ALE 

P3.7 

P3.2 

PO.7 

PO.O f-----------....J 
• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 20. AD7769 to 8051 (Processor Bus) Interface 

P3.0 cs 
P3.1 CHA/CHB 

P3.3 ADC/DAC 

8051 P3.4 WR AD7769* 

P3.5 Rii 

P3.2 INT 

Pl.7 DB7 

Pl.0 DBO 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 21. AD7769 to 8051 (Parallel 110 Ports) Interface 

AD7769 - MC68HCll Interface 
Figure 22 shows a typical interface between the AD7769 and the 
MC68HCll microcomputer. This interface is designed for the 
maximum MC68HCll clock speed of 8.4 MHz. The microcom
puter is operated in the expanded multiplexed mode, with the 
AD7769 as a memory mapped peripheral. The expansion bus is 
made up of Ports B and C, and control signals AS and RIW. 

PB.7 r------------------, 
PB.O 

MC68HC11 

AS 

R/W I--+-+~ 

IRQ 

PC.7 
ADDRESS/DATA BUS 

PC.O I---------------J 
"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 22. AD7769 to MC68HC11 Interfaced 
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APPLICATIONS 
The AD7769 analog 110 port is used to convert servo related 
signals between the analog and digital domains. The input struc
ture of the two-channel ADC makes it very easy to convert the 
typical output signals provided by a servo demodulator. 

In a magnetic disk drive employing a dedicated servo surface, 
the servo demodulator produces two, positive-only, quadrature 
signals, generally sinusoidal or triangular, from the di-bit 
patterns read from the servo surface. The quadrature signals 
have the form of V BIAS ± V SWING. The very fast conversion 
time of the AD7769 ADC allows sequential conversion of these 
quadrature signals without introducing significant phase delay 
errors. These converted signals provide the servo microcontrol
ler with position and track crossing infornIBtion from which ve
locity infornIBtion can be derived. In optical disk drives, 
analogous servo signals can be derived from the quad photo
diode detector to provide position and focus infornIBtion for the 
microcontroller . 

The two DACs in the AD7769 accept servo data from the mi
crocontroller to position the head assembly. The DACs provide 
positive-only output signals of the form V BIAS ± V SWING' 

which are ideal for driving voice coil motors. In magnetic disk 
drives, a single voice coil motor is used to position the head as
sembly and one DAC is usually sufficient to drive the motor in 
both the seek and track modes. In the seek mode, the DAC can 
be used to generate directly the desired analog velocity trajectory 
which the head must travel in order to achieve minimum access 
times. Alternatively, the DAC can generate a servo error value 
(computed by the microcontroller) between the actual head ve
locity and the desired head velocity. In the track mode, the 
DAC can be used to provide a position error signal to keep the 
head over the track or to detent the head off track, for such 
purposes as thermal compensation and soft error retries. The 
second DAC in the AD7769 may be employed in this fme posi
tioning loop. Alternatively, the second DAC can be used to con
trol the speed of the spindle motor via a pulse width modulator. 
In optical disk drives two voice coil motors are used, requiring 
both DACs of the AD7769-one for the focus servo loop and 
one for the radial positioning servo loop. 

A typical servo control loop using the AD7769 is shown in Fig
ure 23. In this dedicated servo drive, the servo demodulator 
converts the servo infornIBtion bit patterns from the disk into 
the standard N and Q (nornIal and quadrature) servo signals. 
The voice coil motor current, IL> is bidirectional and is supplied 
by the power transconductance amplifier. One input to this am
plifier is held at V BIAS (DAC), while the other input is driven 
from a DAC output, VOUT AlB. Typical input/output wave
forms for this power stage are shown in Figure 24. The 
transconductance, Go, of the power stage is determined by ex
ternal sense resistors. 
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POWER 
TRANSCONDUCTANCE 

AMPUFIER 

DRIVE 
INTERFACE 

AD7769 

VBlAsIDAC) 

VSWlNO (DAC) 

Figure 23. Typical Dedicated Servo Control Loop Using 
theAD7769 

~l~'-'-· VOUT AlB 6 VSWlNG (DAC) 
> 

VB•AS (DAC) 

VB1AS (DAC) -
----- - VSwtNG (DAe) 

o • 

VOICE 
COIL 

CURRENT 
I, ~I 

IL MAX = ±VSWlNG (DAel Go 
IL = V OUT AlB Go 

Figure 24. Typical Relationship Between Input Voltage 
and Output Current for Transconductance Amplifier 
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AD7769 
Increased Resolution DAC Output 
Since both VBIAS (DAC) and VSWING (DAC) are common to 
both output channels, the full-scale output voltages of both 
channels are nominally identical. However, by adding an exter
nal op amp and scaling resistors, it is possible to attenuate the 
full-scale output voltage of one (or both) of the DAC outputs to 
effectively increase the output voltage resolution. Figure 25 
shows channel A being attenuated using a resistor scaling of 
10: I. The attenuated output voltage, VouTA', is 

VouTA' = VB1AS + (VswlNallO)(2DA -I). 

The output voltage of Channel B remains at 

VouTB = VB/AS + VSWlNG (2DB-I). 

D A and DB are fractional representations of the DAC input 
codes, e.g., DA = N A /256 and DB = NB/256. For example, 
with a V SWING voltage level of 2 V, the Channel B output span 
is 4 V with an LSB size of 15.6 mV and (attenuated) Channel A 
output span is 400 mV with an LSB size of 1.56 mY. Changing 
the resistor scaling in Figure 25 obviously changes the attenu
ated full-scale output. 

R 

AD7769 10 R 

lOR VouTA 

VouTA 

R 

VB1AS (CAe) VB1AS 

VouTB VouTB 

VSWING (OAe) VSWING 

Figure 25. Increasing the DAC Output Voltage Resolution 

A single change to the circuit Figure 25 allows the two DAC 
outputs to be combined to provide a single analog output with 
resolution beyond the standard 8-bits. Figure 26 shows the rear
ranged circuit. The composite output, VOUT' is 

VOUT = VouTB + (VswlNalI0)(2DA-I) 

or 

VOUT = VB1AS + VSWING (2DB-II + (VswlNallOl (2DA-I). 

R 

AD7769 lOR 1 
lOR JAl 

VouTA + 
VOUT 

R 

VB1AS (CAe) VB1AS 

VouTB 

VSWING (DAe) VSW1NG 

Figure 26. Combined VourA, Vou.,.B Circuit 

8-40 ANALOG 110 PORTS 

DAC A can be programmed to produce an interpolation func
tion between the 8-bit steps of DAC B to allow, for example, 
very smooth velocity profile waveforms to be generated. 

Servo Offset Facility 
Most dedicated servo disk drives offer an offset facility whereby 
some small voltage is injected into the track-following loop. The 
purpose of the offset is to move the head to the right or left of 
its current on-track position to permit reading of off-track data. 
The circuit is shown in Figure 27. With the 10: I resistor scaling 
used in the circuit the output voltage, VOUT' is 

VOUT = VPE + (VswlNalIO) (2DA -I). 
R 

AD7769 10 R 

lOR ;>----<..-.. VOUT 

R 

VP • 

V B1AS (DAC) t--.... -oVSIAS 

VouTB ..... --- VouTB 

VSWING (DAC) t----o VSWING 

Figure 27. Servo Offset Facility 

With no offset added, V OUT = V PE' where V PE is the position 
error voltage which the servo loop normally drives to its zero 
level, VBIAS. When an offset voltage is supplied by DAC A, the 
action of the servo is to move the head away from its current 
on-track position until the position error voltage is equal and 
opposite to the offset voltage. The position of the head about 
the track centre is thus programmable. 

Programmable Full-Scale Range 
The output voltage span of both DACs is determined by the 
V SWING (DAC) voltage level. This is normally supplied from 
some fixed voltage source. However, it is possible to use one 
of the DAC channels to generate a programmable VSWING volt
age level. The remaining channel will thus have a full-scale 
range and LSB size which is software programmable. This cir
cuit is shown in Figure 28 where V ouTB is used in an implicit 
feedback loop to generate a programmable swing voltage, 
VSWING (DAC), for the AD7769 from an external fixed input 
swing voltage, VSWING. Using the 5:1 resistor scaling shown in 
Figure 28, the expression for the AD7669 input swing voltage is 

VSWING 
VSWING (DAC) = -":::;~-:7 

1_(lDa- l ) 
5 
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VouTA 1----------+ VouTA 

,---------0 V .. AS IDACI 
R 

SR 
V.,AS IDACI ..... '"-"""'-;lH 

SR 

V
SWlNG 

IDACI ..... ________ ...1 

Figure 28. Generating a Software Programmable VSWING 

(DAC) 

For example, with a fixed input swing voltage of 2.5 V, the pro
grammable span via DAC B is as follows: 

DB = 0: V SWING (DAC) = 2.08 

DB = 112: VSWING (DAC) = 2.5 V = VSWING 

DB'" 1: VSWING (DAC) = 3.125 V 

The AD7769 is specified for a VSWlNG (DAC) voltage range 
from 2 V to 3 V, although in practice this range can be ex
tended while still maintaining monotonic operation. 

Closed Loop Microstepping 
Microstepping is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional reso
lution of the disk drive head over that obtainable from a full
step driven stepper motor. Typically, a two-phase stepper motor 
has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs deter
mines the number of microsteps into which each full step can be 
divided. For example, with a 1.8° full-step motor and a 4-bit 
DAC, a microstep size of 0.11° (1.8°12D) is obtainable. 

The microstepping technique improves the positioning resolu
tion possible in any control application. However, the positional 
accUracy can be significantly worse than that offered by the orig
inal full-step accuracy specification due to load torque effects. 
To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. The closed-loop system 
allows an error between the desired position and the actual posi
tion to be monitored and corrected. The correction is achieved 
by adjusting the ratio of the phase currents in the motor wind
ings uotil the required head position is reached. 

The AD7769 is ideally suited for the closed-loop microstepping 
technique with its dual DACs for positioning the disk drive 
head and dual channel ADC for monitoring the position of the 
head. A typical circuit for a closed-loop microstepping system is 
shown in Figure 29. The DAC waveforms are shown in Figure 
30 along with the direction information of clockwise rotation 
supplied by the controller. 
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Figure 29. Typical Closed-Loop Microstepping Circuit with 
theAD7769 

VouTA 
"SINE" PHASE 

VslAsIDAC) 

VouTB 
"COSINE" PHASE 

VglAsIDAC) 

_ -- +VSWINQ (DAC) 

- -- - - - - -VSWlJIIG (OAt) 

____ .:-:s.-_-_-- +VSWlNO (DAti 

--- --l ___ -VsWlNoIDAC) 

~'II------" 
~~·IL. __ --L _____ ...L ____ _ 

Figure 30. Typical Control Waveforms for the Microstep
ping Circuit of Figure 29 

A typical transducer would be a moire-fringe transducer which 
consists of two gratings, one fIXed and one moveable. The rela
tive positions of these two gratings will modulate the amouot of 
light from a LED which can pass through. In order to derive 
head direction information the stationary grating has two sets of 
bars, with a 90° phase relationship, and two photo-transistors. 
The quadrature sinusoidal output waveforms (N & Q) can be 
converted directly by the AD7769. 
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Multichannel Expansion 
In some applications, more than two analog input channels are 
required to be converted by the ADC. Figure 31 shows a circuit 
configuration for such an application. The ADGS28A is a 
latched, 8-channe1 analog multiplexer that is ideally suited for 
this application since it is specified for single supply operation 
(+12 V ±IO%). 

The CS, ADClDAC and WR inputs of the AD7769 are gated to 
drive the WR input of the ADGS28A. The multiplexer input 
signal is selected on the falling edge of the WR pulse while the 
signal is latched on the rising edge. Also, on the rising edge of 
WR, the AD7769 ADC starts conversion. Therefore, the output 
signal of the multiplexer must have settled to within 8-bits over 
the duration of the WR pulse (see ADC Conversion Cycle sec
tion for details). The toN (WR) and settling time of the 
ADGS28A thus determines the width of the WR pulse. 
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FEATURES 
1 D-Bit, 3 jI.S ADC 
Two DACs with Output Amplifiers 

One 111-Bit, 4 jI.S Settling DAC 
One 8-Bit, 3 .... _ Settling DAC 

Fully Integrated Burst Detector 
Power-Down Mode 
+5VOnly 
Fast Interfece Port 
28-Pin SOIC Package 

APPUCATIONS 
Embedded Servo For HDD 
Combined Dedicated IEmbedded Servo 

GENERAL DESCRIPTION 
The AD7773 and AD7775 provide all the functionality 
to implement the servo demodulator and headpositio . 
in embedded servo systems. A power-down mode 
all the linear circuitry OFF enhances the use 
AD7775 in portable systems. 

The demodulator channel can cap 
from a variety of embedded servo 
rial servo burst signals can be syn ousl 
wave rectified and integrated. At the end 0 a 
integrated output voltage, representing the amp of a ca 
tured burst, is sampled and held on one of four internal track! 
hold amplifiers prior to conversion. Mter conversion the digi
tized burst signals from the ADC are fed to four IO-bit wide 
data registers. 

The AD7773 and AD7775 also contain two independent voltage
output DACs: one with IO-bit resolution and one with 8-bit 
resolution. The two DACs produce output signals of the form 
V BIAS ± V SWING where V BIAS and V SWING are internally gener
ated on-chip. The V BIAS signal is available externally on the 
REFOUTpin. 

The devices are easily interfaced to popular DSP processors 
and microcontrollers. The AD7773 has a IO-bit data port with 
separate address pins. The AD7775 has a IO-bit multiplexed 
address/data bus with an ALE input to latch the address. 

The AD7773 and AD7775 are fabricated in linear compatible 
CMOS (LC2CMOS), an advanced, mixed technology process 
that combines precision bipolar circuits with low power CMOS 
logic. The devices are available in 28-pin SOIC packages. 

'Protected by U.S. Patent No. 4,990,916. 

LC2MOS Complete Embedded 
Servo Front Ends for HOD 

CTRL 

ALE 

AD7773/AD7775* I 
FUNCTIONAL BLOCK DIAGRAM 

c..,(-) Clm+) eLKIN Vee 

ADCREG3 

ADCREG2 

ADCREGI 

STATUS 
REGISTER 10 

r.--------r------__ -.~D~ 
DB8 

AGND AGND 

eLKIN ~cc 

Aoms 
ADCAEG1 

STATUS 
REGISTER 10 

r-__ -.~------+_--------~~D~ 
DB8 

HI-==------o REFOUT 

DGHD AGND AGND 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(Vee = +5 V ±5%; AGND = DGND = 0 V; ClKIN = 6.67 MHz; 

AD7773 /AD7775 SPECIFICA'TIONS CINT = 180 pF; Burst Frequency = 5 MHz; Cycles Integrated = 
I It - It 4. All specifications TMIN to TMAl(. unless othelWise stated.) 

Parameter 

DEMODULATOR CHANNEL 

ADC Resolution 
Differential Voltage Gain 

Differential Input Voltage for 
Half-Scale ADC Output 

Differential Input Resistance 
Differential Input Capacitance2 
Common-Mode Input Resistance 
Common-Mode Input Capacitance2 
ZCD Differential Hysteresis, V H 

Frequency Response to 
Pulse Harmonics 

Common-Mode Rejection Ratio2 
Power Supply Rejection Ratio2 
Channel Noise Level2 
Composite Noise Rejection2 
V IN' Differential Input Signal Range 

for Monotonic Channel Operation 
ADC Code for 75 mV p-p 

Differential Input Voltage 

Voltage Change Across CINT for 
Full-Scale ADC Range 

Gm, Transconductance from VIN to 
lOUT at CIN-rC + ) 

Relative Accuracy 

Channel Mismatch 
Crosstalk Between Bursts 
ADC Conversion TinIe 
TCLKIN 
TCLKlN High2 
TCLKINLow 
Output Coding 

ANALOG OUTPUTS3 

Output Voltage Range 

Digital-to-Analog Glitch Impulse2 
Digital Feedthrough2 
DC Output Impedance2 
Short-Circuit Current2 
Power Supply Rejection Ratio2 
Input Coding 

DACA 
Resolution 
Output Voltage Settling TinIe2 

Relative Accuracy 
Differential Nonlinearity 
Bias Offset Error 
Plus or Minus Full-Scale Error 

J Version l 

10 
440 
520 

111.25 
4/6 
1110 
2/3 
2/20 
4OnO 

±1O 
46 
43 
49 
40 

0.075/2.3 

OAl28 

±4 
5 
0.1 
14 TCLKlN 
0.15/0.5 
60 
60 
Unipolar Binary 

Units 

Bits 
LSBNp-pmin 
LSBNp-pmax 

V p-p minimax 
kO minimax 
pF minimax 
kO minimax 
pFminlmax 
m V p-p minimax 

% max 
dB min 
dB min 
dB min 
dB min 

I1s max 
I1S minimax 
nsmin 
nsmin 

V BIAS - V SWING V min 
V BIAS + V SWING V max 
15 nV sec typ 
1 nV sec typ 
0.5 0 typ 

10 mAtyp 
20 dB min 
Offset Binary/2s Complement 

10 Bits 
4 I1S max 

±1 LSB max 
±l LSB max 
±8 LSB max 
±8 LSBmax 

Conditions/Comments 

All AC Test Waveforms are Sinusoidal. Minimum 
Signal Frequency Is 2 MHz. 

Typically 5 kO; Measured at DC; See Terminology 

Typically 2.5 kO; Measured at DC; See Terminology 

Typically 55 mY; See Figure 20 under Design 
Information 

-Scale; See Terminology 

SBs and 40 LSBs, Respectively 

to 3/4 FS; See Terminology 
1/8 FS to 7/8 FS; See Terminology 
Measured at Half-Scale; See Terminology 
See Terminology 
Per Captured Burst; See Terminology 
Period of Input Clock CLKIN 
MininIum High TinIe for CLKIN 
MininIum Low TinIe for CLKIN 

Applies to Both DACs 

See Terminology 
See Terminology 

See Terminology 
Programmable via Location CR6 of the Control 
Register 

Settling TinIe to Within ± 1/2 LSB of Final Value; 
Typically 2.0 I1S 

Guaranteed Monotonic 

Referenced to REFOUT/2 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

ANALOG OUTPUTS3 (Continued) 
DACB 

Resolution 
Output Voltage Settling Time2 

Relative Accuracy 
Differential Nonlinearity 
Bias Offset Error 
Plus or Minus Full-Scale Error 

LOGIC INPUTS 
CS, WR, RD, CTRL, CLKIN, 

RESET & ALE (AD7775), 
AO & Al (AD7773) 
Input Low Voltage, VINL 
Input High Voltage, VINL 
Input Leakage Current 
Input Capscitsnce4 

LOGIC OUTPUTS 
DBO-DB9 (AD7773) 
ADO-DB9 (AD7775) 

VOL' Output Low Voltage 
VOH' Output High Voltage 
Floating State Leakage Current 
Floating State Capscitsnce4 

POWER REQUIREMENTS 
Vee Range 
Icc, Normal Mode 

Icc, Power Down Mode 

Power-Up Time to Operational 
Specifications4 

DAC REFERENCE INPUTS 
ValAs for both DACs 

V SWING for both DACs 

REFERENCE OUTPUTs 
REFOUT 
Reference Load Change 

NOTES 

J Version l 

S 
3 

±1 
±I 
±4 
±4 

O.S 
2.4 
10 
10 

500 

REFOUT 

REFOUT/2 

2.112.2 
±2 

±5 

'Temperature range as follows: J Version: O'C to + 70'C. 
'Guaranteed by design, not production tested. 
'Output load of IOkillOO pF is referenced to REFOUT. 
'Sample tested at 25'C to ensure compliance. 
'For capacitive loads greater than 100 pF a aeries resistor is requited. 

Specifications subject to change without notice. 

Units 

Bits 
ILS max 

LSBmax 
LSB max 
LSB max 
LSB max 

V max 
V min 
jJ.A max 
pFmax 

ILS max 

V 

V 

V minimax 
mVmax 

mVmax 

AD7773/AD7775 
Conditions/Comments 

Settling Time to Within ± 112 LSB of Final Value; 
Typically 2.0 ILS 

Guaranteed Monotonic 

Referenced to REFOUT/2. 

r Specified Performance 
I Register Locations CRS = CR9 = Logic 

High 
Control Register Locations CRS = Logic High, 
CR9 = Logic Low 
All Linear Circuitry OFF 

From Stsndby Mode 

Interna1ly Connected. Available Externa1ly on 
REFOUTPin 
Interna1ly Connected 

For Reference Load Current Change of 0 to 
± 500 jJ.A 
For Reference Load Current Change of 0 to ± 2 rnA 
Reference Load Should Not Change During 
Conversion 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7773/AD7775 

INTERFACE TIMING CHARACTERISTICS--AD17731, 2 (Vee = +5 V ±5%; AGNO= OGNO = 0 V) 

Limit at 
Parameter Label TMIN,TMAX Units 

INTERFACE TIMING 
Address Setup to WR or RD Falling Edge tt 4 nsmin 
Address Hold after WR or RD Rising Edge tz 0 nsmin 
Address Setup to CS Falling Edge t3 9 nsmin 
WR or RD Rising Edge to CS Rising Edge t.. 0 nsmin 
WR or RD Pulse Width ts 53 nsmin 
CS or RD Active to Valid Data3 It; 48 nsmax 
Bus Relinquish Time after RD4 t1 10 nsmin 

22 nsmax 
Data Valid to WR Rising Edge ts 55 nsmin 
Data Valid after WR Rising Edge to, 10 nsmin 
QeIay Time Between Stack Reads tIS 70 nsmin 

NOTES 
'See Figures I and 2. 
'Timing Specifications in bold print are 100% production tested. All other time. are sample tested at + 250C 
with tr = If = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

'r" is measured with the load circuit of Figure 3 and defmed as the time required for an output to 
"t., is derived from the measured time taken by the dsta outputs to change 0.5 V when I 
lated back to remove the effects of charging or discharging the 100 pF capscitor. This 
the device and, as such, is independent of the external bus loading capscitance. 

Specification. subject to change without notice. 

All-A1 

Test Conditions/Comments 

Timed from Whichever Occurs Last 

See Figure 12b 

compliance. All input signals are specified 

~-\l.--15--..v---

18 

DIICI-D88 --------{ DBO-D88--------{ 

Figure 1. Read Cycle Timing for AD7773 Interface Figure 2. Write Cycle Timing for AD7773 Interface 

PIN CONFIGURATIONS 

RD AD 

Wi! Wi! 
cs cs 
Vee Vee 

CTRL 

AGND 

CINTI+) 

CINTH C'NTH 

V,N H V,N H 

VIN (+) VIN (+) 

VQUTII VOUTB 

REFOUT REFOUT 

AGND AGND 

VolITA VOUTA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation ·regarding future manufacture unless otherwisa agreed to in writing. 
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AD7773/AD7775 

INTERFACE TIMING CHARACTERISTICS-AD77751, 2 (Vee = +5 V ± 5%; AGND = DGND = 0 V) 

Parameter 

INTERFACE TIMING 
ALE Pulse Width 
WR or RD Rising Edge to ALE Rising Edge 
ALE Rising Edge to CS Falling Edge 
CS Falling Edge to RD Falling Edge 
CS Falling Edge to WR Falling Edge 
WR or RD Rising Edge to CS Rising Edge 
WR or RD Pulse Width 
ALE Falling Edge to WR or RD Falling Edge 
Address Setup to ALE Falling Edge 
Address Hold after ALE Falling Edge 
RD Active to Valid Data3 
Bus Relinquish Time after RD4 

Data Valid to WR Rising Edge 
Data Valid after WR Rising Edge 
Delay Time Between Stack Reads 

NOTES 
'See Figures 4 and S. 
2Timing specifications in bold print are 100% production 
with t" = 1, = 5 us (10% to 90% of 5 V) and timed 

'Data access time depends direcdy on 4, the CS 
the time required for an output to cross 

·t.2 is derived from the measured time 
ttapolated back to remove the effects of 
of the device and, as such, is independent 

Limit at 
Label TMINto TMAx 

t1 50 
t2 50 
t3 22 
t4 60 
t5 30 
t6 0 
t, 53 
t8 32 
~ 47 
tlO 22 
t11 40 
t12 10 

62 
t13 55 
t14 

Units Test Conditions/Comments 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 

Measured with t4 = 60 ns 

See Figure 13b 

to ensure compliance. All input signals are specified 

circuit of Figure 3. The measuted number is then ex
the time t.2 quoted above is the true bus relinquish time 

Figure 3. Load Circuit for Bus Timing Characteristics 

ALE 

--1-"\I---I----17---+lJ...---
Wii 

AOO-DB8 DATA 

Figure 4. Read Cycle Timing for AD7775 Figure 5. Write Cycle Timing for AD7775 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7773/AD7775 

DEMODULATOR TIMING CHARACTERISTICS1 (Vee = +5 V ± 5%; AGNO = OSNO = 0 V) 

Parameter 

RESET Rising Edge to CTRL Rising Edge> 
WR Rising Edge to GfRL Rising Edge' 

RESET Pulse Width' 

SYNCHRONOUS DETECTOR MODE 
C'fRL High Time 

C'fRL Low Time' 
Input Signal Period 

GATED DETECTOR MODE" 
CTRL High Time 

Limit at 
Label T M1N, TMAX 

100 
200 

100 

le. N + 3.5 lcvc 

1.5 lcvc 
200 
500 

800 

Units 

ns min 
DS min 

DS min 

ns min 

DS min 
DS min 
nsmax 

DS min 

Test Conditions/Comments 

For AD7775 Only 
Applies Only after a Write Instruction to the 
Control Register 
For AD7775 Only 

Minimum N for Guaranteed Performance Is 4, 
Maximum N Is 15. Programmable via Locations 
CRO-CR3 of the Control Register 

Fun4amental Input Frequency Must Lie Between 
2 MHz and 5 MHz 

CTRL Low Time' 600 + 0.375 leI DS nrin 
Input Signal Frequency 

CALIBRATION MODE 
CTRL High Time 

CTRL Low Time' 
NOTES 
'All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) 
timed from a voltage level of 1.6 V. 

'Sample tested at + 250C to ensure compliance. 

DIFFERENTIAL 
INPUT SIGNAL 

~P 
INTERFACE 

o-j 
o-j 

ADn73m75 

AC Test Circuit 

5 

800 

MHz max Corresponds to 200 ns Minimum Input Signal 

Internal"Calibration Voltage Has 
; See Under Circuit Description for 
tion Mode 

UMMTINGS* 
D ............•.. -0.3 V, +7 V 

............... -0.3 V, Vee +0.3 V 
o GND ........... -0.3 V, Vee +0.3 V 

puts to DGND ......... - 0.3 V, Vee + 0.3 V 
og Inputs to AGND ........... -0.3 V, Vee +0.3 V 

Analog Outputs to AGND .......... -0.3 V, Vee +0.3 V 
Operating Temperature Range 

Commercial (J Version) ............... o·C to +70·C 
Power Dissipation to +75·C ................. 500 mW 
Derates above 75·G by .•.................. 6 mWrC 
Storage Temperature Range ........... -65·C to + 150·C 
Lead Temperature (Soldering 10 sees) ........... + 300·C 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a sttess rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maJli1num rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 

Model 

AD7773JR 
AD777SJR 

ORDERING GUIDE 

Temperature 
Range 

O·C to +700C 
O·C to +70·C 

Package 
Option* 

R-28 
R-28 

*R = Small Outline Ie (SOIC). For outline information see 
Package Information section. 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected qevices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin 

Power Supplies 

25 

9 
16 and 23 

Mnemonic 

Vee 
DGND 

AGND 

Microprocessor Interface 
28 RD 

27 

PIN FUNCTION DESCRIPTION 

Description 

+S V Power Supply. 

Digital Ground. 

Analog Ground. 

AD7773/AD7775 

Read Input (Active Low). When active it is used in conjunction with CS to read data over the 
Input/Output bus. See the truth tables for Microprocessor Interfacing. 

Write Input (Active Low). When active it is used in conjunction with CS to write data over the 
Input/Output bus. 

26 CS Chip Select Input (Active Low). The device is selected when this input is low. 

Microprocessor Interface-AD7773 Only 

4-8 and DBO-DB4 rt over which data is transferred 

10-14 DB5-DB9 

2 AO 

Al 

Microprocessor Interface-AD7775 Only 

4-8 and ADO-DB4 
10-14 DB5-DB9 

2 ALE 

Demodulator Channel 
19 VIN(+) 
20 VIN(-) 
22 CINT(+) 
21 CI~-) 
24 CTRL 

3 

Analog Outputs 

15 

18 

17 

CLKIN 

w). 
e code int 

is used to demultiplex the bus. 

O-AD3 must be removed and WR or RD 
w transfers 10 bits of data into or out of the 

address/data bus. On the falling edge of ALE 
is a don't care) and remain latched until ALE 

Resets the internal ADC re r stack Write Pointer to the bottom-most register. 
Loads Control Register with 364 (Hex). See Control Register Description. 
Loads Status Register with 3EO (Hex). See Status Register Description. 

Differential Inputs to the input amplifier. Analog input signals to these pins should be capac
itively coupled. 
The value of capacitor connected between these pins sets the integrator time constant. See 
under Design Information for choosing the CINT capacitor. 
Control Input. All signal capture operations are controlled by this input. The number of CTRL 
pulses applied to the device must equal the number of bursts to be captured. 
Clock input. A clock is required for the ADC. An external TTL-compatible clock must be applied 
to this input pin. See the TCLKIN specifications for CLKIN information. 

Each of the two DACs has the same output voltage ~ given by: 

VOUT = VB/AS ± V SW/ NG = REFOUT ± V SW/ NG 

With midcode in either DAC register the respective DAC output is equal to REFOUT. 

Analog Output Voltage from DAC A. 1 LSB = 2 VswINdl024 = REFOUT/1024 =2.1 mY. 

Analog Output Voltage from DAC B. 1 LSB = 2 VswINd256 = REFOUT/2S6 = 8.6 mY. 

Voltage Reference Output. Internally this is used as the reference for the ADC and as the bias level 
(VBIAS) for the two DACs. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7773/AD7775 
CONTROL REGISTER DESCRIPTION· 
The control register is IO-bits wide and can only be written to. 
Individual bit functions are described below. Normally the de
modulator channel operates as a synchronous detector to capture 
complete cycles of a servo burst waveform. However, if CRO to 
CR3 are loaded with all Os, the demodulator channel performs as 
a simple gated detector stage, gated ONIOFF by the CTRL input. 
See under CIRCUIT DESCRIPTION -Gated Detector Mode. 

CRO to CR3 determine the number of complete cycles to be syn
chronously detected within a single burst: 

CR3 CR2 CRI CRO Cycles 
0 0 0 0 Gated Detector 
0 0 0 I NA 
0 0 I 0 NA 
0 0 I I NA 
0 I 0 0 4 
0 I 0 I 5 
0 I 1 0 6 
0 1 I I 7 
1 0 0 0 8 
I 0 0 1 9 
1 0 1 0 10 
I 0 I I 11 
I I 0 0 12 
1 1 0 1 13 
I I I 0 14 
I I I I IS 

CR4 and CR5 determine the number of 
captured. 

CRS CR4 Number 0 

o 0 I 
o I 2 
I 0 3 
1 I 4 

CR6 determines whether DAC coding is offset binary or twos 
complement. 

CR6 Coding 

o Offset Binary 
I Twos Complement 

CR7, CR8 and CR9 are decoded to provide a number of differ
ent functions. CR7 determines whether a signal will be acquired 
via the synchronous detector's differential inputs or direct from 
the C1NT( +) pin. CR7 is ANDed with the interna11y generated 
integrate signal INT to make or break the signal path from the 
rectifier output to the GmT( +) pin. With CR7 low the rectifier 
output drives the external integrating capacitor on the GmT pins 
and all input signals are acquired through the V IN( +) and 
V IN( -) differential input pins. With CR7 high the synchronous 
detector stage is bypassed and all input signals are now acquired 
through the single-ended Cmrt +) pin. 

CR9 CRS CR7 Function 

0 0 
0 1 
1 0 
1 0 
1 1 
1 1 
*X = don't care. 

X* 
X 
0 
1 
0 
1 

Soft Reset 
Power Down 
Not Allowed 
Calibration Mode 
Normal Mode 
Not Allowed 

Soft Reset: Soft Reset performs the same functions that the 
RESET input performs. On receipt of a reset command (either 
via software or hardware) the control register is loaded with 364 
(Hex) as shown below. 

CRO 0 
CRI 0 
CR2 1 
CR3 0 
CR4 0 
CR5 1 
CR6 1 
CR7 0 
CR8 1 
CR9 1 

Also on receipt of a reset command the status register is loaded 
with 3EO (Hex); i.e., locations SRo-SR4 are loaded with all Os 
indicating four good burst captures and conversions complete. 

Power Down: In the pow 
turned off. Both DA 
pulled weakly (5 

own mode all linear circuitry is 
s and the REFOUT output are 
D. 

urpose of this mode is to allow any 
y exist between the four interna1 

easily measured. See under CIR-
ration Mode section. 

IS e normal operating mode and allows 
put signals to be acquired and converted. 

'ons CRO-CR3 determine whether the de-
be in the synchronous detector mode or 

tus register (SR) is the bottom-most register of the 
-deep register stack. It is 10 bits wide and can be written to or 

read from. Its function is to provide status information on de
vice operation. Location SRO acts as a BUSY signal for the de
modulator channel. SRO is set high on the rising edge of the 
first CTRL pulse in a new burst capture sequence and remains 
high throughout the complete signal acquisition cycle and the 
subsequent conversion cycle. When the programmed number of 
conversions are complete, location SRO is set low. The number 
of conversions carried out equals the number of bursts captured. 
This number is programmable from 1 to 4 via locations CR4 
and CRS of the control register. Up to four bursts can be cap
tured and each of these capture operations has an individual sta
tus flag, SRI-SR4, associated with it. A logic low or "good" flag 
in location SRI, for instance, indicates that burst #1 was cap
tured correctly. Alternatively, a logic high or "bad" flag in loca
tion SRI indicates that a problem occurred while capturing 
burst #1; i.e., for whatever reason, less than the programmed 
number of cycles in burst # 1 were captured. Locations 
SR5-SR9 of the status register are reserved and must always be 
read as logic highs for correct operation of the AD7773 and 
AD7775. 

Primarily intended as a read only location, the status register has 
very limited write functionality. A write to the status register 
automatically loads all Is into locations SRO-SR4 regardless of 
data present on the data bus. These flag settings represent four 
bad burst captures and conversions incomplete. 

This information applies to a product under development. Its characteristics and specifications are subject to change ·without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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As mentioned previously, locations SR5-SR9 are used for pro
duction test purposes and must be written high for correct oper
ation of the AD7773 and AD7775. All write instructions to the 
status register must load the word 1I111XXXXX2. Repeated 
write instructions to address 112 (AD7773) or 0llX2 (AD7775) 
are all decoded to the status register. 

CIRCUIT DESCRIPTION 
The AD7773 and AD7775 are intended primarily for embedded 
servo head positioning applications in Winchester-type disk 
drives. The demodulator channel can capture high speed servo 
data from a variety of embedded servo patterns. Up to four se
quential input signals can be captured, converted to digital form 
and stored in the four data registers ADCREGI-ADCREG4. 
The 10-bit DAC output can be used to control the head position 
via a voice coil motor (VCM). The 8-bit DAC output can be 
used for spindle speed control, gain control, filter control etc. 
There are two major modes of operation of the demodulator 
channel-synchronous detector mode and gated detector mode. 
In the synchronous detector mode the differential input signals 
are applied in bursts to the differential inputs V IN( + ) and 
VIN( -). A zero crossing detector (ZCD) is used to synchro
nously detect full cycles of the input signal within a gi 
which are then rectified and integrated. Both the 
cles within an individual burst and also the 

V," (-) ----t""'1---L~~=:..J 

AD7773/AD7775 
be captured are programmable. In the gated detector mode the 
synchronous detector is bypassed and the differential input sig
nals are sinIply rectified and integrated as long as CTRL re
mains high. Whether in the synchronous detector mode or in 
the gated detector mode, a third mode, a calibration or CAL 
mode, is possible where a reference voltage is connected to the 
CINT( +) pin to allow any mismatch which exists between the 
four tracklhold (TIH) amplifiers to be easily measured. A sim
plified diagram of the demodulator channel is shown in Fig-
ure 6. With CR7 a logic Low the normal mode is selected and 
SWI is closed when a valid integrate INT signal is provided by 
the demodulator control logic. Switches SWI and SW3 are func
tional only in the normal mode. In the calibrate mode CR7 is set 
to a logic high and SWI is open regardless of the INT signal. 
Switch SW2 is closed only in the calibrate mode. The sequence 
of events in each mode is explained in the following text. 

Mode 
ircuitry is shown in Figure 7. The value 
should be chosen so that the pole formed 

and the 2.5 k!l equivalent input resistance is at 
r of 'tude below the lowest input signal fre-

'stors have a tolerance of ±40% with a 
lcient of - 300 ppmf'C. The differential 

d at approxinIately 1 V above AGND by means 
inIpedance voltage source. 

M 
U 
X 

TO 
ADC 

cmL--------------~ 
'SWITCH CLOSED WITH HIGH DRIVE 

~:::[) ~ ~~. 
t 10K 

REFOUT/4 -1.2V. INTERNAL 
RESET VOLTAGE CTRL 

Figure 6. Simplified Block Diagram of Demodulator Channel 

V," (_) 0-... --..-----.....-

V," (-) o-+---4~--""--

AGND 

TO ZCD/RECTIFIER 
(HIGH IMPEDANCE) 

Figure 7. Simplified Input Circuitry of Demodulator Channel 

From the input pins the signal passes to both a zero crossing 
detector (ZCD) and a full wave rectifier. The output of the rec
tifier drives a transconductance amplifier to convert the rectified 
input voltage into an output current suitable for charging the 
external integrating capacitor CINT• Except during actual ADC 
conversions the ZCD is always enabled and produces a continu
ous pulse stream output reflecting the differential input signal 
transitions through 0 V. In fact, the input signal change must 
exceed the ZCD's input hysteresis, VH , before its output 
changes. See Fignre 20 in the DESIGN INFORMATION sec
tion. Since the ZCD output is usually completely asynchronous 

This information applies to a product under develc~ment. Its characteristics and specifications are subject to change without notice. 
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AD7773/AD7715 ' 
with the timing of the CTRL input, the main task of the de
modulator control logic is to synchronize these two signals in 
order to integrate only full cycles of the input waveform. This is 
achieved by initializing the cycle counter logic on the first ZCD 
output falling edge recognized after CTRL goes high and releas-· 
ing the counter on the following ZCD output falling edge. This 
produces the integrate (INT) signal to close switch SWI to start 
integrating. Full cycles of the input waveform can now be 
counted from falling edge to falling edge of the ZCD output. 
The asynchronous nature of the two signals results in a random 
lock-in time before the integrator starts, which can vary from I 
cycle to 2 cycles of the input waveform. This is illustrated in 
Figures 8a and 8b. CTRL must be high for a minimum time of 
(N + 3.5) tcvd i.e., 7.5 cycles of the maximum burst fre
quency of 5 MHz when N = 4. 

zco 
OUTPUT 

CTRl 

INT 
(SWI CONTROL) 

HOLDN 

CIfT RESET 
(SW3 CONTROL) 

FI ... failing Edge Aecag .. nd 
by Demoduletor Control Logic 

Second F.lling Edge He ...... 
Counter .. etoe.. SW1 Cycle Count Ex'" 

Praprugrommod _. 

SW10_ 

Figure 8a. Synchronous Detector Timing Waveforms. with 
Lock-In Time of 2 Cycles & N = 4. 

zeo 
OUTPUT 

CTRl 

INT 
(SW1 CONTROL) 

HOlON 

CINT RESET 
(SW3 CONTROL) 

FIrot Failing Edge Aecag .. nd 
by Dom_. Control Logic 

Socond Failing Edge Re_ 
Counter .. CIo ... SW1 Cycle Count Exceeds 

Preprogrammed Number, 
SW10_ 

Figure 8b. Synchronous Detector Timing Waveforms with 
Lock-In Time of 1 Cycle.& N = 4. 

After the counter is released, the number of subsequent falling 
edges is counted and is compared with the number previously 
loaded into locations CRO-CR3 of the control register. When 
this count exceeds the preprogrammed number, the demodulator 
control logic brings INT Low, opening switch SWI to halt the 
integrator. To ensure that the selected tracklhold amplifier 
correctly acquires the integrated voltage on CINT, a further one 
full cycle of the ZCD output (i.e., one fuJI cycle of the input 
waveform) is counted before a hold signal, HOLDI-HOLD4, is 
generated. 

When CTRL returns low, switch SW3 is closed to reset the 
voltage across the integmting capacitor to 0 V. The waveforms 
in Figure 8 are dmwn for a correct burst capture and the status 
flag associated with this burst, SRI-SR4, is set "good"-iI logic 
low-in the status register. However, there may be occasions 
when, for whatever reason, less than the programmed number 
of CYcles occur in a burst, and in these circumstances the trail
ing edge of CTRL acts as a fail-safe hold signal for the TIH am-
plifier. For instance if, w capturing a burst, the signal 
amplitude drops minimum ZCD comparator thresh-
old, then usly cease providing zero-crossing 
pulses cycle counting logic. In situations like 

CTRL terminates the integrator di-
t capture is terminated by the fall

sociated status flag in the status 
tmg a "bad" capture. In the situation 

urst is so low in amplitude as not even to 
D, switch SWI remains open and no signal is in-

. s is flagged as incorrect operation and its 
. s set high or "bad" on the falling edge of 

of these cases opemtion of the channel pro-
y with an AID conversion being carried out on the 

y captured burst and the result stored in its respective 
register. 

As each differential input signal burst is captured, one of the 
four internal TIH amplifiers tmcks the integrated signal on the 
CINT pin. When a burst capture is complete, the tracking TIH 
amplifier is placed in the hold mode and the voltage on its hold 
capacitor remains held for subseq\1ent AID conversion. The se
lection of which TIH amplifier tracks the integrator output is 
determined by the contents of a write pointer. The write pointer 
logic ensures that the integrator output corresponding to the 
first burst captured is placed on CH " the integrator output cor
responding to the second burst captured is placed on ~2 and so 
on. The write pointer is incremented after each CTRL pulse. 
Each individual burst capture opemtion requires its own sepa
mte CTRL; pulse, i.e., if there are four bursts to be captured, 
four CTRL pulses are required. The number of bursts captured 
is compared with the number (1,2,3 or 4) previously loaded 
into locations CR4 and CR5 of the control register. When the 
number of bursts captured equals the preprogrammed number 
of bursts expected, the rectifier/integrator section is tUrned off, 
the ZCD is disabled and the voltages held on the internal hold 
capacitors CHCCH4 are sequentially applied to the ADC and are 
converted. As the ADC converts the held voltages, the results 
are loaded, again sequentially, into the data registers under the 
control of the write pointer. ADCREGI is filled first, followed 
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by ADCREG2, etc. When all held voltages have been converted, 
the TIH amplifiers are released back into their track mode and 
the write pointer is left pointing at TIH amplifier # 1. At this 
time also, the ZCD is again enabled. Note, however, that the 
4-channel TIH multiplexer is enabled on the rising edge of the 
first CTRL pulse in a new burst capture sequence and remains 
enabled only for the duration of the capture sequence. 

Gated Detector Mode 
In this mode the synchronous detector is bypassed and the de
modulator channel behaves as a simple gated detector. To select 
the gated detector mode, locations CRO-CR3 of the control reg
ister are loaded with all Os, location CR7 is loaded with a logic 
low and locations CR8 and CR9 are loaded with logic highs. A 
simplified timing diagram of the channel operating as a gated 
detector is shown in Figure 9. When CTRL goes high at the 

#1 

CTRl I 
---.J"' .. ----tc 1 

INT 
(SWI CONTROL) 

HOlDl 

CONY RESET 
(SW3 CONTROL) 

I 

Figure 9. Channel Timing Waveforms for 
Mode 

start of a signal capture operation, switch SWI is closed and the 
integrator starts integrating the rectifier's output. It will con
tinue to do so as long as CTRL remains high, eventually satu
rating if CTRL is held high for too long. A minimum CTRL 
high pulse width of 800 ns is required in this mode. When 
CTRL returns low, switch SWI is opened and the integrator is 
halted. As the rectifier's output is being integrated across CINT, 
it is also being tracked by one of the four TIH amplifiers. To 
provide additional time for this T IH amplifier to completely ac
quire the integrated voltage, the falling edge of CTRL triggers a 
one-shot which delays the hold signal, HOLDl-HOLD4, until 
it times out. This delay, t e3, has a maximum time of 600 ns. 
When the hold signal is generated the tracking T IH amplifier is 
put in the hold mode and the voltage on its hold capacitor re
mains held for subsequent AiD conversion. The hold signal, in 
turn, triggers the C'NT reset signal, closing SW3 and resetting 
the voltage across CINT to 0 V. Note that both plates of the 
CINT capacitor are at the internal reset voltage level of 1.2 V, 
available on C,~ -), in readiness for the next signal capture 
operation. The minimum CTRL low time, te2, depends on the 
duration of the preceding CTRL high time. The longer the inte
gration time, the longer must be the reset time, since the reset 
current is fixed. The minimum CTRL low time can be deter
mined from the expression: 

teZ = 0.6 ILS + 0.375 tel 

AD7773/AD7775 
When the number of gated signals captured equals the pre
programmed number expected, the rectifier/integrator section is 
disabled and the held voltages are sequentially applied to the 
ADC and are converted. From here on, channel operation is 
identical to the synchronous detector mode as previously de
scribed. Note that locations SRl-SR4 of the status register now 
convey no meaningful information and should be ignored for 
gated detector operation. 

Calibration Mode 
The purpose of this mode is to allow any channel mismatch 
existing between the internal T/H amplifiers to be easily mea
sured. The number of TIH amplifiers tested will equal the num
ber stored in locations CR4 and CRS of the control register. 
Additionally the number of CTRL pulses applied must also 
equal this number. The calibration (CAL) mode is selected by 
loading locations C and CR8 of the control register with a 
logic high and low, respectively. This condition is de-
coded to SW2 and connect an internal dc reference, 

CTRl 

HOlDl 

HOlD2 

above the C,~ -) pin, to the C'N~ + ) 
y, to avoid shorting the integrator output, switch 

d by loading a logic high into location CR7. 
onous or gated detector modes, the volt

harged between successive CTRL pulses. 
L pulses sinIply generate the hold signals 

plifiers. The falling edge of the first CTRL pulse 
old signal, HOLDl, for TIH amplifier #1, the fall

second CTRL pulse generates HOLD2 for TIH 
so on. A timing diagram of the channel in the 

shown in Figure 10. 

II 112 

J:= t c1 .l0:J L 
I 

I 
I 

I 
Figure 10. Channel Timing Waveforms for Calibration 
Mode 

A minimum CTRL pulse width of 800 ns is required to allow 
sufficient acquisition time for the relevant TIH amplifier. Note 
that this pulse width assumes that the voltage on the C'NT( + ) 
pin has settled to the nominal REFOUT/2 level before the first 
CTRL pulse is applied. In order to use the minimum CTRL 
pulse widths the demodulator channel must be placed in the 
calibration mode some time prior to applying the first CTRL 
pulse. With C'NT = 180 pF, this setup time is no longer than 
20 ,..s. Alternatively, this setup time can be avoided by making 
the first CTRL pulse sufficiently wide to ensure that the calibra
tion voltage on the C'N~ +) pin has settled. Subsequent CTRL 
pulses can obviously have minimum pulse widths. 
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AD7773/AD7775 
Analog Outputs 
The AD7773 and AD7775 contain two independent voltage
output DACs: DAC A with 10-bit resolution and DAC B with 
8-bit resolution. The two DACs produce output voltages of the 
form V BIAS ± V SWING. Both V BIAS and V SWING reference 
levels are generated internally with V BIAS being available 
externally on the REFOUT pin. VSWING is nominally equal to 
REFOUT/2. With half-scale code in a.DAC register, the DAC 
output voltage is equal to V BIAS; With a positive full-scale code 
the DAC output is VBIAS + VSWlNG -1 LSB; with a negative 
full-scale code the DAC output is VBIAS - VSWlNG. Dependent 
upon the logic level stored in location CR6 of the control regis
ter, the DAC coding (for both DACs) will be either twos com
plement coding (CR6 = 1) or offset binary coding (CR6 = 0). 
Note that on receipt of a reset command (either via software or 
hardware), location CR6 is loaded with a logic high and the ana
log outputs of both DACs go to VBIAS. Figures 11a and 11b 
show the DAC transfer functions for twos Complement and off
set binary coding, respectively. 

1D-SIT DAC A 200 201 fI_-,3FF"=oao~00,,,1,---
8-BIT DAC B 80 81 » FF 00 01 

DIGITAL INPUT 

Figure 11a. DAC Output Voltages vs. DAC Input Codes in 
Hex- Two's Complement Coding 

For twos complement coding the DAC output voltage can be 
expressed as: 

V oUTNB = V BIAS + V SWING (2 D AlB) 

where subscripts A and B refer to DACs A and B. 

For DAC A, DA = NA/1024 

where NA is the decimal equivalent of the twos complement in
put code; i.e., 

-512 :5 NA :5 + 511 

For DAC B, DB = NB /256 

where NB is the decimal equivalent of the twos complement in
put code; i.e., 

-128:5 NB :5 + 127 

With offset binary coding selected via location CR6 of the con
trol register, the DAC output voltage can be expressed as: 

VoU7"'llB = VBIAS + VSWING (2 DAIB - 1) 

. refer to DACs A and B. 

DIGITAL INPUT 

{(~ 
»~ 

Figure l1b. DAC Output Voltages vs. DAC Input Codes in 
Hex-Offset Binary Coding 
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AD7773/AD7775 
NUCROPROCESSORINTERFACING 
Tables I and II show the truth tables for AD7773 and AD7775 
microprocessor interfacing, respectively. The multiplexed ad
dress/data bus used by the AD7775 is demultiplexed internally 
by means of the ALE signal. On the falling edge of ALE ad
dress inputs ADI, AD2 and AD3 are latched and remain 
latched until ALE returns high again. Note that address input 
ADO is a "don't care" input. This decoding scheme allows 
2-byte word operations to even addresses only and simplifies the 

interface to the 8OC196, for instance, where word operations to 
odd addresses are not guaranteed to operate in a consistent man
ner. DAC data is always transferred as right-justified data, i.e., 
the LSB should always appear on ADO whether loading the 10-
bit DAC A or 8-bit DAC B. Similarly for the AD7773, which 
has a dedicated IO-bit-wide data bus, DAC data is always trans
ferred as right-justified data, i.e., the LSB should always appear 
on DBO whether loading DAC A or DAC B. 

Table I. AD7773 Truth Table for Microprocessor Interfacing 

CS RD WR Al AO D80-DB9 FunctioruWConunenm 

I X* X X X HighZ Data Port High Impedance. 
0 I 0 0 0 DAC Data Load IO-Bit DAC A Data to DAC A Register. 
0 0 I 0 0 LowZ Reserved. Do Not Use. 
0 I 0 0 I DAC Data Load 8-Bit DAC B Data to DA 
0 0 I 0 I LowZ Reserved. Do Not Use. 
0 I 0 I 0 CRData Load Control Register . See Control Register Description. 
0 0 I I 0 LowZ Reserved. Do 
0 I 0 I I SR Data Load Sta . See Status Register Description. 
0 0 I I I Stack Data Stack Reading Description. 

*X = don't care. 

CS RD WR AD3* 

I X** X X X ceo 
0 I 0 X 0 A Data to DAC A Register. 
0 0 I 0 0 liiwZ Not Use. 
0 I 0 X 0 DAC Data -Bit DAC B Data to DAC B Register. 
0 0 I 0 0 LowZ Reserved. Do Not Use. 
0 I 0 X I CR Data Load Control Register (CR) Data to CR. See Control Register Description. 
0 0 I 0 I LowZ Reserved. Do Not Use. 
0 I 0 X I ·SR Data Load Status Register (SR) Data to SR. See Status Register Description. 
0 0 I 0 I Stack Data Contents of Stack Placed on Data Bus. See Stack Reading Description. 
0 0 I I 0 ADC Data Contents of ADCREG I Placed on Data Bus. 
0 0 I I 0 ADC Data Contents of ADCREG2 Placed on Data Bus. 
0 0 I I I ADCData Contents of ADCREG3 Placed on Data Bus. 
0 0 I I I ADC Data Contents of ADCREG4 Placed on Data Bus. 

*Latched internally on the falling edge of ALE. 
**X = don't care. 
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AD7773/AQ7775 
Stack Reading 
The register stack consists of a total of five registers: the status 
register and the four ADC data registers, ADCREG l-ADCREG4. 
The status register is the bottom-most register of the 5-deep reg
ister stack. Dependent upon the system architecture, the stack 
can be read in one of two ways. If the AD7773 and AD7775 are 
interfaced directly to a microprocessor bus then repeated read 
instructions to the stack address rotate the active stack locations 
through the data bus. One stack location is transferred per read 
instruction. This method of stack reading is shown in Figure 
12a for the AD7773 (stack address = 112 ) and in Figure 13a for 
the AD7775 (stack address = OUX2). However, if the AD7773 
or AD7775 is not directly interfaced to the microprocessor bus 
but comes through some peripheral controller (e.g., a propri
etary gate array), then the stack can be rotated by keeping the 
CS input low and repeatedly pulsing the RD input. This 
method of stack reading is shown in Figures l2b and 13b for 
the AD7773 and AD7775, respectively. 

For the AD7773, stack rotation is the only way in which data in 
the upper registers can be accessed. For the AD7775, however, 
the stack registers are individually addressable and the user can 
choose to access the data by rotating the stack, or by individu
ally addressing the registers in any order preferred. 

A read pointer ensures correct operation of the stack by s 
equal the number of data registers which can be rotated 
number of bursts to be captured. The first read . 
the register stack returns the contents of the 
read pointer is then incremented so t 
from the stack-using the same address 
data from ADCREGl and so on. If n is n 
be captured (n = 1, 2, 3 or 4), then n + 1 read 
required to rotate the stack through all active stack 
The stack is rotated only once with all additional instruc-
tions repeatedly placing the contents of the status register on 
the data bus. Note that the stack will rotate only when the pro
grammed number of conversions are complete; i.e., only when 
status register flag SRO has returned low. When new data is 
loaded to the stack, for example, when a new burst sequence is 
captured, the read pointer is again enabled to rotate the stack 
registers through the data bus. Operation of the stack is summa
rized in Table III where all the read instructions are from stack 
addresses; 112 for the AD7773 and 011X2 for the AD7775. 

Table In. Stack Read Operations 

Read Instruction 
Sequence 

1st Read 

2nd Read 

3rd Read 

4th Read 

5th Read 

6th Read 

Data Bus 

'Status Register 

ADCREGI 
Status Register if CR (5, 4) = (0, 0); 
ADCREG2 otherwise 

Status Register if CR (5, 4) = (0, 0) or 
(0, 1); ADCREG3 otherwise 

Status Register if CR (5, 4) = (0,0), (0, 1) 
or (1, 0); ADCREG4 otherwise 

Status Register. Succeeding Read 
instructions always call the Status Register 

... ReadCVcIe X] 12 _Cycle 

:~ ::: k :;: 
AD~~,---_ 

DBG-OB9 ------1( STATUS 
~EGISTER 

Figure 12a. AD7773 Stack Read Option 1 

AU=l 
A1=l 

-{ AD1=O X STATUS 

ADO-DB9 \..-=:~=2:,,:~,-!1.....J. \... _R_EG_ISTE_R_....I 

\ 12 Read Cycle 

Figure 13a. AD7775 Stack Read Option 1 

ALEJ\ ___ _ 
~~~------
AD \'--_ ... ___ d_Cy_C_I._....J~'--I2 ___ d_Cy_CI_._ 

ADG-OB9 --{'--':"'g:;;;i..;;;..:.!--JX .... _R_~_~S_T~_SR_....IH\.. ___ ADC_R_EG_l __ 

Figure 13b. AD7775 Stack Read Option 2 
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Microprocessor/Microcomputer Interfacing Circuits 
With its separate data and address bus architecture the AD7773 
is intended to interface to DSP machines such as the ADSP-
2101, ADSP-2105 and the TMS320 family. The AD7775, with 
its multiplexed address/data bus, is suitable for microcontrollers 
such as the 8OCl96 family. 

Figure 14 shows the AD7773 interfaced to the TMS32OCI0 @ 
20.5 MHz and the TMS32OC14 @ 25 MHz. Figure 15 shows 
the interface with the TMS32OC25 @ 40 MHz. Note that one 
wait state is required with this interface. The ADSP-2101-50 
and the ADSP-2105-40 interface is shown in Figure 16. One 
wait state is required with either of these machines. 

Figure 17 shows the AD7775 interface to the 80C196KB 
@ 12 MHz and the 80C196KC @ 16 MHz. One wait state is 
required with the 16 MHz machine. The 8OC196 is configured 
to operate with a 16-bit multiplexed address/data bus. 

All-A11 
1------, 

WEr-------------~=m~ 

(C10)~ r---------, 
(C14)REN 

TMS320Cl0-2O.5 
TMS320Cl4-25 

DlS-OO 

• ADDITlONAL PINS OMITTED FOR CLARITY 

Figure 14. AD7773 to TMS320C10 & -C14 Interface 

AU-AD 
1------, 

IS 
READY 

MSC 

STRB~==:::::::~D w ...... 

TMS320C25-40 

DlS-OO 

RD 

• ADDI1IONAL PINS OMITTED FOR CLARITY 

Figure 15. AD7773 to TMS320C25 Interface 

AD7773/AD7775· 

A13-AD ADDRESS BUS \ 
+ + 

ADDR AD Al 
DECODE 

OMS EN CS 
~ AD7773* 

Wii Wii 
- -
RD RD 

ADSP-2101-50 II 
DII9-DBO 

ADSP-2105-40 

023-08 DATA BUS \ 
• ADDITIONAL PINS OMITTED FOR CLARITY 

3 to ADSP-2101 & ADSP-2105 Interface 

AD777S* 

r-------------~RD 

AD7-ADO 
(PORT 3) I-____ -=DA;;;T;;;A~B;;;U::.S __________ .....J 

• ADDITlOJ'lAL PINS OMITTED FOR CLARITY 

Figure 17. AD7775 to 80C196 Interface 
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AD7773/AD7775 ~ Terminology 
DEMODULATOR CHANNEL 
Relative Accuracy 
The relative accuracy specification is similar to a least squares 
specification for a standard ADC. For the demodulator channel, 
however, the least squares line is fitted not between the voltage 
levels corresponding to the traditional first and last code transi
tions, but between voltage levels corresponding to designated 
code transitions on either side of the midscale code. This 
scheme allows a tighter specification for signals around the half
scale point and a more relaxed specification for signals closer to 
zero-scale and full-scale. The AD77731 AD7775 specify linearity 
over the 1/4 FS to 3/4 FS signal range with a related linearity 
specification from 118 FS to 7/8 FS. For either range the input 
signal levels that correspond to the designated code transitions 
are found by applying a sequence of 5 MHz sinusoidal bursts to 
the demodulator channel and digitizing the signals. The ampli
tude of the bursts are slowly varied until the ADC output flick
ers around the nominated code transition. The burst amplitude 
which causes the transition is now designated as one endpoint 
for the linearity specification. The other endpoint (for the same 
range) is found by similar methods. The 1/4 FS to 3/4 FS rela
tive accuracy specification of the demodulator channel is the 
maximum deviation, in LSBs, of the ADC's actual code transi
tion points from a least squares line fitted between the meas 
endpoint voltageS Vm256 and Vm768. Note that this least 
squares line may not exactly coincide with as' 
between the two measured endpoint vol 
FS relative accuracy specification is 
line already fitted between 1/4 FS and 
extended to range from Vml28 to Vm8 
tation of the two linearity ranges are shown in 
ADC code transitions (in decimal only) are plotted 
corresponding input voltage levels; i.e., Vml28 re sents the 
input voltage at which code transition 127/128 (decimal) occurs. 
Corresponding code transitions in Hex are as follows: 

ADC 
OUTPUT 
CODE 

Vm128: 
Vm256: 
Vm768: 
Vm896: 

07FI 080 (Hex) 
OFF/IOO (Hex) 
2FF/300 (Hex) 
37F/380 (Hex) 

895J8!I6 1----------,. 

7671788 I---------,,~ 

127/128 

Vml28 Vm258 Vm768 Vm886 
=118 FS .1/4 FS :3/4 FS =718 FS 

DIFFERENTIAL INPUT VOLTAGE, V IN 

Figure 18. Guaranteed Linearity Ranges for the 
Demodulator Channel 

The full-scale (FS) input voltage is computed from measured 
voltageS Vml28 and Vm896, corresponding to 118. FS and 7/8 
FS, respectively, as follows: 

Vm896 - VmI28 ;" 7/8FS - 118 FS 

or 

FS = 8/6 (Vm896 - VmI28) 

Using this value of FS, I LSB = FSl1024. Note that due to 
both the zero-crossing detector threshold and the rectifier 
threshold, the least squares line shown in Figure 18 will not 
pass through the origin. This means that the differential input 
voltages shown in. Figure 18 are not referenced to the. origin; 
i.e., the code transition 127/128 does not necessarily occur 1/8 
FS above VIN = 0 V. 

Differentiallnpnt Resistance 
This is the de input resistance measured between VI~ +) and 
VIN(-)· 

tance 
measured between the shorted 

d V IN( -), and ground. 

V Differential Input Signal 
differential input signal of 75 m V 
will be between OA (Hex) and 28 

LSBs and 40 LSBs. Figure 6 shows 
tor performance for low level input signals. 

erential input signal is determined by the rec
the rectifier threshold the ADC output is 

otonic up to the maximum differential sig-

40 I-----=..,...~ 

101-----=oo!"""" 

75 DIFFERENTIAL INPUT 
VOLTAGE, VIN,mYpp 

Figure 19. Demodulator Response for Low Level Input 
Signals 

Frequency Response to Pulse Harmonics 
This specification tests for gain peaking in the channel fre
quency response. Relative measurements, taken at three har
monically rela~ed frequencies, are compared and must be within 
specification. To maintain a constant integral at each frequency, 
the number of cycles are correspondingly increased as the signal 
period is decressed. 

-Set up 5 MHz bursts at 0.7 V p-p and digitize. CRO-CR3 set 
for 4 cycles. Determine average ADC code, call it Code 1. 
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-Set up 10 MHz bursts at 0.7 V p-p and digitize. CRO-CR3 set 
for S cycles. Determine average ADC code, call it Code 2. 

-set up 15 MHz bursts at 0.7 V p-p and digitize. CRO-CR3 set 
for 12 cycles. Determine average ADC code, call it Code 3. 

-Compare (Code I-Code 2) and (Code I-Code 3) to the limits 
specified. 

Due to the demodulation technique used in the AD7773 and 
AD7775, the frequency spectrum of the input signal can have an 
impact on the demodulator channel performance. To meet the 
specifications the following limits are placed on the harmonic 
content of the input signal (quoted in dB relative to a funda
mental at 5 MHz and 1.25 V p-p): 

2nd Harmonic: 
3rd Harmonic: 
4th Harmonic: 
5th Harmonic: 
Higher Harmonics: 

Common-Mode Rejection Ratio 

-50 dB 
-12 dB 
-50 dB 
-24 dB 
-40 dB total 

Common-mode rejection ratio (CMRR) is a measure of the 
change in digital output code when both inputs are c 
equal amounts. Repeated bursts of half-scale amplitud 
ential 1.25 V p-p at 5 MHz, are applied to th 
channel and digitized. These bursts sit 
signal of 500 m V p-p magnitude an 
60 Hz to 30 kHz. The standard 
distribution of ADC codes is ch 
a result which includes the channel 
for the channel noise level by rms subtraction, 
(1.stP12, the standard deviation is found to be 
LSBs, which is equivalent to a CMRR of 46 dB. This specifica 
tion holds over the allowable Va; range of 4.75 V to 5.25 V. 

Power Supply Rejection Ratio 
For the demodulator channel, power supply rejection ratio 
(PSRR) is a measure of the change in digital output code due to 
a change in the power supply voltage. Repeated bursts of haIf
scale amplitude, differential 1.25 V p-p at 5 MHz, are applied 
to the input and digitized. An ac signal, 200 m V p-p amplitude 
and varying in frequency from 60 Hz to 30 kHz, is summed 
with the +5 V power supply Va;. The standard deviation of the 
resultant distribution of ADC codes is checked to be less than 4 
LSBs, a result which includes the channel noise level. When 
corrected for the channel noise level by rms subtraction, e.g., 
{(4t - (1.S)2p12, the standard deviation is found to be less than 
3.6 LSBs, which is equivalent to a PSRR of 43 dB. This specifi
cation holds over the allowable Va; range of 4.75 V to 5.25 V. 

Channel Noise Level 
Channel noise level is a measure of the intrinsic noise level of 
the modulator channel in the absence of common-mode signals 
and power supply interference. Repeated bursts of half-scale 
amplitude, differential 1.25 V p-p at 5 MHz, are applied to the 
input and digitized. The standard deviation of the resultant dis
tribution of ADC codes is checked to be less than loS LSBs. 
This is equivalent to a channel noise level of 49 dB. Note that 
the duration of the burst capture sequence must be less than or 
equal to 1 ms. 

Terminology -AD7773/AD7775 
Composite Noise Rejection 
Intended as an overall channel performance indicator, the com
posite noise rejection figure is an rms summation of the PSRR, 
CMRR, the channel noise level as defmed above plus an INL 
error of 1.15 LSBs, representing the standard deviation, under 
identical test conditions, of the ADC codes from device to de
vice. It is referenced to half-scale. 

Channel Mismatch 
Channel mismatch is a measure of the differences which may 
exist between the four internal tracklhold (TIH) amplifiers. To 
measure mismatch the AD7773/AD7775 must be put in the 
calibration (CAL) mode by loading control register locations 
CR9 and CR8 with a logic high and a logic low, respectively. 
Additionally, CR7 must be loaded with a logic high. These 
conditions disconnect the output of the integrator from the inte-
grating capacitor and connect an internal de reference 
(Nominally 14 above the voltage on the CmT( -) pin) 
to the C e remainder of the demodulator channel 
IIp!mI der the control of the CTRL input, the 

ers are connected in turn to track-and-hold 
. Subsequently the held voltages are con

output code for each channel to ensure 
SBs of each other. See under CIRCUIT 

Between Bursts 
. e bursts the integrating capacitor CINT is dis-

. s occurs during time te2 of Figures Sa, Sb 
t both plates of the CINT capacitor are at the 

set voltage level of 1.2 V, available on CtNTC -). Any 
uaI signal voltage on this capacitor will be added to the in

tegrated signal of the succeeding burst causing an apparent in
crease in the amplitude of that burst. The crosstalk specification 
defmes by how much the amplitude of a burst is influenced by a 
preceding burst. By this definition the first burst suffers no 
crosstalk, the second burst suffers from the first burst, etc. To 
measure crosstalk a special burst sequence is applied to the de
modulator input which keeps the amplitude of the burst under 
test constant at half-scale (differential 1.25 V p-p at 5 MHz) and 
alternates the amplitude of the preceding burst between 0 V and 
full scale. The average error due to crosstalk should be less than 
1 LSB. Only two successive bursts are exercised in anyone 
sequence. 

ADC Conversion Time 
Each conversion takes 14 CLKIN cycles. However, due to the 
asynchronous relationship between CLKIN and the burst detec
tor operation, it is possible to get a delay of up to 2.5 CLKIN 
cycles before the first conversion actually starts. This means that 
the first conversion may not be finished for up to 14 + 2.5 
CLKIN cycles after the fmal burst has been detected. Subse
quent conversions will always take 14 CLKIN cycles. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 ANALOG 110 PORTS 8-59 

• 



AD 7773/AD 7775 
ANALOG OUTPUTS 
Relative Accuracy 
For the DACs, relative accuracy or end-point nonlinearity is a 
meaSUre of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer func
tion. A graphical representation of the transfer curves for both 
twos complement and offset binary coding are shown in Figures 
lIa and lIb, respectively. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB maximum 
ensures monotonicity. 

Bias Offset Error 
If the DACs are ideal, the output voltage of any DAC with mid
scale code loaded will be equal to VBIAS (i.e., REFOUT). The 
DAC bias offset error is the difference between the actual out
put voltage and V BIAS' expressed in LSBs. 

Plus and Minus Full-Scale Error 
The DACs in the AD7773/AD7775 can be considered to provide 
bipolar output voltage ranges which are referred to V BIAS in
stead of AGND. Plus full-scale error for any DAC is the differ
ence, expressed in LSBs, between the actual output voltage with 
plus full-scale code loaded into the DAC register and the i 
output voltage (VBIAS + VSWING - I LSB). Minus ~ 
error is similarly defined but the DACs are now I 
their minus full-scale codes and the ideal ou 
VBIAS - VSWING' Note that plus and . 
the DAC outputs are referenced to RE 
sured after the bias offset errors have b 

Digital-to-Analog Glitch Impulse 
Digital-to-analog glitch impulse is the impulse inject into the 
analog output when the digital inputs change state with the 
DAC selected. It is norma1ly specified as the area of the glitch 
in n V sees and is measured when the digital input code is 
changed by I LSB at the major carry transition. Regardless of 
whether offset binary or 2s complement coding is used, the ma
jor carry transition occurs at the analog output voltage change of 
VBIAS tOVBIAS - 1 LSB or vice versa. 

Digital F eedthrough 
Digital feedthrough is also a measure of the impulse injected 
into the analog output from the digital inputs but is measured 
when the DAC is not selected. It is essentia1ly feedthrough 
across the die and package. It is important in the AD77731 
AD7775 since it is a measure of the glitch impulse transferred to 
the analog output when data is transferred over the data bus 
(either in or out). It is specified in nV secs and is measured with 
a full-scale code change on the data bus, from all Os to a1lls and 
vice versa. 

Power Supply Rejection Ratio 
For the analog outputs, power supply rejection ratio (PSRR) 
is a measure of the change in the analog output of either DAC 
due to a change in the power supply voltage V cc. For the test 
both DACs are loaded with their half-scale codes and an ac sig
nal of 200 mV p-p amplitude and vaeying in frequency from 
60 Hz to 30 kHz is summed with the +5 V power supply. The 
maximum output signal level on either DAC will be 22 mY. 

Thus, the response will be at least 20 dB below the excitation 
level. . This specification holds over the a1lowable V cc range of 
4.75 V to 5.25 V. 

DESIGN INFORMATION 
Choosing the Cna Capacitor 
In both the synchronous detector and gated detector modes the 
differential input signal is rectified and integrated across the in
tegrating capacitor CINT. The correct value of integrating capac
itor must be used in orderto optimize the channel performance 
for any particular integration period. If too high a value is cho
sen then the integrated signal voltage developed across ~NT will 
be lower than optimum, and hence, ADC resolution will be lost 
due to this effective compression of the signal. Similarly too low 
a value for CINT can lead to signal voltages being developed 
across CINT which are beyond the dynamic range of the ADC. 
This effective signal expansion results in loss of ADC resolution 
for full-scale input signals. The ideal value of CINT is found 
from the expression: 

G1NT = I.TlVc ...................... (1) 

= NI/IN 

r output current, T is the integrate 
egrated voltage across CINT. The aver
t can be expressed as: 

tector mode the integrate time can be 

where N is the number programmed into locations CRO-CR3 of 
the control register. N can range from 4. to 15. Frequency fiN is 
the frequency of the input signal. The AD7773 and AD7775 are 
guaranteed to operate with N = 4 and fIN = 5 MHz maximum. 
In the gated detector mode the integrate time is simply the pe
riod of CTRL high or tel in Figure 9. 

V CINT is the voltage change across CINT which results in a full
scale change in the ADC output. V CINT is typica1ly equal to 
REFOUT/2 or 1.07 V. 

As an example of calculating a value for Cna consider the case 
of synchronous detector operation with N = 4, fiN = sinusoidal 
5 MHz and VIN p-p = 2.3 V maximum. To ensure that no 
ADC resolution is lost for peak input signals, Equation 1 is 
solved using the maximum value of transconductance, Gm = 
0.302 ms and the minimum value ofVclNT which is equal to 
REFOUT(min)/2 or 1.05 V. When these values are used in 
Equation 1 a value for CINT equal to 170.7 pF is computed. 
This computed value of capacitor must include the tolerance, .:l, 
on the fmal capacitor chosen plus any stray capacitance on the 
CINT( + ) pin to ground and CINT( -). That is, 

l70.7 pF = GINT (1 - .:l%/IOO) + GSTRAY 

This information applies to a product underdevelopment. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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If 5% tolerance capacitors are used and CSTRAY = 10 pF then 
CINT = 169 pF ±S%. This is the optimum value of capacitor to 
use. However, if preferred values of capacitors are required, the 
next highest preferred value is 180 pF. This value of capacitor 
will result in a slight compression of the signal range. That is, a 
full-scale input signal, VIN IrP = 2.3 V, will result in an ADC 
code which is less than all Is. Exactly how much compression is 
caused by using a nonidea1 value of CINT is indicated by the 
ratio of computed C1NT value to worst case C1NT value. Assum
ing CINT = 180 pF ±S% and stray capacitance totalling 10 pF, 
the worst case CINT capacitance can be found by solving 

GINT = 180 (1 + 5/100) pF + 10 pF 
= 199pF 

The ratio of 170.7 pF, the computed value for CINT> to 199 pF 
gives the amount of compression, 170.7/190 = 0.85. This means 
that for a full-scale input signal the ADC code will never exceed 
85% of its possible code range; therefore, approximately the top 
150 codes will never be used. 

Zero Crossing Detector 
The zero crossing detector (ZCD) has a certain amount of hys
teresis to prevent noise from getting through the input stage 
The ZCD differential hysteresis, V H' is typically 55 m V 
and is specified to lie between 40 and 70 m V IrP. 
which exceed this level can change the ZCD' 
hysteresis represents approximately 5 
ential input signal level to the de 
gives a graphical representation 0 

hysteresis. 

Synchronous Detector Timing Relation 
The relative timing between an input burst si and its 
tive CTRL pulse determines which of the cycles within an . 
vidual burst are integrated. Two different tiIning examples 
which result in different cycles of the input waveform being in
tegrated are shown in Figure 21. This is drawn for a two-burst 
pattern with N, the programmed number of cycles to be cap
tured, set to 4. 

VIN, Differential 
InpulVoltage 

ZCDOUlPUT 
WAVEFORM 

ZCD 
OUlPUT 

OV +VH/2 

AD7773/AD7775 

V IN = VIN (+) - VIN (-) 

YIN' Differential 
Input Voltage 

Crossing Detector (ZCD) Sensitivity 

TRL input goes high just after the rising 
D output which itself occurs in the Iniddle of the 

cle of burst 1. Approximately 3/2 cycles after this, the 
signal goes high to start the integrator and re
ur cycles of the input waveform. The CTRL 

tained high for a further 2 cycles of the input 
. With this timing relationship, cycles 4, 5, 6 and 7 of 

st 1 are integrated. Since CTRL is kept low for the Inini
mum time of 3/2 cycles of the captured input waveform, the 
same timing relationship between CTRL and the input signal 
is maintained for burst 2 and, again, cycles 4, 5, 6 and 7 are 
integrated. 

In Example 2, the CTRL input goes high just after the falling 
edge of the ZCD output at the start of the fIrst cycle of burst 1. 

VIN , 
INPUT 
BURST 
WAVEFORM 

123456789 

1\7\7\I\i'lI\I\7\fhbhAAh' hh 

ZCD 
OUlPUT 
WAVEFORM 

EXAMPLE 1 

CTRL 

INT 

J..---------iJ..--------, 
CYCLES 4, 5, 6, 7 INTEGRATED CYCLES 4,5, 6,7 INTEGRATED 

~::;r~;~ATE + ____ ...11 ~I--~--~I I~ ____ _ 

EXAMPLE 2 

CTRL 

CYCLES 3, 4, 5, 6 INTEGRATED CYCLES 3, 4, 5, 8 INTEGRATED 

:::JTEGRATE __ ---'I .... 1 ______ ...11 L.I _____ _ 
SIGNAL) 

Figure 21. Two Examples of Movement of the Integration Window as a Result of Relative Timing 
Between CTRL and the Input Burst Signal 
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AD7773/AD7775 
Approximately 2 cycles later the integrate signal, INT, goes 
high and remains high for four cycles. CTRL is maintained high 
for a further 3/2 cycles before being brought low. With this tim
ing, cycles 3, 4, 5 and 6 are integrated. The same timing rela
tionship between CTRL and the input signal is maintained for 
burst 2 and, again, cycles 3, 4, 5 and 6 are integrated. 

Late positioning of the CTRL input can have a similar result. 
For instance, in Example 1, if CTRL goes high one-half cycle 
later than shown, then there will be almost two full cycles, delay 
from CTRL to INT going high. This would result in cycles 5, 
6, 7 and 8 being integrated. In situations where a degree of syn
chronization is possible between CTRL and VIN, making the 
rising edge of CTRL coincident with V IN = 0 V and going posi
tive is the optimum situation. 

Layout Hints 
Ensure that the layout for the printed circuit board has the digi
tal and analog grounds separated as much as possible. Take care 
not to run any digital track alongside an analog signal track. 
Guard (screen) the analog inputs with AGND. 

Establish a single-point analog ground separate from the logic 
system ground and as close as possible to the AD7773 or 
AD7775. Both AGND pins on the AD7773/AD7775 and all 
other signal grounds should be connected to this single-point 
analog ground. In tum, this star ground should be connecte 
the digital ground at one point only-preferably at . 
pedance power supply itself. 

Low impedance analog and digital pow 
turns are important for correct opemti 
the foil width for these tracks as wide as 

In order to ensure a low impedance + 5 V pow 
actual Vee pin, it will be necessary to employ byp Cltors 
from the pin itself to DGND. A 4.7 ,..F tantalum capacitor in 
parallel with a 0.1 ,..F ceramic capacitor is sufficient. 

ADC Corruption 
Executing a read instruction to the AD7773/AD7775 while con
versions are in progress can result in the conversion-in-progress 
being corrupted. This is due to transient currents which flow 
when the output data drivers tum on. The possibility of ADC 
corruption is avoided if read instructions to the AD7773/AD7775 
are avoided for some time after the final CTRL pulse goes Low. 
The duration of this wait period should be: 

TCLKIN (NBursts.14 + 2.S + 1) 

N is the programmed number of bursts, I to 4, to be captured. 

Although each conversion takes only 14 CLKIN cycles, it can 
take up to 2.5 CLKIN cycles to synchronize the extemal clock 
with CTRL before any conversions start. 

A further CLKIN cycle should be allowed for location SRO of 
the status register to be updated. 

Changing Modes of Operation 
The AD7773 and AD7775 have two normal opemting modes
synchronous detector and gated detector modes - and one cali
bration mode. Changing between any of these modes simply re
quires changing the appropriate contents of the control register 
as already described under the individual descriptions of these 
modes. However, there are a number of considerations which 
should be followed when changing between modes. The first is 
that no mode change be attempted before the burst capture and 
conversion sequence is complete (i.e., not until location SRO of 
the Status Register returns low). This will avoid any inadvertent 
corruption of a conversion in progress. The second consideration 
involves the delay between writing to the control register and 
starting a new burst capture sequence. This time is defined un
der the Demodulator Timing Characteristics as the WR rising 
edge to CTRL rising edge and is specified as 200 ns minimum. 
It is required to ensure that the correct conditions have been set 
up internal to the device. 

s allowing sufficient time for the 
to discharge when changing from 
f the other operating modes. This 

mode, CINT is not discharged by the 
SW3, either between successive 
ompletion of the burst capture se-

00 ns-equivalent to te2, the 
'bration mode-is adequate after 

e calibmtion mode. This discharge time 
us set up time of 200 ns must be added together 

erall delay. 
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r.ANALOG 
W.DEVICES 

FEATURES 
Four-Channel, 8-Bit, 3.6 .... ADC 
Three DACs with On-Chip Amplifiers: 

One 11-Bit, 8,...s DAC 
Two 8-Bit, 4 ,...s DACs 

Simultaneous/Independent Sampling of Input 
Chennels 

Adjustable Span and Bias Voltage for Input Channels 
Adjustable Bies Voltage for Output Channels 
Operates from +5 V and +12 V Supplies 

APPUCATIONS 
HDD Dedicated Servo 
HDD Hybrid Servo 
Closed-Loop Servo Systems 

GENERAL DESCRIPTION 
The AD7774 is a complete analog I/O port comprising three 
DACs (two 8-bit and one II-bit) witb output amplifiers, four 
input channels, two tracklhold amplifiers and an 8-bit ADC. It 
has versatile input and output signal-conditioning features which 
make it ideal for use in head-positioning servos in dedicated
only and combined dedicated/embedded disk systems and otber 
closed-loop digital servo systems. 

The part contains four input channels, grouped in pairs. VAl 

and V A2 share a common tracklhold amplifier, TrackIHold A, 
while V BI and V B2 share TrackIHold B. Eitber single or double 
conversions can be performed. In single conversion mode, any 
one of tbe four input channels can be converted. In double con
version mode, either VAl and V BI or V A2 and V B2 are simulta-

LC2MOS 
Analog 110 Port 

AD7774 I 
neously held by TrackIHold A and TrackIHold B, and the held 
voltages are sequentially converted. 

The center point of tbe transfer function (tbe bias voltage) can 
be set for all input and output channels. This makes tbe 
AD7774 especially useful in disk drives, where only a positive 
supply rail is available, as it allows tbe analog input and output 
voltages to be referred to a point otber tban analog ground. In 
addition, tbe input span (tbe swing around the bias voltage) can 
be set for tbe input channels. The output span for all three 
channels is set by tbe on-chip reference. 

The AD7774 operates from +5 V and +12 V supplies. It is fab
ricated in Linear Compatible CMOS (LC2MOS), an advanced, 
mixed technology process that combines precision bipolar cir
cuits witb low power CMOS logic. The part is available in a 28-
lead dual-in-line (DIP) package and in a 28-terminal plastic 
leaded chip carrier (PLCC) package. 

PRODUCT HIGHLIGHTS 
I. The AD7774 contains a four-channel, 3.6 ILS ADC with in

put signal conditioning and tbree DACs witb output amplifi
ers and output signal conditioning, on a single chip. 

2. The midpoint of tbe ADC transfer function, tbe input volt
age swing of tbe ADC and tbe midpoint output voltage of the 
DACs can be set by applying ground referenced control 
voltages. 

3. The AD7774 interface timing is. compatible with most mod
em microcontrollers and digital signal processors. 

FUNCTIONAL BLOCK DIAGRAM 

REV. A 

AGND DOND 

V.,AS b--4j------+=~====!::==~ 1"---;::::::::....1 __ ..., 
2.5V INTERNAL 

REFERENCE AND 
INPUT REFERENCE 

CIRCUITRY 

VOUTA 
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AD7774-SPECIFICATIONS 
ADC SPECIFICA'JIONS NO~ = +10 V to +13.2 V; Vee = +5 V :t 5%; AGNO = OGNO = 0 V; VBIAS = +5 V unless otherwise 

" stated. All specifications T min to T max unless otherwise stated.) 

Parameter K Version! Units Conditions/Comments 

DC ACCURACY 
Resolution2 8 Bits 
Relative Accuracy3 ±l LSBmax 
Differential N onlinearity3 ±l LSB max No Missing Codes 
Bias Offset Error ±5 LSBmax 
Relative Offset Error ±2 LSB max 
Full-Scale Error ±5 LSBmax 

ANALOG INPUTS 
Input Voltage Range 
All Inputs V BIAS ± V SWING V min to V max DBO-DB3 of ADC Control Register = 0 
All Inputs V BIAS ± V SWINd2 V min to V max DBO-DB3 of ADC Control Register = I 
Input Current ±I mAmax 

REFERENCE INPUTS 
Input Voltage Levels 

VBIAS • +3 to +6.8 V min to V max With Respect to AGND 
VSWING 
Internally Generated +2.325 to +2.675 V min to V max 2.'5 V ±7%; Available on VSWINGPins 
Internal Tempco ±50 ppmfC typ 
Externally Applied +2 to +3 V min to V max With Respect to AGND for Specified 

Performance 
Input Current 

VBIAS Input 1.5 mAmax 
V SWING Input ±100 I1A minll1A max 

LOGIC OUTPUTS 
DBO-DB7, BUSY 

VOL> Output Low Voltage 0.4 V max ISINK = 1.6 mA 
VOH' Output High Voltage 4.0 V min IsouRcE = 200 fLA 
Floating State Leakage Current ±IO fLA max 
Floating State Capacitance6 10 pFmax 
Output Coding 2s Complement 

LOGIC INPUTS See DAC Specifications -
CONVERSION TIME See Timing Characteristics 

POWER REQUIREMENTS 
VCC Range +4.75/+5.25 V minIV max For Specified Performance 
Voo Range +10/+ 13.2 V minIV max For Specified Performance 
100 20 mA typ DACs Loaded with Full Scale; 

All Analog Inputs = V BIAS 
100 33 mAmax DACs Loaded with Full Scale; 

All Analog Inputs = V BIAS 
Icc 8 mAmax Logic Inputs = 0.8 V or 2.4 V 

NOTES 
'Temperature range: O"C to + 7O"C. 
'With VSWlNG = 2.5 V andDBO-DB3 of the ADC Control Regist~r = 0, I LSB = (2*VSWING)/256 = 19.5 mY. 
With VSWING = 2.5 V and DBO-DB3 of the ADC Control Register = I, I LSB = (VSWlNQ)/256 = 9.75 mY. 

'See Terminology. 
'The maximum VBlAS voltage is limited by the requirement VBIAS + VSW'NG (or VswlNd2) '" Voo - 2 V. 
'The source impedance of the intemally generated VSWING is nominBUy IOkll. If this internaUy generated VSWING is required for use external to the AD7774,it 
is recommended that the V SWING output is buffered. 

"Sample tested at + 25"C to ensure compliance. 
SpeclfICBtions subject to change without notice. 
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A07774 
NDD = +10 V to +13.2 V; Vee = +5 V ± 5%; AGNO = OGNO = 0 V; VBIAS = +5 V; 

OAC SPECIFICATIONS RL = 10 kG, CL = 100 pF to ASNO.1 All specifications 1ml" to 1m •• unless otbelWise stated.) 

Parameter K Version' 

STATIC PERFORMANCE 
DACA 
Resolution3 11 
Relative Accuracy' ±2 
Differential Nonlinearity' ±l 
Bias Offset Error' ±50 
Full-Scale Error' ±50 
DACB, DACC 
Resolution3 8 
Relative Accuracy' ±l 
Differential Nonlinearity' ±l 
Bias Offset Error' ±5 
Full-Scale Error' ±5 

ANALOG OUTPUTS 
Output Voltage Range 
All Outputs VB1AS - VSWING or 1.0 

VB1AS + VSWING or Voo - 2.0 
dc Output Impedance 0.5 

REFERENCE INPUTS 
Input Voltage Levels 

VBIAS 5 +3 to +6.8 
VSWING 
Internally Generated + 2.325 to + 2.675 

Internal Tempco ±50 
Input Current As Pet ADC Specifications 

AC CHARACTERISTICS8 

Voltage Output Settling Time 
DACA 

Full-Scale Change 3 

DACB,DACC 
Full-Scale Change 2 

Digital-to-Analog Glitch Impulse' IS 
Digital Feedthrough' 1 

LOGIC INPUTS 
CS, RD, WR, ADO-AD2, DBO--DB7 

Input Low Voltage, VINL 0.8 
Input High Voltage, VINH 2.4 
Input Leakage Current 10 
Input Capacitance8 10 

DBO--DB7 
Input Coding 2s Complement 

POWER REQUIREMENTS See ADC Specifications 

NOTES 
'The DACs will also operate to specification with • load of 5 leO and 100 pF to VBIAS' 
2Tempcrature raJI8C: D"C to + 7D"C. 

Units Conditions/Comments 

Bits 
LSB max 
LSBmax Guaranteed Monotonic 
mVmax 
mVmax 

Bits 
LSBmax 
LSB max Guaranteed Monotonic 
LSB max 
LSB max 

V min Whichever Is the Highet 
V max Whichever Is the Lower 
fityp 

V min to V max With Respect to AGND 

V min to V max 2.5 V ±7%; Avai1able on the 
V SWING Pin"' 7 

ppmfC typ 

II.smax Settling Time to Within ± 112 LSB 
of Final Value 

jl.Smax Settling Time to Within ± 112 LSB 
of Final Value 

nV sec typ 
nV sec typ 

V max 
V min 
II.A max 
pFmax 

'I LSD = (2*VSW1NG)I2N, where N is the DAC resolutinn. 1 LSD = 2.44 mV for DAC A with VOWING = 2.5 V; 1 LSD = 19.5 mV for DAC D, DAC C with 
VSWlNG = 2.S V. 

'See Terminology. 
'The maximum V BIAS voltage is limited by the requirement V BIAS + V SWINO S V DD - 2 V. 
"The source impedan<:e of the internally generated V .... tNG is nominBUy 10 leO. If this internally generated V SWING is required for use extemal to the ADn74, it 
is recommended that the V SWING output is buffered. 

7DAC nntpUt span cannot be adjusted externally, i.e., adjusting VSWlNG does not chan&e the DAC outpUt span. 
'Sample tested at + 2SOC to ensure complianc:e. 
Specifications subject to chan&e without notic:e. 
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AO.7774 

TIMING CHARACTERISTICS 1 (~D:a !ig!~e: J't:' ~·13.2 v, Vee = +5 V ± 5%, AGND = DGND = 0 V.l 

Parameter Limj.t at T _, T max Units ConditionslComments 
t 2 

I 10/65 nsminlnsmax Data Access Time after CS 
t/ 10/65 ns minlns max Data Access Time after RD 
t/ 5/45 nsminlnsmax Bus Relinquish Time after CS 
tl 5/45 ns min/ns max Bus Relinquish Time after RD 
ts lon5 ns minlns max Data Access Time after Address Valid; CL = 50 pF 
t.I 58 nsmin WR Pulse Width, til = 58 ns, tl2 = 18 ns 

128 nsmin WR Pulse Width, til = 128 ns, tl2 = 0 ns 
t7 0 nsmin CS to WR Setup Time 
t. 0 nsmin Address Valid to WR Setup Time 

~ 0 nsmin CS to WR Hold Time . 
tlO 0 nsmin Address Valid to WR Hold Time 
til 58 nsmin Data Setup Time Prior to WR Rising Edge, t,; = 58 ns, tl2 = 18 ns 

128 nsmin Data Setup Time Prior to WR Rising Edge, t,; = 128 ns, tl2 =0 ns 
t12 18 nsmin Data Hold Time after WR Rising Edge, t,; = til = 58 ns 

0 nsmin Data Hold Time after WR Rising Edge, t,; = til = 128 ns 
t13 ADC Conversion Time; Rising Edge of WR to Rising Edge of BUSY 

3.6 ILS max DB4 of ADC Control Register = 1; CL = 20 pF 
3.7 ILs max DB4 of ADC Control Register = 1; CL = 100 pF 
6 ILS max DB4 of ADC Control Register = 0; CL = 20 pF 
6.1 ILS max DB4 of ADC Control Register = 0; CL = 100 pF 

tl4 100 nsmax Rising Edge of WR to FaIling Edge of BUSY; CL = 20 pF 
150 nsmax Rising Edge of WR to FaIling Edge of BUSY; CL = 100 pF 

tiS 10 nsmin Address Valid to CS or RD Setup Time 
tSAMP ±50 nsmax ADC Channel to Channel Sampling Skew 

NOTES 
'Sample tested at +25"C to ensure compliance. AU input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2t , and t, are measured with the load circuit of'Figure I and defined as the time required for an output to cross 0.8 V or 2,4 V. 
't, and t, are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure I. The measured number is 
then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the times, t, and t" quoted in the timing charac
teristics are the true bus relinquish times of the part and as such are independent of external bus loading capacitance. 

TO OUTPUTO-__ .... -4( 
PIN 

+2.1 V 

Figure 1. Load Circuits for Timing Measurements 
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ORDERING GUIDE 

Temperature Relative Package 
Model Range Accuracy Option· 

AD7774KN O°C to +70OC ±1 LSB N-28 
AD7774KP WC to +70OC ±1 LSB P-28A 

*N = Plastic DIP Pacakge; P = Plastic Leaded Chip Carrier (PLCC) 
Package. For outline information see Package Information section. 
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ABSOLUTE MAXIMUM RATINGS· 
T A = + 25°C unless otherwise noted 

VDD to AGND or DGND .............. -0.3 V, +15 V 
Vee to DGND ........... -0.3 V, VDD + 0.3 V or +7 V 

(whichever is lower) 
AGND to DGND ............... -0.3 V, Vee + 0.3 V 
CS, RD, WR, ADO-AD2 to DGND ... -0.3 V, VDD + 0.3 V 
DBO-DB7, BUSY to DGND ........ -0.3 V, Vee + 0.3 V 
Analog Input Voltage to AGND ..... -0.3 V, VDD + 0.3 V 
Analog Output Voltage to AGND .... -0.3 V, VDD + 0.3 V 
Operating Temperature Range 

Commercial (K Version) ............... O°C to +70°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by ................... 6 mW/oC 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 

AD7774 
Note: 
During power supply sequencing some of the absolute maxi
mum rating specifications may be violated. The following speci
fications are allowed during power-up (for 5 seconds) without 
causing permanent damage to the device: 

I) Digital Input Current, 100 rnA. 
2) Vee to V DD Current, 3A. 

If the Vee supply can provide more than 3A to V DD during 
power supply sequencing or if Vee can exceed V DD by more 
than 0.3 V at any other time, the diode protection scheme 
shown below is recommended; 

Voo vee 

CAUTION ________________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! ~ 

~~EDEVICE 

PIN CONFIGURATIONS 

DIP PLCC 

voo VOUTA g '" .. 0-

iii 0 " Q 0 ::> S 
vee VOUTB ID ~ Q 0 III 

Q Q > > > > 

DBO VBIAS 

DB1 ADn74 
VouTe 

DB2 
TOP VIEW 

VSWING DB2 
(NOllo Scale) 

DB3 AGND DB3 

DGND VA1 DGND AD7774 
VA2 

DB4 TOP VIEW 
DB4 (Not to Scale) 

DB5 VB2 DB5 

DB6 VB1 DB6 

RD 
DB7 

DB7 

BUSY WR 

ADO cs Ii Q N 
Q 

C C 
AD1 AD2 
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Pin Mnemonic 

VOD 

2 Vee 

3--6 DBO-DB3 

7 DGND 

8-11 DB4-DB7 

12 BUSY 

13-15 ADO-AD2 

16 CS 

17 WR 

18 RD 

19 VBI 

20 VB2 

21 VA2 

22 VAl 

23 AGND 

24 V.WING 

25 

26 VBIAS 

27 

28 VOtJTA 
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AD7174 PIN FUNCTION DESCRIPTION 

DesCription 

Analog Supply Voltage, + 12 V nominal. This is used to power all analog circuitry on the part. 

Digital Supply Voltage, +5 V nominal. This is used to power all digital circuitry on the part. 

Data Bit 0 to Data Bit 3 of the Input/Output Data Bus. This is a bidirectional data port from which 
ADC output data InBY be read and to which DAC input data and,ADC Control Register data Inay 
be written. 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 4 to Data Bit 7 of the Input/Output Dlita Bus. This is a bidirectional data port from which 
ADC output data Inay be read and to which DAC input data and ADC Control Register data may 
be written. ' 

BUSY. Active low logic output indicating AID converter status. The AD7774 is performing an 
ADC conversion if this output is low. 

Address Inputs. These select the internal latches and registers and also the analog input channel to 
be converted (see TIMING AND CONTROL section). 

Chip'Select Input. The device is selected when this input is active. 

Write Input. Edge-triggered logic input. It is used in conjunction with CS' and ADO-AD2 to write 
data to the DAC registers and the ADC Control Register. Data is written to the registers on the 
rising edge of this WR input. The II bits of data for DAC A are written from the 8-bit data bus in 
two write operations. The rising edge of WR also starts conversion when ADO-AD2 are set to 
lIPpropriate values (see ADC Control Register section). 

'Read Input. Active low logic input. It is used in conjunction with CS to enable- the data outputs 
from the ADC latches. 

Analog Input BI. This input shares TracklHold Amplifier B with Analog Input B2. The analog 
input range is VBIAS ± VSWING or VBIAS ± VSWlNd2. The input voltage on this input and the 
VAl input are sinIUltaneously sampled. 

Analog Input B2. This input shares Track/Hold Amplifier B with Analog Input BI. The analog 
input range is VBIAS ± VSWlNG or VBIAS ± VswlNd2. The input voltage on this input and the 
V A2 input are simultaneously sampled. 

Analog Input A2. This input shares Track/Hold Amplifier A with Analog Input AI. The analog 
input range is VBIAS ± VSWING or VBIAS ± VswINd2. The input voltage on this input and the VB2 
input are simultaneous sampled. 

Analog Input AI. This input shares TrackIHold Amplifier A with Analog Input A2. The analog 
input range is VBIAS ± VSWING or VBIAS ± VswlNd2. The input voltage on this input and the VBI 
input are simultaneous sampled. 

Analog Ground. Ground reference for analog circuitry. 

Analog Input/Output. The internal voltage reference, which is nominally 2.5 V and provides the 
Sp8Il voltage for the input and output channels, is provided at this pin. The output span voltage is 
2, V ~tNG while the input span voltage can be 2 V SWING or V SWING' This pin can also be driven 
from an external voltage source to allow the span voltage for the input channels to be adjusted. The 
input voltage range is + 2 V to + 3 V with respect to AGND. Adjusting this voltage externally does 
not change the DAC output span which is determined by the internal reference and remains at 5 V 
nominal. 

Analog Output Voltage for DAC C. Eight-bit buffered output with an output range of 
VOUTC = VBI.". ± VSWING; 1 LSB = 2 VsWlNd256 = 5 V/256 = 19.5 mV nominal. 

Input Bias Voltage. The voltage applied to this input (With respect to AGND) sets the midpoint of 
the transfer function for all input and output channels. The bias voltage range is +3 V to +6.8 V. 

Analog Output Voltage' for DAC B. Eight-bit buffered output with an output range of 
VOtJTB = VBIAS ± VSWING; 1 LSB = 2 VsWlNd2S6 = 5 V/2S6 = 19.5 mV nominal. 

Analog Output Voltage for DAC A. Eleven-bit buffered output with an output range of 
VOtJTA = VBIAS ± VSWlNG; 1 LSB = 2 VSWINd2048 = 5 VI2048 = 2.44 mV nominal. 
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TERMINOLOGY 

Relative Accuracy 
For the AD7774 ADC, Relative Accuracy or endpoint non
linearity is the maximum deviation, in. LSBs, of the ADC's ac
tual code transition points from a straight line drawn between 
the endpoints of the ADC transfer function. 

For the DACs, Relative Accuracy or endpoint nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer 
function. 

Differential Nonlinearity 
Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB max 
ensures monotonicity (DAC) or no missed codes (ADC). 

Bias Offset Error 
For an ideal 8-bit ADC, the output code for an input voltage 
equal to V BIAS should be 00 Hex. The ADC Bias Offset Error is 
the difference between the actual midpoint voltage for code 00 
Hex and the input bias voltage, expressed in LSBs. 

For an ideal DAC, the output voltage for code 000 Hex (DAC 
A) or code 00 Hex (DAC B, DAC C) shonld be equal to V BIAS• 

The DAC Bias Offset Error is the difference between the actual 
output voltage and V BIAS' expressed in LSBs. 

Relative Offset Error 
Relative Offset Error is the difference between the result of an 
internal bias conversion and the result of a conversion carried 
out with each of the analog inputs connected to V BIAS. 

Full-Scale Error (DAC) 
The DACs in the AD7774 can be considered as having a bipolar 
(positive and negative) output range, but referred to the input 
bias voltage instead of AGND. Positive Full-Scale Error for the 
DACs is the difference, expressed in LSBs, between the actual 
output voltage for input code 3FF Hex (for DAC A) or 7F Hex 
(DACB, DAC C) and the ideal voltage (VBIAS + VSWING - 1 
LSB). Negative Full-Scale Error for the DAC is similarly speci
fied for code 400 (DAC A) or code 80 (DAC B, DAC C), rela
tive to the ideal output voltage (VSWING - V BIAS). Note that 
the full-scale errors for the DACs are measured after the bias 
offset errors have been adjusted out. 
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AD7774 
Full-Scale Error (ADC) 
The input channels of the ADC can also be considered as having 
bipolar (positive and negative) input ranges, but referred to the 
input bias voltage instead of AGND. Positive Full-Scale Error 
for the ADC is the difference between the actual input voltage 
at the 7E to 7F code transition and the ideal input voltage 
(V BIAS + V SWING -1.5 LSB), expressed in LSBs. Negative 
Full-Scale Error is similarly specified for the 81 to 80 code tran
sition, relative to the ideal input voltage for this transition 
(V BIAS - V SWING +0.5 LSB). Note that the full-scale errors for 
the ADC input channels are measured after their respective Bias 
Offset errors have been adjusted out. 

Digital-to-Analog Glitch Impulse 
Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in n V secs and is measured when the digital input code is 
changed from all Is to all Os. 

Digital Feedthrough 
Digital Feedthrough is also a measure of the impulse injected 
into the analog outputs from the digital inputs but is measured 
when the DAC is not selected. It is essentially feedthrough 
across the die and package. It is important in the AD7774 since 
it is a measure of the glitch impulse transferred to the analog 
output when data is read from the ADC latches. It is specified 
in n V secs and is measured with WR high and a digital code 
change from all Os to all Is. 
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A07774 
TIMING AND CONTROL 
The AD7774 contains two ADC data latches, an ADC control 
register and three DAC registers. Each of the ADC data latches 
contains a conversion result from the held voltage on its respec
tive tracklhold, i.e., ADC Latch A contains the (esult of a con
version performed on the held voltage on TracklHold A,while 
ADC Latch B contains the results of a conversion done on the 
held voltage on TrackIHold B. The ADC control (egister deter
mines whether a single or double conversion takes place and also 
determines the conversion sequence. In addition, it controls the 
analog input range for each channel. 

Reading from the AD7774 accesses the contents of the ADC 
data latches. The RD input is a level-triggered input. Writing to 
the device either initiates conversion on the channel(s) deter
mined by the ADC control register or loads data to the DAC 
registers. The WR input is an edge-triggered input. The follow
ing sections describe read, write and control (egister operations 
for the AD7774. 

Read Operation 

CS RD WR AD2 ADI ADO Function 

I X X X X X No Read Operation. 
X I X X X X No Read Operation. 
0 0 X X X 0 The contents of ADC Latch A are output ~o the databus. This will contain the results 

of a conversion on either V Al or V A2 (see ADC Control Register section). 
0 0 X X X I The contents of ADC Latch B are output to the databus. This will contain the results 

of a conversion on either VBI or VB2 (see ADC Control Register section). 

Write Operation 

CS RD WR AD2 ADI ADO Function' 

I X X X X X No Write Operation. 
X X 1. X X X No Write Operation. 
0 I S 0 0 0 DBO-DB7 are written to the upper 8 bits of the DAC A Register. 
0 I S 0 0 I DBS-DB7 are written to the lower 3 bits of the DAC A Register, and all II bits of 

the DAC A register are loaded to DAC A. 
0 1 S 0 1 0 DBO-DB7 are written into the DAC B Register and are loaded to DAC B. 
0 1 S 0 1 1 DBO-DB7 are written into the DAC C Register and are loaded to DAC C. 
0 1 S 1 0 0 Start conversion on either V Al or V BI or both' (DB4 and DBS of the ADC Control 

Register determine operation - see ADC Cont,rol Register section). 
0 1 S 1 0 1 Start conversion on either V A2 or V B2 or both (DB4 and DBS of the ADC Control 

~ 
Register determine operation - see ADC Control Register section). 

0 1 1 1 0 Start conversion on either TracklHold A bias voltage or TracklHold B bias voltage or 
both (DB4 and DBS of the ADC Control Register determine operation-see ADC 

0 1 S 1 
Control Register section). See Bias Conversions section for explanation. 

I 1 DBO-DBS is written to the ADC Control Register. 

x = Don't Care. 
A read during an ADC amvCIlIion may corrupt the data from the convCIlIion in progress. 
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ADC Control Register 
The ADC Control Register determines whether a single or dou
ble conversion takes place and also which tracklhold output is 
converted when a write opemtion to start conversion takes place. 
The single/double conversion is determined by DB4 (see below). 
A double conversion means that both tracklholds go into hold 
mode simultaneously, and the ADC converts both held voltages 
in sequence. The ADC status line, BUSY, does not indicate that 
the conversion sequence has ended until both conversions are 

ADC Control Register Bit 

NOTES 

DBO 
o 
I 

DBI 
o 
1 

DB2 
o 
I 

DB3 
o 
I 

DB4 
o 
I 

DBS 
o 

AD 7774 
complete. In the single conversion mode, both tmcklholds again 
are simultaneously held but only one of these "held" voltages is 
converted-the other is ignored. The ADC status line, BUSY, 
indicates that the conversion sequence has ended after one tmck! 
hold voltage has been converted. DBS determines which track! 
hold voltage is converted in the single conversion mode. The 
ADC Control Register also determines the analog input voltage 
range for all four inputs (see DBO-DB3 below). 

Function 

V Al Input Voltage Range 
Input Range is V BIAS ± V SWING 
Input Range is V BIAS ± .v SWINd2 

V A2 Input Voltage Range 
Input Range is V BIAS ± V SWING 
Input Range is V BIAS ± V SWINd2 

VBI Input Voltage Range 
Input Range is V BIAS ± V SWING 
Input Range is V BIAS ± V SWINd2 

VB2 Input Voltage Range 
Input Range is V BIAS ± V SWING 
Input Range is V BIAS ± V SWINd2 

SingleIDouble Conversion 
Double Conversion 
Single Conversion 

Conversion Sequence 
First Conversion in the sequence is a 
VA conversion l • 2 
First Conversion in the sequence is a VB 
conversion I. 2 

IA VA conversion is a conversion on either V AI' V A2' or the bias voltage for 
TrackIHold A. Address inputs ADO, AD! and AD2 determine which one of 
these signals is converted. A VB conversion is a conversion on either VBI , 

VB2, or the bias voltage for TrackIHold D. Address inputs ADO, ADI and 
AD2 determine which one of these signals is converted. (See previous page.) 

2In the single conversion mode DDS determines whether a VA conversion or 
a VB conversion takes place. In the double conversion mode, DDS simply 
determines the order in which the two ttacklhold voltageS are converted. 

ADC Read Cycle 
Figure 2 shows the timing diagram for a read opemtion for the 
AD7774. It consists of bringing both CS and RD low with data 
being accessed from one of the two on-chip ADC latches. Ad
dress line ADO determines from which latch the data is ac
cessed. With ADO low, the contents of ADC Latch A are placed 
on the databus during a read operation; with ADO high, a read 
opemtion will access the contents of ADC Latch B. ADC Latch 
A will contain the results of a conversion on either VAlor V A2 

or the results of a conversion on the bias voltage for TracklHold 
A. ADC Latch B will contain the results of a conversion on V BI 
or V B2 or the results of a conversion on the bias voltage for 
TmcklHold B. 

Both the CS and RD inputs are 1evel-triggered. If both are hard
wired low, the data access time for a read cycle is determined 
from ADO. 
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DBO-DB7 

DBO-DB7 
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CS=RD=OV) 
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15" 
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Figure 2. AD7774 Read Cycle 
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AD7774 
DAClControl R.ter Write Cycle 
A write operation to the AD777 4 consists of writing data to the 
DAC registers or to the ADC Control Register. A write to the 
AD7774 can also initiate conversion on the ADC (see ADC Con
version Sequence section). The function of the write operation is 
determined by address bits ADO-ADZ. 

The WK input is an edge-triggered input, and data is only writ
ten to the on-chip registers on the rising edge of WR. Data 
written to the DAC registers must be left justified to load cor
rect data. For the ll-bit DAC A, this means that the upper 8 
bits are loaded with the ll-bit MSB occupying the DB7 position 
on the databus. The lower three bits of the ll-bit word are 
loaded in a separate write cycle with DBO of the II-bit word 
occupying the DB5 position on the databus. Figure 3 shows the 
timing diagram for a write operation to the AD7774. 

,J 
18 

ADO-AD2 

___ ll~'1, __ 
DBO-DB7 ~ALlD DATA 

Figure 3. AD7774 Write Cycle 
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ADC Conversion Sequence 
The AD7774 contains two tracklhold amplifiers and one AID 
convener. A conversion sequence can either consist of a single 
conversion or double conversion. In the double conversion 
mode, the tracklholds go into hold mode simultaneously, and 
the held voltages are convened sequentially by the AID con
vener. In the single conversion option, the tracklholds again 
go into hold mode simultaneously, but only one voltage is 
converted-either the held voltage on TrackIHold A or Track! 
HoldB. 

Figure 4 shows the timing diagram for the AD7774 conversion 
sequence. Conversion is initiated on the rising edge of WK. 
Address lines ADO-AD2 determine which channel is to be con
vened. On the rising edge of WK, the interna1 clock oscillator is 
activated, and the channel acquisition time begins. The BUSY 
output goes low to indicate that the conversion sequence has 
begun. The channel acquisition time takes approximately 
1.5 .... s, at which time the tracklholds go into hold mode. The 
AID convener then converts the held voltage on either 
TrackIHold A or TrackIHold B depending on the status of DBS 
of the control register. 

This first conversion takes a total of 3.6 .... s maximum. In the 
single conversion mode, the conversion sequence is now com
plete, and the AD7774 indicates this by taking its BUSY status 
line high. In the double conversion mode, the conversion on the 
voltage held on the second tracklhold stans at this time and 
runs for another 2.4 .... s maximum. In this double conversion 
mode, the BUSY line does not return high until the second con
version is complete. At the end of conversion, either single or 
double, the internal clock oscillator is shut down. 

Ci ~ 
WR ~~----------------------------

AOO-M2 __ A-X-f~ ________ ~~~ __ ~~~ ____ _ 
CHANNEL FIRST SECOND 

INTERNAL ACQUISITION CONVERSION CONVERSION * 
T/H HOLD __ -+.....;(1_.5j1s.;,.....\y.;,;p ... I .... 1 ASSUMING~L. ___ I-I ____ _ 

SIGNAL .. 114 SINGLE I 
BUSY CONVERSION .------1-,--

, SELECTED ...... 1 
113 

* ASSUMING DOUBLE CONVERSION SELECTED 

Figure 4. AD7774 Conversion Cycle 
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CIRCUIT DESCRIPTION 

Analog Inputs and Outputs 
The AD777 4 provides the analog-to-digital and digital-to-analog 
conversion functions required between the microcontroller and 
the servo power amplifier in digital servo systems. It is intended 
primarily for closed-loop head positioning in dedicated-only and 
combined dedicated/embedded disk drives or other closed-loop 
digital servo applications. The ability to refer input and output 
signals to some voltage other than ground is of particular impor
tance in disk drive applications. Typically, only +5 V digital 
and + 12 V analog supply voltages are available, and the analog 
signals are often referred to a voltage around half the analog 
supply. 

The AD7774 contains two tracklhold amplifiers which feed a 
high speed, 8-bit, sampling ADC, each track/hold having two 
input channels. The part also contains three DACs with output 
amplifiers-one II-bit DAC and two 8-bit DACs. A unique fea
ture of the AD777 4 is the input and output signal conditioning 
circuitry, which allows the analog input and output voltages to 
be referred to a point other than analog ground. The offset of 
the input channels and output channels is achieved by applying 
a ground-referenced, positive control voltage to the V BIAS input 
of the AD7774. The voltage span of the input channels is set by 
applying a ground-referenced, positive control voltage to the 
V SWING input of the part. The output voltage span from the 
DACs is set by the internal reference voltage. 

Figure 5 shows the input voltage to output code relationship for 
the four input channels. The midpoint code of the input chan
nels, 00 Hex (0000 0000 Binary), occurs at an input voltage 
equal to VBIAS. Output coding from the ADC is 2s complement 
biased around this V BIAS voltage. 

ADC 
OUTPUT 

CODE 
(HEX) 

7F 

7E 

7D 

01 

00 

7F 

82 

81 

80 
t 

VBIAS - VSWING 
OR 

V BIAS - VSWING 12 

/ 

/ 

OR 

1 LSB = VSWING 

VBIAS 

ANALOG 
INPUT 

~ 

t 
VBIAS + VSWING 

OR 

VBIAS + VSWING 12 

Figure 5. ADC Transfer Function 

The input voltage range for the channels depends upon the sta
tus of bits DBO to DB3 of the ADC control register. Each these 
bits controls the gain on one of the input channels (see ADC 
Control Register section). The input gain on each one of the 
input channels can either be a gain of 1 or a gain of 112. This 
results in an input voltage range which can be either V BIAS ± 
VSWING or VBIAS ± VSWINd2. 

REV. A 

AD7774 
For the first case, the full scale range (FSR) is 2 V SWING and 
I LSB = 2 Vsw1Nd256. With the nominal VSWING of +2.5 V, 
I LSB = 5 V/256 = 19.5 mY. The ideal first code transition (80 
to 81 Hex) occurs at an analog input voltage equal to V BIAS -
V SWING + 0.5 LSB (negative full scale) and the ideal last code 
transition (7E to 7F Hex) occurs at an input voltage equal to 
VBIAS + VSWING -1.5 LSBs (positive full scale). 

For the second case, the full scale range (FSR) is V SWING and 
I LSB = VswINd256. With the nominal VSWING of +2.5 V, 
1 LSB = 2.5 V/256 = 9.76 mY. The ideal first code transition 
(80 to 81 Hex) occurs at an analog input voltage equal to 
VBIAS - VswINd2 + 0.5 LSB (negative full scale) and the ideal 
last code transition (7E to 7F Hex) occurs at an input voltage 
equal to VB lAS + VswINd2 - 1.5 LSBs (positive full scale). 

The input code to output voltage relationship for DAC A is 
shown in Figure 6. The DAC output voltage for an input code 
of 000 Hex is ideally equal to V BIAS. Input coding to the DAC 
is 2s complement with the output voltage range biased around 
this V BIAS voltage. The output voltage range is V BIAS ± 
VSWING· 

'"u·'.~~ r-ss "71 ~. 
OUTPUTt '" 

VOLTAGE,~ ~ 
VOUTA"'I '" ~ 

VBIAS r sr·-. -*--·-ff----i 

f. ,/' '~."=:, i 
VBIAS-VSWING ...sr ff 

400 401 402 4FF 000 001 3FD 3FE 3FF 

DACA INPUT CODE(HEX) 

Figure 6. Transfer Function 

The output range is 2 V SWING where V SWING is set by the in
ternal reference voltage. The nominal DAC output swing is, 
therefore, 5 V and 1 LSB = 5 V/Z048 = 2.44 mY. The boltom 
end of the transfer function occurs at an input code of 400 Hex 
and is ideally equal to V BIAS - V SWING. The top end of the 
transfer function occurs at an input code of 3FF Hex and is ide
ally equal to V BIAS + V SWING -1 LSB. 

The transfer function for both DAC B and DAC C is very simi
lar to that outlined for DAC A. Once again, the output voltage 
range is V BIAS ± V SWING. The V SWING voltage is again set by 
the internal reference voltage. Therefore, the nominal output 
swing is 5 V and 1 LSB = 5 V/256 = 19.5 mY. 
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AD7774 
The DAC output voltage for an input code of 00 Hex is ideally 
equal to VB1AS' InputCOfiing to the DACs is 2s complement 
with the output voltage range .biased around this V BIAS voltage; 
The bottom end of the transfer function (negative full scale) oc.
curs at an input code of 8.0 Hex and is ideally equal to V BIAS -
V SWING' The top end of the transfer function (positive full 
scale) occurs at an input code of 7F Hex and is ideally equal to 
VBIAS + VSWING - 1 LSB. The input code to output voltage 
relationship for both DAC B and DAC C is shown in Figure 7. 

VBIAS+VSWlNG r-. Sf sr/~ 

OUTPUTf . /'- t 
vqpc:::, ~ _ /N~ 

vBIAS ~sr-_-+----» I 
~ /' ~ 

, __ ,_ L$ 'U8:'~ I I 
80 81 B2 FF 00 01 7D 71: 7F 

DACBI DACC INPUT CODE (HEX) 

Figure 7. DAC BIDAC C Transfer Function 

Bias Voltage Conversions 
The voltage applied to the V BIAS pin of the AD7774 is applied 
internally to both tracklholds. Each tracklhold introduces some 
bias offset error on this input V BIAS voltage, and these errors 
may differ slightly from each other (typically less than 2 LSBs). 
The AD7774 provides the option to convert the bias voltage to 
estimate the bias offset error. Since both tracklholds introduce 
different errors, the AD7774 allows the user to perform a con
version on the bias voltage at each tracklho1d. If this is done 
during a calibration routine, the bias offset error in each channel 
can be stored and compensated for in software. After a bias off
set conversion for TracklHold A, the results are stored in ADC 
Latch A and for a bias offset conversion for TracklHold B, the 
resJIlts lire stored in ADC Latch B. 

Driving the Analog Inputs and Reference Inputs 
The analog inputs, VAl> V A2' V BI and V B2 require up to 1 mA 
of input current and as such must be driven. from low output 
impedance sources. In addition, the VBIAS and VSWING inputs 
must also be driven from low impedance sources. The V SWING 
pin provides the internally generated swing voltage, but this can 
be overdriven by an externally applied voltage. This externally 
applied voltage will generate the V SWING voltage for the ADC 
but the V SWING for the DACs is always generated from the in
ternal swing voltage. 
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MICROPROCESSOR/MICROCOMPUTER INTERFACING 
The AD7774 is designed for easy interfacing to microprocessors 
and microcomputers as a memory mapped peripheral or an 110 
device. In addition, the AD7774 high speed bus timing allows 
direct interfacing to most microprocessors including the DSP 
processors. 

AD7774-ADSP-2101lADSP-210S Interface 
Figure 8 shows a typical interface to the DSP microcomputer, 
the ADSP-21DlIADSP-2105. The ADSP-21DlIADSP-21D5 is 
optimized for high speed numeric processing tasks. 

Because the instruction cycle of the ADSP-21DlIADSP-21D5 is 
very fast, the WR and RD pulses must be stretched out to suit 
the AD7774. This is easily achieved as the ADSP-21D1/ADSP-
21.05 memory interface supports slower memories and memory
mapped peripherals with a programmable wait state generation 
capability. A number of wait states, from .0 to 7, can be speci
fied for each memory interface. One wait state is sufficient for 
the interface to the AD7774. 

Conversion is initiated. on the required ADC channel using a 
<DM(CST) = MRD> where CST is the relevant channel 
address. Writing data to the relevant AD7774 DAC or to the 
AD7774 ADC control register consists of a <DM(DAC) 
= MRD> instruction where DAC is the relevant DAC address 
or the address of the ADC control register. Two write opera
tions are required to load the 11 bits of data to DAC A. A con
version result is read using the instruction <MRD = DM(ADC» 
where ADC is the address of the relevant ADC Latch. 

A13-AO ADDRESS BUS ~j 
ADSP-21 01- 50' ~J ~ j t + 
ADSP-2105 - 40' ADDR ADO AD1AD2 

DECODE 

DMS t--< EN p-- cs 
ADn74* 

-
WR WR 
RD RD 

Il 
DBO-DB7 

D23-DO DATA BUS \ 
, 

ADDmONAL PINS OMmED FOR CLARITY 

Figure 8. AD7774 to ADSP-2101IADSP-2105 Interface 

AD7774-TMS32OCIOfl'MS32OC14 Interface 
A typical interface to the TMS32OClOITMS32OC14 is shown in 
Figure 9. The AD7774 is mapped at a port address, and the 
interface is designed for the maximum TMS32OC1D clock fre
quency of 2.0 MHz and the maximum clock frequency of 
25 MHz for the TMS32OC14. 

Conversion is initiated on the selected AD7774 ADC channel 
using a single 110 instruction, <OUT CST,A> where CST is 
the relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <OUT DAC,A> instruction where DAC is the 
relevant DAC address or the address of the ADC control regis-
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ter. Two write operations are required to load the II bits of data 
to DAC A. A conversion result is read using the instruction 
<IN A,ADC> where ADC is the address of the relevant ADC 
Latch. 

All-AO 

TMS320C10-20.5· 
TMS320Cl4-25· 

WE 

AD7774* 
1---------tWR 

(Cl0) DEN) t--------~ RD 
(C14) REN 

015-00 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 9. AD7774 to TMS320C10fTMS320C14 Interface 

AD7774-TMS320C25 Interface 
Figure 10 shows an interface between the TMS32OC25 and the 
AD7774. The TMS32OC25 does not have separate RD and WR 
signals to drive the AD7774 RD and WR inputs directly. These 
have to be generated from the processor STRB and RJW out
puts with the addition of some logic gates. 

A15-AO 

READY 

MSC 

STRB r----~~~ 
R/Vii 1-...... ---4-1...J 

TMS320C25-40· 

015-00 

• ADDITIONAL PINS OMmED FOR CLARITY 

Figure 10. AD7774 to TMS320C25 Interface 
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AD7774 
Once again, because the processor cycle time is so fast a wait 
state has to be inserted during read and write cycles to the 
AD7774. This is achieved by OR-gating the IS signal with the 
MSC signal to drive the READY input and, thereby, generate 
one wait state during every read and write operation to the 
AD7774. 

Conversion is initiated on the selected AD7774 ADC channel 
using a single I/O instruction, <OUT CST,A> where CST is 
the relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <OUT DAC,A> instruction where DAC is the 
relevant DAC address or the address of the ADC control regis
ter. Two write operations are required to load the 11 bits of data 
to DAC A. A conversion result is read using the instruction 
< IN A,ADC > where ADC is the address of the relevant ADC 
Latch. 

AD7774-8OC196 Interface 
Figure 11 shows a typical interface between the AD7774 and the 
80CI96 microcomputer. The microcomputer is configured in its 
8-bit bus cycle mode and in the address valid strobe mode. In 
this mode, the high order 8 bits of the address bus appear on 
Port 4, while Port 3 contains the multiplexed data bus and lower 
order address bus . 

AD15-AD8 ADDRESS BUS 
(PORT4) 1-__ --, ...---_______ ....J 

80Cl96KB-12· 
80Cl96KC-16· 

b---..!cs 
L-_...J AD7n4* 

WR I-+--------_IWR 

RD RD 

AD7-Aoo 
(PORT3) 

1---__I.!Aoo 
1-----tADl 
1-----.lAD2 

DATA BUS DBO-DB7 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 11. AD7774 to 80C196 Interface 

Conversion is initiated on the selected AD7774 ADC channel 
using a single 110 instruction, <STB CST,D> where CST is 
the relevant address for the selected channel and D is a location 
in the 8OCI96 register file or is immediate data. Writing data to 
the relevant AD7774 DAC or to the AD7774 ADC control regis
ter consists of an <STB DAC,D> instruction where DAC is the 
relevant DAC address or the address of the ADC control regis
ter and D is a location in the 8OCI96 register file or is immedi
ate data. Two write operalions are required to load the II bits 
of data to DAC A. A conversion result is read using the instruc
tion <LDB D,ADC> where ADC is the address of the relevant 
ADC latch and D is a location in the 8OCI96 register file. 
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AD7774 
AD7774-80CSllnterface 
A typical inteIface between the AD7774 and the 80eSl is shown 
in Figure 12. In'this interface, Port 0 provides the multiplexed 
low order address and data bus, and Port 2 provides the high 
order address bus. The ALE signal from the 80eSl is used to 
demultiplex the address/data bus. 

Conversion is initiated on the selected AD7774 ADC channel 
using a single instruction, <MOV CST,A> where CST is the 
relevant address for the selected channel and A is the 80eSl ac
cumulator. Writing data to the relevant AD7774 DAC or to the 
AD7774 ADC control register consists of an <MOV DAC,A> 
instruction where DAC is the relevant DAC address or the ad
dress of the ADC control register, and A is the 80eSl accumula
tor. Two write operations are required to load the 11 bits of 
data to DAC A. A conversion result is read using the instruction 
<MOV A,ADC> where ADC is the address of the relevant 
ADC Latch and A is the 80eSl accumulator. 

~.7~------------------------~ 
ADDRESS BUS 

P2.0 1-------, 

8OC51' 

D---.-.tcs 
AD7774* 

WR I-----------------~WR 

I---------~RD 

I-------_~ ADO 
I-------__t~ AD1 

1-------__t.J AD2 

L---D-A-T-A-B-U-S----1 DBO-DB7 

po.O 1---.:.-----'----1 

• ADDmONAL PINS OMITTED FOR CLARITY 

Figure 12. AD7774 to 80C51 Interface 

AD7774-68HCn Interface 
Figure 13 shows an interface between the AD7774 and the 
68HCl1. In this interface, Port C provides the multiplexed low 
order address and data bus, and Port B provides ,the high order 
address bus. The AS signal from the 68HC11 is used to de
multiplex the address/data bus. The 68HC11 does not have sep
arate RD and WR signals to drive the AD7774 RD and WR 
inputs ~y. The!lC have to be generated from the processor 
E and RIW outputs with the .addition of some logic gates. 

Conversion is initiated on the selected AD7774 ADC channel 
using a single instruction, <STAA CST> where CST is the 
relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <STAA DAC> instruction where DAC is the 
relevant DAC address or the address of the ADC control regis
ter, and the data is loaded to the relevant register from the 
68HCll accumulator. Two write operations are required to load 
the 11 bits of data to DAC A. A conversion result is read using 
the instruction <LDAA AD<> where ADC is the address of 
the relevant ADC latch, and the conversion result is loaded to 
the 68HCB accumulator. 
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PB.7 
ADDRESS BUS 

PB.O 

68HC11' 

C§ 

AD7774* 
E 

RIW 

RD 

AS ADO 
AD1 
AD2 

PC.7 
DATA BUS DBO-DB7 

PC.O 

• ADDITIONAL PINS OMmED FOR CLARITY 

Figure 13. AD7774 to 68HC11 Interface 

APPLICATIONS 
The AD777 4 servo I/O port is used to convert servo-related sig
nals between the analog and digital domains. The input struc
ture of the ADC makes it very easy to convert the typical output 
signals provided by a servo demodulator. 

In a magnetic disk drive employing a dedicated servo surface or 
a combined embedded/dedicated servo surface, the servo demod
ulator produces two, positive-only, quadrature signals, generally 
sinusoidal or triangular, from the di-bit patterns read from the, 
servo surface. The quadrature signals have the forin of V BIAS ± 
V SWING. The simultaneous sampling of the AD7774 input chan
nels allows conversion of these quadratUre signals without intro
ducing significant phase delay errors. These converted signals 
provide the servo rnicrocontroller with position and track cross
ing information from which velocity information can be derived. 
In optical disk drives, analogous servo signals can be derived 
from the quad photodiode detector to provide position and focus 
information for the microcontroller. 

In dedicated servo drives and combined embedded/dedicated 
servo drives, the servo demodulator converts the servo informa
tion bit patterns from the disk into the standard N and Q 
(normal and quadrature) servo signals. The relative phase rela
tionship between these signals is important so the simultaneous 
sampling feature of the AD7774 is used to maintain the relative 
phase between the N and Q signals. The four channels of the 
AD7774 can be used to process information from two demodula
tors. Alternatively, two channels can be used for the N and Q 
signals with the other ADC channels used for current measure
ment, temperature measurement, calibration routines or other 
housekeeping functions. 

In magnetic disk drives, a single voice coil motor is used to p0-

sition the head assembly and one DAC is usually sufficient to 
drive the motor in both the seek and track modes. In the seek 
mode the DAC can be used to generate directly the desired ana
log velocity trajectory which the head must travel in order to 
achieve minimum access times. Alternatively the DAC can gen
erate a servo error value (computed by the microcontroller) be
tween the actual head velocity and the desired head velocity. In 
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the track mode, the DAC can be used to provide a position er
ror signal to keep the head over the track or to detect the head 
off-track, for such purposes as thermal compensation and soft
error retries. The DACs provide positive-only output signals of 
the form V BIAS ± V SWING' which are ideal for driving voice coil 
motors. In general, up to 11 bits of resolution are required for a 
DAC to control the motor in both the seek and track modes. As 
a result, DAC A would generally be used to drive the voice coil 
motor. The other DAC channels can be used for programmable 
control of the loop filter or for AGe or programmable gain 
control. 

A typical servo control loop using the AD7774 is shown in Fig
ure 14. In this dedicated servo example, the servo demodulator 
outputs (the N and Q signals) are applied to the V Al and VBI 
inputs of the AD7774. The voice coil motor current, Iu is bidi
rectional and is supplied by the power transconductance ampli
fier. One input to this amplifier is held at V BIAS while the other 
input is driven from the DAC A output, V OUTA' Typical input 
voltages for this power stage are shown in Figure 15. The 
transconductance, Go, of the power stage is determined by 
external sense resistors. 

1-

VOICE 
COIL 

DRIVE 
INTERFACE 

MOTOR POWER 
TRANSCONDUCTANCE 

AMPLIFIER 

Figure 14. Typical Dedicated Servo Control Loop Using 
theAD7774 
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DAC 
OUTPUT, 

VOUTA 

VBIAS 

VOICE 
COIL 

CURRENT, 
IL 

~ 
0 
> 

0 

[f 
=e c 

0 

AD7774 
VBIAS + V SWING 

IL(MAX)= ± VSWING 'Go 

IL = VoUTA 'Go 

Figure 15. Typical Relationship Between Input Voltage 
and Output Current for Transconductance Amplifier 

Multichannel Expansion 
The AD7774 with its four input channels has the capability of 
monitoring the N and Q signals from two servo demodulators. 
With the addition of a multiplexer and a dual op amp, the sys
tem can be expanded so that the AD7774 handles the outputs 
from a number of servo demodulators. Using a differential mul
tiplexer as shown in Figure 16, the N and Q signals for each 
servo demodulator can still be simultaneously sampled. The 
ADG527 A multiplexer is ideally suited since it is specified for 
single supply operation (12 V ± 10%). 

The CS and WR inputs to the AD7774 are gated to provide the 
WR input to the ADG527 A. The multiplexer input is selected 
on the falling edge of WR while the signal is latched on the ris
ing edge. The AD7774 starts conversion also on the rising edge 
of WR. Therefore, the output signal of the multiplexer must 
have settled to within 8 bits over the duration of the WR pulse. 
The tON (WR) and settling time of the ADG527 A determine the 
width of the WR pulse. 

A2 

Nl SlA 
Al 
AO 

N2 S2A 

N3 S3A 

N4 S4A DA VAl DBO-DB7 DATA BUS 

• 

N8 SSA 

ADG527A' 
AD7774* 

RD 
} 

FROM 
liP 

Ql SlB 

Q2 S2B 

Q3 S3B 

Q4 S4B 

as SSB 

DB VBl cs~--~--

WR ........ -+---

L-___ --' ' ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 16. Multichannel System 
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r-IIANALOG 
WDEVICES 

LC2MOS 
Complete, 12-Bit Analog liD System 

FEATURES 
Complete 12·Bit 1/0 System. Comprising: 

12·Bit ADC with TracklHold Amplifier 
83 kHz Throughput Rate 
72 dB SNR 

12·Bit DAC with Output Amplifier 
3 I.l.s Settling Time 
72 dB SNR 

On·Chip Voltage Reference 
Operates from ±5 V Supplies 
Low Power - 130 mW typ 
Small 0.3" Wide DIP 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7868 is a complete l2·bit 110 system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold amplifier having a combined throughput rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 3 ,..s to 12 bits. Temperature compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 

Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow serial interfacing to most DSP machines. Asyn
chronous ADC conversion control and DAC updating is made 
possible with the CONVST and LDAC logic inputs. 

The AD7868 operates from ±S V power supplies, the analog 
input/output range of the ADClDAC is ±3 V. The part is fully 
specified for dynamic parameters such as signal-to-noise ratio 
and harmonic distortion as well as traditional dc specifications. 

The part is available in a 24-pin, 0.3" wide, plastic or hermetic 
dual-in-line package (DIP) and in a 28-pin, plastic SOIC 
package. 

REV. A 

AD7868 I 
FUNCTIONAL BLOCK DIAGRAM 

v •• 

r----------------1~RI DAC 

T~~-----~~~~_, 
TClK O----.-J 
DTcr-----~ ___ ~ 

CONTROL (}.-------,. 

RFS~----~--L-_, 
RClK (}------; 

DRcr----~~-~~ 

ClK 

AD7868 

DGND v .. 

PRODUCT HIGHLIGHTS 
1. Complete l2-Bit 1/0 System. 

>_>---{) Yo" 

RODAC 

ROADe 

R 

R 

AGND 

The AD7868 contains a l2-bit ADC with a track-and-hold 
amplifier and a 12-bit DAC with output amplifier. Also in
cluded are separate on-chip voltage references for the DAC 
and the ADC. 

2. Dynamic Specifications for DSP Users. 
In addition to traditional dc specifications, the AD7868 is 
specified for ac parameters including siguai-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 

3. Small Package. 
The AD7868 is available in a 24-pin DIP and a 28-pin SOIC 
package. 
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AD7868 -SPECIFICATIONS 
AD' C SECTION (Voo - +5 V ± 5:,", Vss - -5 V ± 5%, AGND - DGND - 0 V, feLK - 2.0 MiI,z e,xternat All specifications Tm;. to 

, T ' unless othelWlse noted) max 
A B T 

Parameter Version! Version' Version! Units 
DYNAMIC PERFORMANCE2 

Signal-ta-Noise Ratio" 4 (SNR) @ +25"C 70 72 70 dB min 
Tmin to"Tmax 70 71 70 dB min 

Total Harmonic Distortion (THD) -78 -78 -76 dB max 

Peak Harmonic or Spurious Noise -78 -78 -76 dB max 

Intermodulation Distortion (IMD) 
Second Order Terms -78 -78 -76 dB max 
Third Order Terms -80 -80 -78 dB max 

TrackIHold Acquisition Time 2 2 2 ILS max 
DC ACCURACY 

Resolution 12 12 12 Bits 
Mioimum Resolution for Which 
No Missiog Codes Are Guaranteed 12 12 12 Bits 
Integral Nonlinearity ±1!2 ±1!2 ±1/2 LSB typ 
Integral Nonlinearity ±1 ±I LSB max 
Differential N onlioearity ±0.9 ±0.9 ±0.9 LSB max 
Bipolar Zero Error ±S ±S ±5 LSB max 
Positive Gain Error' ±S ±S ±5 LSB max 
Negative Gain Error' ±S ±S ±5 LSBmax 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±I ±1 ±1 mAmax 

REFERENCE OUTPUT" 
RO ADC@ +25"C 2.99/3.01 2.99/3.01 2.99/3.01 V miolV max 
ROADCTC ±25 ±25 ±2S ppmI"C typ 
ROADCTC ±40 ±50 ppmI"C max 
Reference Load Sensitivity (ARO ADC vs. AI) -I.S -1.5 -1.5 mVmax 

LOGIC INPUTS 
(CONVST, CLK, CONTROL) 

Input High Voltage, V INH 2.4 2.4 2.4 Vmio 
Input Low Voltage, V INL 0.8 0.8 0.8 V max 
Input Current, lIN ±1O ±1O ±1O ILAmax 
Input Current' (CONTROL Input Only) ±1O ±1O ±1O ILAmax 
Input Capacitance, CIN " 10 10 10 pFmax 

LOGIC OUTPUTS 
DR, RFS Outputs 

Output Low Voltage, VOL 0.4 0.4 0.4 V max 
RCLKOutput 
Ou~LowVoltage, VOL 0.4 0.4 0.4 V max 

DR, RFS, RCLK Outputs 
Floating-State Leakage Current ±10 ±10 ±10 !LA max 
Floating-State Output Capacitance" IS IS 15 pFmax 

CONVERSION TIME 
External Clock 10 10 10 ILsmax 
Internal Clock 10 10 10 ILsmax 

POWER REQUIREMENTS 
VDD +S +S +S V nom 
Vss -S -S -5 V nom 
IDD 22 22 25 mAmax 
Iss 12 12 13 mAmax 
Total Power Dissipation 170 170 190 mWmax 

NOTES 
ITemperature ranges are as follows: AlB Versions: -4(Y'C to +85DC; T Version: -SSDC to + 125OC. "'IN = ±3 V. 
3SNR calculation includes distortion and noise components. 
'SNR degradation due to asynchronous DAC updating ducing conversion is 0.1 dB typo 
5 Measured with respect to internal reference. 
"For capacitive loads greater than 50 pF a series resistor is requited (see INTERNAL REFERENCE section). 

Test Conditions/Comments 

VIN = 10 kHz Sioe Wave, fSAMPLE = 83 kHz 
TypicaUy 71.5 dB for 0<VIN<41.5 kHz 
V IN = 10 kHz Sioe Wave, fSAMPLE = 83 kHz 
TypicaUy -84 dB for 0<VIN<41.5 kHz 
VIN = 10 kHz Sioe Wave, fSAMPLE = 83 kHz 
TypicaUy - 84 dB for O<V IN<41.S kHz 

fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = SO kHz 

Reference Load Current Change (O-SOO !LA), 
Reference Load Should Not Be Changed 
Duriog Conversion 

VDD = S V ± S% 
VDD = S V ± S% 
VIN = OVtOVDD 
VIN = Vss to DGND 

ISINK = 1.6 mA, Pull-Up Resistor = 4.7 kO 

ISINK = 2.6 mA, Pull-Up Resistor = 2 kO 

The Internal Clock Has a Nominal Value of2.0 MHz 
For Both DAC and ADC 
±5% for Specified Performance 
±S% for Specified Performance 
Cumulative Current from the Two V DD Pios 
Cumulative Current from the Two V ss Pins 
TypicaUy 130 mW 

7Tying the CONTROL input to VDD places the device in a factory test mode where normal operation is not exhibited. 
"Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 
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A07868 
(YDD = +5 V ± 5%. Vss = -5 V ± 5%. ASND = DSND = 0 V. RI DAC = +3 V and decoupled as shown in 

OAC SECTION Fipre 2. VDUT Load to ASND; RL = 2 kG. CL = 100 pF. All specifications Tml• to Tma. unless otherwise noted.) 

A B 
Parameter Venion' Venion' 

DYNAMIC PERFORMANCE' 
Signal to Noise Ratio' (SNR) @ + 25"C 70 72 

T_toT .... 70 71 
Total Harmonic Distortion (THD) -78 -78 

Peak Harmonic or Spurious Noise -78 -78 

DC ACCURACY 
Resolution 12 12 
Integral Nonlinearity ±112 ±112 
Integral Nonlinearity ±1 
Differential Nonliaearity ±0.9 ±0.9 
Bipolar Zero Error ±5 ±5 
Positive FuU-Scale Error' ±5 ±5 
Negative FuU-Scale Error ±5 ±5 

REFERENCE OUTPUT" 
RO DAC @ +25"C 2.99/3.01 2.99/3.01 
RODACTC ±25 ±25 
RODACTC ±40 
Reference Load Change 

(ARO DAC vs. AI) -1.5 -1.5 

REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 2.85/3.15 
Input Current 1 1 

LOGIC INPUTS 
(LD,,"C, TFS, TCLK, DT) 

Input High Voltage, V INH 2.4 2.4 
Input Low Voltage, V'NL 0.8 0.8 
Input Current, lIN ±1O ±1O 
Input Capacitsnce, CIN7 10 10 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 
de Output Impedance 0.3 0.3 
Short-Clrcuit Current 20 20 

AC CHARACTERISTICS7 

Voltage Output Settling-Time 
Positive FuU-Scale Change 3 3 
Negative FuU-Scale Change 3 3 

Digital-to-Analog Glitch Impulse 10 10 
Digital Feedthrough 2 2 
V IN to VOUT Isolation 100 100 

POWER REQUIREMENTS As per ADC Section 

NOTES 
lTemperature ranges are as follows: AlB Versions, -4CrC to +8SoC; T Version, 
- 55"<: to + 125"<:. 

'VOUT (pk-pk) = ±3 V. 
'SNR c:alculation includes distonion and noise components. 
"Usins mernaJ sample and hold. 
'Measured with .... pect to RI DAC and includes bipolar offset error. 

T 
Venion' Units Test Conditi01lllCommenls 

70 dB min VOUT = 1 kHz SiDe Wave, fSAMPLE = 83 kHz 
70 dB min Typically 71.5 dB at + 25"C for 0 <v oUT<20 kHz' 
-76 dB max VOUT = 1 kHz SiDe Wave, fSAMPLE = 83 kHz 

Typically -84 dB at +25"C for 0 <VoUT<20 kHz' 
-76 dB max VOUT = 1 kHz, fSAMPLE = 83 kHz 

Typically -84 dB at +25"C for 0 <VouT<20 kHz' 

12 BilS 
±112 LSB typ 
±1 LSBmax 
±0.9 LSBmax Guaranteed Monotonic 
±5 LSB max 
±5 LSB max 
±5 LSB max 

2.99/3.01 VminNmax 
±25 ppmI"C typ 
±50 ppmI"C max 

-1.5 mVmax Reference Load Current Change (0-500 !LA) 

2.85/3.15 VminNmax 3V ± 5% 
1 fLAmax 

2.4 V min VDD = 5 V ± 5% 
0.8 V max VDD = 5 V ± 5% 
±1O fLAmax VIN = OVtOVDD 

10 pFmax 

±3 V nom 
0.3 Otyp 
20 mAtyp 

Settling Time to Within ± 112 LSB of Final V slue 
3 fLS max Typically 2 fLS 
3 fLS max Typically 2.5 !LS 
10 nV sees typ DAC Code Change All Is to AliOs 
2 nV sees typ 
100 dB typ VIN = ±3 V, 41.5 kHz Sine Wave 

ORDERING GUIDE 

Signal-
Temperature to-Noise Relative t>~ckage 

Model Range Ratio Accuracy Option' 
"For cspacitive loads greater thsn 50 pF • series resistor is required (see INTER· 
NAL REFERI!NCE seetion). AD7868AN 

AD7868AQ 
-40°C to +85°C 
-40°C to +85°C 

70 dB ±l/2 LSB typ N-24 
70 dB ±l/2 LSB typ Q-24 7Sample tosred @ +25"<: to ensure compliance. 

Specifications subject to notice without notice. 

REV. A 

AD7868TQ2 - 55°C to +125°C 70 dB ±1 LSB max Q-24 
AD7868BN -40°C to +85°C 72 dB ±1 LSB max N-24 
AD7868BQ -40°C to +85°C 72 dB ±1 LSB max Q-24 
AD7868AR -40°C to +85°C 70 dB ±1I2 LSB typ R-28 
AD7868BR -40°C to +85°C 72 dB ±1 LSB max R-28 

NOTES 
IN = Plastic DIP; Q = Cerdip; R = SOle (Small Outline IC). For outline 
information see Package Infonnation section. 

2 AD7868TQ wi! be available to 1883B processing only. Contact local sales 
office for military data sheet. 
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TIMING CHARACTERISTICS1, 2 (VDD = +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = 0 V) 

Limit at T mm' T max Limit at T..un, T ...... 
Parameter (A, B Versions) (T Version) Units Conditions/Comments 

ADCTIMING 
t1 50 50 ns tnin CONVST Pulse Width 
tz' 440 440 ns min RCLK Cycle Time, Internal Clock 
t, 100 100 ns tnin RFS to RCLK Falling Edge Setup Time 
t4 20 20 ns tnin RCLK Rising Edge to RFS 

100 100 nsmax 
ts4 155 155 nsmax RCLK to Valid Data Delay, CL = 35 pF 
t,; 4 4 ns tnin Bus Relinquish Time after RCLK 

100 100 nsmax 
t13S 2 RCLK +200 to 2 RCLK + 200 to ns typ CONVST to RFS Delay 

3 RCLK + 200 3 RCLK + 200 

DACTIMING 
t7 50 50 ns tnin TFS to TCLK Falling Edge 

t8 75 100 ns tnin TCLK Falling Edge to TFS 
t/ 150 200 ns tnin TCLK Cycle Time 
tlO 30 40 ns tnin Data Valid to TCLK Setup Time 
tll 75 100 ns tnin Data Valid to TCLK Hold Time 
t12 40 40 ns tnin LDAC Pulse Width 

NOTES 
'Timing specifications are sample tested at + 25"C to ensure compliance. All input signals ate specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from 
a voltage level of 1.6 V. 

'Serial timing is measured with a 4.7 kn pull-up resistor on DR and RFS and a 2 kn pull-up resistor on RCLK. The capacitance on all three outpUts is 35 pF. 
'When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. For external clock, RCLK marl</space 
ratio = external clock mark/space ratio. 

'DR will drive higher capacitance loads but this will add to t, since it increases the external RC time constant (4.7 kOiICL ) and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion stsrt to ADC clock synchronization. 
"TCLK mark/space ratio is 40/60 to 60140. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25'C unless otherwise noted) 

PIN CONFIGURATIONS 

Vnn to AGND .....•...•...•...... -0.3 V to +7 V 
Vss to AGNO .....•............... +0.3 V to -7 V 
AGND to DGND ••............ -0.3 V to Vnn+0.3 V 
VOUT to AGND ....................... Vss to Vnn 
VIN to AGND .............. Vss -0.3 V to Vnn+O.3 V 
RO ADC to AGND .•.....•..... -0.3 V to Vnn+0.3 V 
RO DAC to AGND ...•......... -0.3 V to Vnn+0.3 V 
RI DAC to AGND ..........•... -0.3 V to Vnn+0.3 V 
Digital Inputs to DGND ......•... -0.3 V to Vnn+0.3 V 
Digital Outputs to DGND .•...•... -0.3 V to Vnn+0.3 V 
Operating Temperature Range 

A, B Versions .................... -4O"C to +85"C 
T Version •..•.....•...•........ -55°C to +125"C 

Storage Temperature Range •...•.....• -65°C to + 15O"C 
Lead Temperature (Soldering, 10 sees) •........•. +300"C 
Power Dissipation (Any Package) to +75"C ....... 450 mW 
DerateS above +75"C by ........•••...•.•• 10 mWrc 

·Strcsses above thcise liated under "Absolute Maximum Ratings" may cause 
permanent damqe to the deVice. This is a stress rating only and functional 
operation of the device It these or any other conditions above those listed in 
the . operational sections of this specification is not implied. Exposure to 
abaolute mazimum rating conditions for extended periods may affect deVice 
reliability. 

DIP 

NC = NO CONNECT 

CAUTION ______ ~------------=_~~----~------~---------
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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AD1868 
PIN FUNCTION DESCRIPTION 

DIP Pin 
Number Maemoaic Fuaction 

POWER SUPPLY 

7 & 23 Vnn 

10&22 V .. 

8 & 19 AGND 

Positive Power Supply,S V ± 5%. Both Vnn piDs must be tied together. 

Negative Power Supply, - 5 V ± 5%. Both V ss pins must be tied together. 

AIIaIog GroUDd. Both AGND piDs must be tied together. 

6 & 17 DGND Digital GroUDd. Both DGND pins must be tied together. 

ANALOG SIGNAL AND REFERENCE 

21 VIN ADC AIIaIog Input. The ADC input rBIIge is ±3 V. 

9 VOtlT 

20 ROADC 

11 RODAC 

12 R1DAC 

AIIaIog Output Voltage from DAC. This output comes from a buffer amplifier. The rBIIge is bipolar, ±3 V with RI 
DAC = +3V. 

Voltage Refereru:e Output. The internal ADC 3 V reference is provided at this pin. This output may be used as a ref

erence for the DAC by COnDecting it to the RI DAC input. The external load capability of this reference is 500 ILA. 

DAC Voltage Reference Output. This is one of two internal voltage references. To operate the DAC with tbis internal 
reference, RO DAC should be comteeted to RI DAC. The external load capability of the refereru:e is 500 !LA. 
DAC Voltage Reference Input. The voltage reference for the DAC must be applied to this pin. It is internally buffered 
before being applied to the DAC. The nominal refereru:e voltage for correct operation of the AD7868 is 3 V. 

ADC INTERFACE AND CONTROL 

2 

4 

CLK Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying this pin to V ss en
ables the internal laser-trimmed oscillator. 

RFS Receive Frame Synchronization, Logic Output. This is an active low open-drain output which provides a framing 

pulse for serial data. An external 4.7 kO pull-up resistor is required on RFS. 

RCLK 

DR 

Receive Clock, Logic Output. RCLK is the gated serial clock output which is derived from the internal or external 
ADC clock. If the CONTROL input is at Vss the clock runs continuously. With the CONTROL input at DGND the 
RCLK output is gated off (three·state) after serial transmission is complete. RCLK is an open-drain output and re
quires an external 2 kO pull-up resistor. 

Receive Data, Logic Output. This is an open-drain data output used in conjunction with RFS and RCLK to transmit 

data from the ADC. Serial data is valid on the falling edge of RCLK when RFS is low. An external 4.7 kO resistor is 
required on the DR output. 

Convert Start, Logic Input. A low to high transition on tbis input puts the track-and-hold amplifier into the hold 
mode and starts an ADC conversion. This input is asynchronous to the CLK input. 

24 CONTROL Control, Logic Input. With this pin at 0 V, the RCLK is noncontinuous. With this pin at -5V, the RCLK is contin

uous. Note, tying this pin to V nn places the part in a factory test mode where norinaI operation is not exhibited. 

DAC INTERFACE AND CONTROL 

14 

15 

16 

13 

18 
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DT 

TCLK 

LDAC 

NC 

Transmit Frame Synchronization, Logic Input. This is a frame or synchronization signal for the DAC with serial data 
expected after the falling edge of this signal. 

Transmit Data, Logic Input. This is the data input which is used in conjunction with TFS and TCLK to transfer se
rial data to the input latch. 

Transmit Clock, Logic Input. Serial data bits are latched on the falling edge of TCLK when TFS is low. 

Load DAC, Logic Input. A new word is transferred into the DAC latch from the input latch on the falling edge of this 
signal. 

No ConDee!. 

ANALOG 110 PORTS 8-83 

• 



AD7868 
CONVERTER DETAILS 
The AD7868 is a complete 12-bit I/O port, the only external 
components required for normal operation are pull-up resistors 
for the ADC data outputs and power supply decoupling capaci
tors. It is comprised of a 12-bit successive approximation ADC 
with a tracklhold amplifier, a 12-bit DAC with a buffered out
put and two 3 V buried Zener references, a clock oscillator and 
control logic. 

ADCCLOCK 
The AD7868 has an internal clock oscillator which can be used 
for the ADC conversion procedUre. The oscillator is enabled by 
tying the CLK input to V ss. The oscillator is laser trimmed at 
the factory to give a conversion time of between 8.5 and 10 ",S. 

The mark/space ratio can vary from 40/60 to 60/40. Alterna
tively, an external TTL compatible clock may be applied to this 
input. The allowable mark/space ratio of an external clock is 
40160 to 60/40. RCLK is a clock output, used fot the serial in
terface. This output is derived directly from the ADC clock 
source and can be switched off at the end of conversion with the 
CONTROL input. 

ADC CONVERSION TIMING 
The conversion time for both external clock and continuous in
ternal clock can vary from 19 to 20 rising clock edges depending 
on the conversion start to ADC clock synchronization. If a con
version is initiated within 30 ns prior to a rising edge of the 
ADC clock, the conversion time will consist of 20 rising clock 
edges, Le., 9.5 "'s conversion tUne. For noncontinuous internal 
clock, the conversion time is always 19 rising clock edges. 

ADC TRACK-AND-HOLD AMPLIFIER 
The track-and-hold amplifier oil the analog input of the AD7868 
allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak amplitude to 12-bit accuracy. The input impedance is 
typically 9 kO, an equivalent circuit is shown in Figure 1. The 
input bandwidth of the tracklhold amplifier is much greater 
than the Nyquist rate of the ADC, even when the ADC is oper
ated at its maximum throughput rate. The 0.1 dB cut-off fre
quency occurs typically at 500 kHz. The tracklhold amplifier 
acquires an input signal to 12-bit accuracy in less than 2 ",s. 

V,N 

4.Sk!l 

TO INTERNAL 
COMPARATOR 

AD7868* 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 1. ADC Analog Input 

The overall throughput rate is equal to the conversion time plus 
the tracklhold amplifier acquisition time. For a 2.0 MHz input 
clock the throughput time is 12 "'s max. 
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The operation of the tracklhold amplifier is essentially transpar
ent to the user. The tracklhold amplifier goes from its track 
mode to its hold mode at the start of conversion on the rising 
edge of CONVST. 

INTERNAL REFERENCES 
The AD7868 ha~ two on-chip temperature compensated buried 
Zener references which are factory trimmed to 3 V ± 10 mY. 
One reference provides the appropriate biasing for the ADC, 
while the other is available as a reference for the DAC. Both 
reference outputs are available. (labeled RO DAC and RO ADC) 
and are capable of providing up to 500 ~ to an external load. 

The DAC input reference (RI DAC) can be sourced externally 
or connected to any of the two on-chip references. Applications 
requiring good full-scale error matching between the DAC and 
the ADC should use the ADC reference as shown in Figure 4. 

The maximum recommended capacitance .on either of the refer
ence output pins for normal operation is 50 pF. If either of the 
reference outputs is required to drive a capacitive load greater 
than 50 pF, then a 200 0 resistor must be placed in series with 
the capacitive load. The addition of decoupling capacitors, 
10 ",F in parallel with 0.1 ",F, as shown in Figure 2, improves 
noise performanc~. The improvement in noise performance can 
be seen from the graph in Figure 3. Note, this applies for the 
DAC output only; reference decoupling components do not af
feet ADC performance. So, a typical application will have just 
the DAC reference source decoupled with the other one open 
circuited. 

RODAC 
or 

ROADC" 

RIDAC 

"RO DAC/RO ADC CAN BE LEFT . 
OPEN CIRCUIT IF NOT USED 

EXT LOAD 
GREATER THAN 50pF 

Figure 2. Reference Decoupling Circuitry 

DAC OUTPUT AMPLIFIER 
The output from the voltage-mode DAC is buffered by a nonin
vetting amplifier. The buffer amplifier is capable of developing 
±3 V across 2 kO and 100 pF load to ground and can produce 
6 V peak-to-peak sine wave signals to a frequency of 20 kHz. 
The output is updated on the falling edge of the LDAC input. 
The output voltage settling time, to within 1/2 LSB of its final 
value, is typically less than 2 ",s. 

The small signal (200 mV p-p) bandwidth of the output buffer 
amplifier is typically I MHz. The output noise from the ampli
fier is low with a figure of 30 nV/VJlz at a frequency of I kHz. 
The broadband noise from the amplifier exhibits a typical peak
to-peak figure of ISO ",V for a I MHz output bandwidth. Figure 
3 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for either of the on-chip 
references. 
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T.,,=.25°C 
VOD = +5V 

200 Vas = -5V 

i"-'" REF OUT 100 

1\ I 
\. DACDUTPUT 

wtTHALLO. 

'\ LOADED 

'\ 
REF OUT DECOUPLED 
AS SHOWN IN 
FIGURE 2 

20 

10 I II 
50 100 200 1k 2k 10k ZOIc. lOOk 

FREQUENCY - Hi: 

Figure 3. Noise Spectral Density vs. Frequency 

INPUT/OUTPUT TRANSFER FUNCTIONS 
A bipolar circuit for the AD7868 is shown in Figure 4. The 
analog input/output voltage range of the AD7868 is ± 3 V. The 
designed code transitions for the ADC occur midway between 
successive integer LSB values (i.e., 112 LSB, 3/2 LSB, 5/2 
LSB ... FS - 3/2 LSBs). The input/output code is 2s comple
ment binary with I LSB = FS/4096 = 1.46 mY. The ideal 
transfer function is shown in Figure 5. 

Cl 
10l1F 

AD7868· 

~ ...... -~"'" 
r--=--1 RI DAC 

.-..... --'\/111.---1 RO ADC 

L--.... ---::ooIAGND 

·ADDITIONAL PINS OMITTED FOR CLARITY 

ANALOG OUTPUT 
RANGE=±3V 

Figure 4. AD7868 Basic Bipolar Operation Using RO ADC 
as a Reference Input for the DAC 

OUTPUT 
CODE 

011 ..• 111 

011 ... 110 

:::::~lt~ 
000 ••• 000 :t---r+-.L---1t---::::--'-~ 

111 ... 111 : +~s -1LSB 

111 ... 110 1 FS = 6V 

100 ... 001 

: 1LSB=..!!.. 
I 4096 

100 ... 000 

OV 
INPUT VOLTAGE 

Figure 5. AD7868 Input/Output Transfer Function 

OFFSET AND FULL-SCALE ADJUSTMENT 
In most digital sigua1 processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 

REV. A 

AD7868 
the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full
scale errors have to be adjusted to zero. 

ADC ADJUSTMENT 
Figure 6 has signal conditioning at the input and output of the 
AD7868 for trimming the end points of the transfer functions of 
both the ADC and the DAC. Offset error must be adjusted be
fore full-scale error. For the ADC, this is achieved by trimming 
the offset of Al while the input voltage, VI, is 112 LSB below 
ground. The trim procedure is as follows: apply a voltage of 
-0.73 mV (-112 LSB) at VI in Figure 6 and adjust the offset 
voltage of A I until the ADC output code flickers between III I 
llli llli (FFF HEX) and 0000 0000 0000 (000 HEX). 

ADC gain error can be adjusted at either the first code transi
tion (ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 6). 

ADC Positive Full-Scale Adjustment 
Apply a voltage of 2.9978 V (FS/2 - 3/2 LSBs) at VI. Adjust 
R2 until the ADC output code flickers between Olll III I IllO 
(7FE HEX) and Olll llli llli (7FF HEX). 

ADC Negative Full-Scale Adjustment 
Apply a voltage of -2.9993 V (-FS/2 + 112 LSB) at VI and 
adjust R2 until the ADC output code flickers between 1000 
00000000 (800 HEX) and 100000000001 (801 HEX). 

DAC ADJUSTMENT 
Op amp A2 is included in Figure 6 for the DAC transfer func
tion adjustment. Again offset must be adjusted before full scale. 
To adjust offset: load the DAC with 0000 0000 0000 (000 HEX) 
and trim the offset of A2 to 0 V. As with the ADC adjustment, 
gain error can be adjusted at either the first code transition • 
(DAC negative full scale) or the last code transition (DAC posi- : 
tive full scale). The trim procedures for both cases are as 
follows: 

DAC Positive Full-Scale Adjustment 
Load the DAC with Olll Illl Illl (7FF HEX) and adjust R7 
until the op amp output voltage is equal to 2.9985 V, (FS/2 -
I LSB). 

DAC Negative Full-Scale Adjustment 
Load the DAC with 100000000000 (800 HEX) and adjust R7 
until the op amp output voltage is equal to 3.0 V (-FS/2). 

Vl 
INPUT VOLTAGE 

RANGE",13V 

.s 
10k 

•• 10k 

"ADDInONAL PINS 

•• AD7868' 10k 

AGND 

.,0 
10k 

.9 
10k 

OMITTED FOR CLARITY '--_____ ....----' 

Figure 6. AD7868 with Input/Output Adjustment 
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AD7868 
TIMING AND CONTROL 
Communication with the AD7868 is managed by 6 dedicated 
pins. These consist of separate serial clocks, word framing or 
strobe pulses and data signals for both receiving and transmit
ting data. Conversion starts and DAC updating are controlled by 
two digital inputs; CONVST and LDAC. These inputs can be 
asserted independently of the microprocessor by an external 
timer when precise sampling intervals are required. Alterna
tively, the LDAC and CONVST can be driven from a decoded 
address bus allowing the microprocessor control over conversion 
start and DAC updating as well as data communication to the 
AD7868. 

ADCTiming 
Conversion control is provided by the CONVST input. A low to 
high transition on CONVST input starts conversion and drives 
the tracklhold amplifier into its hold mode. Serial data then be
comes available while conversion is in progress. The correspond
ing timing diagram is shown in Figure 7. The word length is 16 
bits; 4 leading zeros, followed by the 12-bit conversion result 
starting with the MSB. The data is synchronized to the serial 
clock output (RCLK) and is framed by the serial strobe (RFS). 
Data is clocked out on a low to high transition of the serial 
clock and is valid on the falling edge of this clock while the RFS 
output is low. RFS goes low at the start of conversion and the 
first serial data bit (which is the first leading zero) is valid on 
the first falling edge of RCLK. All the ADC serial lines are 
open-drain outputs and require external pull-up resistors. 

The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, RCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into high impedance) at the end 
of conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 

serial clock which runs continuously. Both options are available 
on the AD7868 ADC. With the CONTROL input at 0 V, 
RCLK is noncontinuous and when it is at -5 V, RCLK is 
continuous. 

DAC Timing 
The AD7868 DAC contains two latches, an input latch and a 
DAC latch. Data must be loaded to the input latch under the 
control of the TCLK, TFS and DT serial logic inputs. Data is 
then transferred from the input latch to the DAC latch unde~ 
the control of the LDAC signal. Only the data in the DAC latch 
determines the analog output of the AD7868. 

Data is loaded to the input latch under control of TCLK, TFS 
and DT. The AD7868 DAC expects a 16-bit stream of serial 
data on its DT input. Data must be valid on the falling edge of 
TCLK. The TFS input provides the frame synchronization sig
nal which tells the AD7868 DAC that valid serial data will be 
available for the next 16 falling edges of TCLK. Figure 8 shows 
the timing diagram for the serial data format. 

Although 16 bits of data are clocked into the input latch, only 
12 bits are transferred into the DAC latch. Therefore, 4 bits in 
the stream are don't cares since their value does not affect the 
DAC latch data. The bit positions are 4 don't cares followed by 
the 12-bit DAC data starting with the MSB. 

The LDAC signal controls the transfer of data to the VAC 
latch. Normally, data is loaded to the DAC latch on the falling 
edge of LDAC. However, if LDAC is held low, then serial data 
is loaded to the DAC latch on the sixteenth falling edge of 
TCLK. If LDAC goes low during the loading of serial data to 
the input latch, no DAC latch update takes place on the falling 
edge of LDAC. If LDAC stays low until the serial transfer is 
completed, then the update takes place on the sixteenth falling 
edge of TCLK. If LDAC returns high before the serial data 
transfer is completed, no DAC latch update takes place. 

~
.. CONVERSION TIME 

CONVST t'r-I--------------------~f--------r_----
~t13 

RFS' ~~~--------------~--.-~rf-------~ 
~,,, UU '~ 
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DR'.-------.L-____________ ~t:~B~~~~I~~~B~1~~~D~B94~t. 
NOTES 
'EXTERNAL 4.7kQ PULL-UP RESISTOR 
'EXTERNAL 2kQ PULL-UP RESISTOR 
'CONTINUOUS RCLK (DASHED LINE) WHEN THE CONTROL INPUT = - 5V AND 
NONCONTINUOUS WHEN THE CONTROL INPUT = OV 

Figure 7. ADC Control Timing Diagram 

Figure 8. DAC Control Timing Diagram 
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AD7868 DYNAMIC SPECIFICATIONS 
The AD7868 is specifted and 100% tested for dynamic perfor
mance speciftcations as well as traditional dc speciftcations such 
as integral and differential nonlinearity. These ac specifications 
are required for signal processing applications such as speech 
recognition, spectrum analysis, and high-speed modems. These 
applications require information on the converter's effect on the 
spectral content of the input signal. Hence, the parameters for 
which the AD7868 is specifted include SNR, harmonic distor
tion and peak harmonics. These terms are discussed in more 
detail in the following sections. . 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC or DAC. The signal is the rms magnitude of the funda
mental. Noise is the rms sum of all the nonfundamental signals 
up to half the sampling frequency (fS/2) excluding dc. SNR is 
dependent upon the number of levels used in the quantization 
process; the more levels, the smaller the quantization noise. The 
theoretical signal-to-noise ratio for a sine wave input is given by 

SNR = (6.02N + 1.76) dB .................. (1) 

where N is the number of bits. Thus for an ideal 12-bit con
verter, SNR = 74 dB. 

Effective Number of Bits 
The formula given in Equation 1 relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 

SNR -1.76 
N = 6.02 ........................ (2) 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 

Harmonic Distortion 
Harmonic distortion is the ratio of the rms sum of harmonics to 
the fundlmental. For the AD7868, total harmonic distortion 
(THD) is defmed as: 

THD =20 log Vvi+ vl+ vi+ Vs2+ V62 

VI 

where V I is the rms amplitude of the fundamental and V 2' V 3' 

V 4' V 5 and V 6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC or DAC output spectrum. 

ADC Testing 
The output spectrum from the ADC is evaluated by applying a 
sinewave signal of very low distortion to the V IN input which is 
sampled at an 83 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob
tained. Figure 9 shows a typical 2048 point FFT plot of the 
AD7868BQ ADC with an input signal of 10 kHz and a sampling 
frequency of 83 kHz. The SNR obtained from this graph is 
73 dB. It should be noted that the harmonics are taken into ac
count when calculating the SNR. 
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Figure 10 shows a typical plot of effective number of bits versus 
frequency for an AD7868BQ with a sampling frequency of 
83 kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding to SNR figures of 72.2 and 
73.1 dB. 

INPUT FREQUENCY - ,OkHz 
SAMPLE FREQUENCY - 83kHz 
SNR = 73dB 
TA = +25"C 

i -~ ~-----+-----------------------4 , 

L .. ~ r----+----------~----~ 

~ 
w _. ~----_2~----------._----~--~ 

FREQUENCY - kHz 

Figure 9. AD7868, ADC FFT Plot 
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SAMPLE FREQUENCY = 83 kHz -
TA = 25°C 

I I I I 
INPUT fREQUENCY - kHz 

41.5 

Figure 10. Effective Number of Bits vs. Frequency for the 
ADC 

DAC Testing 
A simplified diagram of the method used to test the dynamic 
performance specifications of the DAC is outlined in Figure II. 
Data is loaded to the DAC under control of the tnicrocontroller 
and associated logic. The output of the DAC is applied to a 9th 
order low-pass mter whose cut-off frequency corresponds to the 
Nyquist limit. The output of the mter is in tum applied to a 
16-bit accurate digitizer. This digitizes the signal and the micro" 
controller generates an FFT plot from which the dynamic per
formance of the DAC can be evaluated. 
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AD1868 

Figure 11. AD7868 DAC Dynamic Performance Test 
Circuit 

The digitlzer sampling is synchronized with the DAC update 
rate to ease FFf calculations. The digitizer samples the DAC 
output aftet the output has settled to its new value. Thetefore, 
if the digitizer Wete to sample the output directly it would 
effectively be sampling a dc value each time. As a result, the 
dynamic petfonnance of the DAC would not be measured cor
rectly. Using the digitizet directly on the DAC output would 
give bettet results than the actual petfonnance of the DAC. Us
ing a tiltet between the DAC and the digitizer means that the 
digitizer samples a cOntinuouslynioving signal and the true dy
namic perfonnance of the AD7868 DAC output is measured. 

Figure 12 shows a typical 2048 point Fast Fourier Transform 
plot for the AD7868 DAC with an update rate of 83 kHz and an 
output frequency of 1 kHz. The SNR obtained from the graph 
is 73 dBs. 

T .. "" +2I"C 
1.= _Hz 
SNR = 73.3d8 

-.. H-------+_------\ 

20.75 
FREQUENCY - kHz 

Figure 12. AD7868 DAC FFT Plot 

41.5 

Some applications will require improved perfonnance versus 
frequency from the AD7868 DAC. In these applications, a sim
ple sample-and-hold circuit such as that outlined in Figure 13 
will extend the very good performance of the DAC to 20 kHz. 
Other applications will already have an inherent sample-and
hold function following the AD7868 DAC output. An example 
of this type of application is driving a switched-capacitor filter 
whete the updating of the DAC is synchronized with the 
switched-capacitor filter. This inhetent sample-and-hold func
tion also extends the frequency range petformance. 

Performance veraus Frequency 
The typical petfonnance plots of Figures 14 and 15 show the 
AD7868's DAC petfonnance OVet a wide range of input fre
quencies at an update rate of 83 kHz. The plot of Figure 14 is 
without a sample-and-ho1d on the DAC output while the plot of 
Figure 15 is generated with a sample-and-hold on the output. 

8-88 ANALOG 110 PORTS 

AD7868' 

1N1 

.. ... 

iiiiC---4---Ol ~':HOT 00----' 
DELAY 

*ADDITIONAL PINS OllTTED FOR CLARITY 

!=igure 13. DAC Sample-and-Hold Circuit 

3Or---r---,---,----r---, 

"r---+---1---~---r---~ 

5.r---+---1----~---r---~ 

~~---+_--~----~---r--~ 

..~--+_--~--_r---r--~ 

~~--+_-~~---~-----r----~ 
TA = +"2!N: 

,.~----+_--~--~---r--~ .. ~--~--~--~---~-~ 
FREQUENCY - kHz 

Figure 14. DAC Performance vs. Frequency (No Sample
and-Hold) 

.. r-----~------~-------,------_, 
7.t.==:::j~==~==t.==~ .. ~--~---~---~-----; 

t 50~---~r-----~----~----; , 
! ~~--~r---~---~-----; 

~~----~r-----~------~-------; 

,.~----~r----~r-----~-------; 

·.~----~~----~'.~----~'5~----~2.
FREQUENCY - kHz 

Figure 15. DAC Performance vs. Frequency (Sample-alid
Hold) 
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MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD7868 is via a serial bus that 
uses standard protocol compatible with DSP machines. The 
communication interface consists of separate transmit (DAC) 
and receive (ADC) sections whose operations can be either syn
chronous or asynchronous with respect to each other. Each sec
tion has a clock signal, a data signal and a frame or strobe pulse. 
Synchronous operation means that data is transmitted from the 
ADC and to the DAC at the same time. In this mode only one 
interface clock is needed and this has to be the ADC clock out, 
so RCLK must be connected to TCLK. For asynchronous oper
ation, DAC and ADC data transfers are independent of each 
other, the ADC provides the receive clock (RCLK) while the 
transmit clock (TCLK) may be provided by the processor or the 
ADC or some other external clock source. 

Another option to be considered with serial interfacing is the use 
of a gated clock. A gated clock means that the device that is 
sending the data switches on the clock when data is ready to be 
transmitted and three states the clock outpUt when transmission 
is complete. Only 16 clock pulses are transmitted with the first 
data bit getting latched into the receiving device on the first fall
ing clock Cdge. Ideally, there is no need for frame pulses, how
ever, the AD7868 DAC frame input (TFS) has to be driven 
high between data transmissions. The easiest method is to use 
RFS to drive TFS and use only synchronous interfacing. This 
avoids the use of interconnects between the processor and 
AD7868 frame signals. Not all processors have a gated clock 
facility, Figure 16 shows an example with the DSP56000. 

Table I below shows the number of interconnect lines between 
the processor and the AD7868 for the different interfacing 
options. The AD7868 has the facility to use different clocks for 
transmitting and receiving data. This option, however, only 
exists on some processors and normally just one clock (ADC 
clock) is used for all communication with the AD7868. For sim
plicity, all the interface examples in this data sheet use synchro
nous interfacing and use the ADC clock (RCLK) as an input for 
the DAC clock (TCLK). For a better understanding of each of 
these interfaces, consult the relevant processor data sheet. 

No. of 
Configuration Interconnects Signals 

Synchronous 4 RCLK, DR, DT and RFS 
(TCLK = RCLK, TFS = RFS) 

Asynchronous· 5 or 6 RCLK,DR,RFS,DT,TFS 
(TCLK = RCLK or 
j.LP serial CLK) 

Synchronous 3 RCLK, DR and DT 
Gated Clock (TCLK = RCLK, TFS· = RFS) 

·S LINES OF INTERCONNECT WHEN TCLK = RCLK 
6 LINES OF INTERCONNECT WHEN TCLK = IJ.P SERIAL CLK 

Table I. Interconnect Lines for Different Interfacing 
Options 

AD7868 - DSP56000 interface 
Figure 16 shows a typical interface between the AD7868 and 
DSP56000. The interface arrangement is synchronous with a 
gated clock requiring only three lines of interconnect. The 
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DSP56000 internal serial control registers have to be configured 
for a 16-bit data word with valid data on the first falling clock 
edge. Conversion starts and DAC updating are controlled by 
an external timer. Data transfers, which occur during ADC con
versions, are between the processor receive and transmit shift 
registers and the AD7868's ADC and DAC. At the end of each 
16-bit transfer the DSP56000 receives an internal interrupt 
indicating the transmit register is empty and the receive register 
is full. 

I TIMER l-t: CONVST 

LDAC 

~ 
CONTROL 

+5V AD7868" 

OSP56000 4.7kn 2kll 4.7kll 

SCD J 
~ RFS 

'--- TFS 

SCK RCLK 

SRD DR 

STD DT 

TCLK 

*ADlHTIONAL PINS OMITTED FOR CLARITY 

Figure 16. AD7868-DSP56000 Interface 

AD7868 - ADSP-2101/ADSP-2102 Interface 
An interface which is suitable for the ADSP-2101 or the ADSP-
2102 is shown in Figure 17. The interface is configured for syn- _. 
chronous, continuous clock operation. The LDAC is tied low so 
the DAC gets updated on the sixteenth falling clock after TFS 
goes low. Alternatively LDAC may be driven from a timer as 
shown in Figure 16. As with the previous interface the processor 
receives an interrupt after reading or writing to the AD7868 and 
updates its own internal registers in preparation for the next 
data transfer. 

I TIMER I-- CONVST 

-r CONTROL 

ADSP-21Dll +5Y 
ADSP-21D2 AD7868' 

4.7kll 2"" 4.7k!l 

RFS RFS 

SCLK RCLK 

DR DR 

TFS 11'S 

TCLK 

DT DT 

r LDAC 
'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 17. AD7868-ADSP-2101IADSP-2102Interface 
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AD7868 - TMS3202OlTMS320C25 Interface 
Figure 18 shows an in~aCe which is suitable for the 
TMS3202OffMS32OC25 processors. This interface is configured 
for synchronous, continuous clock operation. Note, the AD7868 
will not interface correctly to these processors if the AD7868 is 
configured for a noncontinuous clock. Conversion starts and, 
DAC updating are controlled by an external timer. 

I 11I1ER It: CONVST 

LilAC 

-5V- CONTROL 

TMS32020 
TMS320C25 >IV AD7868' 

4.7kU 2kU 4.7kU 

FSR iii'S 
CLKR RCLK 

DR DR 

FSX r-- - ffl 

CLKX I--- TCLK 

DX DT 

-ADDmONAL PINS OMITTED FOR CLARITY 

Figure 18. AD7868-TMS32020fTMS320C25 Interface 

APPLICATION IDNTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AID performance. 
The AD7868's comparator is required to make bit decisions on 
an LSB size of 1.465 mY. To achieve this, the designer has to 
be conscious of noise both in the ADC itself and in the preced
ing analog circuitry. Switching mode power supplies are not 
recommended. as the switching spikes will feed through to the 
comparator causing noisy cDde transitions. Other causes of con
cern are ground loops and digital feedthrough from microproces
sors. These are factors which influence any ADC, and a proper 
PCB layout which minimizes these effects is essential for best 
performance. 

LAYOUT IUNTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground as close as possible to the AD7868 
AGND pins. Connect all other grounds and the AD7868 
DGND to this single analog ground point. Do not connect any 
other digital grounds to this analog ground point. 

Low impedance anal~ and digital power supply common re
turns are essential to 10111' noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
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analog circuitry from. digital noise. The circuit layout of Figures 
22 and 23 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7868 AGND 
pins. 

NOISE 
Keep the input signal leads to V IN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be
tween the source and the ADC. Reduce the ground circuit im
pedance as muc!, as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

INPUT/OUTPUT BOARD 
Figure 19 shows an analog 110 board based on the AD7868. 
The corresponding printed circuit board (PCB) layout and silk
screen are shown in Figures 21 to 23. 

The analog input to the AD7868 is buffered with an AD711 
op amp. There is a component grid provided near the analog 
input on the PCB which may be used for an antialiasingfllter 
for the ADC or a reconstruction filter for the DAC or any other 
conditioning circuitry. To facilitate this option, there are two 
wire links (labeled LKI and LK2) required on the analog input 
and output tracks. 

The board contains a SHA circuit which can be used on the 
output of the AD7868 DAC to extend the very good perfor
mance of the part over a wider frequency range. The increased 
performance from the SHA can be seen in Figures 14 and IS of 
this data sheet. A wire link (labeled LK3) connects the board 
output to either the SHA output or directly to the AD7868 
DAC output. 

There are three LDAC link options on the board; I:DAC can be 
driven from an external source independent of CONVST, 
LDAC can be tied to CONVST orLDAC can be tied to GND. 
Choosing the latter option of tying LDAC to GND disables the 
SHA operation, and places the SHA permanently in the track 
mode. 

Microprocessor connections to the board are made by a 9-way 
D-type connector. The pinout is. shown in Figure 20. The 
ADC's digital outputs are buffered with 74HC4050s. These 
buffers provide a higher current output capability for high ca
pacitance loads or cables. Normally, these buffers are not re
quired as the AD7868 will be sitting on the same board as the 
processor. 

POWER SUPPLY CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi
tal supply. Connections to the analog supply are made directly 
to the PCB as shown on the silkscreen in Figure 21. The con
nections are labeled V + and V - and the range for both of these 
supplies is 12 V to IS V. Connections to the 5 V digital supply 
are made through the D-type connector SKT6. The ±S Vana
log supply required by the AD7868 are generated from two 
voltage regulators on the V + and V-supplies. ' 
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ANALOG INPUT 
t3V RANGE LKl 
(~~ __ ~A¢~o-B ________ --i 

SKT1 l-OC 

R6 
15k 

C22 
68pF 

+ COMPONENT 
GRID 

R2 
2kll 

5V 

Vee Q 

REXT/CEXT 

A 
CExr 

B 

IC81/2 CLR 

74HC221 

GND 

SKT3 

LDAC 

5V 

V+ 
IN OUT 

IC5 
7BL05 

GND 

V .. 

5V 

ROADC 

RIDAC 

RODAC 

ICl 
AD7868 

CONTROL 

AGND 

AGND 

DGND 

DGND DR 

RCLK 

RFS 

Vour 

TFs 

TCLK 

DT 

CLK 

R7 
200 

5V 

R3 
4.7kll 

r __ -L-.~~-~5~V~~--~ V-OUT IN 

IC6 
79L05 

GND 

r----j 
I IC71/2 I 
I 74HC4050 I 
I I 
I I 

A 

LK7 
-5V 

SKT5 
EXTCLK 

5V 

DR 

ACLK 

LK9 

TCLK 

DT 

DGND 

AD7868 

SKT6 
9-WAY D·TYPE 
CONNECTOR 

Figure 19. Input/Output Circuit Based on the AD7868 

NC = NO CONNECT 

Figure 20. SKT6, D-Type Connector Pinout 
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WIRE LINK OPTIONS 
LKI, Analog Input Link 
LKI connects the analog input to a component grid or to a 
buffer amplifier which drives the ADC input. 

LK2, Analog Output Lmk 
LK2 connects the analog output to the component grid or to 
either the SHA or DAC output (see LK3). 

LK3, SHA or DAC Select 
The analog output may be taken directly from the DAC or from 
a SHA at the output of the DAC. 
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AD7868 
LK4, DAC Reference SeJ.ec:tion 
. The DAC reference may be connected to either the ADC refer
ence output (RO ADC) or to the DAC reference (RO DAC). 

LKS, ADC Internal Clock Selection 
This link configures the ADC for continuous or noncontinuous 
internal clock operation. 

LK6, DAC Updating 
The DAC, LDAC input may asserted independently of the 
ADC CONVST signal or it may be tied to CONVST or it may 
tied to GND. 

LK7, ADC Clock Source 
This link provides the option for the ADC to use its own inter
nal clock oscillator or an external TTL compatible clock. 

LKS Frame Synchronous Option 
LK8 provides the option of tying the ADC RFS output to the 
DAC TFS input. 

LK9 TransmitlReceive Clock Option 
LK9 provides the option to connect .the ADC RCLK to the 
DACTCLK. 

COMPONENT UST 
ICI 
ICl,IC3 
IC4, 
ICS, 
IC6, 
IC7, 
IC8, 

CI, C3, CS, C7 
C9, CU, C13, CIS 
C17, C19, Cl3 

Cl,C4,C6,CS 
CIO, C12, C14, CI6 
C18, ClO, Cl4 
Cli 
Cl2 

RI, R2, R4 
R3,RS 
R6 
R7 

LKI, LK2, LK3, 
LK4, LKS, LK6, 

AD7868 
2XAD711 
ADG20lHS 
MC78LOS 
MC79LOS 
74HC40S0 
74HCl21 

10 jIoF Capacitor 

0.1 jIoF Capacitor 

330 pF Capacitor 
68 pF Capacitor 

2 kO Resistor 
4.7 kO Resistor 

IS kO Resistor 
200 n Resistor 

LK7, LK8 Shorting Plugs 
LK9 
SKTl, SKT2, SKT3, 
SKT4; SKTS BNC Sockets 

SKT6 9-Contact D-Type Connector 

• 

• 
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V - I!I I!I 
• LiiiiC EXTCLK CONYST AD7B6Bn8S9 • 

I!I V+c;;~ ~R6~ ~ ~ EVALUATION BRD 
rO"i"!l GND 

IC6 
~ .~i IL.II • IL.II IL.II C 21111EJ11 

ItS : : SK'" SKTS .SK14 CI9p 

• • ~ LK7 I!I!l I!I!l LIC6 .~. IC a. • C 22 A B.C A B": •• · . o. 0 
• 0 • 0 • •• R" 0-=-0 IC7.. 

• R40-=-0 ••• 
• 

:4~ ~~. ~+~i R5 ~rv;~:.: : 
cia III • • III CIa" IC1.. LICS 

• • • • R7 • +C17 • • CIS •• o-=-e IiIiI 
• .• C 2 IEJII • • . I!l!J 

C I E:::JI.. LICB LIC 9 • 
C 21 RI +: • •• 

IC" :O~~C~II nR2ru LJ .. 
• CI21i1~.. U ~ CAB C B A C 24 • 

• : I!I ~+ I!I!l I!I!l e ~ + 
•• CI1 ~ CS LIC3 LK4 W C 23 

•• ~ LICII:2.0. III ~B ~ • • • A B •• .+ II C6 C ~ A .• 
YIN 1iIiI.. LK2 YOUT 

SKTI !!Jill". • 
C call1lalF SKT2 

• 

Figure 21. Silkscreen for the Circuit Diagram of Figure 19 

SKT6 

• 
•• •• •• :. 
• 

• 
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Figure 22. Component Side Layout for the Circuit Diagram of Figure 19 

• 

Figure 23. Solder Side Layout for the Circuit Diawam of Figure 19 
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r'IIANALOG 
WDEVICES 

LC2MOS 
Complete, 14-Bit Analog liD System 

FEATURES 
Complete 14-Bit 1/0 System, Comprising 

14-Bit ADC with TracklHold Amplifier 
83 kHz Throughput Rate 

14-Bit DAC with Output Amplifier 
3.5 ,,"s Settling Time 

On-Chip Voltage Reference 
Operates from ±5 V Supplies 
Low Power - 130 mW typ 
Small 0.3" Wide DIP 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7869 is a complete 14-bit 110 system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold amplifier having a combined throughput rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 4 ILS to 14 bits. Temperature compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 

Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow serial interfacing to most DSP machines. 

Asynchronous ADC conversion control and DAC updating is 
made possible with the CONVST and LDAC logic inputs. 

The AD7869 operates form ±5 V power supplies, the analog 
input/output range of the ADClDAC is ±3 V. The part is fully 
specified for dynamic parameters such as signal-to-noise ratio 
and harmonic distortion as well as traditional dc specifications. 

The part is available in a 24-pin, 0.3 inch wide, plastic or her
metic dual-in-line package (DIP) and in a 28-pin, plastic SOIC 
package. 
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AD7869 I 
FUNCTIONAL BLOCK DIAGRAM 

v,. 

r------------------------Q"'~ 

..... 
L6Alj 

ffii 
DACSERlAL RODAC 

TCLK INTERFACE 
DT 

CONTROL 

iiFii 
"CLK 

ADCSERIAL ROADC 
1NTERf'AC£ 

DR 

CLK 
v. 

CiiiiVST 

DGND V .. AGND 

PRODUCT HIGHLIGHTS 
1. Complete 14-Bit 1/0 System. 

The AD7869 contains a 14-bit ADC with a track-and-hold 
amplifier and a l4-bit DAC with output amplifier. Also in
cluded are separate on-chip voltage references for the DAC 
and the ADC. 

2. Dynamic Specifications for DSP Users. 
In addition to traditional dc specifications, the AD7869 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 

3. Small Package. 
The AD7869 is available in a 24-pin DIP and a 28-pin SOIC 
package. 
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AD7869 -SPECIFICATIONS 
ADC SECT' ION (VDD = +5 V± 5%, Vss = -5 V ±5%, UNO = OSNO = 0 V, fCLK = 2.0 MHz external. 

All. specifications T min to J max unless otherwise noted.) 

Parameter J Version' AVersion' Units Test Conditions/Comments 

DYNAMIC PERFORMANCE' 
Signal-to-Noise Rati03• 4 (SNR) @ + 250C 78 78 dB min V'N = 10 kHz Sine Wave, fSAMPLE = 83 kHz 

T_toT ..... 78 77 dB min 
Total Harmonic Distortion (THO) -86 -86 dB typ VIN = 10 kHz Sine Wave, fSAMPLE = 83 kHz 
Peak Harmonic or Spurious Noise -86 -86 dB typ VIN = 10 kHz Sine Wave, fSAMPLE = 83 kHz 
Intermodulation Distortion (IMO) 

Second Order Terms -86 -86 dB typ fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 
Third Order Terms -88 -88 dBtyp fa = 9 kHz, fb = 9.5 kHz, fSAMPLE = 50 kHz 

TracklHold Acquisition Tinle 2 2 I1S max 
DC ACCURACY 

Resolution 14 14 Bits 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSBmax 
Differential Nonlinearity ±1 ±1 LSB max 
Bipolar Zero Error ±20 ±20 LSBmax 
Positive Gain Error ±20 ±20 LSB max 
Negative Gain Error ±20 ±20 LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 Volts 
Input Current ±1 ±1 mAmax 

REFERENCE OUTPUT' 
RO ADC @ + 25°C 2.99/3.01 2.9913.01 V mini V max 
ROADCTC ±25 ±25 ppmlOC typ 

±40 ±ppmlOCmax 
Reference Load Sensitivity 

(4RO ADC vs. 41) -1.5 -1.5 mVmax Reference Load Current Change (~500 !,-A), 
Reference Load Should Not Be Changed 
During Conversion 

IRQ!C INPUTS 
(CONVST, CLK, CONTROL) 

Input High Voltage, V'NH 2.4 2.4 V min Voo = 5 V ± 5% 
Input Low Voltage, VINL 0.8 0.8 V max Voo = 5 V ± 5% 
Input Current, lIN ±10 ±10 !LA max VIN = 0 V to Voo 
Input Current' (CONTROL & CLK) ±10 ±10 !LA max VIN = Vss to DGND 
Input Capacitance, CIN S 10 10 pFmax 

LOGIC OUTPUTS 
DR, RFS Outputs 

Output Low Voltage, VOL 0.4 0.4 V max ISINK = 1.6 mA, Pull-Up Resistor"" 4.7 kG 
RCLKOutput 

0u!E!!! Low Voltage, VOL 0.4 0.4 V max ISINK = 2.6 mA, Pull-Up Resistor = 2 kG 
DR, RFS, RCLK Outputs 

Floating-State Leakage Current ±IO ±IO !LA max 
Floating-State Output CapacitanceS IS IS pFmax 

CONVERSION TIME 
External Clock 10 10 !,-smax 
Internal Clock 10 10 !,-smax The Internal Clock Has a Nominal Value of 2.0 MHz 

POWER REQUIREMENTS 
Voo +5 +5 V nom 
Vss -5 -5 V nom 
100 22 22 mAmax 
Iss 12 12 mAmax 
Total Power Dissipation 170 170 mWmax 

NOTES 
'Temperature ranges are as follows: 1 Version, 0"<: 10 + 70"<:; A Version, -40"<: to +85"C. 
2V1N = ::t3V. . 
'SNR calculation includes distortion and noise components. 
'SNR depadation due 10 asynchronous DAC updating duting conversion is 0.1 dB typo 
'Measum! with respect 10 internal reference. 

For Both DAC and ADC 
±5% for Specified Performance 
± 5% for Specified Performance 
Cumulative Current from the Two V 00 Pins 
Cumulative Current from the Two V ss Pins 
Typically 130 mW 

"For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
7Tying the CONTROL input 10 V DD plac:es the device in • factory test mode where normal operation is not exhibited. 
sSampie tested @ + 25"C 10 ensure comp1iance. 
Specifications subject 10 cbanse without notice. 
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A07869 
(Yoo = +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = 0 V, RI DAC = +3 V and decoupled as shown in Fig

OAC SECTION ure 2, Your Load to AGND; = 2 kil, CL = 100 pF. All specifications Tm;. to Tm •• unless otherwise noted.) 

Parameter J Version' A Version' Units 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio3 (SNR) @ +25'C 78 78 dB min 

Tmin to Tmax. 78 77 dB min 
Total Harmonic Distortion (THD) -86 -86 dBtyp 

Peak Harmonic or Spurious Noise -86 -86 dB typ 

DC ACCURACY 
Resolution 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSB max 
Differential Nonlinearity ±I ±I LSB max 
Bipolar Zero Error ±IO ±1O LSBmax 
Positive Full-Scale Error' ±IO ±1O LSB max 
Negative Full-Scale Error' ±1O ±1O LSB max 

REFERENCE OUTPUT" 
RO DAC @ + 25'C 2.99/3.01 2.99/3.01 V minlVmax 
RODACTC ±25 ±25 ppml'C typ 

±40 ppml'C max 
Reference Load Change 

(aRO DAC vs. ail -1.5 -1.5 mVmax 

REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 2.85/3.15 V minlVmax 
Input Current I I fl.A max 

LOGIC INPUTS 
(LDAC, TFS, TCLK, DT) 

Input High Voltage, V'NH 2.4 2.4 V min 
Input Low Voltage, V'NL 0.8 0.8 V max 
Input Current, I'N ±1O ±1O fl.Amax 
Input Capacitance, CIN 

, 
10 10 pF max 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 V nom 
DC Output Impedance 0.3 0.3 n typ 
Short-Circuit Current 20 20 mAtyp 

AC CHARACTERISTICS' 
Voltage Output Settling-Time 

Positive Full-Scale Change 4 4 fl.S max 
Negative Full-Scale Change 4 4 fl.s max 

Digital-to-Analog Glitch Impulse 10 10 nV secs typ 
Digital Feedthrough 2 2 nV secs typ 
V IN to V OUT Isolation 100 100 dB typ 

POWER REQUIREMENTS As per ADC Section 

NOTES 
'Temperature ranges are as foUows: J Version, O'C to +7O'C; A Version, -4O'C to +85'C. 
'VOUT (p-p) = ±3 V. 
'SNR calculation includes distortion and noise components. 
'Using extemal sample and hold, see 'Figures 13 to 15. 
S Measured with respect to REF IN and includes bipolar offset error. 

Test Conditions/Comments 

VOUT = I kHz Sine Wave, fSAMPLE = 83 kHz 
Typically 82 dB at + 25"C for 0 <VouT<20 kHz' 
VOUT = I kHz Sine Wave, fSAMPLE = 83 kHz 
Typically - 84 dB at + 25"C for 0 <VouT<20 kHz' 
VOUT = I kHz, fSAMPLE = 83 kHz 
Typically -84 dB at +25'C for 0 <VouT<20 kHz' 

Guaranteed Monotonic 

Reference Load Current Change (0--500 fl.A) 

3 V ±5% 

VDD = 5 V ±5% 
VDD = 5 V ±5% 
V'N = OVtOVDD 

Settling Time to Within ± 112 LSB of Final Value 
Typically 3 fl.S 
Typically 3.5 fl.S 
DAC Code Change All Is to All Os 

VIN = ±3 V, 41.5 kHz Sine Wave 

'Por capacitive loads greater than SO pF • series resistor is required (see Internal Reference section). 
'Sample tested @ + 2S'C to ensure compliance. 

Specifications subject to chaoge without notice. 
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AD7869-TIMING CHARACTERISTICS1, 2 IVDD = +5 V :I: 5%. Va = -5 V :1:5%. AGNO = OGNO = 0 Y) 

Limit at T ...... , T ...... 
Parameter (An Versions) Units ConciitionslComments 

ADCTIMING 
tl SO nsmin CONVST Pulse Width 
t/ 440 nsmin RCLK Cycle Time, Internal Clock 
t3 100 nsmin RFS to RCLK Falling Edge Setup Time 
t4 20 nsmin RCLK Rising Edge to RFS 

100 nsmax 
ts4 ISS nsmax RCLK to Valid Data Delay, CL = 35 pF 
to; 4 nsmin Bus Relinquish Time after RCLK 

100 nsmax 
t13s 2 RCLK +200 to nstyp CONVST to RFS Delay 

3 RCLK + 200 

DACTIMING 
t7 SO nsmin TFS to TCLK Falling Edge 
ts 75 nsmin TCLK Falling Edge to TFS 
1.,6 150 nsmin TCLK Cycle Time 
tlO 30 nsmin Data Valid to TCLK Setup Time 
tu 75 nsmin Data Valid to TCLK Hold Time 
tl2 40 nsmin LDAC Pulse Width 

NOTES 
'Timing specifications lI1'e sample rested at +25"C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from 
a voltage level of 1.6 V. . 

2Serial timing is measured with a 4.7 Idl pull-up resistor on DR and RFS and a 2 Idl pull-up resistor on RCLK. The capacitance on all three outputs is 35 pF. 
'When using in1erDal clock, RCLK mark/space ratio (measuted form a voltage level of 1.6 V) range is 40/60 to 60140. For external clock, RCLK mark/space 
ratio = ex1erDaI clock mark/space ratio. 

'DR will drive higher capacitance loads but this will add to t, since it increases the ex1erDaI RC time constant (4.7 kOIICL ) and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 
"TCLK marklspace ratio is 40/60 to 60140. 

ABSOLUTE MAXIMUM RATlNGS* 
(T A = + 25"C unless otherwise noted) 

Voo to AGND .................... -0.3 V to +7 V 
Vss to AGND ..............•.....• +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Voo+0.3 V 
VOUT to AGND ....•.................. Vss to Voo 
VIN to AGND .............. Vss -0.3 V to Voo+0.3 V 
RO ADC to AGND .....•....... -0.3 V to Voo+0.3 V 
RO DAC to AGND ............. -0.3 V to Voo+0.3 V 
RI DAC to AGND .............. -0.3 V to Voo+0.3 V 
Digital Inputs to DGND •.•.... : .. -0.3 V to Voo+0.3 V 
Digital Outputs to DGND ........ -0.3 V to Voo+0.3 V 

Operating Temperature Range 
J Version .............•....••..... OOC to +70"C 
A Version ...................... -4O"C to +85"C 

Storage Temperature Range ........... -65°C to' + 150°C 
Lead Temperature (Soldering, 10 sees) ....... :' ... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by ...•.............. 10 mWrC 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. EXposure to 
absolute maximum rating conditions for exleDded periods may affect device 
relisbility. 

CAtnnON ___________________________________________ __ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Signal-
Temperature to-Noiae Relative Package 

Model Range Ratio (SNR) Accnracy Option* 

AD7869JN O"C to +70"C 78 dB ±2 LSB max N-24 
AD7869JR O"C to +7O"C 78 dB ±2 LSB max R-28 
AD7869AQ -4O"C to + 8S"C 77 dB ±2 LSB max Q-24 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOlC). For outline information 
see Package Information section. 
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AD7869 
AD7869 PIN FUNCTION DESCRIPTION 

DIP Pin 
Number Mnemonic Function 

POWER SUPPLY 
7 & 23 Voo Positive Power Supply,S 'l/ ± 5%. Both Voo pins must be tied together. 
10 & 22 Vss Negative Power Supply, -5 V ± 5%. Both Vss pins must be tied together. 
8 & 19 AGND Analog Ground. Both AGND pins must be tied together. 
6 & 17 DGND Digital Ground. Both DGND pins must be tied together. 

ANALOG SIGNAL AND REFERENCE 
21 
9 

20 

11 

12 

ROADC 

RODAC 

R1DAC 

ADC Analog Input. The ADC input range is ±3 V. 
Analog Output Voltage from DAC. This output comes from a buffer amplifier. The range is bipolar, ±3 V with RI 
DAC = +3 V. . 

Voltage Reference Output. The internal ADC 3 V reference is provided at this pin. This output may be used as a ref
erence for the DAC by connecting it to the RI DAC input. The external load capability of this reference is 500 ,..A. 
DAC Voltage Reference Output. This is one of two internal voltage references. To operate the DAC with this internal 
reference, RO DAC should be connected to RI DAC. The external load capability of the reference is 500 ,...A. 
DAC Voltage Reference Input. The voltage reference for the DAC must be applied to this pin. It is internaIly 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7869 is 3 V. 

ADC INTERFACE AND CONTROL 
2 CLK Clock Input. An external TTL-compatible clock may be applied 10 this input. Alternatively, tying this pin to V ss 

enables the internal laser-trimmed oscillator. 
3 RFS Receive Frame Synchronization, Logic Output. This is an active low opt:n-drain output which provides a framing 

pulse for serial data. An external 4.7 kO pull-up resistor is required on RFS. 
4 RCLK Receive Clock, Logic Output. RCLK is the gated serial clock output which is derived from the internal or external 

ADC clock. If the CONTROL input is at V ss, the clock runs continuously. With the CONTROL input at DGND 
the RCLK output is gated off (three-state) after serial transmission is complete. RCLK is an open-drain output and 
requires an external 2 kO pull-up resistor. 

DR Receive Data, Logic Output. This is an open-drain data output used in coni!!!!£tion with RFS and RCLK to transmit 
data from the ADC. Serial data is valid on the falling edge of RCLK when RFS is low. An external 4.7 kO resistor is 
required on the DR output. 

CONVST Convert Start, Logic Input. A low to high transition on this input puts the track-and-hold amplifier into the hold 
mode and starts an ADC conversion. This input is asynchronous to the CLK input. 

24 CONTROL Control, Logic Input. With this pin at 0 V, the RCLK is noncontinuous. With this pin at -5 V, the RCLK is contin-
uous. Note, tying this pin to V 00 places the part in a factory test mode where normal operation is not exhibited. 

DAC INTERFACE AND CONTROL 
14 

15 

16 
13 

18 
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DT 

TCLK 
LDAC 

NC 

Transmit Frame Synchronization, Logic Input. This is a frame or synchronization signa1 for the DAC with serial data 
expected after the faIling edge of this signal. 
Transmit Data, Logic Input. This is the data input which is used in conjunction with TFS and TCLK to transfer 
serial data to the input latch. 
Transmit Clock, Logic Input. Serial data bits are latched on the falling edge of TCLK when TFS is low. 
Load DAC, Logic Input. A new word is transferred into the DAC latch from the input latch on the falling edge of 
this signal. 
No Connect. 

DIP 

AD7869 
TOP VIEW 

(NOItoScale) 

11 TCLK 

I. DT 

14 iFi 
13 LDiC -.... __ ...r-

Ne. NO CONNECT 

PIN CONFIGURATIONS SOIC 
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AD7869 
CONVERTER DETAILS 
The AD7869 is a complete 14-bit 110 port, the only external 
components required for normal operation are pull-up resistors 
for the ADC data outputs and power supply decoupling capaci
tors. It is comprised of a 14-bit successive approximation ADC 
with a tracklhold amplifier, a 14-bit DAC with a buffered out
put and two 3 V buried Zener references, a clock oscillator and 
control logic. 

ADCCLOCK 
The AD7869 has an internal clock oscillator which can be used 
for the ADC conversion procedure. The oscillator is enabled by 
tyi,ng the CLK input to V ss. The oscillator is laser trimmed at 
the factory to give a lIUIlrimum conversion time of 10 j.LS. The 
mark/space ratio can vary from 40/60 to 60/40. Alternatively, an 
external TTL compatible clock may be applied to this input. 
The allowable mark/space ratio of an external. clock is 40/60 to 
60/40. 

RCLK is a clock output, used for the serial interface. This out
put is derived directly from the ADC clock source and can be 
switched off at the end of conversion with the CONTROL 
input. 

ADC CONVERSION TIMING 
The conversion time for both external clock and continuous in
ternal clock can vary from 19 to 20 rising clock edges depending 
on the conversion stan to ADC clock synchronization. If a con
version is initiated within 30 ns prior to a rising edge of the 
ADC clock, the conversion time will consist of 20 rising clock 
edges, i.e., 9.5 j.LS conversion time. For noncontinuous internal 
clock, the conversion time always consists of 19 rising clock 
edges. 

ADC TRACK-AND-HOLD AMPLIFIER 
The track-and-hold. amplifier on the analog input of the AD7869 
allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak amplitude to 14-bit accuracy. The input impedance is 
typically 9 kn, an equivalent circuit is shown in Figure 1. The 
input bandwidth of the tracklhold amplifier is much greater 
than the Nyquist rate of the ADC, even when the ADC is oper
ated at its lIUIlrimum throughput rate. The 0.1 dB cut-off fre
quency occurs typically at 500 kHz. The tracklhold amplifier 
acquires an input signal to 14-bit accuracy in less than 2 j.LS. 
The overall throughput rate is equal to the conversion time plus 
the tracklhold amplifier acquisition time. For a 2.0 MHz input 
clock the throughput time is 12 j.LS max. 

4.5kll 

TO INTERNAL 
COMPARATOR 

AD7869* 

'AOOITIONAL PINS OMmED FOR CLARITY 

Figure 1. ADC Analog Input 
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The operation of the tracklhold amplifier is essentially transpar~ 
ent to the user. The tracklhold amplifier goes from its track 
mode to its hold mode at the stan of conversion on the rising 
edge of CONVST. 

INTERNAL REFERENCES 
The AD7869 has two on-chip temperature compensated buried 
Zener references which are factory trimmed to 3 V ±10 mY. 
One reference provides the appropriate biasing for the ADC, 
while the other is available as a reference for the DAC. Both 
reference outputs are available (labelled RO DAC and RO ADC) 
and are capable of providing up to 500 j.LA to an external load. 

The DAC input reference (RI DAC) can be sourced externally 
or connected to any of the two on-chip references. Applications 
requiring good full-scale error matching between the DAC and 
the ADC should use the ADC reference as shown in Figure 4. 

The lIUIlrimum recommended capacitance on either of the refer
ence output pins for normal operation is 50 pF. If either of the 
reference outputs is required to drive a capacitive load greater 
than 50 pF, then a 200 0 resistor must be placed in series with 
the capacitive load. The addition of decoupling capacitors, 
10 j.LF in parallel with 0.1 j.LF, as shown in Figure 2 improves 
noise performance. The improvement in noise performance can 
be seen from the graph in Figure 3. Note, this applies for the 
DAC output only; reference decoupJing components do not af
fect ADC performance. So, a typical application will have just 
the DAC reference decoupled with the other one open circuited. 

RIDAC 

RODAC 
or 

ROADC' 

EXT LOAD 
)-'1/111,-+-'--~GR;;;EATER THAN 50pF 

'RO DACIRO ADC CAN BE LEFT 
OPEN CIRCUIT IF NOT USED 

Figure 2. Reference Decoupling Components 

DAC OUTPUT AMPLIFIER 
The output from the voltage mode DAc is buffered by a non
inverting amplifier. The buffer amplifier is capable of develop
ing ±3 V across 2 kO and 100 pF load to ground and can 
produce 6 V peak-to-peak sine wave signals to a frequency of 
20 kHz. The output is updated on the falling edge of the LDAC 
input. The output voltage settling time, to within 112 LSB of its 
final value, is typically less than 3.5 j.LS. 

The small signal (200 mV p-p) bandwidth of the output buffer 
amplifier is typically 1 MHz. The output noise from the ampli
fier is low with a figure of 30 nV/YHz at a frequency of 1 kHz. 
The broadb8nd noise from the amplifier exhibits a typical peak
to-peak fIgUre of 150 j.LV for a 1 MHz output bandwidth. Figure 
3 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for either of the on-chip 
references. 
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Figure 3. Noise Spectral Density vs. Frequency 

INPUT/OUTPUT TRANSFER FUNCTIONS 
A bipolar circuit for the AD7869 is shown in Figure 4. 

The analog input/output voltage range of the AD7869 is :t 3 V. 
The designed code transitions for the ADC occur midway be
tween successive integer LSB values (i.e., 112 LSB, 3/2 LSB, 
5/2 LSB ... FS -3/2 LSBs). The input/output code is 2s Com· 
plement Binary with I LSB = FS/16384 = 366 I1V, The ideal 
transfer function is shown in Figure 5. 

C1 
10llF 

AD7869' 

r----=----iRIDAC 

..-+--"Iv\----! RO ADC 

'------:;;:..jAGND 

ANALOG OUTPUT 
RANGE", ±3V 

*ADOInONAL PINS OMITIED FOR CLARITY 

Figure 4. AD7869 Basic Bipolar Operation 

OUTPUT 
CODE 

011 ... 111 

011 ... 110 

000 ... 010 

000 ... 001 -~s 
000 ... 000 I---T--.. t-------,r+-L--,t--~__j 
111 ... 111 

111 .•• 110 

100 ... 001 

100 ... 000 

OV 
INPUT VOLTAGE 

1lSB= ~ 
4096 

Figure 5. AD7869 Input/Output Transfer Function 

OFFSET AND FULL SCALE ADJUSTMENT 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 
the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full
scale errors have to be adjusted to zero. 
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ADC ADJUSTMENT 
Figure 6 has signal conditioning at the input and output of the 
AD7869 for trimming the end points of the transfer functions of 
both the ADC and the DAC. Offset error must be adjusted be
fore full-scale error. For the ADC, this is achieved by trimming 
the offset of Al while the input voltage, VI, is 112 LSB below 
ground. The trim procedure is as follows: apply a voltage of 
-183 11 V (-112 LSB) at VI in Figure 6 and adjust the offset 
voltage of Al until the ADC output code flickers between 
11 1111 1111 1111 (3 FFF HEX) and 00 0000 0000 0000 
(0000 HEX). 

V1 
INPUTYOLTAGE 

RANGE =±3Y 

R1 
10k 

R2 
500 

R3 
10k 

R5 
10k 

R' 
10k 

·ADDmONAL PINS 

AD7869' 

AGND 

R6 
10k 

R8 
10k 

Rl0 
10k 

OMmED FOR CLARITY "-_____ +-----' 

Figure 6. AD7869 with Input/Output Adjustment 

ADC gain error can be adjusted 'at either the first code transi
tion (ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 6). 

ADC Positive Full-Scale Adjustment 
Apply a voltage of 2.99945 V (FS/2 - 3/2 LSBs) at VI. Adjust 
R2 until the ADC output code flickers between 01 1111 1111 
1110 (IFFE HEX) and 01 1111 1111 1111 (IFFF HEX). 

ADC Negative Full-Scale Adjustment 
Apply a voltage of - 2.99982 V (-FS/2 + 112 LSB) at VI and 
adjust R2 until the ADC output code flickers between 10 0000 
00000000 (2000 HEX) and 10 0000 0000 0001 (2001 HEX). 

DAC ADJUSTMENT 
Op amp A2 is included in Figure 6 for the DAC transfer func
tion adjustment. Again offset must be adjusted before full scale. 
To adjust offset: load the DAC with 00 0000 0000 0000 (0000 
HEX) and trim the offset of A2 to 0 V. As with the ADC ad
justment, gain error can be adjusted at either the first code tran
sition (DAC negative full scale) or the last code transition (DAC 
positive full scale). The trim procedures for both cases are as 
follows: 

DAC Positive Full-Scale Adjustment 
Load the DAC with 01 llll Illi lll1 (I FFF HEX) and ad
just R7 until the op amp output voltage is equal to 2.99963 V, 
(FS/2 - I LSB). 

DAC Negative Full-Scale Adjustment 
Load the DAC with 10 0000 0000 0000 (2000 HEX) and adjust 
R7 until the op amp output voltage is equal to -3 V (-FS/2). 
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AD7869 
TIMING AND CONTROL 
Communication with the AD7869 is managed by 6 dedicated 
pins. These consist of separate serial clocks, word· framing or 
strobe pulses and data signals fOr both receiving and transmit
ting data. Conversion starts and DAC updating are controlled by 
two digital inputs; CONVST and LDAC. These inputs can be 
asserted independently of the microprocessor by an external 
timer when precise sampling intervals are required. Alterna
tively, the LDAC and CONVST can be driven from a decoded 
address bus allowing the microprocessor control over conversion 
start and DAC updating as well as data communication to the 
AD7869. 

ADCTiming 
Conversion control is provided by the CONVST input. A low to 
high transition on CONVST input starts conversion and drives 
the tracklhold amplifier into its hold mode. Serial data then be
comes available while conversion is in progress. The correspond
ing timing diagrsm is shown in Figure 7. The word length is 16 
bits; 2 leading zeros, followed by the 14-bit conversion result 
starting with the MSB. The data is synchronized to the serial 
clock output (RCLK) and is framed by the serial strobe (RFS). 
Data is clocked out on a low to high transition of the serial 
clock and is valid on the falling edge of this clock while the RFS 
output is low. RFS goes low at the start of conversion and the 
flrst serial data bit (which is the flrst leading zero) is valid on 
the flrst falling edge of RCLK. All the ADC serial lines are 
open-drain outputs and require external pull-up resistors. 

~ 1'3 

CONVE"SIONTIM~ 
CONV~ I, ~------------~ 

"FS1~'"":--13---'-;-12--{'~' 
RClK 2,3 

-1\--1,. ., I- I, 
DR1~~DBOr 

Figure 7. ADC Control Timing Diagram 

The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, RCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into three-state) at the end of 
conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
serial clock which runs continuously. Both options are available 
on the AD7869 ADC. With the CONTROL input at 0 V, 
RCLK is noncontinuous; and when it is at - 5 V, RCLK is 
continuous. 
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DACTiming 
The AD7869 DAC contains two latches, an input latch and a 
DAC latch. Data must be loaded to the input latch under the 
control of the TCLK, TFS and DT serial logic inputs. Data is 
then transferred from the input latch to the DAC latch under 
the control of the LDAC signal. Only the data in the DAC latch 
determines the analog output of the AD7869. 

Data is loaded to the input latch under contrtll of TCLK, TFS 
and DT. The AD7869 DAC expects a 16-bit stream of serial 
data on its DT input. Data must be valid on the falling edge of 
TCLK. The TFS input provides the frame synchronization sig
nal which tells the AD7869 DAC that valid serial data will be 
available for the next 16 falling edges. of TCLK. Figure 8 shows 
the timing diagrsm for the serial data format. 

Figure 8. DAC Control Timing Diagram 

Although 16 bits of data are clocked into the input latch, only 
14 bits are transferred into the DAC latch. Therefore, 2 bits in 
the stream are don't cares since their value does not affect the 
DAC latch data. The bit positions are 2 don't cares followed by 
the 14-bit DAC data starting with the MSB. 

The LDAC signal controls the transfer of data to the DAC 
latch. Normally, data is loaded to the DAC latch on the falling 
edge of LDAC. However, if LDAC is held low, then serial data 
is loaded to the DAC latch on the sixteenth falling edge of 
TCLK. If LDAC goes low during the loading of serial data to 
the input latch, no DAC latch update takes place on the falling 
edge of LDAC. If LDAC stays low until the serial transfer is 
completed, then the update takes place on the sixteenth falling 
edge of TCLK. If LDAC returns high before the serial data 
transfer is completed, no DAC latch update takes place. 
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AD7869 DYNAMIC SPECIFICATIONS 
The AD7869 is specified and 100% tested for dynamic perfor
mance specifications as well as traditional dc specifications such 
as Integral and Differential Nonlinearity. These ac specifications 
are required for signal processing applications such as speech 
recognition, spectrum analysis, and high speed modems. These 
applications require information on the converter's effect on the 
spectral content of the input signal. Hence, the parameters for 
which the AD7869 is specified include SNR, harmonic distor
tion and peak harmonics. These terms are discussed in more 
detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC or DAC. The signal is the rms magnitude of the funda
mental. Noise is the rms sum of all the nonfundamental signals 
up to half the sampling frequency (fsAMPL.l2) excluding dc. 
SNR is dependent upon the number of levels used in the quan
tization process; the more levels, the smaller the quantization 
noise. The theoretical signal-to-noise ratio for a sine wave input 
is given by 

SNR = (6.02N + 1.76) dB .................. (1) 

where N is the number of bits. Thus for an ideal 14-bit con
verter, SNR = 86 dB. 

Effeetive Number of Bits 
The formula given in Equation (1) relates the SNR to the num
ber of bits. Rewriting the formula, as in Equation (2), it is pos
sible to get a measure of performance expressed in effective 
number of bits (N). 

SNR -1.76 
N = 6.02 ........................ (2) 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 

Harmonic Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7869, total harmonic distortion 
(THD) is defmed as: 

THD =20 log Vvi+ vl+ vi+ Vs2+ V62 

VI 

where VI is the rms amplitude of the fundamental and V2, V3, 
V4, VS and V6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC or DAC output spectrum. 

ADC Testing 
The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the V IN input while 
reading multiple conversion results. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob
tained. Figure 9 shows a typical 2048 point FFT plot of the 
AD7869AQ ADC with an input signal of 10 kHz and a sam
pling frequency of 60 kHz. The SNR obtained from this graph 
is 80 dB. It should be noted that the harmonics are taken into 
account when calculating the SNR. 
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INPUT FREQUENCY '" '0 kHz 
SAMPLE FREQUENCY - 10 11Hz 
8NR -lOd8 
T" = +2I"C 

-R~------~------------------~ 

i 
, -00 f--------+-------------------f 

i 
~ -90 

FREQUENCY - kHz 

Figure 9. AD7869, ADC FFT Plot 

Figure 10 shows a typical plot of effective number of bits versus 
frequency for an AD7869AQ with a sampling frequency of 60 
kHz. The effective number of bits typically falls between 12.7 
and 13.1 corresponding to SNR figures of 79 and 80.4 dB. 

14r----------,---------,,----------, 
SAMPLE FREQUENCY = 60 kHz 
TA = +250(: 

f!! 13.51---------+----------1r-----------j 
iii , I 13~~----~=r~~====~::= __ ~,-::==:=j 
z 12.5 ~--------_+_--------_If_--------_l 

,2~--------~,0~--------7.20~---------7.30 

INPUT FREQUENCY - kHz 

Figure 10. Effective Number of Bits vs. Frequency for the 
ADC 

DAC Testing 
A sinIplified diagram of the method used to test the dynamic 
performance specifications of the DAC is outlined in Figure 11. 
Data is loaded to the DAC under control of the microcontroller 
and associated logic. The output of the DAC is applied to a 9th 
order low pass fIlter whose cut-off frequency corresponds to the 
Nyquist linIit. The output of the fIlter is in turn applied to a 
16-bit accurate digitizer. This digiti2es the signal and the micro
controller generates an FFT plot from which the dynamic per
formance of the DAC can be evaluated. 

Figure 11. AD7869 DAC Dynamic Performance Test 
Circuit 
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AD7869 
The digitizer sampling is synchronized with the DAC update 
rate to ease FFT calculations. The digitizer samples the DAC 
output after the output has settled to its new value. Therefore, 
if the digitizer was to sample the output directly it, would 
effectively be sampling a dc value each time. As a result, the 
dynamic performance of the DAC would not be measured cor
rectly. Using the digitizer directly on the DACoutput would 
give better results than the actual performance of the DAC. Us
ing a filter between the DAC and the digitizer means that the 
digitizer samples a continuously moving signal and the true dy
namic performance of the AD7869 DAC output is measured. 

Figure 12 shows a typical 2048 point Fast Fourier Transform 
plot for the AD7869 DAC with an update rate of 83 kHz and an 
output frequency of I kHz. The SNR obtained from the graph 
is 82 dBs. 

TA "" +25OC 

i;R~k1~:c.B 
~ -3' 
, 

w 
C -60 " i 
0( -9' 

FREQUENCY - kHz 

Figure 12. AD7869 DAC FFT Plot 

Some applications will require improved performance versus 
frequency from the AD7869 DAC. In these applications, a sim
ple sample-and-hold circuit such as that outlined in Figure 13 
will extend the very good performance of the DAC to 20 kHz. 
Other applications will already have an inherent sample-and
hold function following the AD7869 DAC output. An example 
of this type of application is driving a switched capacitor fllter 
where the updating of the DAC is synchronized with the 
switched capacitor fllter. This inherent sample-and-hold func
tion also extends the frequency range performance. 

AD7869' 

UiAC----<...----ol ON~':.or 00----' 
DELAY 

IN, 

R. ... 

'--___ --' *ADDI11ONAL PINS OMITTED FOR CLARITY 

Figure 13. DAC Sample-and-Hold Circuit 
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Performance versus Frequency 
The typical performance plots of Figures 14 and 15 show tne 
AD7869 DAC performance over a wide range of inputfrequen
cies at an update rate of 83 kHz. The plot of Figure 14 is with
out a sample-and-hold on the DAC output while the plot of 
Figure 15 is generated with a sample-lind~holdon the output. 

•• ~-~--~-~r---r---' 

..r---+--+--~---r-__; 

'50r----+--+---~----r-__; 

Ii .. I----t---f----j----+---\ 
..I---+---+----I---t-~ 

VOD,",+SV ,. r----+----+---~-Vs.=-5VT·='tc 
,.r----+---+---~-----r--__; 

.'----~---~---....I----~--~ • 
FREQUENCY - kHz 

Figure 14. DAC Performance VS. Frequency (No Sample
and-Hold) 

9.~----'------.-----r-----' 

7.r_----~----_+-----~-~ 

6Or_----~---_+------~--~ 

'sol----1------+------t-----4 , .. 
~ .. r_----~----_+-----~--~ 

~r_---~---_+----~--~ 

.20 1-----1------+--- ~::~:~-
T'=f'" 

•• r_----~----_+------~--~ 

.~---~--~---~----' • ,. 15 20 

FREQUENCY - kHz 

Figure 15. DAC Performance VS. Frequency (Sample-and
Hold) 
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MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD7869 is via a serial bus that 
uses standard protocol compatible with DSP machines. The 
communication interface consists of separate transmit (DAC) 
and receive (ADC) sections whose operations can be either syn
chronous or asynchronous with respect to each other. Each sec
tion has a clock signal, a data signal and a frame or strobe pulse. 
Synchronous operation means that data is transmitted from the 
ADC and to the DAC at the same time. In this mode only one 
interface clock is needed, and this has to be the ADC clock out, 
so RCLK must be connected to TCLK. For asynchronous oper
ation, DAC and ADC data transfers are independent of each 
other, the ADC provides the receive clock (RCLK) while the 
transmit clock (TCLK) may be provided by the processor or the 
ADC or some other externaJ clock source. 

Another option to be considered with serial interfacing is the use 
of a gated clock. A gated clock means that the device that is 
sending the data switches on the .clock when data is ready to be 
transmitted and three states the clock output when transmission 
is complete. Only 16 clock pulses are transmitted with the first 
data bit getting latched into the receiving device on the first faJI
ing clock edge. Ideally, there is no need for frame pulses, how
ever, the AD7869 DAC frame input (TFS) has to be driven 
high between data transmissions. The easiest \Ilethod is to use 
RFS to drive TFS and use only synchronous interfacing. This 
avoids the use of interconnects between the processor and 
AD7869 frame signals. Not aJI processors have a gated clock 
facility, Figure 16 shows an example with the DSP56000. 

Table I below shows the number of interconnect lines between 
the processor and the AD7869 for the different interfacing 
options. 

The AD7869 has the facility to use different clocks for transmit
ting and receiving data. This option, however, only exists on 
some processors and normaJly just one clock (ADC clock) is 
used for all communication with the AD7869. For simplicity, aJI 
the interface examples in this data sheet use synchronous inter
facing and use the ADC clock (RCLK) as an input for the DAC 
clock (TCLK). For a better understanding of each of these in
terfaces, consult the relevant processor data sheet. 

Number of 
CoDf'JgU1'ation Interconnects Signals 

Synchronous 4 RCLK, DR, DT and RFS 
(TCLK = RCLK, TFS = RFS) 

Asynchronous· 5 or 6 RCLK,DR,RFS,DT,TFS 
(TCLK = RCLK or 
... p serial CLK) 

Synchronous 3 RCLK, DR and DT 
Gated Clock (TCLK = RCLK, TFS = RFS) 

*S LINES OF INTERCONNECT WHEN TCLK = RCLK 
6 LINES OF INTERCONNECT WHEN TCLK = .,.p SERIAL CLK 

Table I. Interconnect Lines for Different Interfacing 
Options 
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AD7869-DSP 56000 Interface 
Figure 16 shows a typical interface between the AD7869 and 
DSP56000. The interface arrangement is synchronous with a 
gated clock requiring only three lines of interconnect. The 
DSP56000 internal serial control registers have to be coDf'J.gUred 
for a 16-bit data word with valid data on the fll'St faJling clock 
edge. Conversion starts and DAC updating are controlled by an 
external timer. Data transfers, which occur during ADC conver
sions are between the processor receive and transmit shift regis
ters and the AD7869's ADC and DAC. At the end of each 16-
bit transfer the DSP56000 receives an internaJ interrupt indi
cating the transmit register is empty and the receive register is 
full. 

OSP ..... 

+5' AD7869' 

SRD 1-----+-----1 DR 

STD I----+----+i DT 

TeLK 

·ADDI11ONAl PINS OMmED FOR CLARITY 

Figure 16. AD7869-PSP56000 Interface 

AD7869-ADSP-210112102 Interface 
An interface which is suitable for the ADSP-2101 or the ADSP-
2102 is shown in Figure 17. The interface is configured for syn
chronous, continuous clock operation. The LDAC is tied low so 
the DAC gets updated on the sixteenth faJling clock after TFS 
goes low. Alternatively, LDAC may be driven from a timer as 
shown in Figure 16. As with the previous interface the processor 
receives an interrupt after reading or writing to the AD7869 and 
updates its own internaJ registers in preparation for the next 
data transfer. 

EJ--
-5~ 

CONTROL 

ADSp·2101i2 .5. 
AD7869' 

4.1kU ."" 4.7kn 

RFS iii'i 
SCLK ACLK 

DR DR 

TFS TFS 

TeLK 

DT DT 

r LDAC 
·ADDI11ONAL PINS ownED FOR CLARITY 

Figure 17. AD7869-ADSP-2101IADSP-2102Interface 
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AD7869 - TMS32020 Interfa~e 
FigUre 18 shows an interface which is suitable for the 
TMS32020rrMS320C25 processors. This interface is configured 
for synchronous, continuous clock operation. Note, the AD7869 
will not interface correctly to these processors if the AD7869 is 
configured for a nonqlDtinuous clock .. Conversion starts and 
DAC updating are controlled by an external timer. 

Bt:::r 
-sv- CONTROl 

TMS32020/ 
TMS32OC25 .sv AD7889' 

Ukn "'" .. 710<1 

FIR iii'!i 
Cl.KR RCI.K 

DR DR 

FSX I-- "- fi'S 

CLKX I-- TCLl< 

ox DT 

"ADDmONAL PINS OMITTED FOR CLARITY 

Figure 18. AD7869-TMS32020fTMS32025 Interface 

APPLICATION HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AID performance. 
The AD7869's comparator is required to make bit decisions on 
an LSB size of 366 J..L V. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom
mended as the switching spikes will feed through to the compar
ator causing noisy code transitions. Other causes of concern are 
ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best 
performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground as close as possible to the AD7869 
AGND pins. Connect all other grounds and the AD7869 
DGND to this single analog ground point. Do not connect any 
other digital grounds to this analog ground point. 

Low impedance analog and digital power supply common re
tUrns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Fig
ures 22 and 23 have both analog and digital ground planes 
which are kept separated and only joined together at the 
AD7869 AGND pins. 

NOISE 
Keep the input signal leads to V IN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be-
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tween the source and the ADC. Reduce the ground circuit im
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

INPUT/OUTPUT BOARD _ 
Figure 19 shows an analog I/O board based on the AD7869. 
The corresponding printed circuit (PC) board layout and silk
screen are shown in Figures 21 to 23. 

The analog input to the AD7869 is buffered with an AD711 op 
amp. There is a component grid provided near the analog input 
on the PC board which may be used for an antialiasing filter for 
the ADC or a reconstruction filter for the DAC or any other 
conditioning circuitry. To facilitate- this option, there are two 
wire links (labeled LKI and LK2) required on the analog input 
and output tracks. 

The board contains a SHA circuit which can be used on the out
put of the AD7869 DAC to extend the very good performance 
of the part over a wider frequency range. The increased perfor
mance from the SHA can be seen from Figures 14 and 15 of 
this data sheet. A wire link (labeled LK3) connects the board 
output to either the SHA output or directly to the AD7869 
DAC output. 

There are three LDAC link options on the board; LDAC can be 
driven from an external source independent ofCONVST, 
LDAC can be tied to CONVST or LDAC can be tied to GND. 
Choosing the latter option of tying LDAC to GND disables the 
SHA operation, and places the SHA permanently in the track 
mode. 

Microprocessor connections to the board are made by a 9-way 
D-type connector. The pinout is shown in Figure 20. The 
AOC's digital outputs are buffered with 74HC4050s. These 
buffers provide a higher current output capability for high ca
pacitance loads or cables. Normally, these buffers are not re
quired as the AD7869 will be sitting on the same board as the 
processor. 

POWER SUPPLY CONNECTIONS 
The PC board requires two analog power supplies and one 5 V 
digital supply. Connections to the analog supply are made di
rectly to the PC board as shown on the silkscreen in Figure 21. 
The connections are labeled V + and V-and the range for both 
of these supplies is 12 V to 15 V. Connections to the 5 V digital 
supply are made through the D-type connector SKT6. The 
± 5 V analog supply required by the AD7869 are generated 
from two voltage regulators on the V + and V-supplies. 

WIRE LINK OPTIONS 
LKI, Analog Input Link 
LKI connects the analog input to a component grid or to a 
buffer amplifier which drives the ADC input. 

LK2, Analog Output Link 
LK2 connects the analog output to the component grid or to 
either the SHA or DAC output (see LK3). 

LK3, SHA or DAC Select 
The analog output may be taken directly from the DAC or from 
a SHA at the output of the DAC. 

LK4, DAC Referen~e Selection 
The DAC reference may be connected to either the ADC refer
ence output (RO ADC) or to the DAC reference (RO DAC). 
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ANALOG INPUT 
±3V RANGE lK1 

C03----iAo 08=-___ -1 
SKT1 ···OC 

+ COMPONENT 
GRID 

COMPONENT 
GRID 

lK2._!C B 
SKU: '9 rv 

("'f'------':·A:O'-J~A 

R' 
'k" 

SV 

R6 
V"" 1Sk Q 

C •• 
REXT/CUT 

A 

AD7869 

SKT6 
9-WAY D-TYPE 

r~-;12-1 CONNECTOR 
I 74HC4050 I SV I I 
I I DR 

DR 

RCLK 
RCLK 

RFS 
RFS 

lK9 
, 

TFS 
TFS 

TCLK 
TCLK 

DT 
Dr 

DGND 

ClK 

B 

r--1 .......... ..:-~SV~ OUT IN V-
68pF 

Cm 
8 

'rc~; .. ,c 

-S4-r IC6 
79L05 Ica1/2 

ClR 

74HC221 

GND 
GND 

SKT5 

= EXTCLK 

Figure 19. Input/Output Circuit Based on the AD7869 

LKS, ADC Internal Clock Selection 
This link configures the ADC for continuous or noncontinuous 
internal clock operation. 

LK6, DAC Updating 
The DAC, LDAC input may asserted independently of the 
ADC CONVST signal or it may be tied to CONVST or it may 
tied to GND. 

LK7, ADC Clock Source 
This link provides the option for the ADC to use its own inter
nal clock oscillator or an external TTL compatible clock. 

LK8 Frame Synchronous Option 
LK8 provides the option of tying the ADC RFS output to the 
DAC TFS input. 
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LK9 TransmitlReceive Clock Option 
LK9 provides the option to connect the ADC RCLK to the 
DACTCLK. 

II: 
Q 

00000 
0000 

Q g 
NC = NO CONNECT 

Figure 20. SKT6, D-Type Connector Pinout 
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AD7869 
COMPONENT UST C21 330 pF Capacitor 
lCI AD7869 C22 68 pF Capacitor 
lC2,IC3 2XAD711 RI, RZ, R4 2 kO Resistor 
lC4, ADG20lHS R3, Rs 4.7 kO Resistor 
lCs, MC78LOs R6 IS kn Resistor 
lC6, MC79LOs R7 200 0 Resistor 
lC7, 74HC40s0 
lC8, 74HC22I LKI, LK2, LK3, 

CI, C3, CS, C7 
LK4; LK5, LK6, 

C9, Cll, C13, CIS 10 ,...F Capacitor 
LK7, LK8, L.K9 Shorting Plugs 

C17, C19, C23 SKTl, SKT2, SKT3, 

C2,C4,C6,C8 SKT4, SKTs BNC Sockets 

CIO, C12, C14, CI6 0.1 ,...F Capacitor 
SKT6 9-Contact D-Type Connector C18, C20, C24 

• ~ V C14;" ~ ~LDAC E~XTCLK c~aNVST AD7asanB69 • 
+CI3~ R6. • • EVALUATION BRD 

~ .~it • C 2B1EE 
ICS : : SK'3 SKTS ·SKT4 CI9F 

V- ~ ~ 
000 •• 000 • • • • • • • • r!"'O"!l G N D 
00 ••••• 
•• ••••• IC 6 
00 ••••• 

00 •• 00 

• • • • 

• • • • • • • • • • 

• 
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Figure 21. Silkscreen for the Circuit Diagram of Figure 19 

SKT6 
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•• • • •• :. 
• 

• 
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Figure 22. Component Side Layout for the Circuit Diagram of Figure 19 

Figure 23. Solder Side Layout for the Circuit Diagram of Figure 19 
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Mixed-Signal 
Application Specific Integrated Circuits 

Analog Devices offers a full spectrum of signal conditioning 
and conversion capabilities in mixed-signal application specific 
integrated circuits (ASICs). These chip-level systems can imple
ment combined analog/digital designs with 10- to 14-bit accuracy 
and 12- to 20-bit resolution that formerly required board-level 
solutions. Combined with our general purpose DSPs from 
the ADSP-2100 and ADSP-21000 families, our ASICs can 
provide custom two-chip solutions to meet complex system 
requirements. 

Analog Devices can incorporate most of the functions of its stan
dard monolithic linear and converter parts in full-custom and 
semicustom ICs. Full-custom parts optimize performance and 
space requirements, while cell-based semicustom parts reduce 
development time and engineering expense. Development costs 
can be cut further by tailoring a predefmed system-on-a-chip 
known as a Linear System Macro to your application. 

Analog's experienced design engineers work with powerful 
computer-aided design tools to design and layout your circuit. 
Design centers are currently in Massachusetts, England and 
Ireland. 

Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production parts. Products can be processed in 
our MIL-38SIO certified facilities. 

DESIGN EXAMPLES 
Analog Devices has created a variety of customer-specific and 
function-specific ASIC parts. Described here are three Linear 
System Macros, a custom chipset and a semicustom chip. 

AD75004 Quad DAC 
This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. Double
buffering latches interface with an 8-bit parallel bus and permit 
updating of all four channels individually or simultaneously. 
Outputs swing ±S V, drive ±S mA, and settle within 4 ..,.s. 

AD75004 QUAD DAC 

VREFIN 
2.221< 

VREFOUT 

07 
VOUT3 

D6 

D5 VOUT2 
O. 

D3 

D2 

01 Voun 
DO 

VOUTO 

VOO 

Vss 
AGNO 
DGNO 

M 

AP75068 Octal Programmable Gain Amplifier 
The AD7S068 contains eight programmable gain amplifiers 
(PGAs). Each is complete, including switch/resistor network and 
gain programming latch, and requires no external components. 
Each channel may be independently programmed for gains from 
I to 128. A unique circuit design maintains constant 2 MHz 
bandwidth at all gains and offers very low phase shift; the PGAs 
also feature low input bias current «4 pAl. 

AD75068 OCTAL PROGRAMMABLE GAIN AMPLIFIER 

VINO 
VOUTO 

VIN1 
VIN2 

VOUT1 

VIN3 
VOUT2 

VIN4 VOUT3 

VINS VOUT4 

VIN6 VOUTS 

VIN7 VOUT6 
VOUT7 

AGNDO 
GO AGND1 

G1 AGND2 
G2 OCTAL AGND3 
AO LATCH AGND4 
A1 AGNDS 
A2 AD75068 AGND6 
WR AGND7 

DGND 

Derivative Circuits 
The circuits outlined above can be modified to suit a specific 
customer's application. For example, the AD7S004 quad DAC 
could be expanded to 6 channels, each of which may have 
separate reference inputs. The AD7S068 could be configured to 
include filtering. These modifications, when based on standard 
library cells, can provide the fastest, most cost effective semi
custom solution. 

Modem Chipset 
Library cells can be combined to form macro building blocks 
for high speed modems. This two-chip design concept filters 
and converts data to interface an Analog Devices digital signal 
processor with the analog circuitry of a 9600-baud modem. On 
one chip, the received signal passes through an antialiasing fil
ter, sample-and-hold, 12-bit ND converter, 8th-order digital 
filter and decimation. On the other chip, transmit data is 8 x 
oversampled, then goes to an 8th-order filter, a 12-bit DAC and 
an active reconstruction filter. 

AD79015 Low Level DAS 
This circuit is a complete data acquisition system for low level 
signals (e.g., ECG and EEG) with a throughput of 10,000 sam
ples per second. 'It provides high accuracy, high stability and 
functional completeness in a small 28-pin PLCC package. It in
cludes a high performance instrumentation amp, low-pass and 
band-pass filters, and a 12-bit ADC with on-chip reference. It 
also includes a fast 8/12-bit serial port to interface to most mi
croprocessor systems. 
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HIGH SPEED MODEM CHIPSET 

2ND-ORDER 
RCANTI

ALIAS FILTER 

RC 
RECON

STRUCTION 
FILTER 

AD79015 LOW-LEVEL DAS 
AAI ABI 

DAO AAlS AAO ABIS ABO AFI AFO 
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HIGH PERFORMANCE PROCESSES 
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CONTROL 
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Analog Devices' semicustom and custom circuits are fabricated 
using the same high performance processes as our standard
product ICs. These mixed bipolar-CMOS processes include thin
ftlm resistors which may be laser trimmed for precise matching 
and provide stable performance over a wide temperature range. 

The ABCMOS, BiMOS II, and Linear Compatible CMOS 
(LC2MOS) processes combine bipolar and CMOS devices on 
one chip. Functional density is an order of magnitude greater 
than previous mixed-signa! processes; over 40,000 devices can be 
placed on a single chip. Bipolar transistors provide low noise, 
low offset input stages and moderate power output stages. The 
CMOS devices offer high input impedance, and make dense 
logic and analog switches for data converters, multiplexers and 

8TH - ORDER IIR 
3.5kHz LOW - PASS 

DIGITAL FILTER 

. x 1/8 
DECI

MATION 

RECEIVE CHIP 

TRANSMIT CHIP 

8TH-ORDER 
DIGITAL 
FILTER 

x 1/8 
OVER

SAMPLING 

ADSP-2101 
OR . 

ADSP.2111 

ADSP.2101 
OR 

ADSP-2111 

switched-capacitor mters. LC2MOS also provides a JFET 
for very low noise amplifiers, and a low-noise buried-Zener 
reference. ABCMOS represents the next generation in a com
bined bipolar/CMOS process for mixed-signal applications. 

The bipolar-CMOS processes operate on supply voltages ranging 
from single +5 V to split ± ISV, with signal levels ranging from 
single-ended +3 V to ±IO V. These processes are ideally suited 
for applications in avionics, instrumentation, industrial automa
tion, computers and peripherals, and telecommuuications. 

The following table summarizes the processes available for de
signing ASICs. Other processes in development will offer even 
higher speed, denser logic and higher integration of analog and 
digital functions. 

CELL LIBRARIES 
Cell libraries for the bipolar/CMOS processes are described be
low. These libraries are growing with the development of new 
processes, macrocells and cells. Many new catalog parts will also 
be available as cells. Your local sales office can give you current 
information on the cell libraries and available Linear System 
Macros. 

Operational amplifiers are available in bipolar, JFET and CMOS 
configurations. Representative bipolar op amp cells have perfor
mance characteristics similar to an AD OP-27 and a slew
enhanced AD741. The LC2MOS process offers JFET op amps, 
including an AD711 equivalent. 

Instrumentation amplifiers with performance comparable to the 
AD521 and AD524 are available. Linear comparators have re
sponse times down to 100 nanoseconds and strobed comparators 
have setup/access times down to 50 nanoseconds. 

ANALOG DEVICES HIGH PERFORMANCE BiCMOS PROCESSES FOR ASICS 

Process 

ABCMOS 
BiMOS II 
LC2MOS 
LC2MOS 2 

Power 

+5 V to ±5 V 
±5Vto±12V 
+5Vto±15V 
+5 V to ±5 V 
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Signal 

+3Vto±3V 
±3 V to ±IO V 
+3 V to ±IO V 
+3 V to ±3 V 

Features 

Fine Geometries; Double Metal 
Double Metal 
JFET, Zener 
Fine Geometries; Poly-Poly Capacitors, JFET, Zener 



Digital-to-analog converters range in resolution from 8 to 16 
bits, and include cells similar to the AD667 and AD1856. 
Analog-to-digital converters vary from 8 to 16 bits in resolution, 
and include cells equivalent to the AD7871 and AD674. 

Support cells include sample-and-hold amplifiers with perfor
mance comparable to the AD585, low-voltage bandgap refer
ences comparable to the AD584, and low-noise buried Zener 
references. 

RC active mters and programmable switched-capacitor mters are 
available with specifications in these ranges: 
Topology: all classical mter types 
Frequency Range: 200 Hz to 20 kHz (switched-cap) or 

100 Hz to 1 MHz (RC) 
Number of Sections: up to 10th-order (switched-cap) 

or 4th-order (RC) 

Signal/Noise and THD: >75 dB, compatible with 
12-bit data acquisition. 

Logic cells include gates, counters, registers, microsequencer, 
PLA, RAM and ROM. Interface cells include 8-bit and 16-bit 
parallel I/O ports as well as synchronous serial ports and 
UARTs. 

COMPUTER-AIDED DESIGN TOOLS 
Designing a high performance mixed-signal IC is inherently 
more difficult than designing a gate array. The variety of analog 
and digital functions requires a cell-based approach. However, 
the use of powerful tools gives high confidence of functionality 
at first silicon through thorough simulation and layout verifica
tion. Complete computer-generated documentation of all sche
matics and analog and logic simulation waveforms permits 
thorough evaluation of Analog's design by your design staff be
fore signoff for fmallayout and fabrication. 

The overall work flow through the CAD environment follows. 
Key to meeting the special challenges of mixed analog/digital 
circuitry are the simulation and auto-layout tools, and the unifi
cation of design and layout information in a single database. 
Analog Devices has developed a suite of proprietary computer
aided design tools, called JANUS'·, to address these issues and 
to implement turn-key designs. 

The JANUS schematic editor offers numerous time-saving tech
niques and provides for specification of such data as wire 
widths, routing layers and routing priorities. It automatically 
generates a net list used by subsequent tools. 

Analog uses several simulators, including electrical, logic and 
behavioral types. ADICE, a proprietary enhanced version of the 
SPICE electrical simulator, gives precision simulation of critical 
analog sections. It uses Newton-Raphson methods to iteratively 
solve nonlinear time-dependent simultaneous differential equa
tions. It is efficient for circuits up to about 250 active devices 
and is used for the frequency domain or transient analysis of 
analog cells such as op amps, or sensitive digital cells such as 
dynamic RAM. 

JANUS is a trademark of Analog Devices, Inc. 

COMPUTER-AIDED DESIGN FLOW 

Event-driven simulators handle larger circuits, with thousands of 
devices, and are typically used to simulate logic. The JANUS 
mixed-signal simulator combines an event-driven simulator with 
Newton-Raphson methods. It dynamically partitions the circuit 
to apply the faster event-driven techniques where possible, and 
the matrix methods where necessary. It also dynamically sizes 
the matrix and time steps to speed simulation further. The sim
ulator can operate at the transistor level or use behavioral mod
els, or both at the same time, allowing trade-offs between 
accuracy and speed. 

For layout, the challenge is to increase automation while accom
modating the layout sensitivity of analog circuitry. Device gener
ators exist for the full range of active and passive devices 
available in the technology to automatically create a physical 
representation of the circuit schematic. This layout may be opti
mized through conventional interactive polygon-pushing. 

The JANUS routing editor is driven by the connectivity of the 
schematics, but allows great freedom to mannally control the 
routing of critical analog signal paths or. power/ground lines 
while autorouting noncritical nets and spacing the layout to 
achieve automatic enforcement of layout rules. The JANUS 
routing editor uses up to three interconnect levels, and will au
tomatically expand and compact placement as necessary to 
achieve 100% routing. 

Finally, industry-standard layout verification tools assure con
formance of the layout to both the schematic and design rules to 
give high confidence of functionality in first silicon. The CAD 
tool suite communicates via industry-standard stream formats to 
external databases and pattern generators. 
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TEST AND TRIM 
Analog Devices has over 20 years of experience in testing com
plex circuits and manufactures commercial test systems for pre
cision linear ICs. In each fabrication facility, a computer 
network integrates Analog Devices, H-P, Teradyne and LTX 
test equipment. The design, wafer probe and test areas share 
data on the network for statistical analysis and device modeling. 

All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Unt
rimmed thin-film resistors match within I % to 0.1%, depending 
on area. Trimmed resistors can match to better than 0.01%. 
Wafers may be laser drift trimmed with a hot-chuck probe to 
minimize the effects of temperature on accuracy. 

Mter packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Burn-in is performed as specified 
by the customer. 

PACKAGING 
Analog Devices ICs are available in most modern package 
types, including high pin-count and surface mount varieties. 
ASICs may be assembled in any of Analog Devices' standard 
packages, listed below. This list is constantly expanded and 
other packages may be used if they are suitable for high perfor
mance applications. 

Available Packages 
Pin Grid Array (PGA): 68 to 144 pins 
Leaded Ceramic Chip Carrier (LDCC): 44 pins 
Plastic Quad Flat Pack (PQFP): 44 to 132 pins 
Plastic Leaded Chip Carrier (PLCC): 20 to 68 pins 
Plastic Dual Inline Package (DIP): 14 to 64 pins 
Side-Brazed DIP: 14 to 64 pins 
Frit-Seal DIP (Cerdip)~ 14 to 40 pins 
Small Outline (SO): 14 to 28 pins 
Ceramic Quad Flat Pack (CQFP): 80 to 104 leads 
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PROGRAM RESPONSmILITIES AND INTERFACES 
The following figure shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall devel
opment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices Sales Engineer is your first interface for 
ASIC development. Your local sales office can provide further 
information on Analog Devices' customlsemicustom capabilities. 

PROGRAM RESPONSIBILITIES AND INTERFACES 

CUSTOMER 
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RELIABILITY 
SPECIFICATIONS 

JOINT CUSTOMER/ADI ANALOG DEVICES 

EXECUTE 
NONDISCLOSURE 

AGREEMENT 
AND CONTRACT 



GENERAL DESCRIPTION 
Analog Devices offers a broad line of modular acJdc power sup
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
5 volt to 15 volt (single, dual, triple) outputs and current ratings 
from 25 rnA to 5 amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 
• Current Limit Short Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single (+5 V), Dual (±12 V, ±15 V), and Triple 

(±15 V/+5 V, ±J5 V/+l V to +15 V) Output Supplies 
• Current Outputs: 

25 rnA to 1000 rnA for Dual and Triple Output Supplies 
250 rnA to 5000 rnA for Single Output Supplies 

• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperarure Stability 
• Free-Air Convection Cooling; No External Heat Sink Required 

Power Supplies 
Modular AC/OC Power Supplies 

GENERAL SPECIFICATIONS 
Power Requirements 

Input Voltage Range: 
Frequency: 

Electrical Specifications 
Temperature Coefficient: 
Output Voltage Accuracy: 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 

Environmental Requirements 
Operating Temperature 

Range: 
Storage Temperature 

Range: 

105 V ac to 125 V ac 
50 Hz to 250 Hz 

0.02%I"C 
±2%, max 
See Specifications Table 
500 V rms, min 
50MO 
All ae/dc power supplies 
employ current limiting. They 
can withstand substantial 
overload including direct 
short. Prolonged operation 
should be avoided since 
excessive temperature rises 
will occur. 

-25°C to +7loC 

-25°C to +85°C 

SPECIFICATIONS - Typical @ +25"C and 115 V ae 60 Hz unless otherwise noted* 

Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current IIIlIX IIIlIX Voltage Noise Dimensions 

Type Model Volts mA % % Error max mVrmslllllX Inches 

-) 
904 ±15 ±50 0.02 0.02 ±200mV 0.5 3.5x2.5xO.875 

-OmV 
902 ±15 ±100 0.02 0.02 +300mV 0.5 3.5x2.5x1.25 

-OmV 
Dual 902-2 ±15 ±IOO 0.02 0.02 +300mV 0.5 3.5x2.5xO.875 

"CI Output -OmV 

I 920 ±15 ±200 0.02 0.02 +300mV 0.5 3.5x2.5x 1.25 
-OmV 

~ 925 ±15 ±350 0.02 0.02 ±1% 0.5 3.5x2.5xI.62 

1 921 ±12 ±240 0.02 0.02 +300mV 0.5 3.Sx2.5x 1.25 

Ii -OmV 

~ Single 
905 1000 0.02 0.05 ±1% 1 3.5x2.5x 1.25 
922 2000 0.02 0.05 ±1% 1 3.5x2.5x 1.62 

_1 

Output 928 3000 0.05 0.10 ±2% 5 (typ) 3.5x2.5xI.25 

923 ±15 ±100 0.02 0.02 ±1% 0.5 3.5x2.5x1.25 
Triple +5 500 0.02 0.05 ±1% 0.5 
Output 927 ±15 ±150 0.02 0.02 ±2% 0.5 (typ) 3.5x2.5xI.62 

+5 1000 0.02 0.10 ±2% 1.0 (typ) 

+ 952 ±15 ±100 0.05 0.05 ±2% 4.4x2.7xI.45 

"CI 
Dual 970 ±15 ±200 0.05 0.05 ±2% 4.4x2.7xI.45 

B Output 973 ±15 ±350 0.05 0.05 ±2% 4.4x2.7x2.00 
g 975 ±15 ±500 0.05 0.05 ±2% 4.4x2.7x2.00 

::I! 955 1000 0.05 0.15 ±2% 2 4.4x2.7x 1.45 

~ 
Single 976 3000 0.05 0.10 ±2% 5 (typ) 4.75x2.7x 1.45 
Output 977 5000 0.05 0.10 ±2% 5 (typ) 4.75x2.7xI.45 

Triple 974 ±15 ±150 0.02 0.02 ±2% 0.5 (typ) 4.75x2.7x 1.45 

t Output +5 1000 0.02 0.10 ±2% 1.0 (typ) 

*Consult Analog Devices Power Supplies Catalog for additional information. 
Specifications subject to change without notice. 
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Power Supplies 
Modular DC/DC Converters 
GENERAL DESCRIPTION 
Analog Devices' line of compact dc/dc converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions 
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges 
as follows: +5 volt, ±12 volts and ±IS volts at ±6O mA to 
1000 mA output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMIIRFI 
protection. A 'II'-type input filter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dc/dc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DC/DC POWER SUPPLY FEATURES 
• Inaudible (>20 kHz) Converter Switching Frequency 
• Continuous, Six-Sided EMIIRFI Shielding Except on 1 Watt 

and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected into 

Outputs 
• Low Output Ripple and Noise 
• High Temperature Stability 
• Free Air Convection Cooling 

No external heat sink or specification derating is 
required over the operating temperature range. 

GENERAL SPECIFICATIONS FOR 1 W AND 
1.8W MODELS 
Line Regulation - Full Range: ±0.3% (±l% max, 949) 
Load Regulation - No Load to Full Load: ±Oo4% (±0.5% max, 

949) 
Output Noise and Ripple: 20 mV p-p (with 15 jLF tantalum 

capacitor across each output) 2 mV rms max, 949) 
Breakdown Voltage: 300 V dc min (500 V dc min, 949) 
Input Filter Type: 'II' 
Operating Temperature Range: -25°C to +7l°C 
Storage Temperature Range: -40°C to + 1250C (+ l00~C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5 W, 6 WAND 
12W MODELS 
Line Regulation - Full Range: ±0.07% max (±0.02% max, 951, 

960 Series) (±O.l% max, 943) 
Load Regulation - No Load to Full Load: ±0.07% max 

(±0.02% max, 951, 960 Series) (±0.1% max, 943) 
Output Noise and Ripple: 1 mV rms max 
Breakdown Voltage: 500 V dc min 
Input Filter Type: 'II' 
Operating Temperature Range: -25°C to +7loC 
Storage Temperature Range: -40°C to + l2SOC 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 

SPECIFICATIONS - Typical @ + 25°C at nominal input voltage unless .otherwise noted* 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient Full Load Dimensions 

Model Volts mA Volts Volts FuULoad Error max ?Cmax min Inches 

943 5 1000 5 4.75/5.25 1.52A ±1% ±0.02% 62% 2.0x2.0xO.38 
958 5 100 5 4.5/5.5 200mA ±5% ±0.01% (typ) 50% 1.2SxO.8xOo4 
941 ±12 ±150 5 4.75/5.25 1.17A ±l% ±0.01% 58% 2.0x2.0xO.38 
960 ±12 ±40 5 4.5/5.5 384mA ±S% ±0.01% (typ) 50% l.2SxO.8xOo4 
962 ±IS ±33 5 4.5/5.5 396mA ±S% ±0.01% (typ) 50% 1.2sxO.8xOo4 
964 ±IS ±33 12 10.8113.2 165 mA ±5% ±0.01% (typ) 50% 1.2SxO.8xO.4 
965 ±IS ±190 5 4.65/5.5 1.7 A ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
966 ±IS ±190 12 11.2/13.2 7l0mA ±1% ±O.OOS% (typ) 62% (typ) 2.0x2.0xO.38 
967 ±IS ±190 24 22.3/2604 350mA ±1% ±O.OOS% (typ) 62% (typ) 2.0x2.0xO.38 
949 ±IS ±6O** 5 4.65/5.5 0.6A ±2% ±0.03% 58% 2.0x 1.0xO.375 
940 ±15 ±IS0 5 4.75/5.25 1.35 A ±l% ±0.01% 62% 2.0x2.0xO.38 
953 ±15 ±IS0 12 11113 0.6 A ±O.S% ±0.01% 62% 2.0x2.0xO.38 
945 ±IS ±150 28 23/31 250mA ±0.5% ±0.01% 61% 2.0x2.0xO.38 
951 ±15 ±410 5 4.65/5.5 3.7 A ±O.S% ±0.01% 62% 3.Sx2.SxO.88 

NOTES . 
'Models 940 and 941 will deliver up to 120 rnA output current (and Model 943 will deliver up to 600 rnA) over an input voltage range of 4.65 V dc 
and 5.5 V dc. 

'Consult Analog Devices Power Supplies Catalog for additional information. . 
"Single·ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 rnA. 
Specifications subject to change without notice. 
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Package Information 
Contents 

MIL-M3851O 
ADI Letter PMI Letter Package Applicable 
Designator Designator Description Configuration Page 

Side Brazed DIP (Ceramic) 

0-14 YB* 14-Lead Dl-3 ll-3 
D-16 QB* 16-Lead D2-3 ll-4 
0-18 XB* 18-Lead D6-3 ll-S 
D-20 RB* 20-Lead D8-3 ll-6 
D-24 VB* 24-Lead 03-3 ll-7 
D-24A 24-Lead (Single Width) ll-8 
D-28 TB* 28-Lead DlO-3 ll-9 
D-28A 28-Lead ll-1O 
D-40 40-Lead ll-ll 
D-48 48-Lead ll-12 

'Special Order Only 

Side Brazed DIP for Hybrids (Ceramic) 

DH-14D 14-Lead ll-13 
DH-32B 32-Lead (Skinny) 11-14 
DH-32C 32-Lead (Small Cavity) ll-lS 
DH-32D 32-Lead (Medium Cavity) 11-16 
DH-32F 32-Lead (Large Cavity) ll-17 

Bottom Brazed DIP (Ceramic) 

DH-14A 14-Lead ll-18 
DH-14C 14-Lead ll-19 
DH-24B 24-Lead ll-20 
DH-32E 32-Lead ll-21 
DH-40A 40-Lead ll-22 
DH-48A 48-Lead ll-23 

Metal Platform DIP 

M-40 4O-Lead ll-24 
M-46 46-Lead ll-2S 

Leadless Chip Carrier (Ceramic) 

E-20A RC 20-Terminal C-2 ll-26 
E-28A TC 28-Terminal C-4 ll-27 
E-68A 68-Terminal C-7 11-28 

Plastic Quad F1atpack 

S-44 44-Terminal 11-29 

Metal Can III H-02A 2-Lead ll-30 
H-03A 3-Lead (TO-52) ll-31 
H-03B 3-Lead (TO-S Style) ll-32 
H-08A J 8-Lead (TO-99) ll-33 
H-IOA K IO-Lead (TO-IOO) A-2 ll-34 
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MIL·M38S10 
ADI Letter PMILetter Package Applicable 
Designator Designator Description Coufiguration Page 

Plastic DIP 

N·S P S-Lead .11-35 
N-14 P 14-Lead 11-36 
N-16 P 16-Lead 11-37 
N-lS P IS-Lead 11-3S 
N-20 P 20-Lead 11-39 
N-24 P 24-Lead (Narrow Body) 11-40 
N-2S P 2S-Lead 11-41 
N-40A 4O-Lead 11-42 

Plastic Leaded Chip Carrier 
(PLCC) 

P-20A PC 20-Lead 11-43 
P-2SA PC 2S-Lead 11-44 
P-44A 44-Lead 11-45 

J·Leaded Chip Carrier 

J-2S 2S-Lead 11-46 

Cerdip 

Q-S Z S·Lead 04-1 11-47 
Q-14 Y 14-Lead 01-1 11-48 
Q-16 Q 16-Lead 02·1 11-49 
Q·lS X IS-Lead D6-1 11-50 
Q-20 R 20-Lead DS-l 11-51 
Q-24 W 24-Lead (Narrow Body) 03-1 11-52 
Q-28 T 2S-Lead 010-1 11-53 

Small Outline (SOIC) 

R-8 8-Lead (Narrow Body) 11-54 
S 8-Lead (Narrow Body) 11-55 

R-14 S 14-Lead (Narrow Body) 11-56 
R-16 16-Lead (Wide Body) U-57 
R-I6A S 16-Lead (Narrow Body) 11-58 
R-20 S 20-Lead (Wide Body) 11-59 
R-24 S 24-Lead (Wide Body) 11-60 
R-28 S 28-Lead (Wide Body) 11-61 

Plastic 

TO-92 3-Lead 11-62 

Leaded Chip Carrier (Gull Wing) 

Z-68 68-Lead Leaded Chip Carrier (Ceramic) 11-63 
Z-100 loo-Lead Leaded Chip Carrier (Ceramic) 11-64 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.785 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.098 
S, 0.005 

Package Outline Dimensions 

D-14 
14-Lead Side Brazed Ceramic: DIP 

MILLIMETERS 
MIN. MAX 

5.08 
0.36 0,58 
0.76 1.78 
0.20 0.38 

19.94 
5.59 7.87 
7.37 8.13 
2.29 2.79 
'3.18 5.08 
3.81 
0.38 1.52 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index erN; e notch or elNd one identificetlon merk 

is locetad edjacent to INd one. 
2. The minimum limit for dimension b, mey be 0.023" 

(O.58mml for ell four comer leeds only. 
3. Dimension Q shell be mNsured from the .. eting plene 

to the bue plene. 
4. This dimension ellows for off-center lid, meniscus 

end gless overrun. 
5. Applies to ell four corners. 
6. AIIINds - incrN" meximum limit by 0.003" (O.08mml 

meesured et the center of the flet, when hot solder 
dip leed finish is epplled. 

7. Twelvespeces. 

PACKAGE INFORM A TlON 11-3 

II 



INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.840 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.080 
S, 0.005 

11-4 PACKAGE INFORM A TlON 

D~16 
16-Lead Side Brazed Ceramic DIP 

MILUMETERS 
MIN MAX 

·5;08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

21.34 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5~08 

3.81 
0.38 1.52 

2.03 
0.13 

NOTES 

6 
2.6 
6 
4 
4 

7 

3 
5 
5 

R 
!-E,-I 

NOTES 
1. Index area; a notch or a lead one identification mark 

Is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

10.58mm) for all four comer leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners .. 
6. All leads - increase maximum limit by 0.003" 10.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

7. Fourteen spaces. 



INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.960 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.098 
S, 0.005 

D-lS 
IS-Lead Side Brazed Ceramic DIP 

D 
18 10 

9 

~ D , 

MILLIMETERS 
MIN MAX 

5.08 
0 •• 0.58 
0.76 1.78 
0.20 0.38 

24.38 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

~E,-I 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass ovenun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Sixteen spaces. 
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SYMBOL 

A 

b 
b, 
c 
D 
E 
E, 

e 
L 
L, 
Q 

S 
S, 

SEE 
NOTE 1 

'" 

INCHES 
MIN MAX 

0.200 
0.014 0.023 
0.030 0.070 
0.008 0.015 

1.060 
0.220 0.310 
0.290 0.320 
0.090 0.110 
0.125 0.200 
0.150 
0.015 0.060 

0.080 
0.005 

11-6 PACKAGE INFORM A TlON 

D·20 
20·Lead Side Brazed Ceramic DIP 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

26.92 
5.59 7.87 

7.37 8.13 

2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.03 
0.13 

NOTES 

6 
2,6 

6 
4 
4 

7 

3 
5 
5 

10 

C-tl .-

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Eighteen spaces. 



SEE 
NOTE 1 

'" 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 1.290 
E 0.500 0.610 
E, 0.590 0.620 
e 0.090 0.110 
L 0.120 0.200 
L, 0.150 
Q 0.015 0.075 
S 0.098 
S, 0.005 

D-24 
24-Lead Side Brazed Ceramic DIP 

MILLIMETERS 
MIN MAX 

5.72 
0.36 0.58 
0.76 1.78 
0.20 0.38 

32.77 
12.70 15.49 
14.99 15.75 
2.29 2.79 
3.05 5.08 
3.81 
0.38 1.91 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

13 

12 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The ~inimum limit for dimension b, may be 0.023" 

(O.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for oif-center lid, meniscus 

and glass overrun. 
5. Applies to all follr corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. . . 

7. Twenty-two spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.01.4 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 1:280' 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.098 
S, 0.005 

11-8 PACKAGE INFORMATION 

D-24A 
24-Lead Side Brazed Ceramic DIP (Single Width) 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

32.51 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mml 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-two spaces. 



SYMBOL 

A 
b 
b, 
c 
0 
E 
E, 
e 
L 
L, 
Q 

S 
S, 

D-28 
28-Lead Side Brazed Ceramic DIP 

r"""'IP"""'III ..................... ___ - -

SEE 
NOTE 1 

'" 

28 15 

1 14 - - -I. D ·1 ..... r--E-~i 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.225 5.72 
0.014 0.026 0.36 0.66 
0.030 0.070 0.76 1.78 
O.OOS 0.018 0.20 0.46 

1.490 37.85 
0.500 0.610 12.70 15.49 
0.590 0.620 14.99 15.75 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.100 2.54 

0.005 0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

~I. --E, ---:--.t.1 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. -Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-six spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 

c 0.008 0.015 
D 1.480 
E 0.220 0.~10 

E, 0.290 0.320 

e 0.090 0.110 
L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 
S 0.098 
S, 0.005 

11-10 PACKAGE INFORMATION 

D-28A 
28-Lead Side Brazed Ceramic DIP (Sinlle Width) 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.56 
0.76 1.78 

0.20 0.38 
37.59 

5.59 7.87 
7.37 8.13 

2.29 2.79 
3.18 5.08 
3.81 

0;38 1;52 

2.49 
0.13 

NOTES 

6 
2.6 

6 
4 
4 

7 

3 

5 

NOTES 
1. Index .re.; • notch or. le.d one identification m.rk 

is located .dj.cent to le.d one. 
2. The minimum limit for dimension b, m.y be 0.023" 

(0.58 mm) for .... four corner le.ds only. 
3. Dimension Q sh.1I be me.sured from the seating pl.ne 

to the b.se pl.ne. 
4. This dimension .llows for off-center lid. meniscus .nd 

gl.ss overrun. 
5. Applies to all four corners. 
6. Aille.ds-incr.e.se m.ximum limit by 0.003" (0.08 mm) 

me.sured at the center of the flat. when hot solder dip 
le.d finish is .pplied. . 

7. Twenty-six spaces. 



SEE 
NOTE 1 

~ 

D-40 
4O-Lead Side Brazed Ceramic DIP 

_~ I""""l r-. ,..... r-t ,...... ,..... r"""'I r"""'t ,..... P""""I ,..... ...... ,..... r"""'I ,..... ........ P""""I r"""!I ...... 

40 21 

1 20 

I· D ·1 t=- E ----j 

-':*~--f~A l . Jl l, c i.- . ----L 

SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 
S 
S, 

b ..j j.. -.j • j.. b, I.. E, ---I 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.225 5.72 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 
0.008 0.015 0.20 0.38 

2.096 53.24 
0.590 0.620 12.95 15.75 
0.520 0.630 13.21 16.00 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.098 2.49 
0.005 0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mml 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Thirty-eight spaces. 
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SEE 
NOlI! 
~ 

... 

, 

D-48 
48-Lead Side ~razed Ceramic DIP 

~~,...,,...,,...,,...,,...,,...,,...,---- '""'--'"'" 
25 

24. - ~ - --..,. ----.;;;;;;;t ____ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN 

A 0.225 

b 0.014 0.023 0.36 

b, 0.030 0.070 0.76 

c 0.008 0;015 0.20 

D 2.376 2.424 60.351 

E 0.59 0.62 12.95 

E, 0.52 0.63 13.21 

e 0.090 0.110 2.29 

L, 0.150 3.81 

Q 0;015 0.060 0.38 

11-12 PACKAGE INFORMATION 

MAX 

5.72 

·0.58 

1.78 

0.38 

61.569 

15.75 

16.00 

2.79 

1.52 

NOTES 

6 

2.6 

6 

4 

4 

7 

3 

NOTES 
1. index area; a notch or a lead one identification mark is 

located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four c.orner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus and 
glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat. when hot solder dip 
lead finish is applied. 

7. Forty-six spaces. 



INCHES 

SYMBOL MIN MAX 

A 0.175 0.200 

b 0.016 0.020 

b, 0.035 0.048 

c 0.009 0.012 

D 0.780 0.800 

E 0.270 0.330 

E, 0.290 0.310 

Ez 0.298 

e 0.095 0.105 

L 0.145 

L, 0.180 

Q 0.015 0.035 

DH-14D 
14-Lead Side Brazed Ceramic DIP for Hybrid 

MILLIMETERS -
MIN MAX 

4.45 5.08 

0.41 0.51 

0.89 1.22 

0.23 0.30 

19.81 20.32 

6.86 8.38 

7.37 7.87 

7.57 

2.41 2.67 

3.68 

4.57 

0.38 0.89 

NOTES 

3 

4 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. Dimension Q shall be measured from the seating plane 
to the base plane. 

3. E, shall be measured at the centerline of the leads. 

4. Twelve spaces. 
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32 

INCHES 

SYMBOL MIN MAX 

A 0.230 

b 0.016 0.020 

b, 0.045 0.055 

c 0.009 0.012 

D 1.584 1.640 

E 0.580 0.605 

E, 0.590 0.610 

e 0.100 BSC 

L 0.120 

L, 0.180 

a 0.040 0.060 

S 0.080 

S, 0.005 

D8-328 
32-Lead Side Brazed (Large Cavity) 

MILLIMETERS 

MIN MAX 

5.84 

0.41 0.51 

1.14 1.40 

0.23 0.30 

40.23 41.66 

14.73 15.37 

14.99 15.49 

2.54 BSC 

3.05 

4.57 

1.02 1.52 

2.03 

0.13 

NOTES 

5 

3,6 

2 

4 

4 

11 

16 

1--1. -- E ----t-I 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one; 

2. Dimension a shall be measured from the seating plane 
to the base plane. 

3. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. ' 

4. Applies to all fotir corners. 

5. E, shall be measured at the centerline ,of the leads. 

6. Thirty spaces. 
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~ ~ ~ 

., ~s, 

SEE 
NOTE 1 , 

32 

1 

INCHES 

SYMBOL MIN MAX 

A 0.280 
b 0.016 0.020 
b, 0.035 0.055 

c 0.009 0.012 
D 1.620 
E 0.870 0.910 
E, 0.890 0.930 

e 0.100 BSC 

L 0.120 
L, 0.180 

Q 0.040 0.060 
S 0.098 
S, 0.005 

DH·32C 
32·Lead Side Brazed Ceramic DIP for Hybrid (Small Cavity) 

MILLIMETERS 

MIN MAX 

7.11 
0.41 0.51 
0.89 1.40 

0.23 0.30 
41.15 

22.10 23.11 
22.61 23.62 

2.54 BSe 
3.05 
4.57 

1.02 1.52 
2.49 

0.13 

~~~~~ .............. 
17 

16 
..... "-' "-' ~--~- - - -

NOTES 

5 

3,6 

2 
4 
4 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. Dimension Q shall be measured from the seating plane 
to the base plane. 

3. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

4. Applies to all four corners. 

5. E, shall be measured at the centerline of the leads. 

6. Thirty spaces. 
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SEE 
NOTE 1 

" 

32 

INCHES 

SYMBOL MIN MAX 

A 0.280 

b 0.016 0.020 

b, 0.035 0.055 

c 0.009 0.012 

D 1.616 

E 0.870 0.910 

E, 0.890 0.930 

e 0.100 BSC 

L 0.120 

L, 0.180 

Q 0.040 0.060 

S 0.098 

S, 0.005 

D8-32D 
32-Lead Side Brazed Ceramic DIP for Hybrid (MediUm Cavity) 

MILLIMETERS 

MIN MAX 

7.11 

0.41 0.51 

0.89 1.40 

0.23 0.30 

41.05 

22.10 23.11 

22.61 23.62 

2.54 BSC 

3.05 

4.57 

1.02 1.52 

2.49 

0.13 

NOTES 

2 

6 

4,7 

3 

5 

5 

--t r- s 
17 

16 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mm) between 

centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Thirty spaces. 
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DH-32F 
32-Lead Side Brazed Ceramic DIP (Large Cavity) 

., !oe-s, 
32 17 

SEE 
16 

NOTE1\~1 I .J 
,_0_, ~"-----E-----t., 

~~=~ 1-----+ 
L .--11- --I .1- J U, -*- t--foo ___ E, __ C -I-I 

INCHES 

SYMBOL MIN MAX 

A 0.230 

b 0.016 0.020 

b, 0.045 0.055 

c 0.009 0.012 

D 1.584 1.640 

E 0.880 0.905 

E, 0.890 0.910 

e 0.100 BSC 

L 0.120 

L, 0.180 

Q 0.040 0.060 

S 0.080 

S, 0.005 

MILLIMETERS 

MIN MAX 

5.84 

0.41 0.51 

1.14 1.40 

0.23 0.30 

40.23 41.66 

22.35 22.99 

22.61 23.11 

2.54 BSC 

3.05 

4.57 

1.02 1.52 

2.09 

0.13 

NOTES 

2 

6 

4.7 

3 

5 

5 

NOTES 
1. Index area; a notch Dr a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, mav be 0.023" 

(0.58 mml for all four corner leads onlv. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines. 

5. Applies to all four corners. '. 
6. E, shall be measured at the centerline of the leads. 
7. Thirty spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

Eo, 

e 

L 

L, 

Q 

S 

S, 

DH-14A 
14·Lead Bottom Brazed Ceramic Platform 

SEE 
NOTE1 " 

,-
A 

14 

I I 
I 

I I I 
- -

8 

7 

11 Q 

I I 1 J 
- - - 1 ~ ! 1 

I I L I. ,L, 
i "i 

SEATING -+-H 

PlANE ..js,':"-ll-ol • I--.,J ~ s I--
c. 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.OS 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

O.OOS 0.015 0.20 0.38 

0.805 20.45 

0.480 0.505 12.19 12.83 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.145 3.68 

0.180 4.57 

0.015 0.035 0.38 0.89 

0.098 2.49 

O.OOS 0.13 

NOTES 

5 

3.6 

2 

4 

4 

NOTES 
1. Index area; Ii notch or a lead one identifiCation mark 

is located adjacent to lead one. 
2. Dimension Q shall be measured from the seating plane 

to the base plane. 
3. The basic pin spacing is 0.100" (2.54 mml between 

centerlines: ' 
4. Applies to all four corners. 
5. E, shall be measured at the centerline of the leads. 
6. Twelve spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

DlH4C 
14-Lead Bottom Brazed Ceramic: DIP 

14 8 

7 

SEE I I NOTE 1 ..... 1------ 0 ------.j-
t ~=========:::::;:;::=1 

Q 

JI -fr I-- b, J:! • I-- j 

c 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.140 0.200 3.56 5.08 

0.014 0.023 0.36 0,58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.770 0.810 19.56 20.57 

0.480 0.510 12.19 12.95 

0.295 0.305 7.49 7.75 

0.100 BSC 2.54BSC 

0.145 3.68 

0.180 4.57 

0.015 0.035 0.38 0.89 

0.137 3.48 

0.060 1.52 

NOTES 

2 

6 

4. 7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Twelve spaces. 
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24 

SEE 
NOTE1 .... 

INCHES 

SYMBOL MIN MAX 

A 0.290 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.320 

E 0.770 0.810 

E, 0.580 0.620 

e 0.100 BSC 

L 0.145 

L, 0.180 

Q 0.015 0.035 

S 0.105 

S, 0.005 

DH-24B 
24-Lead Bottom Brazed Ceramic DIP 

MILLIMETERS 

MIN MAX 

7.37 

0.36 0.58 

0.76 1.78 

0.20 0.38 

33.53 

19.56 20.57 

14.73 15.75 

2.54 BSC 

3.68 

4.57 

0.38 0.89 

2.67 

0.13 

NOTES 

2 

6 

4.7 

3 

5 

5 

13 

12 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for all four corner leads only. 
3. Dimension Q shall be measured from·the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Twenty-two spaces. 

11-20 . PACKAGE INFORMA nON 



SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

DH-32E 
32-Lead Bottom Brazed Ceramic DIP 

3Z 

SEE 
NOTE' ..... 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.225 5.72 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

1.750 44.45 

1.075 1.105 27.31 28.07 

0:890 0.910 22.61 23.11 

0.100 BSC 2.54 BSC 

0.145 3.68 

0.180 4.57 

0.015 0.035 0.38 0.89 

0.120 3.05 

0.005 0.13 

17 

,6 

l'o::;r-__ """"""") 
1 c+ 

~Ie---E.----t~ 

NOTES 

2 

6 

4.7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for all four corner leads only. 
3.· Dimension Q shall be measured from the seating plane a 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Thirty spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

40 

SEE 
NOTE' 

INCHES 
MIN MAX 

0.225 

0.014 0.023 

0.030 0.050 

O.OOS 0.015 

2.120 

0.770 0.810 

0.580 0.620 

0.100 BSC 

0.145 

0.180 

0.015 0.035 

0.098 

0.005 

DH-40A 
4O-Lead Bottom Brazed Ceramic DIP . 

MILLIMETERS 
MIN MAX 

5.72 

0.36 0.58 

0.76 1.27 

0.20 0.38 

53.85 

19.56 20.57 

14.13 15.75 

2.54 BSC 

3.68 

4.57 

0.38 0.89 

2.49 

0.13 

2' 

I ~'---E,--..... I 

NOTES 

2 

. . 

6 

4. 7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is locate.d adjacent to lead. one. 
2. The minimum limit for dimension b, mey be 0.023" 

(0.58 mml for all four corner leads only. 
3. Dimension Q shall be measured from.the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

centerlines . 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of all the leads. 
7. Thirty-eight spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

DH-48A 
48-Lead Bottom Brazed Ceramic DIP 

41 25 

24 

SEE 

-;mi-~-~-~-~-~-~-~-~-~-~:~-~-~-~-~-~-~-~-~-V'ih 
..j Io-s, b..flo- ..j .10- b, J ..j s I--

INCHES 

MIN MAX 

0.177 0.233 

0.016 0.020 

0.30 0.050 

0.009 0.012 

2.450 2.500 

1.287 1.313 

0.990 1.010 

0.100 BSC 

0.145 0.200 

0.180 

0.015 0.035 

0.098 

0.005 

~I'--------E 1 

t I.....,o;r ____ --....-'J 
1 of 
1o.1·-----E,-,....----I.j 

MILLIMETERS 

MIN MAX 

4.50 5.92 

0.41 0.51 

0.76 1.27 

0.23 0.30 

62.23 63.50 

32.69 33.35 

25.15 25.65 

2.54 BSC 

3.68 5.08 

4.57 

0.38 0.89 

2.49 

0.13 

NOTES 

2 

6 

4.7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.54 mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mmlbetween 

centerlines. 
5. Applies to all four corners. 
6, E, shall be m,asured at the centerline of the leads. 

7. Forty-six spaces. 
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SYMBOL 
A 
b 
D 
D, 
E 

E, 

e 
L, 

S 

S, 

SEE 
NOTE 1 

M-40 
4O-Lead Metal Platfonn DIP 

: 0 C C C C = C = C = 0 ceo C = C C C 
~ ~ 

" 1 20 c c = c ceo C 0 C C C C ~ C = C = C C 

~ ~-------E------~~ 

l'-n-_---.r-""J 
~a.----~ E, ---.It l 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES NOTES 
0.19 4 .. 83 1. Index area; a notch or a lead one identification mark 

0,020 0 .. 51 is located adjacent to lead one. 

2.145 54.483 2. Applies to all four corners. . 

1.894 1.906 48.108 48.412 3. E, shall be measured at the centerline of the. leads. 

1.145 29.083 
4. Thirty-eight spaces. 

0.880 0.920 22.352 23.368 3 

0.098 0.102 2.49 2.59 4 
0.240 6.09 

0.115 0.135 2.92 3.43 2 
0.115 0.135 2.92 3.43 2 
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SYMBOL 
A 
b 
0 
0, 

E 
E, 

e 
L, 

Q 

S 
S, 

SEE 
NOTE" 

INCHES 
MIN MAX 

0.231 
0.016 0.020 

2.380 
2.194 2.206 

1.580 
1.280 1.320 

0.098 0.102 
0.210 

0.055 0.065 
0.080 0.100 
0.130 0.150 

M-46 
46-Lead Metal Platform DIP 

= 0 = = ; C 0 = = = = ; = = = = 0 0 = 0 coo 
~ u i------------------------l 

I I 
I I 
I I 
I I 
I I 
I I 

,L -- -- -- -- -- -- -- -- -- -- -- -- J 23 = c c = = = c = = G = C C c : c c c c c = c = 

~I·~---------E----------~-I 

l J 
~ Lo.----I _---ll ~ L 
~I.I--------- E, ------.-j-I s, 

MILLIMETERS 
MIN MAX NOTES NOTES 

5.86 1. Index area; a notch or a lead one identification mark 

0.410 0.510 is located adjacent to lead one. 

60.452 2. Applies to all four corners. 

55.728 56.032 3. E, shall be measured at the centerline of the leads. 

40.132 
4. Forty-four spaces. 

32.512 33.528 3 

2.49 2.59 4 
5.334 

1.397 1.651 
2.032 2.54 2 
3.302 3.81 2 
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E-2OA 
20· Terminal Leadless Ceramic Chip Carrier 

BOTTOM VIEW 

(hx45°' L I .3. I" X 45°' 

3PLACES ~~ D . q"p I 

I I H HH H H III 
INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES NOTES 
1. Dimension A controls the overall package thickness. 

A 0.064 0.100 1.63 2.54 1 
B, 0.022 0.028 0.56 0.71 

2. Applies to all 4 sides. 
3. All terminals are gold plated. 

D 0.342 0.358 8.69 9.09 2 
D, 0.075 REF 1.91 REF 
e O.05OBSC 1.27BSC 
j 0.020 REF 0.51 
h 0.040 REF 1.02 

L 0.045 0.055 1.14 1.40 
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E-28A 
28-Terminal Leadless Ceramic Chip Carrier 

.J.. 
fB, 

.L 
"-e NO.1 PIN INDEX 

r 
BOTTOM VIEW 

IhX45o)L -L 
3 PLACES I I Ii x 450 ) 

'f D P 
IIHHHHHHH1TI 

INCHES MILUMETERS 
SYMBOL MIN MAX MIN MAX NOTES NOTES 

A 0.064 0.100 1.63 2.54 1 
B, 0.022 0.028 0.56 0.71 
D 0.442 0.458 11.23 11.63 2 

1. Dimension A controls the overall package thickness. 
2. Applies to all 4 sides. 
3. All terminals ara gold plated. 

0, 0.075 REF 1.91 REF 
e O.05OBSC 1.27BSC 
j 0.020 REF 0.51 
h 0.040 REF 1.02 
L 0.045 I 0.055 1.14 I 1.40 

III 
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SYMBOL 

A, 

B 
D 

e 
h 

i 
Lz 

E-68A 
68-Terminal Leadless Ceramic Chip Carrier 

'" NO.1 PIN INDEX 

BOTTOM 
VIEW 

(h x 45°' L -1.. 
3 PLACES IT IT Ii x 45°' 

. r D ~ 
IIHHH'HHHHMMMMHHH'MHM III 

INCHES MILUMETERS 
MIN MAX MIN MAX NOTES NOTES 

0.065 0.103 1.65 2.62 1 
0.020 0.030 0.51 0.76 
0.940 0.965 23.88 24.51 2 

1. Dimension controls the overall package thickness. 
2. Applies to all 4 sides. 
3. All terminals are gold plated. 

0.045 0.055 1.14 1.40 
O.04OTYP 1.02TYP 

O.02OTYP 0.S1TYP 
0.045 0.055 1.14 1.40 
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S-44 
44-Lead P1asti~ Quad Flatpa~k (PQFP) 

-lI-
b 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.096 2.44 

b 0.012 0.016 0.30 0.41 

Aa 0.077 0.083 1.96 2.11 

A, 0.032 0.040 0.81 1.02 

D 0.546 0.546 13.875 13.925 

A2 0.032 0.040 0.81 1.02 

D, 0.390 0.398 9.91 10.11 

e 0.029 0.033 0.74 0.84 

L 0.025 0.037 0.64 0.94 

Ct 0.8 8.0" III 
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INCHES 
SYMBOL MIN MAX 

A 0.125 0.150 

cl>b 0.015 0.019 

d>D 0.209 0.230 

cl>D, 0.178 0.195 
e, 0.100BSC 
k 0.036 0.045 
k, 0.028 0.048 
L 0.500 0.750 
a 45°BSC 
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MILLIMETERS 
MIN MAX 

3.17 3.81 
0.38 0.48 
5.31 5.84 
4.52 4.95 

2.54BSC 
0.91 1.17 
0.71 1.22 

12.70 . 19.05 
45°BSC 

H"02A 
2-Lead Metal Can 

NOTES 

2 

1 

'1 

NOTES 
1. Leads having maximum diameter 0.019"(0.48mm) 

measured in gauging plane 0.54" (1.37mm) + 0.001" 
(O.03mm) - 11.000" (O.OOmm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to the maximum-width tab. 

2. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 



INCHES 
SYMBOL MIN MAX 

A 0.115 0.150 
cl>b 0.021 
cl>bz 0.016 0.019 
cl>D 0.209 .0.230 
cl>D, 0.178 0,195 
e 0.100T.P. 
e, 0.050T.P. 
F 0.030 
j 0.036 0.046 
k 0.028 0.048 
L 0.500 
L, 0.050 

Lz 0.250 .. 45°T.P . 

F-I 

MIWMETERS 
MIN MAX 

2.92 3.81 
0.53 

0.41 0.48 
5.31 5.84 
4.52 4.95 

2.54T.P. 
1.27T.P. 

0.76 
0.91 1.17: 
0.71 1.22 

12.70 
1.27 

6.35 

H-03A 
3-Lead Metal Can (TO. 52) 

I 

cl>b 

NOTES 

1.4 
1.4 

2 
2 

3 
1 
1 

e, I-

NOTES 
1. (Three Leads) cl>b2 applies between L, and L2• cl>b applies 

between Lz and 0.5" (12.70mm) ~m seating plane. 
Diameter is uncontrolled in L, and beyond 0.5" 
(12.70mm) from seating plane. 

2. Leads having maximum diameter 0.019" rO.48mm) 
measured In gauging plane 0.054" (1.4mm) + 0.001" 
(O.03mm) - 0.000" (O.OOmm) below the seating plane 
of the device are within o.oor rO.18mm) of their true 
positions relative to a maxlmum·width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (O.08mm) 
when hot solder dip finish is applied. 
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INCHES 
SYMBOL MIN I MAX 

A 0.165 0.185 
cl>b 0.016 0.021 

c!>b2 0.016 0.019 

c!>D 0.335 0.370 
c!>D, 0.305 0.335 
e 0.200T.P. 
e, 0.100T.P. 
h 0.015 0.035 
j 0.028 0.034 
k 0.029 0.045 
L 0.500 
L, 0.050 

L2 0.250 
P 0.100 
Q 

r 0.007 
a 45°T.P. 
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H-03B 
3-Lead Metal Can (TO-S Style) 

MILLIMETERS 
MIN MAX 

4.19 4.70 
0.41 0.53 
0.41 0.48 
8.51 9.40 
7.75 8.51 

5.08T.P. 
2.54T.P. 

0.38 0.89 
0.71 0.86 
0.74 1.14 

12.70 
1.27 

6.35 
2.54 

0.18 

NOTES 

2,7 
2,7 

4 

3 
2 
2 
2 
1 
5 

NOTES 
1. This zone is controlled for automatic handling. The 

variation in actual diameter within the zone shall not 
exceed 0.010" (0.2Smml. 

2. (Three leadsl c!>b2 applies between L, and L2. c!>b applies 
between L2 and 0.500" (12.70mml from seating plane. 
Diameter is uncontrolled in L, and beyond 0.500" 
(12.70mml from seating plane. 

3. Measured from maximum diameter of the actual 
device. 

4. Leads having maximum diameter 0.019" (O.48mml 
measured in gauging plane 0.54" (1.37mml + 0.001" 
(0.03mml - 0.000" (O.OOmml below the seating plane 
of the device are within 0.007" (0.18mml of their true 
positions relative to the maximum-width tab. 

5. Details of outline in this zone optional. 
6. Lead #3 connected to case. 
7. All leads - increase maximum limit by 0.003" (0.08mml 

when hot solder dip finish is applied. 



SYMBOL 

A 
+b 
+b, 
+D 
+D, 

+Oz 
e 
e, 
F 
k 
k, 
L 
L, 

La 
Q 

II 

H-OSA 
8-Lead Metal Can (TO-99) 

I'~-~~ 
In I - ~:i 

+D II I 

1lL~ I,: \ ,¢:=:::II \ 

F-f)t +b +b, 

Q I: SEATING PLANE 

INCHES MILUMETERS 
MIN MAX MIN MAX NOTES 

0.165 0.185 4.19 4.70 
0.016 0.019 0.41 0.48 1.4 
0.016 0.021 0.41 0.53 1.4 
0.335 0.370 8.51 9.40 
0.305 0.335 7.75 8.51 
0.110 0.160 2.79 4.06 

O.200BSC 5.08BSC 3 
0.100BSC 2.ABSC 3 

0.040 1.02 
0.027 0.034 0.69 0.86 
0.027 0.045 0.69 1.14 
0.500 0.750 12.70 19.05 

0.050 1.27 
0.250 6.35 
0.010 0.045 0.25 1.14 

45°BSC 45°BSC 3 

NOTES 
1. (All leadsl cl>b applies between L, and L2. cl>b, applies 

between L2 and 0.500" (12.70mml from the reference 
plane. Diameter is uncontrolled in L, and beyond 0.500" 
(12.70mml from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (O.48mml 
measued in gauging plane 0.054" (1.37mml + 0.001" 
(O.03mml - 0.000" (O.OOmml below the base plane of 
the product are within 0.007" (0.18mml of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mml" 
when hot solder dip finish is applied. 
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SYMBOL 

A 
4>b 
4>b. 
4>D 
4>D. 
4>~ 
e 
e. 
F 
k 
k. 
L 
L. 
Lz 
Q 

Cl 

H-lOA 
IO"Lead Metal Can (TO-IOO) 

r·tn 
1 r !! 
'hi 0 ~ 
~:II\I\ 

F -'...!i 4>b 4>b. 

Q r SEATING PLANE 

INCHES MILUMETERS 
MIN MAX MIN MAX NOTES 

0.165 0.185 4.19 4.70 
0.016 0.019 0.41 0.48 1,4 
0.016 0.021 0;41 '0.53 1,4 
0:33& 0.370 8.51 9.40 
0.305 0.33& 7.75 8.51 
0.110. 0.160 2.71 4.06 

O.230BSC 5.84BSC 3 
O.115BSC 2:92BSC 3 

0.040 1.02 
0.027 0.034 0.69 0.86 
0.027 0.045 0.69 1.14 2 
0.500 0.750 12.70 19.05 1 

0.050 1.27 1 
0.250 6.3& 1 
0.010 0.045 0.25 1.14 

3&·BSC 36"BSC 3 

NOTES 
1. IThree Leadsl4>bz applies betWeen L. and Lz. 4>b applies' 

betWeen Lz and 0.5" 112.70mml from seating plane. 
Diameter is uncontrolled In L. and beyond 0.5" 
112.70""ml from seating plane. 

2. Leads having maximum diameter 0.019" 10.48mml 
measured in gauging plane 0.054" 11.4mml + 0.001" 
10.03mml - 0.000" 10.OOmml below the seating plane 
of the device are within 0.007" 10.18mml of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the ectual 
device. 

4. All leads - increase maximum limit by 0.003" 10.08mml 
when hot solder dip finish is-applied. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
Az 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
D 0.348 0.430 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 
8.84 10.92 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-8 
8-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not Include mold flash or 

protrusions. 
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SYMBOL 

A 
A2 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

N-14 
14-Lead Plastic DIP 

SEE --.-
NOTE 1 J 

" E, 
~"T""T""1r-r-r"'T"T"""rT""T"T'"7'T"'" .J.. 
~D~ 
T~Q SEATING ~ - ~ 

PLANE-Y- - - -:- - - - -,- ~ 

INCHES 
MIN MAX 

0.210 
0.115 0.195 
0.014 0.022 
0.045 0.070 
0.008 0.015 
0.725 0.795 
0.300 0.325 
0.240 0.280 

0.100BSC 
0.125 0.200 
0.150 
0.015 0.060 

~I-- -01.1-- ~ ~b' I 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

18.42 20.19 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
A. 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
D 0.745 0.840 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

18.93 21.33 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 I 
0.38 I 1.52 

N·16 
16-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
Az 0.115 0.19.5 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
D 0.845 0.925 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
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MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 o.s58 
1.15 1.n 
0.204 0.381 

21.47 23.49 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-18 
18-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

Is located adjacant to lead one. 
2. This dimension does not include mold flash or 

protrusions. 



SYMBOL 

A 
Az 
b 
b, 
c 
0 
E 
E, 
e 
L 
L, 
Q 

N·20 
20·Lead Plastic DIP 

~~:::::::::II 
~ D ·1 1,= ':::j--L 
T~QAz SEA,... t __________ ! t - " 

PLANE -.- ~ ~ L, c 
L + 
~j..b ~ el-- b, 

INCHES 
MIN MAX 

0.210 
0.115 0.195 
0.014 0.022 
0.045 0.070 
0.008 0.015 
0.925 1.060 
0.300 0.325 
0.240 0.280 

0.100BSC 
0.125 0.200 
0.150 
0.015 I 0.060 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

23.50 26.90 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
0 1.125 1.275 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
a 0.015 0.060 
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MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

28.60 32.30 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-24 
24-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 



SEATING 
PLANE 

SYMBOL 

A 

A. 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

INCHES 
MIN MAX 

0.250 
0.125 0.195 
0.014 0.022 

0.070 
0.008 0.015 
1.380 1.565 
0.600 0.625 
0.485 0.580 

0.100BSC 
0.125 I 0.200 
0.150 
0.015 0.060 

MILLIMETERS 
MIN MAX 

6.35 
3.18 4.95 
0.356 0.558 

1.77 
0.204 0.381 

35.10 39.70 
15.24 15.87 
12.32 14.73 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-28 
28-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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N-40A 
4O·Lead Plastic DIP 

20 

~ ~ 

-~i~L-=iI 
b..jl-- ..j • I- ~ b, 

r. E -I 

Jf-.,=~ 
~.. ~~yr 

NOTE: 
LEADS ARE SOLDER-PLATED KOVAR OR ALLOY 42 

INCHES MILUMETERS 
SYMBOL MIN MAX MIN MAX 

A - 0_200 - 5.08 
b 0.015 0.025 0.38 0.64 
b, 0.040 0.060 1.02 1.52 
c 0.008 0.015 0.20 0.38 
D - 2.08 - 52.83 
E 0.550 0.550 13.46 13.97 
E, 0.580 0.620 14.73 15.75 

• 0.100BSC 2.54BSC 
L 0.120 0.175 3.05 4.45 
L, 0.140 - 3.56 -
Q 0.015 0.060 0.38 1.52 
8 - 0.110 - 2.79 
8, 0.005 - 0.13 -
ex 0" 15° 0" 15° 
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P-20A 
20-Lead Plastic Leaded Chip Carrier (PLCC) 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.385 0.395 9.78 10.02 
B 0.385 0.395 9.78 10.02 
C 0.165 0.180 4.19 4.57 
D 0.025 0.040 0.64 1.01 
E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 
G 0.050BSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.015 0.025 0.38 0.63 
K 0.290 0.330 7.37 8.38 
R 0.350 0.356 8.89 9.04 
U 0.350 0.356 8.89 9.04 
V 0.042 0.048 1.07 1.21 • W 0.042 0.048 1.07 1.21 
X 0.042 0.056 1.07 1.42 
Y 0.020 0.50 
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PIN 1 
IDENTIFIER 
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P-28A 
28-Lead Plastic Leaded Chip Carrier (PLCC) 

VR 

INCHES MIUlMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.485 0.495 12.32 12.57 
B 0.485 0.495 12.32 12.57 
C 0.165 0.180 4.19 4.57 
D 0.025 0.040 0.64 1.01 
E 0.08S 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 
G O.05OBSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.015 0.025 0.38 0.63 
K 0.390 0.430 9.91 10.92 
R 0.450 0.456 11.43 11.58 
U 0.450 0.456 11.43 11.58 
.v 0.042 0.048 1.07 1.21 
W 0.042 0.048 1.07 1.21 
X 0.042 0.056 1.07 1.42 
Y 0.020 0.50 

o 
PIN 1 

IDENTIFIER 

BOTTOM 
VIEW 



o 
PIN 1 

IDENTIFIER 

TOP 
VIEW 

P-44A 
44-Lead Plastic Leaded Chip Carrier (PLCC) 

VR 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.685 0.695 17.40 17.65 
B 0.685 0.695 17.40 17.65 

C 0.165 0.180 4.19 4.57 

D 0.025 0.040 0.64 1.01 

E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 

G 0.050 BSC 1.27 BSC 
H 0.026 0.032 0.66 0.81 

J 0.015 0.025 0.38 0.63 
K 0.650 0.656 16.51 16.66 
R 0.650 0.656 16.51 16.66 
U 0.650 0.656 16.51 16.66 a 
V 0.042 0.048 1.07 1.21 
W 0.042 0.048 1.07 1.21 
X 0.042 0.056 1.07 1.42 

Y 0.020 0.50 
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J-28 
28·Lead J·Leaded Chip Carrier 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.125 3.175 

B 0.013 0.021 0.330 0.534 

B, 0.017 0.432 

D 0.489 0.491 12.196 12.704 

D, 0.440 0.460 11.176 11.684 

D4 0.428 0.432 10.412 11.428 

e 0.050 BSC 1.27 BSC 

G 0.280 0.310 2.366 2.874 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0._ 0.015 
D 0.405 
E 0.220 0.310 
E, 0.290 0.320 
e 0._ 0.110 
L 0.125 O.ZOO 
L, 0.150 
Q 0.015 0.060 
S 0.055 
S, 0.005 .. 0" 1S0 

~S, 

MILLlMElERS 

Q-8 
8-Lead Cerdip 

-.j j-S 

4 

MIN MAX NOTES NOTES 

5.08 
0 •• 0.58 
0.76 1.78 
0.20 0.38 

10.29 
5.51 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0 .• 1.52 

1.35 
0.13 
0" 1S0 

7 
2,7 
7 
4 
4 
6 
8 

3 
5 
5 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(O.58mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

S. Applies to all four corners. 
6. Lead center when a is 0". E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by 0.003"(0.08mml 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Six spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

S 
S, 
CIl 

Q-14 
14-Lead Cerdip 

11-- S, -.t r S 

~~:::::: :1 
I. D ~I 

INCHES 
MIN MAX 

0._ 
0.014 0.023 
0.030 0.070 
0._ 0.015 

0.785 
0.220 0.310 
0.Z90 0.320 
0.090 0.110 
0.125 O.zoo 
0.150 
0.015 0.060 

0.098 
0.005 
0" 15" 

~j.. -01. j.. .. ~. SEE 

MIWMETERS 
MIN MAX NOTES 

5.08 
0.36 0.58 7 
0.71 1.71 2.7 
0.20 0.38 7 

19.94 4 
5.59 7.87 4 
7.37 8.13 6 
2.D 2.79 8 
3.18 6.08 
3.81 
0.36 1.52 3 

2.49 5 
0.13 5 
0" 16" 

NOTE 7 

NOTES 
1. Index area; a notch or a lead one ldentlflcetlon mark 

is locetecI edjacent to Iud one. 
2. The minimum limit for dimension b, may be 0.0Z3" 

(O.58mm) for all four comer leeds only. 
3. Dimension Q shall be musured from the seating plene 

to the bese plane. . 
4. This dimension allows for offoeemer lid. meniscus 

and gla .. overrun. 
5. Applies to all four corners. 
6. Lead cemerwhen CIl is 0". E, shall be measured It the 

centerline of the Iuds. 
7. All leeds - incre.se maximum limit by 0.003" (O.08mm) 

measured It the center of the flat. when hot solder 
dip leed finish Is applied. 

8. Twelve spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.01. 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.840 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
5 0.080 
5, 0.005 .. 0" 15° 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

21.M 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.03 
0.13 
0" 15° 

Q-16 
16-Lead Cerdip 

NOTES 

7 
2,7 
7 

• • 
6 
8 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 

5. Applies to all four corners. 
6. Lead center when .. is 0°. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by O.OO3"(0.OBmm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

B. Fourteen spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

S 
S, 
ex 

Q-18 
IS-Lead Cerdip 

., j.s, -.j rs 

~~~: : : : : : : :1 
~ D ~ 

T~Q A "'~NG 1 Y ==-== : t 
PLANE -.-- J L L L ' 

..L.... i 
b../!-- .j e I-- b, -.J ex 

INCHES MIWMETERS 
MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 
0.008 0.015 0.20 0.38 

0.960 24.38 
0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.098 2 .• 
0.005 0.13 
0- 15° 0- 15° 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when 01 is 0°. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by O.OO3"(O.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Sixteen spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

S 
S, 
II 

Q-20 
20-Lead Cerdip 

1~S' -.j r-S 

~~i: : : : : : : : : :1 
I. D -I 

~ Q Iu---~ 

s~ -oj • ~ J L ~. ~ ,-+-
SEE 
NOTE 7 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 
0.008 0.015 0.20 0.38 

1.060 26.92 
0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.098 2.49 
0.005 0.13 
0" 15° 0" 15° 

NOTES 

7 
2,7 
7 
4 
4 
6 
8 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when II is 0". E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by 0.003"(0.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. II 

8. Eighteen spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 1.280 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.098 
S, 0.005 
IX 0" 15° 
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MIWMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

32.51 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.41 
0.13 
0" 15° 

Q-24 
24-Lead Cerdip 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

10.S8mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when IX is 0·. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by O.003"IO.08mml 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

8. Twenty-two spaces. 



., I-s, 

SEE 
NOTE 1 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.026 
b, 0.030 0.070 
c 0.008 0.018 
D 1.490 
E 0.500 0.610 
E, 0.590 0.620 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 
S 0.100 
S, 0.005 
ex 00 15° 

MILLIMETERS 
MIN MAX 

5.72 
0.36 0.66 
0.76 1.78 
0.20 0.46 

37.85 
12.70 15.49 
14.99 15.75 
2.29 2.79 
3.18 5.08 
3.81 
0.38 

2.54 
0.13 
0° 15° 

Q-28 
28-Lead Cerdip 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

.... -- E -----ej 

NOTE 7 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.58mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when u is 00. E, shall be measured at the 

centerline of the leads. III 
7. All leads - increase maximum limit by O.OO3"(O.08mml 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

8. Twenty-six spaces. 
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R-8 
8-Lead Small Outline (SOIC) 

M11 
~~ ~iit 
--iGi4- --i~ 

D" k \ 

SYMBOL 

A 
B 
C 
D 
F 

G 

J 
K 

L 
P 
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SEATING 
PLANE 

INCHES 
MIN MAX 

0.188 0.198 
0.150 0.158 
0.089 0.107 
0.014 0.022 
0.018 0.034 

0.050BSC 
0.007 0.015 
0.005 0.011 
0.195 0.205 
0.224 0.248 

MILUMETERS 
MIN MAX 

4.77 5.03 
3.81 4.01 
2.26 2.72 
0.36 0.56 
0.46 0.86 

1.27BSC 
0.18 0.38 
0.125 0.275 
4.95 5.21 
5.69 6.29 



INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0888 

b 0.0138 0.0192 

c 0.0075 0.0098 

D 0.1890 0.1968 

E 0.1497 0.1574 

H 0.2284 0.2440 

e O.05ooBSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

CIt 0" 8" 

MIWMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

4.80 5.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0" 8" 

SO-8 
8-Lead Narrow·Body SO 

(S·SutTlX) 

NOTES NOTES 
1. Package dimensions conform to JEDEC specification 

M8-012-AA (Issue A. June 19851. 
2. Index area; a dimple or lead one identification mark is 

located adjacant to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0098 

0 0.3367 0.3444 

E 0.1497 0.1574 

H 0.2284 0.2440 

e O.05ooBSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

O! O· r 
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MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

8.55 8.75 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

o· r 

R-14 

14-Lead Narrow-Body SO 
(S-Suffix) 

NOTES 

hx45" 

iJ~ c l ~ 

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS·012·AB (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.3977 0.4133 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

ex 0" 8" 

MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

10.10 10.50 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R-16 (S-SufflX) 

16-Lead Wide-Body SO 
(SOL-16), 

1
/~~"\ 

( \ \ =--!- I 
\ L~/ '--_/ 

h x 450 "1 ;.-1-: ___ --, 

1) r h~~ 
C l -.j 14-

SEE DETAIL 
SEATING ABOVE 

NOTES 

PLANE 

NOTES 

1. Package dimensions conform to JEDEC specification 
MS-013-AA (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0099 

D 0.3859 0.3937 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

a 0" r 
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MILLIMETERS 

MIN MAX 

1.35 1.7~ 

0.35 0.49 

0.19 0.25 

9.80 10.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0" r 

R·16A (S·Suffix) 

16-Lead Narrow-Body SO 
(SO-16) 

NOTES 

PLANE 

h x 45' 
~t--

iJ c==t\ c, t--
SEE DETAIL 

ABOVE 

NOTES 

1. Package dimensions conform to JEDEC specification 
MS-012-AC (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

0 0.4961 0.5118 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

O! 0" 8" 

MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

12.60 13.00 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R-20 (S-Sufflx) 

20-Lead Wide-Body SO 
(SOL-20) 

NOTES 

SEATING 
PLANE 

NOTES 

L-------') l 
--114-

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-013-AC (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

0 0.5985 0.6141 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

II 0" 8° 
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MILLIMETERS 

MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

15.20 15.60 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" SO 

R-24 (S-Sufflx) 

24-Lead Wide-Body SO 
(SOL-24) 

NOTES 

SEATING 
PLANE 

NOTES 

~
/~~"\ 

{ \ \ =-!- J 
\ L ~/ 

......... ---/ 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-013-AD (Issue A. June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.6969 0.7125 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

a 0" 8" 

MILUMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

17.70 18.10 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8° 

R-28 (S-SufflX) 

28-Lead Wide·Bodv SO 
(SOL·28) 

NOTES 

SEATING 
PLANE 

NOTES 

~
/~~"\ 

( \ 
\ =----!- J 
\ L. ;;:-r / 
"--_/ 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS·013·AE (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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SYMBOL 

A 
c 
<!>D 
e 
e, 
E 

J 
L 
L, 
S 
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TO-92 
3-Lead Plastic 

INCHES 
MIN MAX 

0.170 0.210 
0.016 0.019 
0.175 0.205 
0.095 0.105 
0.045 0.055 
0.125 0.165 
0.175 0.205 
0.500 

0.050 
0.080 0.105 

MILLIMETERS 
MIN MAX 

4.58 5.33 
0.407 0.482 
4.96 5.20 
2.42 2.66 
1.15 1.39 
3.94 4.19 
4.96 5.20 

12.70 
1.27 

2.42 2.66 



Z-68 
68-Lead Leaded Chip Carrier (Ceramic) 

r-- E 

10000001 ,-PIN1 

F 

TOP VIEW 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.092 0.118 2.337 2.997 
b, 0.016 0.020 0.452 0.462 
D 0.841 0.859 21.361 21.819 
e 0.050 BSC 1.27 BSC 
E 0.940 0.960 23.876 24.384 a 
F 0.040 1.016 
G 0.&95 0.705 17.653 17.907 
K 0.025 0.625 
L 1.200 1.220 30.476 30.984 
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Z-lOO 
100-Lead Leaded Chip Carrier (Ceramic) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.198 0.243 5.03 6.11 

b, 0.018 0.022 0.46 0.56 

c 0.001 0.0095 0.18 0.24 

E 1.336 1.364 33.93 34.65 

F '0.040 1.02 

e 0.050BSC 1.21 BSC 

L 1.615 1.685 42.55 42.80 

J 0.025 0.63 

K 0.040 1.02 
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Ordering Guide 
INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a multioption 
subsystem, or 1000 each of 15 different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, Mass. 
U.S.A. (617-329-4700). 

MODEL NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by Analog 
Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure I shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefix, a 3-to-5-digit number*, an alphabetic performanceltemperature-range designator and a package 
designator. One or rwo additional letters may itnmediately follow the digits ("A" for second-generation redesigned ICs, "DI" for 
dielectrically isolated CMOS switches, e.g., AD536AjH, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a 
prefix which designates the device type and model number. It is then followed by a suffix consisting of alphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 

ANALOG 
DEVICES 
PREFIX 

[NANN] 
1Q!X 

THREE·TO·FIVE L
DIGIT NUMBERS I 
1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DlELECTRICALLY ISOLATED 
Z: OPERATION ON ±12V SUPPLIES 

PERFORMANCE· TEMPERATURE 
RANGE DESIGNATOR' 

O°C TO +70°C [ ~M ~ 
INCREASING 
PARAMETRIC 
PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

_25°C OR -40°C 
TO+85°C 

{ 
1 INCREASING 

: ' PERFORMANCE 

C BEST OVERALL 
PERFORMANCE 

1 INCREASING 
, PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

PACKAGE OPTIONS: 

D HERMETIC DIP, CERAMIC OR METAL 
E CERAMIC LEADLESS CHIP CARRIER 
F CERAMIC FLATPACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC METAL CAN 
J J-LEADED CERAMIC 
M HERMETIC METAL CAN DIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 
R SMALL OUTLINE "SO" PACKAGE 
S PLASTIC QUAD FLATPACK 
T TQ-92 STYLE PACKAGE 
W NONHERMETIC CERAMIC/GLASS DIP 
Y SINGLE-IN-LiNE "SIP" PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 

EXAMPLES: 

AD521 KCHIPS 
AD7524AD 
AD536ASH/993B 
AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX SERIES 
WERE FORMERLY DESIGNATED AD75XXlCOMICHIPS 
AND AD75XXlMILlCHIPS AND MAY APPEAR ON PRICE 
LISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 

'-____________ --' DEVICES FOR CURRENT PRICING OF AD75XX CHIPS. 

Figure ,. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid Ie Products. S, T and U 
Grades have the Added Suffix, /8838 for Devices that Qualify to the Latest Revision of MIL-STD-883, Levf/I 8. 

"For some models, the combination [digit)[letter][two or three digits) is used instead of ADXXXX, e.g., 2S80. 
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A -

DEVICE TYPE AND MODEL NUMBER 

DEVICE TYPE: 

ADC ANALOG·TO-DIGITAL CONVERTER 
AMP INSTRUMENTATION AMPLIFIER 
BUF BUFFER (VOLTAGE FOLLOWER) 
CMP COMPARATOR 
DAC DIGITAL·TD-ANALOO CONVERTER 
JAN MIL·M-38510 SLASH SHEET 
LlU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 
MUX MULTIPLEXER 
OP PROPRIETARY OPERATIONAL AMPLIFIER 
PKD PEAK DETECTOR 
PM SECOND-SOURCE, INDUSTRY SPECIFICATIONS 
REF VOLTAGE REFERENCE 
RPT PCM LINE REPEATER 
SUP SAMPLE·AND-HOLD AMPLIFIER 
SW ANALOG SWITCH 
SSM SOLID STATE MUSIC PRODUCT 
TMP TEMPERATURE SENSOR 

BURN-IN OPTION 

PM OFFERS MOST O"no"C, -ZS"'+85°C AND -40"/+85"C 
DEVICES WITH BURN·IN. PARTS WITH THIS OPTION ARE 
SPECIFIED WrTH THE LETTERS 81 ADDED BETWEEN THE 
MODEL NUMBER AND THE ELECTRICAL GRADE. FOR 
EXAMPLE, TO ORDER DAC.Q8EQ WITH BUR .... N, THE 
PART NUMBER IS DAC-08BIEQ. 

-

I ELECTRICAL GRADE +_ 
SELECT ELECTRICAL GRADE 
FROM DATA SHEET. 

-

MIL-8TD-883, CLASS S, REVISION C OPTION 

PMI-55'C TO .125°C DEVICES ARE AVAILABLE 
WITH MlL.sTD-883t ClASS B SCREENING AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
SIMPLY ADD THE DESIGNATION 1883 TO THE PART 
NUMBER. FOR EXAMPLE, THE DAc.oaAQ, SCREENED 
TO THE 883 REQUIREMENTS WOULD BE ORDERED 
AS A DAC-08A.Qf883. CONTACT FACTORY FOR 883 
DEVICE SPECIFICATIONS. 

PACKAGE SUFFIX 

PACKAGE TYPE: 

H 6-LEAD TD-78 CAN 
J 8·LEAD TD-99 CAN 
K 1o-LEAD TD-100 CAN 
o NOT USED 
P EPOXY DIP 
PC PLASTIC LEADED CHIP CARRIER 
Q 16-LEAD CERAMIC DIP 
R 2O-LEAD CERAMIC DIP 
RC 2o-POSITION Lee' 
S SMALL OUTLINE PACKAGE 
T 26-LEAD CERAMIC DIP 
TC 26-POSITION LCe' 
U NOT USED 
V 24-1.EAD CERAMIC DIP 
X 18-LEAD CERAMIC DIP 
Y 14-1.EAD CERAMIC DIP 
Z &-LEAD CERAMIC DIP 
*AVAILASLE WITH MlL-STD-883 PROCESSING 
ONLY. 

Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship·to and 
bill·to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, sent via FAX or TELEX, or mailed. Orders will be acknowledged 
when received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. Analog Devices' min
imum order value is two hundred fifty dollars ($250.00). 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusetts), 

You may also order Analog Devices parts through distributors. For information on distributors, please see pages 12-12 and 12-13 at 
the back of this volume. 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' warranties, if any, except for component test systems, which have a ISO-day warranty, and 
""MAC and MACSYM systems, which have a 9O-day warranty. This warranty does not extend to any products which have been sub
jected to misuse, neglect, accident, or improper instal1ation or application, or which have been repaired or altered by others. Analog 
Devices' sole liability and the Purchaser's sole remedy under this warranty is limited to repairing or replacing defective products. 
(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall 
not be liable for consequential damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Reference Manual 
(But Still Available) 
The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, using the .most cost·effective products available from Analog Devices .. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. 
Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are continuing to 
make these products available for uSe in existing designs. Data sheets on these products are available upon request. 

Model Model Model Model 

ADlOI AD7541 DAS1l50 2B59 
AD201 AD7546 DAS1151 4B Series 
AD293 AD7550 DAS1155 40 
AD294 AD7552 DAS1l56 44 
AD301 AD7576 DRC1705 45 
AD301AL AD7772 DRC1706 46 
AD367 AD9502 DSC1705 50 
AD368 AD9611 DSC1706 51 
AD369 AD9686 HDS·1240E 118 
AD370/371 ADC·908 HOS·050/050Al050C 148 
AD392 ADC·912 HOS·060 171 
ADS03 ADC1130 HTC·0300A 184 
ADS04 ADC113 1 HTS·0010 234 
AD506 ADC1143 HTS·OO25 235 
ADS 10 ADC·12QM JM38510/11301111302 261 
ADS 15 ADDAC·08 MUX·88 275 
ADS18 ADDAC71 PM·562 277 
ADS 33 ADDAC72 PM·7541 285 
ADS35 ADEB770 PM·7574 288 
ADS45 CAV·12l0 RDC·1700 310 
AD567 DAC·QS RDC·1702 429 
AD611 DAC·QZ RDC·1704 433 
AD65 1 DAC·Ol RDC·1725 434 
AD1147 DAC·02/03 RDC·1726 435 
AD 1148 DAC·05/06 RDC·1768 436 
ADl403 DAC·IOZ RTM Series 440 
AD2004 DAC·12M SDC1700 442 
AD2006 DAC·12QS SDC1702 450 
AD2008 DAC·12QZ SDC1704 451 
AD2009 DAC·20 SDCI725 452 
AD2016 DAC7ln2 SDCl726 453 
AD2020 . DAC·86 SDC1768 458 
AD2033 DAC·88 SHA·5 460 
AD2040 DAC·89 SHA·l134 603 
AD3554 DAC·210 SHA·l144 751 
AD3860 DAC·888 SMP·81 756 
ADS200 Series DAC1108 STM Series 903 
ADS210 Series DAC1136 SW-01/02 906 
AD7110 DAC1138 SW·7510n511 2B24 915 
AD7240 DAC1146 2B34 926 
AD7520 DAC·1408A 2B35 947 
AD752 1 DAC1420 2B50 959 
AD7522 DAC1422 2B52 968 
AD7523 DAC1423 2B53 972 
AD7525 DAG1508A 2B56 
AD7530 DAC·8212 2B57 
AD7531 DAS1l28 2B58 
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Substitution Guide for Product Families 
No Longer Available 

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further 
information, contact your local sales office. 

Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

ADl 08/208/308 AD705 AD2037 None AMP-OIBX AMP-OIAX 
AD 108A1208A1308A AD705 AD2038 None AMP-OIBXl883C AMP-OIAXl883C 
ADl11l2111311 AD790 ADSOIO/6020 AD9000 AMP-05BX AMP-05AX 
AD345 AD132111322 AD6012 ADS65A AMP-05BXl883C AMP-05Z/883C 
AD351 AD790 AD7115 AD7111 APIl620/1718 Consult ADI 
AD362 AD1362 AD7513 ADG201A BDM 1615/16/17 None 
AD376 AD1376 AD75 16 AD7510DI BUF-03BJ/883C BUF-03AJ/883C 
ADSOI AD711 AD7519 None CA V-09201l020 AD9020/9060 
ADS02 AD711 AD7527 AD7548 CAV-1202 AD9005 
ADS05 ADS09 AD7544 AD7548 CAV-1205 AD9005 
ADS08 ADS17 AD7555 ADl175K CMP-OIZ CMP-OlJ 
ADS 11 AD711 AD7560 None CMP-05BJ CMP-05Cj 
ADS 12 AD711 AD7570 AD7579/AD7580 CMP-05BZ CMP-05CZ 
AD513 AD711 AD7571 AD75791 AD7580 CMP-05GJ CMP-05CJ 
AD514 AD711 AD7583 AD7880+MUX CMP-404BY CMP-404AY 
AD516 AD711 AD9011 AD9002 CMP-404BY 1883C CMP-404A Y 1883C 
ADS20 ADS24 AD952 1 AD640 DAC-02ACXl DAC-02CCXl 
AD523 AD549 AD9615 AD96l11AD9617 DAC-05AXI DAC-02CCXl 
ADS28 AD711I744 AD9685 AD96685 DAC-05EXl DAC-02CCXl 
ADS30 AD533 AD9687 AD96686 DAC-IOBX DAC-IOFX 
AD531 AD532 AD9688 AD9002lAD9028 DAC-IOCX DAC-IOGX 
ADS40 ADS44 AD ADC-816 AD7820/AD7821 DAC-lODF ADS68 
ADS59 ADS57/ADS58 ADC-8S AD673 DAC-IOH DAC-lOZ 
ADS65 AD565A ADC-lOZ ADS74A DAC-l4QM DACl136 
AD566 AD566A ADC-12QL AD7578 DAC-16QM DAC1l36 
AD612 AD524 ADC-12QZ ADS74A1AD674A DAC-IOOAAQ7 DAC-IOOACQ7 
AD614 AD524 ADC-14I/l7I AD1170 DAC-100AAQ8 DAC-IOOACQ8 
AD689 AD586 ADC-1100 AD7550/AD7552 DAC-IOOABQ7 DAC-IOOACQ7 
AD801 AD711 ADC1102 AD7870 DAC-IOOABQ8 DAC-IOOACQ8 
AD810-813 None ADC1103 AD7572A DAC-lOOBBQ51 DAC-lOOACQ51 
AD814-816 None ADC1105 AD7550/AD7552 883C 883C 
AD818 None ADC1109 AD7572A DAC-lOOBCQ7 DAC-lOOBBQ7 
AD820-822 None ADCllll AD574A DAC-100DDQ7 DAC-lOOCCQ7 
AD830-833 None ADC112 1 AD7880 DAC-312BR DAC-312ER 
AD835-839 None ADC1123 AD7880 DAC-888AX DAC-888EX 
AD1145 AD7846 ADCl133 AD574A DAC-888BX DAC-888EX 
ADl408 AD558 ADC-QM AD574A1AD674A DAClO09 AD767 
AD1508 AD558 ADC-QU AD574A1AD674A DAC1106 AD568 
ADl678 AD678 AD DACIOO AD561 DACl112 DAC12QS • ADl679 AD679 ADG200 None DACl118 AD767 
ADl779 AD779 ADG201 ADG201A DAC1122 AD7541A 
AD2003 AD2021 ADLH0032G/CG AD843 DAC1125 AD7533 
AD2022 None ADLH0033G/CG AD9620/AD9630 DAC1l32 AD667 
AD2023 None ADM501 None DAC-1408-6P DAC-1408-8P 
AD2024 None ADP501 None DAC-1408-7P DAC-1408-8P 
AD2025 None ADREFOI REF-Ol DAC-1408-7Q DAC-1408-8Q 
AD2027 . None ADREF02 REF-02 DAC-1408-GQ DAC-1408-8Q 
AD2028 . None ADSHC-85 AD585 DAC-1508A-8Q DAC-1408-8Q 
AD2036 None ADSHM-5 HTC-0300A DRC1605/06 DRC1705/06; SDC1740 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

DRCI76S/66 AD2S6S/66 OP-02EZ OP-177GZ PM-IS7J PM-17SJ/883C 
DSCI60S/06 DSCI70S/06; SDCI740 OP-02J OP-02AJ PM-IS7J/883C PM-IS7 AJ/883C 
DSCl76S/66 AD2S6S/66 OP-02l883C OP-02AZ1883C PM-208AJ PM-I08AJ/883C 
DTM17l6l17 AD2S6S/66 OP-04DY OP-04CY PM-208AZ PM-I08AZ 
HAS-0802 HASl202A OP-04GBC OP-04NBC PM-308AZ PM-lOO8GZ 
HAS-lOO2 HASl202A OP-04Y/883C OP-04AY 1883C PM-308J PM-lOO8G 
HAS-1202 HASl202A OP-OSZ OP-OSAZ PM-4136RC OP-IIARC/883C 
HDD-IOIS AD9712A OP-OS/883C OP-OSAZl883C PM-S62AV PM-S62HV 
HDD-I409 None OP-06BJ/883C OP-06AJ/883C PM-S62BV PM-S62HV 
HDG-080S AD9701 OP-06EZ OP-06GZ PM-S62FV PM-S62HV 
HDH-0802 AD9713A OP-06FZ OP-06GZ PM-S62GV PM-S62HV 
HDH-lOO3 AD9713A OP-08AJ PM-lOO8AJ PM-74IJ OP-02AJ 
HDH-120S AD9713A OP-08AJ/883C PM-lOO8AJ/883C RACl763 None 
HDL-380S ADV4S3/ADV478 OP-08AZ1883C PM-lOO8AZ1883C RDCI602I03 RDCl702l03 
HDL-3806 ADV4S3/ADV478 OP-08CZl883C PM-lOO8AZ1883C RDC1711 None 
HDM-1210 AD668/AD9713A OP-08EJ PM-lOO8EJ RDCI721 AD2S46 
HDS-0810E AD9712A OP-08EZ PM-lOO8EZ RDCl767 RDCl768 
HDS-0820 AD9713A OP-09ARc/883C OP-IIARC/883C RSCTl621 AD2S80Al82A 
HDS-IOISE AD9712A OP-09FY OP-09EY RTI-1200 RTI-711 Series 
HDS-102S AD9713A OP-12BZ OP-12AZ RTI-1201 RTI -711 Series 
HDS-12S0 AD6681AD9713A OP-12CZ OP-12AZ RTI-1202 R TI-711 Series 
HOS-lOOAH/SH None OP-12GZ OP-12FZ RTM1630-34 RTMl680183 
HOS-200 AD9620130 OP-14DZ OP-I4CZ RTMl636 Consult ADI 
HTC-0300 HTC-0300A OP-I4GRBC OP-I4GBC RTM1660/63nIl72 Consult ADI 
HTC-OSOO HTC-0300A OP-14J/883C OP-14AJ/883C RTMl679 None 
IPA-17S1 IPA-1764 OP-ISBJ OP-ISAJ RTM1681186187/89 Consult ADI 
IRDCl730-33 AD2S80Al82A OP-ISBZ OP-ISAZ RTMl690196 Consult ADI 
MAH-0801 AD900S OP-16BJ OP-16AJ RTMl697 None 
MAH-IOOI AD900S OP-17BZl883C OP-17 AZl883C RTM1736137 RDCI740 + CCT 
MAS-0801 AD900S OP-17CJ OP-17AJ SACl763 None 
MAS-IOOI AD900S OP-17FJ OP-17EJ SBCDl7S2IS3IS6IS7 None 
MAS-1202 AD900S OP-17FZ OP-17EZ SCDXl623 None 
MAT-01l883C MAT-OIAH/883C OP-2OCJ OP-20BJ SCMI677 None 
MAT-02BH MAT-02AH OP-2IGRBC OP-2IGBC SDCI602I3/4 SDC1702l03/04140 
MAT -02BHl883C MA T-02AHl883C OP-2ISBJ OP-2ISAJ SDCI711 None 
MATV-0811 AD9012148 OP-2ISBJ/883C OP-2ISAJ/883C SDCI721 AD2S46 
MATV-0816 AD9012148 OP-2ISBZ OP-2ISAZ SDCl767 SDCl768 
MATV-0820 AD9012148 OP-2ISCZl883C OP-2ISBZl883 SERDEX jiMAC-SOOO 
MCI-1794 AD2S80Al82A OP-2IBJ OP-2IAJ SHA-IA ADS8S 
MDA Family AD9712A113A OP-2IBZ OP-2IAZ SHA-2A AD78 I 
MDH Family AD9712A113A OP-2IEJ OP-2IAJ SHA-3 ADS8S 
MDMS Family AD9712A113A OP-220BJ OP-220AJ SHA-4 ADS8S 
MDS Family AD9712A113A OP-22A] OP-22AJ/883C SHA-6 ADllS4 
MDSL Family AD9712A113A OP-22EJ OP-22AJ/883C SHAll14 ADS8S 
MOD-lOOSI20 .AD9020160 OP-32BZ OP-32AZ SMP-IOBY SMP-IOAY 
MUX-08AQ MUX-08BQ OP-32BZl883C OP-32AZ1883C SMP-IOBY/883C SMP-IOAY/883C 
MUX-24AQ MUX-24EQ OP-32FZ OP-32EZ SPA-1695 None 
MUX-24BQ MUX-24FQ OP-SOBY OP-SOAY SSCfl62I AD2S80Al82A 
MUX-16AT MUX-16ET OP-SOBY/883C OP-SOAY/883C SSCf1622123 None 
MUX-16BT MUX-16FT OSC-17S4 OSC-17S8 STM1630-34 STMl680/83 
OP-OIHJ OP-OlJ PKD-OIBY PKD-OIAY STMl636 Consult ADI 
OP-OIHZ OP-OIHP PKD-OIBY/883C PKD-OIAY/883C STM1660/63nIl72 Consult ADI 
OP-02BJ OP-02AJ PM-lllY PM-lllJ STMl679 None 
OP-02BJ/883C OP-02AJ/883C PM-llY/883C PM-lllJ/883C STM1681186187/89 Consult ADI 
OP-02EJ OP-07DJ PM-139AY PM-139AY/883C STMl690196 ConsultADI 
OP-02EP OP-I77GP PM-IS6AZ PM-IS6AZ1883C STMl697 None 
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Closest Closest 
Recommended Recommended 

Model Equivalent Model Equivalent 

STM1736/37 SDCI740 + CCT 311 ADS49 
SW-OIBQ SW-01FQ 350 None 
SW-751OAQ SW-7510EQ 424 435/AD534 
SW-7510BQ SW-7510FQ 426 AD534 
SW-7511AQ SW-1577BQ 427 None 
THC-Family HTC-0300A 428 ADS38 
THS-Family HTC-030OA 432 None 
TSLl612 Consult ADI 454 AD537 
lS10/20 lS4O; AD2S80Al82A 456 AD537 
1 S 14124/44/64 lS74 602]10 AD524 
lS61 lS6O; AD2S80Al82A 602JIOO AD524 
2S20 AD2S80Al82A 602K100 AD524 
5S70/5S72 AD2S75 603 AD524 
9S70mm None 60S AD524 
9S75n6l79 None 606 AD625 
41 AD515A 610 AD625 
42 ADS49 752 759 
43 AD549 901 904 
47 AD845 907 921 
48 AD845 908 921 
52 AD707 909 921 
102 AD845 931 None 
106 118 932 None 
107 118 933 None 
108 AD845 935 None 
110 AD845 942 None 
120 50 944 None 
141 40 946 None 
142 AD845 948 947 
143 AD845 950 None 
146 AD382 956 None 
149 50 971 921 
153 ADS 17 
161 None 
163 None 
165 None 
170 None 
180 AD OP-07 
183 184 
220 234 
230 235 
231 233 
232 235 • 233 None 
260 AD707 
272 None 
273 None 
276 None 
274J 284J 
279 286J 
280 281 
282J 292A 
283J 292A 
287 None 
301 310 (Module) 
302 310 (Module) 
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Technical Publications 
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial pUblications: Analog Productlog, a 
digest of new-production information; DSPatch'" , a newsletter 
about digital signal-processing (applications); Analog Briefings8, 
current information about products for military/avionics and the 
status of reliability at AD!; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 

In addition to the free publications, a group of technical refer
ence books are available at reasonable cost. Subsystem products 
are supported with hardware, software, and user documentation, 
at prices related to content. 

Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 
Data Acquisition Products Databooks. Contain selection 
guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem com
ponents recommended for new designs. The current series 
consists of: 

DATA CONVERTER REFERENCE MANUAL-1992: 
Volumes I and 2. Data sheets and selection guides on AID and 
D/A Converters, VIF and FN Converters, SynchrolResolver-to
Digital Converters, SamplelTrack-Hold Amplifiers, Switches 
and Multiplexers, Voltage References, Data-Acquisition Sub
systems, Analog 1/0 Ports, Communications Products, Bus In
terface and 110 Products, Application-Specific ICs, Digital Panel 
Meters, Power Supplies. (Available FREE) 

LINEAR PRODUCTS DATABOOK-199011991. Data Sheets 
and Selection Guides on Op Amps, Instrumentation Amplifiers, 
Isolators, RMS-to-DC Converters, MuitiplierslDividers, Log! 
Antilog Amplifiers, Comparators, Temperature-Measuring Com
ponents and Transducers, Special Function Components, Digital 
Panel Instruments, Signal-Conditioning Components and Sub
systems, Mass Storage Components, ATE Components, Auto
motive Components, Bus Interface and Serial 110 Products, 
Application Specific ICs. (Avai1able FREE.) 

AUDIOIVIDEO REFERENCE MANUAL-SSM Audio Prod
ucts from AD!,s PMI Division: VCAs, Surround-Sound Decoder, 
Audio Preamplifiers, Audio Switches, Line DriverlReceiver, 
Audio Op Amps, Matched Transistors, Level Detection System, 
Voltage-Controlled Filters, Log Conversion Amplifier, Multi
plexed SampleIHold, plus 19 Application Notes. 

MILITARY PRODUCTS DATABOOK-1990 (in two vol
umes) Information and data on products avai1able with process
ing in accordance with MIL-STD-883. 

Volume 2: PMI Division products-including Class S 
Volume 1: All other Analog Devices products 

DATA-ACQUISITION AND CONTROL CATALOG-1990. 
Tutorial and Configuration Guide, with Product Reference 
and Index. Bus-Compatible 110 Boards for: IBM PS/2,* IBM 
PClXT/AT,* STD Bus, VMEbus, MULTIBUS.t Distributed 
110 Subsystems-flXed-function front ends, programmable 
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units, and distributed control systems. Modular Signal Condi
tioners-analog and digitizing. Analog Signal-Conditioning 
Panels-isolated and nonisolated. Digital Subsystems-16- and 
24132-channel. Software-DOS drivers and applications 
packages. 

POWER SUPPLIESt-Linear Supplies-DC-DC Converters. 
12-page Short-Form Catalog listing AO'DC Power Supplies, 
Modular DC'DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES 
Available individually upon request: 

AID Converters 
"AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 
Imaging Applications" [EI455] 
"AD7672 Converter Delivers 12-Bit 200-kHz Sampling 
Systems" [E1313] 
"Asynchronous Clock Interfacing with the AD7878" [E1334] 
"Bipolar Operations with the AD7572" [EI010] 
"Evaluation Board for the AD7701lAD7703 Sigma-Delta 
AID Converters" [EI483] 
"FIFO Operation and Boundary Conditions in the AD1332 
and AD1334" [El355] 
"How to Obtain the Best Performance from the AD7572" 
[EI038] 
"Implement Infinite Sample-and-Hold Circuits Using 
Analog Input/Output Ports" [El359] 
"Simple Circuit Provides Ratiometric Reference Levels for 
AD782X Family of Half-Flash ADCs" [EI412] 
"Simultaneous and Independent Sampling of Analog Signals 
with the AD1334" [El358] 
"The AD7574 Analog-to-Microprocessor Interface" [E694] 
"Using Multiple AD1334s in Many-Channel Synchronous 
Sampling Applications" [EI435] 

Amplifiers 
"A Balanced-Input High-Level Amplifier" [AN-l12] 
"Active Feedback Improves Amplifier Phase Accuracy" 
[AN-I07] 
"AD9617/AD9618 Current-Feedback Amplifier Macro
Models" [EI460] 
"An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"An Ultralow-Noise Preamplifier" [AN-136] 
"An Unbalanced Virtua1-Ground Summing Amplifier" 
[AN-113] 
"Applications of High-Performance BiFET Op Amps" [E727] 
"CMOS DACs and Operational Amplifiers Combine to 
Build Programmable-Gain Amplifiers" (in 2 parts: I and II) 
[EI073A and E1l10] 

Analog BriefiDgs is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
Word-Slice is a registered trademark of Analog Devices, Inc. 

*PClXT/AT, PS/2 and Micro Channel are trademarks of International 
llusiDeas Machines Ccnporation. 

tMUL TlBUS i. a trademark of Intel Corporation. 
fI'his.publication is available in North America only. 



"How to Test Basic Operational Amplifier Parameters" 
[AN-201] 
"JFET-Input Amps Are Unrivalled for Speed and Accuracy" 
[AN-I08] 
"Low-Cost Two-Chip Voltage-Controlled Amplifier and Video 
Switch" (ADS39) [AN-213] 
"Using the AD9610 Transimpedance Amplifier" [EI097] 
"Very Low-Noise Operational Amplifier" (OP-27) [AN-I02] 

Analog Signal-Processing and Measurement 
"A Function Generator and Linearization Circuit Using the 
AD7569" [E1369] 
"Precision Surface Measurements Using the AD2S58" 
[EI486] 
"RMS-to-DC Converters Ease Measurement Tasks" 
[EI519] 
"Understanding and Applying the AD73411AD7371 
Switched-Capacitor Filters" [E1373] 

Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 
[AN-122] 
"A Constant-Power 'Pan' Control Circuit for Microphone 
Audio Mixing" [AN-123] 
"A High-Performance Compandor for Wireless Audio 
Systems" [AN-133] 
"An Automatic Microphone Mixer" [AN-134] 
"An Ultralow Noise Preamplifier" [AN-136] 
"A Precision Sum and Difference (Audio Matrix) Circuit" 
[AN-129] 

"A Two-Band Audio Compressor/Limiter" [AN-130] 
"A Two-Channel Dynamic Filter Noise Reduction System" 
[AN-l25] 
"High Performance Stereo Routing Switcher" [AN-121] 
"Interfacing Two 16-Bit ADl856 (ADl851) Audio DACs with 
the Philips SAA7220 Digital Filter" [AN-207] 
"Three High-Accuracy RlAAlIEC MC and MM Phono 
Preamplifiers" [AN-124] 

D/A Converters 

"AD7528 Dual 8-Bit CMOS DAC" [E757] 
"Analog Panning Circuits Provide Almost Constant Output 
Power" [AN-206] 
"Circuit Applications of the AD7226 Quad CMOS DAC" 
[E873] 
"CMOS DACs and Operational Amplifiers Combine to Build 
Programmable-Gain Amplifiers" (in 2 parts: I and II) 
[EI073A and ElllO] 
"Dynamic Performance of CMOS DACs in Modem 
Applications" [ElI72] 
"8th Order Programmable Low-Pass Filter Using Duall2-Bit 
DACs" [AN-209] 
"Exploring the AD667 12-Bit Analog Output Port" [E875] 
"14-Bit DACs Maintain High Performance Over Extended 
Temperature Range" [E987] 
"Gain Error and Tempco of CMOS Multiplying DACs" 
[E63OC] 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 
D/A Converters and Control the Lot with Only Two Wires" 
[E909] 

"Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 
and MCS-51 Microcomputer Families" [E941] 
"Replacing the AD1I45 with the AD7846" [EI467] 
"Simple Interface Between D/ A Converter and Microcomputer 
Leads to Programmable Sine-Wave Oscillator" (AD7542) 
[E889] 
"The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges" [E910] 
"Three-Phase Sine-Wave Generation Using the AD7226 Q1wi 
DAC" [E924] 
"Understanding and Preventing Latchup in CMOS DACs" 
[AN-109] 
"Voltage Adjustment Applications of the DAC-8800 
TrimDAC", an Octal 8-Bit D/A Converter" [AN-142] 

Digital Signal-Processing 
"Considerations for Selecting a DSP Processor" (ADSP-2100A 
vs. TMS320C25) [E1306] 
"Considerations for Selecting a DSP Processor" (ADSP-2101 
vs. WE DSPI6A) [El446] 
"Considerations for Selecting a DSP Processor" (ADSP-2101 
vs. TMS320C50) [E1558] 
"Implement a Cache Memory in Your Word-Slice® System" 
[EI062] 
"Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer" [E 1 059] 
"Using Digitally Programmable Delay Generators" [EI518a] 
"Variable-Width Bit Reversing with the ADSP-1410 Address 
Generator" [El061] 

Disk-Drive Electronics 
"Microstepping Drive Circuits for Single Supply Systems" 
[EI229A] 
"Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control" [EI236] 

Modelling 
"AD9617/AD9618 Current-Feedback Amplifier Macro
Models" [EI460] 
"OP-42 Advanced SPICE Macro-Model" [AN-1I7] 
"OP-64 Advanced SPICE Macro-Model" [AN-lIO] 
"OP-260 Advanced SPICE Macro-Model" [AN-l26] 
"OP-400 SPICE Macro-Model" [AN-120] 
"OP-470 SPICE Macro-Model" [AN-132] 
"SPICE-Compatible Op Amp Macro-Models" [AN-138] 

Power Supply 
"A Low-Voltage Power Supply Watchdog Monitor Circuit" 
[AN-139] 

Practice 
"An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"How to Reliably Protect CMOS Circuits Against Power
Supply Overranging" [CI499] 

Repeater Circuits 
"Improved Tl48 (CEPT) PCM Repeater for #22AWG 
(0.7mm) Unshielded Twisted-Pair Wire" [AN-1I9] 

Resolver (Synchro) to Digital Conversion 
"Circuit Applications of the 2S81 and 2S80 Resolver-to
Digital Converters" [E1I40] 
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"Dynamic Characteristics of Tracking Converters" [E1l41] 
"Dynamic Resolution-Switching on the IS74 Resolver-to
Digital Converter" [E919] 
"Using the 2S80 Series Resolver-to-Digital Converters with 
Synchros: Solid-State Scott-T Circuit" [E1361] 
"Why the Velocity Output of the IS74 and IS64 Series RID 
Converters is Continuous and Step-Free Down to Zero 
Speed" [E893] 

Sample-Holds 
"Applying IC Sample-Hold Amplifiers" [E931] 
"Generate 4 Channels of Analog Output UsingAD7542 12-Bit 
D/A Converters and Control It All with Only Two Wires" 
[E909] 
"Implement Infinite Sample-and-Hold Circuits Using Analog 
Input/Output Ports" [E1359] 

Switches and Multiplexers 
"ADG201Al202A and ADG2211222 Perfortnance with 
Reduced Power Supplies" [EI052] 
"Bandwidth, OFF Isolation, and Crosstalk Performance of the 
ADG5XXAA Multiplexer Series" [EI340] 
"Overvoltage Protection for the ADG5XXA Multiplexer 
Series" [EI237] 
"RoN Modulation in CMOS Switches and Multiplexers; What 
it Is and How to Predict its Effect on Signal Distortion" 
[EI470] 

Temperature Meas~ment 
"A Cost-Effective Approsch to Thermocouple Interfacing in 
Industrial Systems" [E730] 
"Use of the AD590 Temperature Sensor in a Remote Sensing 
Application" [E920] 

V/F Converters 
"Analog-to-Digital Conversion Using Voltage-to-Frequency 
Converters" [E994A] , 
"Operation and Applications of the AD654 IC V-to-F 
Converter" [E923] 
"Using the AD650 Voltage-to-Frequency Converter as a 
Frequency-to-VoltageConverter" [EI539] 

Video Applications 
"Animation Using the Pixel Read Mask Register of the 
ADV47X Series of Video RAM-DACs" IE1316] 
"Changing Your VGA Design from a 171/176 to an 
ADV471" [EI260] 
"Design and Layout of a Video Graphics System for 
Reduced EMI" [E1309] 
"Improved PCB Layouts for Video RAM-DACs Can Use 
Either PLCC or DIP Package Types" [EI225] 
"Low Cost Two-Chip Voltage-Controlled Amplifier and 
Video Switch;" (AD539) [AN-213] 
"The AD9502 Video Signal Digitizer and Its Applications" 
[E1l73] 
"Video Formats & Required Load Terminations." [AN-205] 

APPUCATION GUmES 
Analog CMOS Switches and Multiplexers. A 16-page short~form 
guide to high-speed CMOS switches, CMOS switches with di
electric isolation and CMOS multiplexers. Also included are reli
ability data and information on single-supply operation. 
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Applications Guide for I solation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, instru
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989-64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

ESD Prewntion Manual.,.. Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed AID and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin lind L. Counts (1986-61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Sur/au Mount IC:j:-A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DIGITAL SIGNAL PROCESSING MANUALS 
Available at no charge for single copies; write on letterhead. 

ADSP-2JOlIADSP-2102 USER'S MANUAL-Architecture. 
[Fixed-point processor] Introduction; Computational Units; 
Data Moves, Program Control; Timer; Serial Ports; System In
terface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 190 pages. 

ADSP-2111 USER'S MANUAL-Architecture.' [Fixed-point 
processor] Introduction; Computational Units; Data Moves; Pro
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 218 pages. 

ADSP-2J020 USER'S MANUAL. [Floating-point processor] 
Introduction; Computational Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction Summary; 
Assembly Programmer's Tutorial; Hardware System Configura
tion; Appendixes; Index. 394 pages. 

TECHNICAL REFERENCE BOOKS 
Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 9 
books is $166.00-a bargain for your department's library (in 
effect, the nonlinear, transducer, and high-speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or FAX (617)821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 

fI'his pubncation is available in North America only. 



ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to AID and D/A converters and 
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro
resolver, VIF, high-resolution, and logarithmic converters, ICs 
for DSP, I.ld a "Guide for the Troubled." Seven of its 22 chap
ters are totally new. $32.95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS US
ING THE ADSP-2100 FAMILY, by the Applications Staff of 
Analog Devices, DSP Division; edited by Amy Mar (628 pages). 
Englewood Cliffs NJ: Prentice Hall (1990). Bridge the gap be
tween DSP algorithms and their real-world implementation on 
state-of-the-art signal processors. Each chapter tackles a specific 
application topic, briefly describing the algorithm and discussing 
its implementation on the ADSP-2100 family of DSP chips. 
Comprehensive source-code listings are complete with comments 
and accompanied by explanatory text. Programs are listed on a 
pair of supplementary diskettes-furnished with the book. Ap
plication areas include fixed- and floating-point arithmetic, func
tion approximation, digital ftlters, one- and two-dimensional 
FFTs, image processing, graphics, LP speech coding, PCM, 
ADPCM, high-speed modem algorithms, DTMF coding, sonar 
beamforming. Additional topics include memory interface, mul
tiprocessing, and host interface. The book can serve as a com
panion to Digital Signal Processing in VLSI. Price includes 
diskettes. $38.00 

DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs-and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 

NEW-DIGITAL SIGNAL PROCESSING LABORATORY 
Using the ADSP-2101 Microcomputer, by Vinay K. Ingle and 
John G. Proakis (Northeastern University). Englewood Cliffs 
NJ: Prentice Hall (1991). Contents: Introduction to the ADSP-
2100/2101 fanilly; ADSP-2101 instruction set overview; Over
view of development tools; Getting started with the ADSP-2101; 
Laboratory experiments using the ADSP-2101; FIR ftlter imple
mentation; IIR ftlter implementation; Fast Fourier transform 
im;:;lementation; Applications in communications; Adaptive ftl-
ters and their applications; References; Index. $24.00 

HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor devices in processing of analog sig
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high-
speed techniques. $20.00 

NEW-MIXED-SIGNAL DESIGN SEMINAR, published by 
Analog Devices (1991). Contents: Introduction to mixed-signal 
processing of real-world signals and signal conditioning; Linear 
and nonlinear analog signal processing; Fundamentals of 
sampled-data systems; ADCs for DSP applications; DACs for 
DSP applications; Sigma-delta ADCs and DACs; Digital signal
processing techniques; DSP hardware; Interfacing ADCs and 
DACs to digital signal processors; Mixed-signal processing appli
cations; Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, perfOmtance, speci
fications, testing, and application of these devices-contains 325 
illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor
wood MA: Analog Devices, Inc. (1980). A book for the elec
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages tell 
how transducers work-as circuit elements-and how to connect 
them to electronic circuits for effective processing of their 
signals. $14.50 

*Indnctosyn is a registered trademark of Farrand Industriest Inc. 
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Worldwide Sales Directory 
North American Sales Offices and Representatives 
Alabama Georgia Michigan New York Texas 

(205) 536-1506 (404) 497-9404 (313) 489-1500 (516) 673-1900 *(214) 231-5094 

Alaska *(404) 263-7995 *(313) 348-5795 (716) 381-9100 Utah 
*(206) 575-6344 Hawaii Minnesota North Carolina (801) 466-9336 
*(714) 641-9391 *(714) 641-9391 (612) 835-2414 (919) 373-0380 Vermont 
Arizona Idaho Mississippi (704) 846-1702 *(617) 329-4700 

(602) 949-0048 (303) 443-5337 (205) 536-1506 North Dakota Virginia 
Arkansas *(206) 575-6344 Missouri (612) 835-2414 *(301) 992-1994 
*(214) 231-5094 Illinois (314) 521-2044 Ohio Washington 
California (708) 520-0710 (913) 829-2800 (216) 247-0060 *(206) 575-6344 
*(714) 641-9391 Indiana Montana *(614) 764-8795 

West Virginia 
*(408) 559-2037 (317) 244-7867 (801) 466-9336 Oklahoma (412) 745-8441 
*(619) 268-4621 Iowa *(714) 641-9391 *(214) 231-5094 *(614) 764-8795 
Colorado (319) 373-0200 Nebraska Oregon Wisconsin 

(303) 443-5337 Kansas (913) 829-2800 *(206) 575-6344 (414) 784-7736 
*(303) 666-8874 (913) 829-2800 Nevada Pennsylvania Wyoming 
Connecticut Kentucky 

(505) 828-1300 (412) 745-8441 (801) 466-9336 
(516) 673-1900 (615) 459-0743 

*(408) 559-2037 *(215) 643-7790 
(203) 431-4151 *(714) 641-9391 Puerto Rico 

*(617) 329-4700 Rhode Island *(617) 329-4700 *(617) 329-4700 New Hampshire *(617) 329-4700 Louisiana *(617) 329-4700 Canada Delaware *(214) 231-5094 South Carolina (416) 821-7800 *(215) 643-7790 
Maine 

NawJersey (919) 373-0380 (613) 564-0014 
Florida *(617) 329-4700 

(201) 761-1846 
South Dakota (514) 697-0801 (201) 972-7788 (407) 855-0843 

Maryland (516) 673-1900 (612) 835-2414 (604) 465-6892 
(407) 724-6795 
(813) 963-1076 *(301) 992-1994 *(215) 643-7790 Tennessee Mexico 

(904) 994-0599 Massachusetts New Mexico (205) 536-1506 *(617) 329-4700 

*(407) 660-8444 *(617) 329-4700 (505) 828-1300 (615) 459-0743 

North American Distributors 
Alliance Electronics (505) 292-3360, Allied Electronics (817) 595-3500, Anthem Electronics (408) 453-1200, Bell Industries (213) 826-
6778, Future Electronics (Canada) (514) 694-7710, Future Electronics (U.S.A.) (508) 779-3013, Hall-Mark Electronics (214) 343-5000, 
Newark Electronics (312) 784-5100, Pioneer Standard Electronics (216) 587-3600 and Pioneer Technologies Group (301) 921-0660. 

International Direct Sales Offices 
India (812) 567201;* Japan, Tokyo (3) 32636826,* Osaka (6) 3721814;* Korea, (2) 5543301* 

International Distributors 
Australia 
N. S. D. Australia 
Melbourne 
(3) 8900970 

Sidney 
(2) 646-5255 

Brisbane 
(7) 845-1911 

Adelaide 
(8) 211-8499 

Brazil 
Hicad Sistemas Ltda. 

(11) 531-9355 

Hong Kong 
General Engineers 
Hong Kong 
8339013 

Tektron Electronics 
(HK) Ltd. 
388-0629 

India 
Pune 

(212) 342150 
New Delhi 

(11) 6862460 
Bangalore 
(812) 560506 

*Analog Devices, Inc., Direct Sales Offices 
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Malaysia 
Excelpointe Systems 
PTE 

(65) 2848537 
(Singapore) 

Mexico 
Canadien 

(83) 652020 

NewZaaland 
N. S. D. Australia 

(61 3) 8900970 

People's Republic of 
China - Beijing 
Excelpoint Company 
Limited 

(1) 8498888 Ext 20635 

Singapore 
Excelpointe Systems 
PTE 
2848537 

South Africa 
Analog Data Products 
CC 

(11) 444-8160 

Teiwan 
Andev Technology 
Co., Ltd. 

(2) 763-0910 
MSI International 
Corp. 

(2) 719-8419 
Jeritron Ltd. 

(2) 88 20710 



European Direct Sales Offices 
Austria Germany Israel Sweden Birmingham 
Tel (222) 88 55 04-0 Munich Tel (52) 911 415 Tel (8) 282 740 Tel (021) 501 1166 
Fax (1) 88 55 04 85 Tel (89) 57 005-0 Fax (52) 914261 Fax (8) 292 842 Fax (021) 585 5503 

Belgium Fax (89) 57 005 157 Italy Switzerland Scotland 

Tel (3) 237 1672 Berlin Milan Zurich Tel (0506) 303 06 

Fax (3) 237 84 12 Tel (30) 391 90 35 Tel (2) 66500120 Tel (1) 820 01 02 Fax (0506) 372 25 

Denmark 
Fax (30) 392 80 11 Fax (2) 614 12 32 Fax (1) 820 26 01 Southern Area, Walton 

Tel (42) 84 58 00 
Hamburg Turin Morges Tel (0932) 246 200 

Fax (42) 84 03 22 
Tel (4181) 8051 Tel (11) 287 789 Tel (21) 803 25 50 Fax (0932) 224 660 
Fax (4181) 8058 Fax (11) 248 1235 Fax (21) 803 25 52 Sales, Walton 

France Cologne Rome Baar Tel (0932) 253 320 
Antony Cedex Tel (221) 68 60 06 Tel (6) 86 200 306 Tel (42) 330 710 Fax (0932) 253 129 
Tel (1) 46 66 25 25 Fax (221) 680 51 01 Fax (6) 86 200 247 Fax (42) 330 720 Eastern Sales, Harlow 
Fax (1) 46 66 2412 Stuttgart 

Netherlands United Kingdom 
Tel (0279) 418 611 

Meylan Tel (711) 88 11 31 Fax (0279) 430 737 
Tel (76) 41 91 43 Fax (711) 88 1673 Tel (1620) 815 00 Head Office Walton Newbury 
Fax (76) 41 29 90 Fax (1620) 268 19 Tel (0932) 247 401 Tel (0635) 353 35 

Fax (0932) 253 320 Fax (0635) 373 71 

European Distributors 
Austria France Hungary Norway Turkey 
A.D.E.C. SCAIB SMD Technology BIT ELEKTRONIKK Elektro • Istanbul 
Tel (222) 88 92 876-0 Tel (1) 46 87 2313 Tel/Fax (1) 1895815 Tel (3) 847 099 Tel (1) 337 22 45 
Fax (222) 88 92 876 85 Fax (1) 45 60 55 49 Italy Fax (3) 845 510 Fax (1) 3368814 

Belgium RTF Diffusion DeMico Poland It Romania United Kingdom 
Betea Tel (1) 49 65 26 26 Tel (2) 95343600 0.1. Stoits, Vienna Polar Electronics 
Tel (02) 7251080 Fax (1) 49 65 2649 Fax (2) 9522227 Tel (43) 224641 95 Limited 
Fax (02) 725 1080 DIMACEL Special-Ind Fax (43) 22 46 41 97 (0525) 373 839 
Texim Tel (1) 40 87 70 00 Tel (2) 55210574 Portugal Access Electronic 
Tel (02) 460 52 82 Fax (1) 47 37 53 87 Fax (2) 55210612 ATD Electronica Components 
Fax (02) 460 75 85 Verospeed Tecknica DUE Tel (1) 847 2200 (0462) 480888 

Bulgaria 
Tel (44) 84 72 72 Tel (438) 555447 Fax (1) 847 2197 Phoenix Electronics 

0.1. Stoits, Sofia 
Fax (44) 0513 49 Fax (438) 940418 Comelta Limited 

Tel/Fax (92) 890 412 Germany HeJJis S.A.S. Tel (1) 942 4106 (0555) 515 66 

Czechoslovakia 
SPOERLE Elektronik Tel (536) 804104 

Spain 
Arrow Electronics 

Tel (6103) 304·0 Fax (536) 802343 (UK) Limited 
STG ELCON Fax (6103) 304·201 LA Tecknica DUE Comelta (0234) 270 777 
Tel (89) 321 49 SASCO GmbH Tel (11) 2425905 Tel (1) 7543001 Jermyn Distribution 
Tesla Piestany Tel (89) 46 11·0 Fax (11) 2425940 Fax (1) 7542151 (0732) 450 144 
Tel (838) 219 31 Fax (89) 46 11 270 Pantronic S.R.L. Selco 
Fax (838) 237 14 Tel (1) 3264213 USSR 

Semitron Tel (6) 6276209 
Denmark Tel (7742) 70 11 Fax (6) 6272242 Fax (1) 259 2284 Argus Trading 

Tel (95) 945 2777 
MER-ELAIS Fax (7742) 69 01 Netherlands Sweden 
Tel (42) 57 1000 Greece Malchus Integrerad Elektronik Yugoslavia 

Fax (42) 57 22 99 AB ALMA Electronic 
Micrelec Tel (010) 427 77 77 

Tel (8) 80 46 85 Tel (41) 428 678 
Finland Tel (1) 544 27 79 Fax (010) 415 44 66 Fax (41) 428 735 
Oxxo Oy Fax (1) 544 58 62 Texim 

Fax (8) 26 22 86 
Electra· Trieste 

Tel (0) 34 55 377 Tel (05427) 333 33 Switzerland Tel (40) 826 545 
Fax (0) 34 55 471 Fax (05427) 33 888 Eljapex AG Fax (40) 820 739 

Tel (56) 27 57 77 

EUROPEAN HEADQUARTERS 
Fax (56) 26 1486 

EdelsbergstraBe 8-10, SOOO MOnchen 21, Germany 
Tel: (89) 57 005-0, Fax: (89) 57 005·257 

WORLDWIDE HEADQUARTERS 
One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A. 
Tel: (617) 329-4700, (1-800) 262·5643 (U.S.A. only); Twx: (710) 394·6577; Fax: (617) 326·8703; Telex: 924491 10/91 
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A1phanumeric by Model Number 

Model page* 

ACI226 ..........................•......• L 
AC2626 ..................•............... L 

eAD2S34 ...•.......................... C I 3-7 
eAD2S44 ....••..•..••...•..........•. C 13-15 
eAD2S46 ....•.......................• C I 3-23 
eAD2S47 ......•.•.................... C I 3-31 
eAD2S65 ••.............•...•.•....... C I 3-35 
eAD2S66 •...•......•.......•.....•... C I 3-35 
eAD2S75 .......•.......•...•......... C I 3-43 
eAD2S80A .•....•............•.•..•... C I 3-55 
eAD2S81A ......•••.........••...•.... C I 3-71 
eAD2S82A .•.......................... C I 3-71 
eAD2S83 .......•.•.•..•..••.•..••...• C I 3-87 
eAD2S90 ..•.......•...•...•.......... C I 3-93 
eAD2S93 •..••..•••.....••..•.....•.•• C I 3-97 
eAD2S99 ..•......••...•.......•...•. C I 3-101 
eAD2S100 .•.•......•..•.•...........• C I 3-105 
eAD2S110 .......••...•.....•...•..... C I 3-105 
eAD28mspOi .......•..••...•..••....... C I 4-9 
eAD28msp02 .•.••....••...•............ C I 4-25 

ADI0l •.•••......•...•...............•... L 
AD201 ........••.....•...•••••••......... L 
AD202 •..........•...•......••...•...•... L 
AD203 .......•..• , ...•....••....•......... L 
AD204 ........•...........•.•.••......... L 
AD206 .....•.•..•..•.•....•.............• L 
AD208 .......•............•...•.......... L 
AD210 .•...•.•....••....••..........•...• L 

eAD230 ..•....•...................•.. C I 4-29 
eAD231 .••.•••.....•..•••.....•..••.• C I 4-29 
eAD231A ...•••.....•...••........•... C I 4-41 
eAD232 ..••..........•........•...... C I 4-29 
eAD232A ...••..........•.......•..••• C I 4-41 
eAD233 ...•.......•...•.......•..•... C I 4-29 
eAD233A •......•...........•.•.•.•••• C I 4-41 
eAD234 .............................. C I 4-29 
eAD235 .•••.•....••...•......••..•... C I 4-29 
eAD236 '" .•...•...•...•..........••. C I 4-29 
eAD237 ........••.•...•....•.••..•••• C I 4-29 
eAD238 •..••......................•.. C I 4-29 
eAD239 .......•••.•.•....••.••••••••. C I 4-29 
eAD241 •..•....•.•.........•......•.. C I 4-29 

AD293 ........................•••..•..•.. L 
AD294 .....................•......••..•.. L 
AD295 .....•.•.••...•..•••..•.•••.....•.. L 
AD301 .........••...•.•.....•..••..•..••. L 
AD346 .......•.••...•....••....••... C II 4-7 
AD363 •..•............•.........•... C II 7-5 
AD364 .......••••...•....••••...•.•. C II 7-5 
AD365 .•...•.•.•...•...•••.....•......... L 
AD367 .......•.......•...•.............. D 
AD368 •.•...........••...........•.•.... D 
AD369 .......•..........••...•..•...•... D 

eNew product since publication of the most recent Databooks. 

Product Index 
Model Page* 

AD370/371 ..............................•. D 
AD380 ..............•......••.••......... L 
AD381 ......••..•.•.................••..• L 
AD382 •.....•....•..•.......•.•......••.. L 
AD386 .......••....••......•..•.... C II 4-11 
AD389 .......•...•..•.........•...• C II 4-25 
AD390 .•.••............•.•...•••.••. C I 2-23 
AD392 .....•...•....•.....•..•..••...... D 
AD394 .........•...•..•••.....•..... C I 2-31 
AD395 .•.••............•..........•• C I 2-31 
AD396 .........................•••.. C I 2-39 
AD503 ....••........................•.•.• L 
AD504 .•.•...•..••.........•...•......... L 
ADS06 ...•••..•........•............•••.• L 
AD509 .......•.•.•..•......•............. L 
ADSlO ............•..................••.• L 
AD515 •.........•...••.....••........•... L 
AD515A ....•......•.................••.. L 
AD517 .........•...••••.•..•••.••........ L 
AD518 ..........•..••......•.....•...•... L 
AD521 ...............••..•.•.•..•..•..... L 
AD522 •............•.........••..•...•.•. L 
AD524 ......•........••..••..•..•..•...•. L 
ADS26 •.........••..••..•..••..........•. L 
ADS32 .........•......•..•......•.•.••... L 
AD533 •........•....••.....•...•......... L 
ADS34 ..•...•..........•........•.•••••.. L 
AD535 ..•...•.......•••.••.•.•..•...•.... L 
ADS36A ••....•...........•.....•..••••.• L 
AD537 ....•.•...•........•..•....... C II 3-7 
AD538 ...••.•...•......•............••..• L 
AD539 ..•............•...••...•.•..•••.•• L 
AD542 ...••.•••.•.•....•................. L 
AD544 .•...•..•..•••......•••.••.......•• L 
AD545 ..•••.•••.•......•...............•. L 
AD545A ......•..•••......•....•......••• L 
AD546 ...•••.••.•••....•.......••...•..•• L 
AD547 .........•.•••.•....•.••••••.....•• L 
AD548 ...••..•••••.•...•....•.•.....••••• L 
AD549 .....•...•.•.•.••...•••.••••.....•• L 
AD557 .....•.•.••......•..•••••.•... C I 2-43 
AD558 •..........•.•.•••••••••.•.••• C I 2-47 
AD561 .........•....•.....•..••.•... C I 2-55 
AD562 ...............•...•.....•.•.• C I 2-59 
AD563 •............•.•.•........••.. C I 2-59 
AD565A •.............••..•...•.•.•.. C I 2-63 
AD566A .....•..•.•...•.•.•.••.•..... C I 2-63 
ADS67 ..•...•......•......•.........••••• L 
AD568 ••..•••........••............• C I 2-71 
ADS69 ..••...•.•••............•..... C I 2-83 
AD570 ....•...•.•••.•....••...•.•.. C II 2-25 
AD571 .........••..••..•.••••••..•. C II 2-25 
AD572 ....•..••.•••....•••••••••••• C II 2-31 

·c I = Dtna C01IrJeI1er &/...".. M_l, Volume I; C U = Data C01IrJeI1er &/."".. MamuJl, Volume II; D = Data sheet avaiJable, consult factory; 
L = LiMar Prod"",. Databook; P = Prf<iIitm MOIIDlitIHa DiWion Dtnabook. 
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Model Page· 

AD573 ..••..•••...•....••...•...... C II 2-33 
AD574A .......•.....••....•..•••.•. C II 2-41 
AD575 .•••.••••.•.......•...•...... C II 2-53 
AD578 ••.•.•..••.....•••.........•• C II 2-61 
AD579 ..••.••..•..•...••..........• C II 2-61 
AD580 .••.....•.•..•.•.•.•..•.....•. C II 6-5 
AD581 ...•..••.••......•............ C II 6-9 
AD582 •....••.•......••....••....•. C II 4-29 
AD583 ..•...••.••.......•.......... C II 4-33 
AD584 •....••••....•..••...••.....• C II 6-15 
AD585 ......•••.•.•.....•.......... C II 4-35 
AD586 •.....•.•••...........•...... C II 6-23 
AD587 •.....•.•............•.....•• ell 6-31 
AD588 ..•.•••.•.•.•..••.•...•...... C II 6-39 
AD589 ......•........•.....•...•..• ell 6-51 
AD590 •........•....••••...•...••.•.•..•. L 
AD592 .......•..••.••.....••..••..•...... L 
AD5941595 ..•••••.•.......•............•.• L 
AD596/597 ......•..........•..•..•...•.••• L 
AD598 .....•....•..••....•.•..•••.•...... L 
AD611 ••••.•••••••.•...•.•...•..........• L 
AD624 .....•.•..•••••......•..••••....... L 
AD625 ..••...•••••.•.....••.............. L 
AD630 ...........•.••••....••..••.••..•.. L 
AD632 .....•.....•••.....•....•••.•...... L 
AD633 •......•.•....•.......•...•...•••.. L 
AD636 ...........•..•......••...•...•.... L 
AD637 •.....••••.•....•••..........•••... L 
AD639 •....•...•....•••••...•.....••.•••. L 
AD640 •.....•................•......••••. L 
AD642 •.....•..••..•••..•....•.....•••••• L 
AD644 ..•.••.••••.•••...................• L 
AD645 •.•...••••••••...••••........•••.•• L 
AD647 ...••.•..••••••....••...•.......... L 
AD648 •...•..••••••••...•••..•........... L 
AD650 ......•.•.•..•.•••...••...... ell 3-15 
AD651 .••..•..•...•....••..••...•....•.. D 
AD652 ..•....••••••••..••.......•.. C II 3-27 
AD654 •••...•..••.....•••...•...... C II 3-43 
AD664 ..•..•••••••.....••...•....... C I 2-95 
AD667 ......•••.....•.•.•..••....•. C I 2-115 
AD668 •.•.•••...•••.......••....•.. C I 2-123 

eAD669 .••...••••.••...•••.•..•..... C I 2-139 
AD670 ......•••.•••..•.••..••...... C II 2-69 
AD671 .....••.•...•••..•...••..•.•• ell 2-81 
AD673 ..•.•.•••••••.•...••......•.. C II 2-97 
AD674A ....••.•••.......••........• ell 2-105 

eAD674B .••••.•.•...••....••........ C II 2-109 
eAD675 ..............••...•.•....... C II 2-121 
eAD676 •••.••••.••••••••••••••..••.• C II 2-123 

AD678 ...............••••..•...••• ell 2-137 
AD679 ..............•••••.•••.•.••• C II 2-149 
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eAD680 ..••..••••..............•...• C II 6-55 
eAD682 ..•...•...................... ell 4-41 

AD684 ...•...••.•.........•••••.... C II 4-49 
eAD688 ......••......•............•. C II 6-63 

AD693 .•..........•.•.••.••.......•...... L 
AD694 ...........•......•....•..••..•...• L 
AD704 ............•.•.•••••.......•...... L 
AD705 ..........................••....... L 
AD706 ..••..........•.••.••.......•...... L 
AD707 ................•......•...•....... L 
AD708 ..•....•........................... L 
AD711 ......•....•....................... L 
AD712 ..•.........•..•••.••...........•.. L 
AD713 .....••..•.•.............••...•...• L 
AD734 •.......••.•.•..•••.•••..•.•....... L 
AD736 .•....•....•......•............•..• L 
AD737 •....•..••.........•.••.••....•. , .• L 
AD741 .•....•..•.•••....•.•..........•... L 
AD743 ........••.•..................•.... L 
AD744 .•....•..•.•••....•.•......•...••.. L 
AD746 •...•...••.............•.....•....• L 

eAD766 •...••.•..••••............... C I 2-151 
AD767 ...••.....•..........•.••.•.. C I 2-159 
AD770 ...............•...•....•.... C II 2-161 

eAD773 •...........•..••..........•. ell 2-173 
eAD774B .••..........••....•....•..• C II 2-109 
eAD776 ...•........•...•.•.•........ ell 2-189 

AD779 ...••..••••.........•••.••... C II 2-191 
eAD781 •..•.....•.....•.•.........•. C II 4-57 
eAD783 ..••..........•......•..••... C II 4-65 

AD790 ...•..•..•.•.............•••......• L 
AD827 .•...........••..••••.......•...... L 
AD829 .•....•..•.•.•....•..•.....•...•... L 
AD834 .••..........••••••••..........•... L 
AD840 .•....•..•..••...•.•...........•... L 
AD841 ....•.........•.•..•....•........•. L 
AD842 ..•...•........••.••.........•...•. L 
AD843 •..•••..••...........••..••..••...• L 
AD844 ...•...•..•....••..•..•......•...•. L 
AD845 .•...••.••...•.......•.•••••..•••.. L 
AD846 •...•••.•••....•.....•.•••••..•••.. L 
AD847 .........•...•..•••.........•..•... L 
AD848 .•....•..•.•.•...•..........•..•... L 
AD849 .••...........••.••..........•...•. L 
AD880 ..•.......•...•••••••........•...•. L 
AD890 •..•••...•.•...•......••••••.•..•.. L 
AD891 •...•...•.•....•.....•.•••.•.•....• L 
AD892 .•...••.....................•..•.•. L 
AD897 .•.........•.•.•...............•... L 
AD1139 .•...........••..••••........ C I 2-167 
AD1147 ...•...•......•.....•. C I 11-4, C II 12-4 
AD1148 ..•••••...•.•......... C I 11-4, C II 12-4 

·C I = Data C_IUf~ M_~ Volume I; C U = Data C_ RIf~ M~ Volums II; D = Data sbeet available, consult factory; 
L = LinBar Produe/S Databook; P = PredsioII MtnUJIilhia Dif1ision Databook. 
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Model ... C II 4-69 AD5539 ............................. ·c i 4-47 
AD1154 . . . . . . . . . . . . . . . . . . . . . . . . . . C II 2-203 eAD7001 ............................. C I 4-59 
AD1170 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. L eAD7002 ............................. C I 4-75 
AD1315 .............................. : ... L eAD7005 ............................. C I 4-91 
AD1317 ............................ : .... L eAD7008 ......................... '. ' ......... D 
AD1321 .......................... : : : ..... L AD7110 . . . . . . . . . . . . . . . . . . . . . . . . .. .. C I 2-247 
AD1322 . . . . . . . . . . . . . . . . . . . . . . . . .. . C II 7-17 AD7111 . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 2-253 
AD1332 .......................... : : . C II 7-21 AD7118 ............................. C I 2-259 
AD1334 ......................... : ... C II 7-25 AD7224 ............................. C I 2-279 

eAD1341 . . . . . . . . . . . . . . . . . . . . . . . . . C II 7-41 AD7225 ............................. C I 2-291 
AD1362 ............................ C II 2-215 AD7226 ............................. C I 2-323 
AD1376 ............................ C II 2-215 AD7228 ............................. C I 2-331 
AD1377 ............................ ell 2-223 eAD7228A ........................... C I 2-339 

eAD1378 ............................ C II 2-231 eAD7233 ............................. C I 2-347 
AD1380 .......................... : : C II 2-239 AD7237 ........................... : : ..... D 

eAD1382 .......... . . . . . . . . . . . . . . . . C II 2-255 AD7240 . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 2-359 
eAD1385 ........................... : . C II 6-71 eAD7242 ............................. C I 2-371 

AD1403/1403A ...................... C II 2-259 eAD7243 ............................. C I 2-359 
eADI671 ............................ ell 2-269 eAD7244 ............................. C I 2-383 
eAD1674 ........................... '. C I 2-173 AD7245 ............................. C I 2-385 
eAD1851 . . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 2-183 eAD7245A ........................... C I 2-347 

AD1856 ............................. C I 2-191 AD7247 ............................. C I 2-383 
AD1860 ............................. C I 2-173 AD7248 ............................ : C I 2-385 

eAD1861 ............................. C I 2-203 eAD7248A. . . . . . . . . . . . . . . . . . . . . . . . .. C I 4-93 
eAD1862 ............................. C I 2-213 eAD7306 ............................ : C I 4-99 
eAD1864 ............................ : C I 2-225 AD7341 ........................... : . C I 4-99 
eAD1865 ............................. C I 2-235 AD7371 ........................ '. '. ' ... C II 5-9 
eAD1866 ............................. C I 2-237 AD7501. . . . . . . . . . . . . . . . . . . . . . . . C II 5-9 
eAD1868 .......................... : : .C II 2-283 AD7502 ............................. C II 5-9 
eAD1876 ......................... .C II 2-295 AD7503 ............................ C II 5-13 
eAD1878 ........................... C 112-297 AD7506 ........................... '. C 115-13 
eAD1879 ............................ . .. D AD7507 ............................. C II 5-17 

AD2004 .......................... : : : : : ... D AD7510DI . . . . . . . . . . . . . . . . . . . . . . . . .. C II 5-17 
AD2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . .... D AD7511DI ....................... : : : : C II 5-17 
AD2008 ........................... : : ..... D AD7512DI ................................ D 
AD2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . C I 5-7 . . . . . . . . . . . . D 

AD2010 .......................... '::: .... D ~;;~~ : : : : : : :: : : : : : .............. : : : : : : : D 
AD2016 . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... D AD7522 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... D 
AD2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . C I 5-9 AD7523 ............................. C I 2-399 
AD2021 ............................. C I 5-11 AD7524 .................................. D 
AD2026 .................................... D AD7525 ............................. C I 2-415 
AD2033 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... D AD7528 ............................ : ..... D 
AD2040 ............................. C II 6-75 AD7530 ........................... : ...... D 
AD2700 ...................... : ...... C II 6-75 AD7531 . . . . . . . . . . . . . . . . . . . . . . . . . . . C I 2-439 
AD2701 ............................. C II 6-75 AD7533 ............................. C I 2-455 
AD2702 ............................. C II 6-79 AD7534 ............................. C I 2-467 lEI 
AD2710 ............................. C II 6-79 AD7535 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C 2-479 
AD2712 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L AD7536 ............................. C I 2-491 
AD3554 ................................ : : D AD7537 ............................. C I 2-499 
AD3860 ............................... : .. D AD7538 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... D 
AD5200 Series .......................... .. D AD7541 ............................. C I 2-507 
AD5210 Series ·······················.·C ir'2-809 AD7541A .......................... . AD5240 .......................... . 

. - sheet available, consult factory; eNew product since publication of the mo~ ;::; .~a~b:~ta Converter Reference Manual, Volume II, D _ Data 
• C I = Data C07I'IJe1'tm' Reference Manual, .? M"';"lithic, Division Databook. 
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AD7542 ............................. C I 2-525 eAD7847 ............................. C I 2-681 
AD7543 ............................. C I 2-545 AD7848 ............................. C I 2-735 
AD7545 ............................. C I 2-565 eAD7868 ............................. C II 8-79 
AD7545A ........................... C I 2-585 eAD7869 ............................. C II 8-95 
AD7546 .................................. D AD7870 ............................ C II 2-545 
AD7547 ............................. C I 2-593 AD7871 ............................ C II 2-563 
AD7548 ............................. C I 2-601 AD7872 ............................ C II 2-563 

AD7549 ............................. C I 2-629 eAD7874 ............................ C II 2-579 

AD7550 .................................. D eAD7875 ............................ C II 2-545 

AD7552 .................................. D eAD7876 ............................ C II 2-545 

eAD7564 ............................. C I 2-637 AD7878 ............................ C II 2-595 

eAD7568 ............................. C I 2-645 
AD7569 ............................. C II 8-7 
AD7572 ............................ C II 2-299 

eAD7572A ........................... C II 2-303 
AD7574 ............................ C II 2-315 
AD7575 ............................ C II 2-323 
AD7576 .................................. D 
AD7578 ........................... C II 2-335 
AD7579 ............................ C II 2-347 
AD7580 ............................ C II 2-347 
AD7581 ............................ C II 2-363 
AD7582 ............................ C II 2-371 

eAD7586 ............................ C II 2-383 
AD7590DI ........................... C II 5-25 
AD759IDI ........................... C II 5-25 
AD7592DI ........................... C II 5-25 
AD7628 ............................. C I 2-657 
AD7669 ............................. C II 8-7 

eAD7880 ............................ C II 2-611 
eAD7884 ............................ C II 2-625 
eAD7885 ............................ C II 2-625 
eAD7886 ............................ C II 2-637 
eAD7890 ............................ C II 2-653 
eAD7891 ............................ C II 2-659 
eAD7892 ............................ C II 2-663 
eAD7893 ............................ C II 2-669 

AD9000 ............................ C II 2-673 
AD9002 ............................ ell 2-681 
AD9003 ............................ C II 2-689 

eAD9005A ........................... C II 2-697 
AD9006 ............................ C II 2-705 
AD9012 ............................ ell 2-721 

eAD9014 ............................ C II 2-729 
AD9016 ............................ C II 2-705 

eAD9020 ............................ ell 2-741 
AD9028 ............................ C II 2-753 

AD7672 ............................ C II 2-391 eAD9032 ............................ C II 2-765 

eAD7701 ............................ ell 2-403 eAD9034 ............................ C II 2-765 

eAD7703 ............................ C II 2-419 AD9038 ............................ C II 2-753 

eAD7710 ............................ C II 2-435 eAD9040 ............................ C II 2-769 
eAD7711 ............................ C II 2-457 AD9048 ............................ C II 2-773 
eAD7712 ............................ C II 2-479 eAD9058 ............................ C II 2-781 
eAD7713 ............................ C II 2-501 eAD9060 ............................ C II 2-789 

AD7769 ............................. C II 8-27 eAD9100 ............................. C II 4--75 
AD7772 .................................. D AD9300 ............................. ell 5-31 

eAD7773 ............................. C II 8-43 AD9500 .................................. L 
eAD7774 ............................. C II 8-63 AD9501 .................................. L 
eAD7775 ......................•...... C II 8-43 AD9502 .................................. D 
eAD7776 ............................ C II 2-509 AD9610 .................................. L 
eAD7777 ............................ C II 2-509 AD9611 .................................. L 
eAD7778 ............................ C II 2-509 AD9617 ............................. " ... L 

AD7820 ............................ ell 2-511 AD9618 .................................. L 
AD7821 ............................ C II 2-521 AD9620 .................................. L 
AD7824 ............................ C II 2-533 AD9630 .................................. L 
AD7828 ............................ C II 2-533 AD9686 .................................. L 

eAD7837 ............................. C I 2-681 AD9696 .................................. L 
AD7840 ............................. C I 2-693 AD9698 .................................. L 
AD7845 ............................. C I 2-709 AD9701 ............................. C I 2-747 
AD7846 ............................. C I 2-721 AD9712 ............................. C I 2-753 

eNew product since publication of the most recent Databooks. 
·c 1= Daw Convertl!r Reference Manual, Volume I; C II = Daw Converter Reference Manual, Volume II; D = Data sheet available, consult factory; 
L = Linear Products Dawbook; P = Precision Monolilhics Division Dawbook. 
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eAD9712A .•......................... C I 2-761 
AD9713 ....•........•.....•.....•... C I 2-753 

eAD9713A ........................... C I 2-761 
eAD9nO ............................. C I 2-765 
eAD9nl ............................. C I 2-765 

AD976S ..•..••.•.............•...... C I 2-769 
AD9901 ............................. C I 4-115 

eAD9950 ....................•........ C I 4-123 
eAD22001 ............................•.... L 
eAD22050 .........•.......••....•.....•.•• L 
eAD22100 ................................. L 
eAD22150 ........•........................ L 
eAD221S0 .........•....................... L 
eAD221S1 ..••..•.......................... L 

AD75004 ................ C I 2-773, CIS-I, C II 9-1 
eAD75019 .........•.................. C II 5-39 

AD7506S ....................... C I 8-1, C II 9-1 
eAD75069 ............................ C I 2-777 
eAD750S9 ....................•....... C I 2-777 
eAD75090 ............................ C I 4-777 

AD79015 ................ C I 8-1, C II 7-49, C II 9-1 
eAD79024 ......••.................... C II 7-57 

AD966S5 ..................•.............• L 
AD966S7 .............................•..• L 
AD ADC71 ...........•.............. C II 2-801 
AD ADcn .......................... C II 2-801 
AD ADCSO .........•.......•.....•.• C II 2-803 
AD ADCS4 ••.....•.................. C 112-809 
AD ADCS5 ........•.•..•..•...•..... C II 2-S09 

eADC-170 .•......................... C II 2-S17 
ADC-90S ...............•.....•........... D 
ADC-910 .....•.•......•............ C II 2-S19 
ADC-912 .............................•.•• D 

eADC-912A .•....•................... C II 2-831 
ADC1130/1131 ............•.•....••.......• D 
ADCl140 ...••...................... C II 2-S43 
ADC1143 .............•................... D 
AD DAC-OS ..........••................... D 
ADDAC71 •......•..............•........ D 
ADDAcn ......••.......•.....•••.•.•..• D 
AD DACSO ...............•.......... C I 2-7S3 
AD DACS5 ...............•.........• C I 2-7S3 
AD DACS7 .......................... C I 2-7S3 

eADDS-21XX-SW ••...•...................•. D 
eADDS-2100A-ICE ..•.......................• D 

ADDS-2101-ICE ............................ D 
eADDS-2101-EZ ....................••......• D 
eADDS-2111-EZ ............•........••...... D 

ADG201A ..............•............ C II 5-43 
ADG201HS .......................... C II 5-49 
ADG202A .........................•. C II 5-43 
ADG211A .•.....•................... C II 5-57 
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ADG212A ........................... C II 5-57 
ADG221 ............................ C II 5-65 
ADG222 ............................ C II 5-65 

eADG40S ........•..........•........ C II 5-71 
eADG409 •................•.•........ C II 5-71 
eADG411 .................•.•....•... C II 5-73 
eADG412 ........•...••.....•........ C II 5-73 
eADG441 ............................ C II 5-75 
eADG442 •........................... C II 5-75 
eADG444 ............................ C II 5-77 
eADG445 ........•................... C II 5-77 

ADG506A ........................... C II 5-79 
ADG507A •....................•..... C II 5-79 
ADG50SA ........................... C II 5-S7 
ADG509A ...........•............... C II 5-S7 
ADG526A .......................•... C II 5-95 
ADG527 A .....................•..... C II 5-95 
ADG52SA •...•.•.................... C II 5-103 
ADG529A ........................... C II 5-103 
AD OP-07 ......•...•................•.... L 
ADOP-27 ...•............................ L 
AD OP-37 ....•.....•.....•............... L 
ADSP-S24ROM .....•...................... D 
ADSP-l008A .......•...............•...... D 
ADSP-l009A .............................. D 
ADSP-I0I0A ...................•.......... D 
ADSP-I0I0B .......•....................•. D 
ADSP-I012A .........•.............•...... D 
ADSP-I016A .............................. D 
ADSP-I024A ...................•.....•...• D 
ADSP-I0S0A ..........................•... D 
ADSP-I0S1A .............................. D 
ADSP-1101 ..........................•.... D 
ADSP-I110A ..........................•... D 
ADSP-I401 ........•..........•.....•....• D 
ADSP-I402 ............................... D 
ADSP-1410 ....................••.....•... D 
ADSP-2100 ........•...................... D 
ADSP-2100A ...................•...•... C I 6-2 
ADSP-2101 ............................ C I 6-2 
ADSP-2102 ..•.•........•....•••....•.. C I 6-2 

eADSP-2105 ..............••............ C I 6-2 
eADSP-2106 ............................ C I 6-2 
eADSP-2111 ..•......................... C I 6-2 
eADSP-2112 ..•......................... C I 6-2 
eADSP-21msp50 .•••.........•........... C I 6-2 
eADSP-21msp51 .........•.•...•.•....... C I 6-2 

ADSP-3128A .................••....••.•... D 
ADSP-3201 ............................... D 
ADSP-3202 ........•...................... D 
ADSP-3210 •......•.........••....•....... D 
ADSP-3211 .......•.....•...•.•........... D 
ADSP-3212 ............................... D 

'c I = Data Cmmerrer RBftiTlmCe MImfIIll, Volume 1; C II = Data Cmmerrer ReftiTlmCe Maraud, Volume II; D = Data sheet avaiJable, consult factory; 
L = Linear Products Databook; P = Precision Monolithics Division Databook. 
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ADSp·3220 ...............•.•............. D 
ADSP·3221 ...............••.............. D 
ADSP·3222 ............................... D 

eADSP·21000·SW .........•........••....•... D 
eADSp·21020 .................•......... C I 6-2 
eADVlOl ............................ C I 2-793 

ADV453 .......................•.... C I 2-799 
ADV471 ............................ C I 2-839 

eADV473 .....••.....•............... C I 2-805 
eADV475 ....•.........•....••....... C I 2-827 

ADV476 ............................ C I 2-817 
eADV477 ............................ C I 2-827 

ADV478 .......................•.... C I 2-839 
eADV7120 .•••....••.......•......... C I 2-851 
eADV7121 .............•............. C I 2-857 
eADV7122 ..................•........ C I 2-857 
eADV7141 ............•.............. C I 2-869 
eADV7146 .....•.....•............... C I 2-869 
eADV7148 .•.••..•••.•.....•......... C I 2-869 
eADV7150 .............•........•.•.• C I 2-889 
eADV7151 ••......................... C I 2-907 
eADV7152 .•.........••.............. C I 2-889 

ADVFC32 .....................•..... C II 3-51 
AMP·Ol ......................•.......•..• P 
AMP-02 .......•.......................... P 
AMP-03 ...•••.••..•.....•................ P 
AMP·05 ........•......................... P 
ASICs ..•.•.......•.•.....••... C I 8-1, C II 9-1 
BUF·03 .........................•........ P 
CAV·1210 ......................•......... D 
CMP·Ol ...•.•••.•.•....•.....•........... P 
CMP·02 ......•..•......•...........•..... P 
CMP·04 ....••.•...•...•......•........... P 
CMP-05 .................................. P 
CMP·08 ...•...••.........•............... P 
CMP·404 ........•......................... P 
DAC·QS •....•......•.................... D 
DAC·QZ •.•.•.......••....••............. D 
DAC·Ol ••................................ D 
DAC·02l03 ............•......•....•..•••.• D 
DAC·05 .........•.......•.... C I 11-4, C II 12-4 
DAC·06 .....•.........•...... C I 11-4, C II 12-4 
DAC·08 .•.......•......•.••......... C I 2-923 
DAC·I0 ...•••..•••••.....••......... C I 2-935 
DAC·I0Z .....••.....•.....•.............. D 
DAC·12M .•....•.•........•.............. D 
DAC·12QS .....•.......................... D 
DAC·12QZ •••.•..••.......•.............. D 

eDAC-16 .•............•.............. C I 2-943 
DAC·20 ••.......................•......•. D 
DAC71172 (see AD DAC71I72) 
DAC80 (see AD DAC80) 
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DAC85 (see AD DAC85) 
DAC·86 ...•......................•.....•• D 
DAC87 (see AD DAC87) 
DAC·88 .................................. D 
DAC·89 .....•..•....•.•.•......••..•..•.• D 
DAC·I00 •..........••...•...••...... C I 2-945 
DAC·210 ...•.......•.......•......••..•.. D 
DAC·312 ............................ C I 2-953 
DAC·888 ......••..................•...•.. D 
DAC1108 .................•..............• D 
DAC1136 ................................. D 
DAC1138 ..........•......••.............. D 
DAC1146 .........••.......•........•..... D 
DAC·I408A .........................•..... D 
DAC1420 ....................•..... " ...... D 
DACI422 .....................•..........• D 
DACI423 •...................••..........• D 
DAC·1508A ..............................• D 
DAC·8012 ...•...........•........•.. C I 2-967 
DAC·8043 .........•.•........•...... C I 2-977 
DAC·8143 ...........•.......•....... C I 2-987 
DAC·8212 .•••.....................•...•.. D 
DAC·8221 ........•••.•...•.•.•..... C I 2-1001 
DAC·8222 •....................•...• C I 2-1015 
DAC·8228 ........................•. C I 2-1029 
DAC·8229 ••...................•...• C I 2-1041 
DAC·8248 .........................• C I 2-1053 
DAC·8408 .....................•...• C I 2-1069 
DAC·8412 ................•......... C I 2-1083 

eDAC·8413 .............•..•......... C I 2-1083 
DAC·8426 ..........••...••...•..... C I 2-1095 
DAC·8800 .....•.........•.......... C I 2-1107 
DAC·8840 .........••.....•.•.•..... C I 2-1121 

eDAC·8841 .......................... C I 2-1131 
DAS1128 ..........•......•...•.........•. D 
DAS1150 ................................. D 
DAS1151 .....................•....•...... D 
DAS1l52 ...•......•.....•....•...... C II 7-65 
DAS1153 ..........................•. C II 7-65 
DAS1155 ....••.•....•••.•................ D 
DAS1156 ........•.•..•....•••......••.... D 
DAS1l57 ......••....•••............. C II 7-69 
DAS1158 ...••.••....•••............• C II 7-69 
DAS1159 •.......•••..•..••...••..•.. C II 7-69 
DRC1705 .....•......•......•......•...... D 
DRCI706 ..•.•......•...............•..... D 
DRC1745 .........•.................. C I 3-107 
DRCI746 ........•.•.....•........... C I 3-107 
DSC1705/06 .••.••.....••...••...••.•.•.••• D 
HDS·1240E ........................•...... D 
HOS·050A .........•..••.•......•.......•• L 
HOS·060 ......•..........•.•............. L 

• C I = Va", CtmVJerter &/eretICll Manual, Volume I; C IT = DaI<I ConM1JlT ReferetlCll Manual, Vol ..... II; n = nata sheet available, consult factory; 
L = Linear Products Vatabook; P = Precision Monolilhic. Division DaI<Ibook. 
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HTC·0300A .............................•• D 
HTS·OOIO ................................ D 
HTS·0025 ..............................•. D 

eIPAI764 ...•...................•.... C I 3-115 
LIU-OI •.......................•..•. C I 4-135 
LTS·0614 •..............••.•...•....•..... L 
LTS·0655 ...•.......................•...•. L 
LTS·0680 ................••....•.......... L 
LTS·2020 ..................•...•....•..••. L 
LTS·2101 .............•..•................ L 
LTS·2200 ................................. L 
LTS·2302 ...............•..•....••........ L 
LTS·2510 ................................. L 
LTS·2600 .•..•..............•.....•....... L 
LTS·2700 ..•.............................. L 
LTS·2800 .....•...•..•.•..........•....... L 
MAT-OI ...............•.................. P 
MAT·02 ••...........•.•.••..•............ P 
MAT·03 ••..••••.••.••••••......•....••..• P 
MAT·04 ••............••.••....•.......... P 
MUX-08 ............................ C II S-lll 
MUX·16 ............................ C II 5-123 
MUX·24 ....•....................... C II 5-111 
MUX·28 ..............••.•.....•...• C II 5-123 
MUX·88 ................................. D 
OP-OI •.......•...•.........•............ P 
OP·02 •..•......•.......•................ P 
OP-04 ...•.............•.......••...•.... P 
OP·05 •.........•....•................... P 
OP-06 .................................•. P 
OP·07 .......••.•...••......••........... P 
OP·09 •..............•...•....•...•••.... P 
OP·1O .......•...•..•...........•........ P 
OP·ll ..........•....•............••..... P 
OP·12 ...............•...•....•...•....•. P 
OP·14 ........•.•.••..................... P 
Op·15 •..•......•....•.•••....•.....•.... P 
OP-16 ........•...•...................... P 
OP·17 •.........•..•.•••..........•...... P 
OP·20 ...........••...•.................. P 
OP·21 ..........•..•.•••.•..•............ P 
OP·22 ...................•....•....•.•.•. P 
OP·27 ..........•....•.•................. P 
OP·32 ...•.............•.......•....•.... P 
OP·37 ...............•.•.....•.....•..... P 
OP·41 ...•.............••................ P 
OP·42 .•..................•...........•.. P 
Op·43 •..•.............••......•......... P 
OP·44 ....•.............................. P 
OP·50 ...............•............••.•... P 
OP·61 •.................................. P 
OP·64 ....•......•.•••......•......•..... P 
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OP·77 .................•.•.••...•....•... P 
OP·80 ..............•.•...............•.. P 
OP·9O •.•....................••••••.•..•. P 
OP·97 ................•...............•.. P 
Op·l60 .••..••...................•••••••• P 
OP·177 .............•......••...•.....••. P 
Op·200 ...•.............................• P 
OP·207 .............•..•..•.•...•........ P 
Op·215 ...............................•.. P 
Op·220 •..........•........••....•....•.. P 
OP·22 I .....................•...........• P 
OP·227 ...•.....................•..•..... P 
Op·249 ...............••..•...........•.• P 
Op·260 ...•.............................• P 
Op·270 ...............••..•...........•.. P 
OP·271 ...•.............................• P 

-Op·282 ............•......•...........•.. P 
Op·29O .......••........................• P 
Op·297 ........................••........ P 
OP-400 .......••........................• P 
OP·420 ........••..•..................... P 
OP-421 ..............•................... P 
OP·470 ........•...............•...•..... P 
OP·471 .................................. P 

-OP-482 ...•..........•...•.........•..... P 
OP·490 ....•....•..............•......•.. P 

-OSC1758 .....•...............•...•.. C I 3-117 
PKD-OI ........•.•................•...... P 
PM·I08 ............................•..... P 
PM·ll I ...........•..••.•.•.........•.... P 
PM·119 ..••.........•....•.......•....... P 
PM·139 ....•..........•....•...•......... P 
PM·1481248 .............•....•.•........... P 
PM·155 ......................•........... P 
PM·155A .......•..................•....•. P 
PM·156 ...•....•......................... P 
PM·156A ..•...••..................••••... P 
PM·157 ....•....•.............••.••..•..• P 
PM·157A .............•••........•..•..... P 
PM· 1008 .............•..........•••••••.. P 
PM·IOl2 .•...•.....•...•.•.........•..... P 
PM·2108 ......•......•...•.......•....•.• P 

ePM-6012 ...•.......•..............• C I 2-1141 
PM·1224 ....•.............•.•....... C I 2-267 
PM·7226 ...••.........•...•......... C I 2-303 
PM·1226A ..................••...•... C I 2-303 
PM·7524 ......•...••..•...•......... C I 2-405 
PM·7528 ............................ C I 2-423 
PM·7533 ....•.............•......... C I 2-445 
PM·7541 .•...•......•.••.•......•........ D 
PM·7541A .......•...............•... C I 2-513 
PM·7542 ..•.......•........•••...... C I 2-533 

·c I = Data Cun_ Reference Manual, Volume I; C II = Data Gun".,.,., Reference Manual, Volume II; D = Data sheet available, consult factory; 
L = Linear Products Databook; P = Precision Mrmo/ithic. DiWion Databook. 
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PM-7543 .•...••..•.••..•.••••.•••.•. C I 2-553 
PM-7545 .•.•.•.•...••...•.••...••.•. C I 2-573 
PM-7548 ......••...••..•...••.•••••• C I 2-613 
PM-7574 ••.••••..••..•••••......•.....•.• 0 
PM-7628 .••..••••...•.......•..•...• C I 2-665 
PM-7645 ...•.••....••..•.••••.•••••• C I 2-573 
REF-01 •••••••...••..•••••••.•..•... C II 6-413 
REF-02 .•••••••••••..••.•.••.•...... C II 6-91 
REF-03 .• , .......•..•..••••.•.••••.. C II 6-99 
REF-05 ••.•••••..•••.••••••...•.••• C II 6-107 
REF-OS ........•....•....•. ; ••..••. C II 6-113 
REF-10 ....•.•••..••...••••.••••••• C II 6-121 
REF-43 .••..••..•.•....••••.••••••. C II 6-127 
RPT-S2 •.•••••...•...••.••........•. CI4-147 
RPT-S3 ••••••....•......•........... C I 4-147 
RPT-S5 .....•••...•...•••••••.••..•• C I 4-155 
RPT-S6 •••••••.........••........... C 14-163 
RPT-S7 ...•..••.•.•....••••••.•••••. C I 4-163 
RTM Series .•..•••...•......•..•.•....••.. D 
SDC17001RDC1700 ••...•......••.•.•.•.•••.• D 
SDC1702IRDC1702 •..•. ' ..•.•.•••.••..••••••. D 
SDC17041RDC1704 ••....•......•.•.....•.•.• D 
SDCl7251RDC1725 ••...•.•.•..•..•••.....•.. D 
SDCl7261RDCl726 .......................... D 
SDC17401RDC1740 ...•...•••••••..•.••• C I 3-119 
SDC1741IRDC1741 .....••..•..•••.•••.• C I 3-119 
SDC17421RDC1742 ...•••.•••••••..••••• C I 3-U9 
SDC17681RDC176S ...........•••...•.•.••... D 
SHA-5 ................................... D 
SHA-l134 ...............•................ D 
SHA-l144 ................................ D 
SMP-04 ••..•.•..•.•..•••...••....... C II 4-87 
SMP-OS ..••...•••..••.....•..•..... C II 4-101 
SMP-lO .......•••..•.•...••..•••••• C II 4-109 
SMP-11 •.••.....•••.••••••...•..••. C II 4-109 

-SMP-1S .•.•.•..••.•.•...•.•.••..... C II 4-119 
SMP-S1 •.......••...••..•..•••.••.•.•...• D 
SSM-2013 ••••••...•••.•••••...•..•.••..... P 
SSM-2014 •....•..•...•..•.•..•.•..•..••.•. P 
SSM-2015 .•••.••..•.•.••••••••.••••••.•.•. P 
SSM-2016 .•.....••.•.•..•.•.•.••.••..••..• P 
SSM-2017 ......•••..••..•.•••.••..•..••..• P 
SSM-201S .•••.•••...••..•.••••.••.••••••.• P 
SSM-2024 •••••••. " .•.•••.••••.••.••••••.• P 
SSM-2100 ..•.•.•••.•••......•..•..•.. , •... P 
SSM-2110 .•....••••.••..•..•••••....•••. ,. P 
SSM-2120 .•••••.•..•..••.•....•...•....... P 
SSM-2122 •...•...•.•.••......••......••... P 
SSM-2131 .•••••...•••.•••••.•.•..•........ P 
SSM-2132 •••••..•.••..•••••............... P 
SSM-2134 .•.•.••..•.•...•.••••.•••.•••••.• P 
SSM-2139 ••••.•...•.•.•••••.•...••.•.••••. P 
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SSM-2141 ..•.....• , ..••........•...••••••• P 
SSM-2142 ...•...•...••.•..•.•••..•.•••.••. P 
SSM-2210 •.•••......•..•..•...•••.••.••••• P 
SSM-2220 .....•...•••••••.•.•••...•.••.••. P 
SSM-2300 .........•..•••.. , ..•...•..••.••. P 
SSM-2402 •....•••••..•..•...••..••.. C II 5-133 

-SSM-2404 ........•.••.•...•..••..•.. C II 5-147 
SSM-2412 •..•...••......•...••..•... C II 5-133 
STM Series .•.••••..•••.•..••..••..•.••••• D 
SW-01 .•.•.••......•••...•....•..•••..••.. D 
SW-02 ..••.•.•.••..••••..••...••..••••••. D 
SW-06 ....•..•••.••......•...•..... C II 5-149 
SW-201 •...........••.•...•.••.•.•. C II 5-161 
SW-202 .••.•••••.•.....•...•....... C II 5-161 
SW-7510 ...........••.............•.•.•.. D 
SW-7S11 ...•.•••.••.•....•...•.........•• D 
1821 .•••••.....................•........ L 
1822 ••..•.•.........•••. '" ..••.•••••••• L 
1831 .•••.•••.••••.....•...•..••..•...••• L 
1832 •...•.....•••.••.•...•....•...•••••. L 
1841 .••..••..••••......•.....••..••.••.• L 
1851 ••..•.........••.•...•...••.•.•••••• L 

-lS74 •••.••••••....••••...•......•... C 3-127 
2820 •...•.....•....•.•...•...••...••..•. L 
2822 ..•......•...••.•...••.•....•••.••.• L 
2823 •.•.•.............•......••..••••••. L 
2824 •.•..........••••.......••..••....•. L 
2830 •...•..........•......•.......••..•. L 
2831 •..............••....•...•..•....... L 
2834 ..........•....•.•.•.••..••..••••••. L 
2835 .•..............••...........•...•.. L 
2850 •.•••.•............•.....••..•••.••. L 
2852 •.•.•...........••...•...•..••..•... L 
2853 .••.•.•...•....•...• , .•...•..••••••• L 
285412855 .........••.••..•...•.......•... L 
2856 .••••.•...••...•...•..•...•...•••••• L 
2857 •••.••.........•••.•.•....•.•...•.•• L 
28SS ., .•.••..••.••......•...•.•..•.....• L 
2859 •.•••.•........•...•...•..••..•••.••. L 
2S5O ..•.••••••••••......•..•...••.. C 13-135 
2SS4 •..••.••.•......•..•...•...•... C I 3-137 
2SS6 •...••••••••.••.•...••.•....•.. C I 3-137 
2SSS ..•.••••••••••......•..•...•... C I 3-137 
2SS0A ••.••.•••..•..••...•..•....... C I 3-55 
2SS1A •.•.•••.•••••....•...•........ C I 3-71 
2SS2A •.••••..•..•......•.•••..•.••. C I 3-71 
38 Series .••••••••••.............•........ L 
48 Series .••••.•••............•.....•..••• L 
58 Series ....•••••....•................... L 
68 Series .•.••.•.••.........•.•........••. L 

-78 Series ....••..•.••••••.••..•...•...•... L 
40 •....•...........••....••..•..•...•... L 

·c 1= DlI1a CtmfIIrUT /Uferenc. M""",,'. Vollmle I; C n = DlI1a CtmfIIrUT &/ermce MtmUIll. Vol""", II; D = Data abeet available. consult factOry; 
L = Linear ProdJIet! .DatabG6k; P = PmUitm Mono/ithies DiWiott .DatabG6k. 
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44 •...•••.•.....•........••............. L 
45 .............•...••..••..............• L 
46 .........••..•..•••............••..••• L 
50 ...........................•.......... L 
51 •...•.•.......•..........•••.......... L 
118 ....••••..•..•....•...••.•........... L 
148 •...••............•.....••.•....•.... L 
171 ..........•.••.........•••.•.......•. L 
184 ......................•.••........... L 
234 .......................•..••......... L 
235 ••.•••••..•.•••...••..•.•••.•........ L 
261 .•..•.••.....•.....•....••........... L 
275 ....••••..•.............•.•.......... L 
277 ..............•...•.....•••.......... L 
281 ....•.••..•..••....•..••••••....•.... L 
284J ..•.•.......•..........••••.•....... L 
285 ...•••••..•..••.•.•...••..••...•..... L 
286J •...•••......•...........•....•..... L 
288 ......•............•......•••••••.•.. L 
289 •......•....••.....•...•...•••.••••.. L 
290A .•...•...•..•..•.......•••••.•...... L 
292A .••••••..•..••...•.....•••.•.•.•.•.. L 
310 ••••••••..•••.......•......•.•....... L 
429 .•.•..••..••.••...•••..•.••••...•••.. L 
433 ••.•••••..•...•............•......•.. L 
434 .....•....•.•••.•.••...•.•.••.•••••.. L 
435 •.••••••..•..••..••......••••...•.... L 
436 ....•........•.........•..•••.•••••.. L 
440 ...••.•..••..••...•...••.•........... L 
442 ...•••••..•..••...•....•.•••..••.••.. L 
450 •................•...••.•••.....•.... D 
451 •........•.••...••...••.•............ D 
452 ......................•.............• D 
453 ••.......•.••...••...••••............ D 
458 .••...•.••...........••............•. D 
460 ••.•...•••.••...••...••.............. D 
741A1PM741 ..•..............••••......•... P 
751 ••.•...••••••...••...•••............. D 
755 ..............••......•...•.....••... L 
756 .........•...•...•...••••••••..•••... L 
757 .......•.•....•........•......•••••.. L 
759 .......................•.•••...••.•.. L 
9021902-2 ••.••................. C I 9-1, C II 10-1 
903 .......•.•.•....••...••••••.....•.... D 
904 .•••...•••.....•.•....•.•• C I 9-1, C II 10-1 
905 .........•.....•.•....•.•• C I 9-1, C II 10-1 
906 .......•.................••.......... D 
915 •........•.•.........••••••...•.•.... D 
920 .............•........•••• C I 9-1, C II 10-1 
921 ...•.....•.......•....•.•• C I 9-1, C II 10-1 
922 .•.•.....•.....•.•....•.•• C I 9-1, C II 10-1 
923 •••......•.•.....•........ C I 9-1, C II 10-1 

eNew product since publication of the most recent Databooks. 

~ p.* 
925 ...•.•...............••••• C I 9-1, C II 10-1 
926 .••........•......•...•.............. D 
927 ........•................. C I 9-1, C II 10-1 
928 .................••.•••... C I 9-1, C II 10-1 
940 .......................... C I 9-2, C II 10-2 
941 .••...............•..•.•.• C I 9-2, C II 10-2 
943 ..................•..••... C I 9-2, C II 10-2 
945 ••......•.•...•••••....... C I 9-2, C II 10-2 
947 •....•••...•...••....•.........••...• D 
949 .....•......•••••••....... C I 9-2, C II 10-2 
951 .........•...........•.... C I 9-2, C II 10-2 
952 •...•••...•••••••......... C I 9-1, C II 10-1 
953 •...•••...•...•.•......... C I 9-2, C II 10-2 
955 ...•••••.••••••••...•..•.. C I 9-1, C II 10-1 
958 •...•..•.••••..........•.• C I 9-2, C II 10-2 
959 ...•••••.•••••.•••.••..•.•........••• D 
960 ..............•........... C I 9-2, C II 10-2 
962 .......................... C I 9-2, C II 10-2 
964 .......................... C I 9-2, C II 10-2 
965 ..•...••........•..•...•.. C I 9-2, C II 10-2 
966 ...••••.•••••.•.•..••..••• C I 9-2, C II 10-2 
967 ...•.•...••.•...•..•...•.• C I 9-2, C II 10-2 
968 ...•.....••....••..•...•••••.•..•.••. D 
970 .•.•..................•... C I 9-1, C II 10-1 
972 .•••....•.........••.•••.••••••...... D 
973 ............••.........•.• C I 9-1, C II 10-1 
974 •••.....•.....•...•..•••.• C I 9-1, C II 10-1 
975 •.......•........•...••..• C I 9-1, C II 10-1 
976 •.......•.....•..••..••... C I 9-1, C II 10-1 
977 .........................• C I 9-1, C II 10-1 

·c 1= Dalll C_ IajlJTellU MII1I1UII, Volums 1; C II = Dalll C",,_ Ia/BmwB MtmIIIIl, Vol ...... II; D = Data sheet available, consult factory; 
L = LinMIr Produe,. Datllbook; P = Precirioro Mtmolithies DiWion Dalllbook. 
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