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GENERAL INFORMATION 

TYPES OF DATA SHEETS 

ADVANCE INFORMATION - These data sheets contain the descriptions of products that are in development. The 
specifications are based on engineering calculations, computer simulations and/or initial prototype evaluation. 

PRELIMINARY":'-' These data sheets contain minimum and maximum specifications that are based on initial device 
characterization. These limits are subject to change upon the completion of full characterization over the specified 
temperature and supply voltage ranges. 

FINAL - These data sheets contain specifications based on complete characterizations of the devices over the 
specified temperature and supply voltage ranges. 

WARRANTY 

SPT warrants that standard products (except for board-level products) delivered hereunder shall be free from defects 
in material and workmanship under normal use and service for a period of one (1) year from the date of shipment from 
SPT's facility. Board level products delivered hereunder shall be free from defects in material and workmanship under 
normal use and service for a period of ninety (90) days from the date of shipment from SPT's facility. For products which 
are not standard products, such as dice and wafers, SPTwarrants to Buyer that such products shall be free from defects 
in material and workmanship under normal use and service for a period of thirty (30) days from the date of shipment. 
Products which are "engineering samples" are sold AS IS, "WITH ALL FAULTS," and with no warranty whatsoever. 

If, during such one year, ninety day or thirty-day period (i) SPT is notified promptly in writing upon discovery of any defect 
in the goods, including a detailed description of such defect; (ii) such goods are returned to SPT, F.O.B. SPT's facility; 
and (iii) SPT's examination of such goods discloses to SPT's satisfaction that such goods are defective and such defects 
are not caused by accident, abuse, misuse, neglect, alteration, improper installation, repair or alteration by someone 
other than SPT, improper testing, or use contrary to any instructions issued by SPT, within a reasonable time, SPT shall 
(at its sole option) either replace or credit Buyer the purchase price of such goods. 

Prior to any return of goods by Buyer pursuant to the section, Buyer shall afford SPT the opportunity to inspect such 
goods at Buyer's location, and any such goods so inspected shall not be returned to SPTwithout its prior written consent. 

SPT shall return any goods repaired or replaced under this warranty to Buyer, transportation prepaid, and reimburse 
Buyer for the transportation charges paid by Buyer for such goods. The performance of this warranty does not extend 
the warranty period for any goods beyond that period applicable to the goods originally delivered. 

The foregoing warranty constitutes SPT's exclusive liability, and the exclusive remedy of Buyer, for any breach of any 
warranty or other nonconformity of the goods covered by this quotation. THIS WARRANTY IS EXCLUSIVE, AND IN 
LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING BUT NOT LIMITED TO 
THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE, WHICH ARE HEREBY 
EXPRESSLY DISCLAIMED. 

PRODUCTS AND SPECIFICATIONS 

Signal Processing Technologies reserves the right to make changes to its products or specifications at any time, without 
notice, to improve the design and/or performance in order to supply the best possible product. Signal ProceSSing 
Technologies does not assume any responsibility for the use of any circuitry described in this book other than the circuitry 
contained within a Signal Processing Technologies' product. Signal Processing Technologies makes no representa
tions that the circuitry described within this book is free from patent infringement or other rights of third parties which 
may result from its use. No license is granted by implication or otherwise under any patent, patent rights, or other rights 
of Signal Processing Technologies. 

LIFE SUPPORT APPLICATIONS POLICY 

WARNING - Signal Processing Technologies' products shall not be used within any life support systems without the 
specific written consent of Signal Processing Technologies. A life support system is a product or system intended to 
support or sustain life which, if it fails, can be reasonably expected to result in a significant personal injury or death. 

@SIGNAL PROCESSING TECHNOLOGIES, INC. 
MARCH 1995 - ALL RIGHTS RESERVED 
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How to Use This Book 
The front part of this book has a complete product selection 
guide, cross reference table and detailed ordering information. 
The product selection guide lists all of the products and their 
key features for quick reference and comparison purposes, 
the product cross reference guide provides a cross over 
reference to other manufactures by product part number, 
and the ordering information section provides complete 
ordering information by part number, grade, package type 
and operating temperature range. 

There is a master table of contents at the front of the book that 
shows the beginning page number of each data sheet, and 
each data sheet section has its own table of contents for that 
section. Data sheets for the analog-to-digital converters and 
the digital-to-analog converters are placed in ascending 
order of bit resolution, and the comparator and evaluation 
board data sheets are placed in alphanumeric order. 

Customer Service 
Customer support and service is extremely important to us at 
SPT. Not only do we pride ourselves on high-performance 
data conversion products, but we pride ourselves on high
performance customer service. Factory direct assistance is 
available weekdays from 7:30 AM to 5:30 PM MST. Please 
contact our Customer Service Center at 1-800-643-3778 
(USA only) or 1-719-528-2300 to place an order, return 
products, ask technical or applications related questions or 
order technical literature. For immediate local assista~ce 
contact your local SPT sales representative. See a listing of 
our domestic and international sales offices, representatives 
and distributors at the back of this book. 

Technical Literature and Applications Assistance 
Contact our Customer Service Center at 1-719-528-2300 for 
the latest product data sheets and evaluation board 
information. In addition to product data sheets, SPT has a 
complete line of product application notes to assist in the 
evaluation and board layout design of our high performance 
data conversion products. Contact the SPT Customer Service 
Center to order your technical application notes. 

For factory direct applications support, our applications 
engineers are ready to answer all of your technical 
questions and inquiries. Contact our Applications 
Engineering Center at 1-719-528-2300 weekdays from 
8:00 AM to 5:00 PM MST. 

Prices and Quotations 
Price quotations made by Signal Processing Technologies 
or its authorized field sales representatives are valid for 30 
days. Delivery quotations are subject to reconfirmation at 
the time of order placement. Call our Customer Service 
Center for information concerning pricing, product delivery 
status, product samples or information regarding the return 
of product. 

Placing Orders 
You c~n place orders by telephone, fax or mail with any of our 
authonzed sales representatives, distributors, regional offices 
or our C.olorado Springs headquarters. See the listing of 
sales offices, representatives and distributors at the back of 
this book for the location nearest you or call SPT Sales and 
Marketing at 1-800-643-3778 (USA only) or 1-719-528-2300 
for assistance. 

Returns and Warranty Service 
When you need to return products to SPT, contact us prior 
~o shi~ping to obtain authorization and shipping 
instructions. For complete instructions, contact your local 
sales representative, distributor or call our Colorado 
Springs Customer Service Center at 1-800-643-3778 (USA 
only) or 1-719-528-2300. See the list of domestic and 
international representatives and distributors at the back 
of this book. 

If you are returning products, please call for your RMA 
number, then ship units prepaid and supply the original 
purchase order number and date, along with an explanation 
of the malfunction. Upon receipt of the returned product SPT 
will verify the problem and inform you of the status ~f any 
warranty replacements or credits applicable. 



./ Founded in 1983. 

./ Develops, manufactures and markets 
high-performance data conversion and 
signal conditioning products. 

./ Corporate headquarters in 
Colorado Springs, CO. 

./ Domestic and international 
manufacturing facilities . 

./ Wholly-owned subsidiary of Toko, Inc. 

./ Sales offices in the United States and Europe 
with sales representatives throughout 
North America, Europe and the Far East. 

Company Background 
Signal Processing Technologies, Inc. (SPT) 
develops, manufactures and markets high
performance data conversion and signal condi
tioning products and is a leader in cost-effective, 
highest performance monolithic analog-to-digital 
converters (ADCs), digital-to-analog converters 
(DACs), and comparators. Since 1983 SPT has 
provided leading-edge monolithic conversion 
products with industry breakthroughs in resolu
tion, sampling rate, power and cost. 

Today, we continue to expand our line of con
verter and comparator products to meet our 
customer needs in the commercial, industrial, 
and military market sectors worldwide. This 
1995 data book includes over 20 new data con
version products as well as many new temperature 
performance ranges and packaging options for 
existing products. With our innovative product line 
and excellence in customer application and sales 
support, SPT continues to be one of the fastest 
growing data conversion integrated circuit (IC) 
suppliers in the industry. 

About 
SPI' 

Key Markets and Applications 
SPT's products are designed for a variety of com
mercial, industrial, and military systems appli
cations. Commercial and industrial applications 
include video capture and TV broadcast, CRT 
monitors, desktop scanners, medical ultrasound, 
IR imaging, and RF communications including 
satellite, cellular and microwave systems. Addi
tional applications include high-performance 
instrumentation such as automated test equip
ment (ATE), scientific instruments, and digital 
oscilloscopes. SPT's high-performance products 
lend themselves very well to military applications 
which include radar, guided weapons, surveillance 
and reconnaissance, target acquisition, navigation 
and guidance. 

1509001 Certified 
As of February 1995, Signal Processing Tech
nologies, Inc. received IS09001 certification from 
the internationally recognized British Standard 
Institute. BSI certifies companies across the world 
and is one of the leading bodies of the European 
Quality System Certification Network (EQNET). 

IS09001 is an international standard for assess-
ing the quality management system for 

companies that perform deSign, manu
facturing and testing of 

products. Certification 
means that a complete 

quality management system is in place for deSign! 
development, production, and servicing of all SPT 
products. The SPT quality management system is 
audited by BSI biannually to ensure conformity to 
the IS09001 standard. 
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PRODUCI' SEIECI'ION GUIDE 
HIGH-SPEED A/D COIIVERDRS 

ff1(~%~0 ~/~ ~ .... 0 0' ~ f:> 
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SPT7610 S 6 1,000 36 2.75 I Q,U 44 · Wide input BW of 1.4 GHz 

SPT1175 A 8 20 46 0.09 C D,S,N,P,U 24,28 N/A Single supply alternative 

B 8 30 44 0.09 to TMC1175 and CXD1175 

SPT7710 A 8 150 48 2.2 I,M J,G,Q,U 42,44,46 1883 Wide bandwidth 

B 8 150 47 2.2 No sparkle codes 

SPT7725 A 8 300 47 2.2 I,M J,G,Q,U 42,44,46 1883 Data ready and overrange 
outputs. Quarter point 

B 8 300 46 2.2 ladder taps. 

SPT7750 A 8 500 47 5.5 I G,K,U 68,80 · Demuxed output. Gray 

B 8 500 45 5.5 
code output. Wide input 
BW of 900 MHz. 

SPT7755 A 8 750 46 5.5 I G,K,U 68,80 · Demuxed output. Gray 
code output. Wide input 

B 8 750 44 5.5 BW of 900 MHz. 

SPT7760 A 8 1,000 42 5.5 I G,K,U 68,80 · Demuxed output. Gray 

B 8 1,000 40 5.5 
code output. Wide input 
BWof 900 MHz. 

SPT781 0 A 10 20 60 1.3 C,I J,N,U 28 · On chip track-and-hold 

B 10 20 57 1.3 Monolithic 

SPT7814 A 10 40 57 1.3 C,I J,N,U 28 · On chip track-and-hold 

B 10 40 54 1.3 Monolithic 

SPT7820 A 10 20 60 1.0 C,I,M J,C,S,N,U 28 1883 TTL output version of the 

B 10 20 57 1.0 SPT781 0 

SPT7824 A 10 40 57 1.0 C,I,M J,C,S,N,U 28 1883 TTL output version of the 

B 10 40 54 1.0 SPT7814 

SPT7830 S 10 2.5 57 .07 C S,U 8 · Serial output 

3.3 to 5.0 V Supply Range 

SPT7835 S 10 5 59 .07 C,M D,N,S,T,U 28,32 · On chip track-and-hold 

Tn-state outputs 

SPT7840 S 10 10 58 0.1 C,M D,N,S,T,U 28,32 * On chip track-and-hold 

Tri-state outputs 

I SPT7850 S 10 20 56 0.14 C,M D,N,S,T,U 28,32 * On chip track-and-hold 

Tn-state outputs 

SPT7852 S 10 20 56 0.17 C T,U 44 * DualADC 

SPT7855 S 10 25 58 0.14 C,M D,N,S,T,U 28,32 * On chip track-and-hold 

Tn·stateoutputs 

SPT7860 S 10 40 54 0.18 C,M D,N,S,T,U 28,32 * On chip track-and-hold 

Tri-state outputs 

SPT7861 S 10 40 58 0.16 C N,S,T,U 28,32 · Pin compatible with 

SPT7860 

SPT7870 S 10 100 56 1.4 C J,Q,U 32,44 · Single-ended 

ECLoutputs 

* Consult the factory for availability of 1883 processed units. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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PRoDucr S.'.CrlON GUID. 
HIGH-SPUD A/D CONV.RrERS-Con"nue" 
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SPT78n, S 10 100 I' 56: 
.' 

1,3 ·6 . ··JOt! :~"44iT'; ··.··airig~E!PdEla .... <: 
·"'.1 . <til' >. ' .. 

'.' ". .. . .'. ...., . cutouts: .... 
SPT7910 S 12 10 67 1.4 C J,U 32 · Includes sample-and-hold 

on monolithic die 

SPT7912 S .12 30 66 1.4 c J,u 3,2 .• "fII' ftjcl!J4e$~~d-Jl<jI~ . 
Qllmonotithic die. 

SPT7920 S 12 10 66 1.1 C,M J,Q,U 32,44 · TTL output version of 

the SPT7910 

SPT7922 S 12 30 65 1.1 C,M J,Q,U 32,44 
, . to. outputyer$ion of 

Ihe$PT79:12 

SPT7930 S 12 5 69 0.45 C,M J,S,U 28 · Includes sample-and-hold 

on monolithic CMOS die 

M.DIUM·SP •• D A/D CONV.RI'.RS 

/4;;(d~~~/~ ~-<.: o'u"\ ~ 'l,.q, 
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HADC574Z A 12 25. 1/2 10 C,I,M .J,P,(W 28 Ja83 It;lPi,It~getI •. o,10"Q~2(I-;:±5{ 

B 12 25 1/2 . 27 . ·k. . and ±10;LQW~OWElr. Alter-
natives for HI .. 4 &AD574. 

C 12 25 1 45 .... Dt;SCd(aWj09a~HabJe," .' 

HADC674Z A 12 15 . 1/2 10 C,I,M J,D,C,U 28 1883 Input ranges 0-10, 0-20, ±5, 

B 12 15 1/2 27 
and ±10. Low power. HI674 
alternative. DESC drawing 

C 12 15 1 45 available. 

SPT774 A 12 8 1/2 10 C,I,M J,O,C.U .. 28 lS83 Inj,utrllirig$$.Q.io; 0-2O,±5, 

B 12 8 1/2 27 atl(f;i:1t'j: J-PwPQWer... .• 
Alternat!vetotheH1774 and 

C 12 8 1 45 .. . APi'674. '., . : ..... 

D/A CONV.RI'.RS • G.N.U' PURfJOS. 

SPT9712 

SPT9713 

SPT5216 

• Consult the factory for availability of 1883 processed units. 
Commercial temperature grades . 

••• Over temperature. 

1-4 
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PRODUCI' .E'ECI'ION GUIDE 

D/A eONVE.rE ••• VIDEO 
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SPT5100 S 8 - 1/2 20 C T 32 N/A Dual DAC 

SPT5110 S 8 - 1/2 30 C T 48 N/A Triple DAC 

SPT1018 A 8 10 1/2 275 11M N,U 24 1883 Video control alternative 

B 8 10 1/2 165 to the TDC1018 

SPT1019 A 8 10 1/2 275 11M N,U 24 1883 Video control with reference 

B 8 10 1/2 165 

SPT5140 S 8 10 1/2 400 11M N,U 24 1883 Ref video control 

SPT5220 S 10 - 1 80 C N 28 N/A Single +5 V supply 

Video controls 

SPT5230 S 10 - 1 50 C T 52 N/A TripleDAC 

eOMPAuro •• 

g4~/~?I~~/' ~ .~'1> ~ 

~o· 
~~ ~,<j{? 9J-<::' o'" o'" 

b0'" «, <;;i~' ~ I$- ~ ~~ ,(P'q, r. .,..,..§ 
q,'lr~ (f'li' ,,<P~c;, q,"O~ ..:;.V~ ..:;.0'<> q,O~~~ ,,0~ q,'lrv Q.~ «,0'1> 

HCMP96850 S 1.76/1.76 2.4 ±2.5 ±3.0 90 I D,U 16 SymmetriCal TRITF. 

Alternative to the AD9685 

SPT9687 S 1.211.2 2.0 ±2.5 ±3.0 185 I N,D,C,P,J,U 16,20 High performance 

Alternative for the AD96687 

SPT9689 A .18/.08 .65 -2.5/+4.0 ±10 

B .18/.08 .65 -2.51+4.0 ±25 

SPT9691 S 0.4/0.4 2.2 -4/+8.0 ±25 

SPT9693 S 0.45/0.45 1.25 -3/+8.0 ±25 

• Consult the factory for availability of 1883 processed units. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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350 I J,C,P,U 16,20 900 MHz bandwidth 

350 Diffe(entiallatch control 

700 C J,C,P,N,U 20 JFET inputs. Constant 

propagation delays 

430 C J,C,P,U 20 JFET inputs. Constant 

propagation delays 
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PRODucr SE'ECrlON GUIDE 

PIN DRIV.R5 

SPJ9500 

5AMPLIE.AND·HOLD5 

SPT9101 

Package Type Key 

1-6 

J Ceramic Sidebrazed DIP 
D Cerdip 
C Leadless Chip Carrier (LCC) 
G Pin Grid Array 
K MQuad 
N Plastic Dip 
P Plastic Leaded Chip Carrier (PLCC) 
Q Cerquad 
S Small Outline Package (SOl C) 
T Quad Flat pack or Thin Quad Flat Pack 
U Die 

Temperature Range Key 
C Commercial (0 to +70 °C) 
I Industrial (-25 to +85 °C) 
M Military (-55 to +125 °C) 

Grades Key 
A Highest 
C Lowest 
S Single Grade 

4755 Forge Road, Co. Springs, CO 80907 S'''' 
PH: (719) 528-2300; Fax: (719) 528-2370 r_ 



I ANALOG 
DEVICES 

AD574AJD 

AD574AKD 

AD574ALD 

AD574ASD 

AD574ATD 

AD574AUD 

AD674AJD 

AD674AKD 

AD674ALD 

AD674ASD 

AD674ATD 

AD674AUD 

AD1674JN 

AD1674KN 

AD1674AD 

AD1674BD 

AD1674TD 

AD9712 

AD9713 

AD91 01 

AD96685B 

AD96687B 

IBURR 
BROWN 

ADC574AJH 

ADC574AKH 

ADC574ASH 

ADC574ATH 

ADC674AJH 

ADC674AKH 

ADC674ASH 

ADC674ATH 

ADS574JP 

ADS574KP 

ADS574SH 

ADS574TH 

AOS774JP 

AOS774KP 

AOS774SH 

AOS774TH 

SPI' 

PRODUcr CROSS RE'ERENCE GUIDE 
IlNDUS7RIAl SP7 EQUIVAUN7J 

SPT DESCRIPTION 

HADC574ZCCD 12-BIT ADC 

HADC574ZBCD 12-BIT ADC 

HADC574ZACD 12-BIT ADC 

HADC574ZCMD 12-BIT ADC 

HADC574ZBMD 12-BIT ADC 

HADC574ZAMD 12-BITADC 

HADC674ZCCD 12-BIT ADC 

HADC674ZBCD 12-BITADC 

HADC674ZACD 12-BIT ADC 

HADC674ZCMD 12-BITADC 

HADC674ZBMD 12-BITADC 

HADC674ZAMD 12-BITADC 

SPT774CCD 12-BITADC 

SPT774BCD 12-BITADC 

SPT774CIJ 12-BITADC 

SPT774BIJ 12-BIT ADC 

SPT774BMJ 12-BITADC 

SPT9712 12-BIT DAC 

SPT9713 12-BITDAC 

SPT9101 12-BITTHA 

HCMP96850SID SINGLE COMPARATOR 

SPT9687 DUAL COMPARATOR 

SPT DESCRIPTION 

HADC574ZCCD 12-BITADC 

HADC574ZBCD 12-BITADC 

HADC574ZCMD 12-BIT ADC 

HADC574ZBMD 12-BITADC 

HADC674ZCCD 12-BIT ADC 

HADC674ZBCD 12-BIT ADC 

HADC674ZCMD 12-BITADC 

HADC674ZBMD 12-BITADC 

HADC574ZCCD 12-BITADC 

HADC574ZBCD 12-BIT ADC 

HADC574ZCMJ 12-BITADC 

HADC574ZBMJ 12-BITADC 

HAOC774CCJ 12-BITAOC 

HAOC774BCJ 12-BITAOC 

HAOC774CMJ 12-BIT AOC 

HAOC774BMJ 12-BITAOC 
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! BURR 
I I BROWN SPT 

AOC774JH SPT774CCJ 

AOC774KH SPT774BCJ 

ADC774SH SPT774CMJ 

AOC774TH SPT774BMJ 

I HARRIS SPT 

HI1-574AJO-5 HADC574ZCCJ 

HI1-574AKD-5 HADC574ZBCJ 

HI1-574ALO-5 HAOC574ZACJ 

HI1-574ASD-2 HADC574ZCMJ 

HI1-574ATD-2 HADC574ZBMJ 

HI1-574AUO-2 HAOC574ZAMJ 

HI1-674AJD-5 HAOC674ZCCJ 

HI1-674AKO-5 HADC674ZBCJ 

HI1-674ALD-5 HADC674ZACJ 

HI1-674ASD-2 HADC674ZCMJ 

HI1-674ATO-2 HAOC674ZBMJ 

HI1-674AUD-21 HADC674ZAMJ 

HI1-774J-5 SPT774CCJ 

HI1-774K-5 SPT774BCJ 

HI1-774S-2 SPT774CMJ 

HI1-774T-2 SPT774BMJ 

HI-1175 SPT1175 

MICRO 

POWER SPT 

MP8780 SPT1175 

I PLESSEY SPT 

SP9685DG HCMP96850SID 

SP9687DG SPT9687 

I SONY SPT 

CX20116 SPT7710AIJ 

CXA1396D SPT7710AIJ 

CXD1175AM SPT1175 

I RAYTHEON SPT 

TDC1018 SPT1018 

TMC1175M7C20 SPT1175 

TMC1175M7C30 SPT1175 

DESCRIPTION I II 
12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

DESCRIPTION I 
12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT AOC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BITADC 

12-BIT AOC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

12-BIT ADC 

8-BIT, 20 MSPS ADC 

DESCRIPTION 

8-BIT, 20 MSPS ADC 

DESCRIPTION I 
SINGLE COMPARATOR 

DUAL COMPARATOR 

DESCRIPTION I 
8-BIT, 150 MSPS AOC 

8-BIT, 150 MSPS ADC 

8-BIT, 20 MSPS AOC 

DESCRIPTION I 
8-BIT, 275 MWPS OAC 

8-BIT 20 MSPS AOC 

8-BIT, 30 MSPS AOC 
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SPECIFICATION DEFINITIONS 

APERTURE DELAY DIFFERENTIAL NONLINEARITY (DNL) 

Aperture delay represents the point in time, relative to the Error in the width of each code from its theoretical value. 
rising edge of the CLOCK input, that the analog input is (Theoretical = V FJ2N) 
sampled. 

APERTURE JITTER 

The variations in aperture delay for successive samples. 

DIFFERENTIAL GAIN (DG) 

A signal consisting of a sine wave superimposed on various 
DC levels is applied to the input. Differential gain is the 
maximum variation in the sampled sine wave amplitudes at 
these DC levels. 

DIFFERENTIAL PHASE (DP) 

A signal consisting of a sine wave superimposed on various 
DC levels that is applied to the input. Differential phase is the 
maximum variation in the sampled sine wave phases at these 
DC levels. 

EFFECTIVE NUMBER OF BITS (ENOB) 

SINAD = 6.02N + 1.76, where N is equal to the effective 
number of bits. 

N = SINAD - 1.76 
6.02 

+/- FULL-SCALE ERROR (GAIN ERROR) 

INTEGRAL NONLINEARITY (INL) 

Linearity error refers to the deviation of each individual code 
(normalized) from a straight line drawn from -Fs through +Fs. 
The deviation is measured from the edge of each particular 
code to the true straight line. 

OUTPUT COMPLIANCE 

The maximum allowable output voltage swing of a digital-to
analog converter. 

OUTPUT DELAY 

Time between the clock's triggering edge and output data 
valid. 

OVERVOL TAGE RECOVERY TIME 

The time required for the ADC to recover to full accuracy after 
an analog input signal 125% of full scale is reduced to 50% of 
the full-scale value. 

SIGNAL-TO-NOISE RATIO (SNR) 

The ratio of the fundamental sinusoid power to the total noise 
power. Harmonics are excluded. 

Difference between measured full scale response SIGNAL-TO-NOISE AND DISTORTION (SINAD) 
[(+Fs) - (-Fs)] and the theoretical response (+4 V -2 LSBs) The ratio ofthe fundamental sinusoid power to the total noise 
where the +FS (full scale) input voltage is defined as the and distortion power. 
output transition between 1-10 and 1-11 and the -FS input 
voltage is defined as the output transition between 0-00 and 
0-01. TOTAL HARMONIC DISTORTION (THD) 

The ratio of the total power of the first 64 harmonics to the 
INPUT BANDWIDTH power of the measured sinusoidal signal. 

Small signal (50 mY) bandwidth (3 dB) of analog input stage. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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SPURIOUS FREE DYNAMIC RANGE (SFDR) 

The ratio ofthe fundamental sinusoidal amplitude to the single 
largest harmonic or spurious signal. 
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GENERAL PRODUCT INFORMATION 

ANALOG-TO-DIGITAL CONVERTERS 

DIGITAL-TO-ANALOG CONVERTERS 

COMPARATORS 

PIN DRIVERS 

SAMPLE-AND-HOLD AMPLIFIERS 

EVALUATION BOARDS 

APPLICATION NOTES 

QUALITY ASSURANCE 

PACKAGE OUTLINES 

SALES OFFICES 
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SPr PRODUCT 'DIENfI"CAflON CODIE 

PREFIX 

PRODUCT NUMBER 

ELECTRICAL GRADE 

OPERATING TEMPERATURE RANGE 

~ 
I 1-

PACKAGE TYPE 

SPECIAL BY CUSTOMER 

DRAWING OR SCREEN 

SPT 7824 A C S /883 

SPY' 

A~t 

l Options: 

H Standard Hi-Rei Screening 
E Special Electrical 

883 Compliant to /883, Class B 

J Ceramic Sidebrazed 
D Cerdip 
C Leadless Chip Carrier 
G Pin Grid Array 
N Plastic Dip 
P Plastic Leaded Chip Carrier 
Q Cerquad 
S Small Outline Package (SOIC) 
T Thin Quad Flat Pack (TQFP) 
K MQuad 
U Die 

M Military (-55 to +125 0C) 
I Industrial (-25 to +85 0C) 

C Commercial (0 to +70 0C) 

Increasing Grade 

S Single Grade 

(See Product Listings) 

ADC Analog-to-Digital Converter 
CMP Comparator 
SPT New SPT Products 

4755 Forge Road, Co. Springs, CO 80907 
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ORDERING IN'ORMAF,ON 

ANALOG·I'O·DIGII'AL CONVERI'ERS 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

HADC574ZAC(X) 12-BIT, 25 Ilsec ADC SEE NOTE BELOW 28 COMMERCIAL 
HADC574ZBC(X) 12-BIT, 25 J.lSec ADC SEE NOTE BELOW 28 COMMERCIAL 

HADC574ZCC(X) 12-BIT, 25 Ilsec ADC SEE NOTE BELOW 28 COMMERCIAL 

HADC574ZAI(X) 12-BIT, 251lsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
HADC574ZBI(X) 12-BIT, 25 J.lSec ADC SEE NOTE BELOW 28 INDUSTRIAL 
HADC574ZCI(X) 12-BIT, 25 Ilsec ADC SEE NOTE BELOW 28 INDUSTRIAL 

HADC574ZAM(X) 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY 

HADC574ZBM(X) 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY 

HADC574ZCM(X) 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY 

HADC574ZAM(X)/883 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY/883 
HADC574ZBM(X)/883 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY/883 

HADC574ZCM(X)/883 12-BIT, 251lsec ADC SEE NOTE BELOW 28 MILITARY/883 
HADC574ZCCU 12-BIT, 251lsec ADC DIE +25°C 

DESC Drawing Number 5962-85127 28 MILITARY/883 

HADC674ZAC(X) 12-BIT, 151lsec ADC SEE NOTE BELOW 28 COMMERCIAL 

HADC674ZBC(X) 12-BIT, 151lsec ADC SEE NOTE BELOW 28 COMMERCIAL 

HADC674ZCC(X) 12-BIT,15IlsecADC SEE NOTE BELOW 28 COMMERCIAL 
HADC674ZAI(X) 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 INDUSTRIAL 

HADC674ZBI(X) 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
HADC674ZCI(X) 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
HADC674ZAM(X) 12-BIT, 151lsec ADC SEE NOTE BELOW 28 MILITARY 

HADC674ZBM(X) 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 MILITARY 
HADC674ZCM(X) 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 MILITARY 
HADC674ZAM(X)/883 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 MILITARY/883 
HADC674ZBM(X)/883 12-BIT, 151lsec ADC SEE NOTE BELOW 28 MILITARY/883 

HADC674ZCM(X)/883 12-BIT, 15 Ilsec ADC SEE NOTE BELOW 28 MILITARY/883 

HADC674ZCCU 12-BIT, 15 Ilsec ADC DIE +25°C 
DESC Drawing Number 5962-91690 28 MILITARY/883 

SPT774AC(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 COMMERCIAL 
SPT774BC(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 COMMERCIAL 

SPT774CC(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 COMMERCIAL 
SPT774AI(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
SPT774BI(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
SPT774CI(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 INDUSTRIAL 
SPT774AM(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY 

SPT774BM(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY 

SPT774CM(X) 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY 

SPT774AM(X)/883 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY/883 
SPT774BM(X)/883 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY/883 

SPT774CM(X)/883 12-BIT, 81lsec ADC SEE NOTE BELOW 28 MILITARY/883 
SPT774CCU 12-BIT, 81lsec ADC DIE +25°C 

SPT7610SIQ 6-BIT, 1 GSPS ADC CERQUAD 44 INDUSTRIAL 

SPT7610SCU 6-BIT, 1 GSPS ADC DIE +25°C 

NOTE: (X) Denotes Package Type: J - SIDEBRAZED DIP; D • CERDIP; C • LCC 
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ORDERING INFORMArlON 

ANA10G-rO-D.G.rAI CONVERrERS - Continued 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

SPT1175ACD 8-BIT, 20 MSPS ADC CERDIP 24 COMMERCIAL 
SPT1175ACN 8-BIT, 20 MSPS ADC PLASTIC DIP 24 COMMERCIAL 
SPT1175ACP 8-BIT, 20 MSPS ADC PLCC 28 COMMERCIAL 
SPT1175ACS 8-BIT, 20 MSPS ADC SOIC 24 COMMERCIAL 
SPT1175BCD 8-BIT, 30 MSPS ADC CERDIP 24 COMMERCIAL 
SPT1175BCN 8-BIT, 30 MSPS ADC PLASTIC DIP 24 COMMERCIAL 
SPT1175BCP 8-BIT, 30 MSPS ADC PLCC 28 COMMERCIAL 
SPT1175BCS 8-BIT, 30 MSPS ADC SOIC 24 COMMERCIAL 
SPT1175SCU 8-BIT, 20 MSPS ADC DIE +25°C 

SPT7710AIJ 8-BIT, 150 MSPS ADC ±.75 LSB SIDEBRAZED 42 INDUSTRIAL 
SPT7710BIJ 8-BIT, 150 MSPS ADC ±.95 LSB SIDEBRAZED 42 INDUSTRIAL 
SPT7710AIG 8-BIT, 150 MSPS ADC ±.75 LSB PGA 46 INDUSTRIAL 
SPT7710BIG 8-BIT, 150 MSPS ADC ±.95 LSB PGA 46 INDUSTRIAL 
SPT7710AIQ 8-BIT, 150 MSPS ADC ±.75 LSB CERQUAD 44 INDUSTRIAL 
SPT7710BIQ 8-BIT, 150 MSPS ADC ±.95 LSB CERQUAD 44 INDUSTRIAL 
SPT7710AMJ 8-BIT, 150 MSPS ADC ±.75 LSB SIDEBRAZED 42 MILITARY 
SPT7710BMJ 8-BIT, 150 MSPS ADC ±.95 LSB SIDEBRAZED 42 MILITARY 
SPT7710AMQ 8-BIT, 150 MSPS ADC ±.75 LSB CERQUAD 44 MILITARY 
SPT7710BMQ 8-BIT, 150 MSPS ADC ±.95 LSB CERQUAD 44 MILITARY 
SPT7710AMJ/883 8-BIT, 150 MSPS ADC ±.75 LSB SIDEBRAZED 42 MILITARY/883 
SPT7710BMJ/883 8-BIT, 150 MSPS ADC ±.95 LSB SIDEBRAZED 42 MILITARY/883 
SPT7710AMQ/883 8-BIT, 150 MSPS ADC ±.75 LSB CERQUAD 44 MILITARY/883 
SPT7710BMQ/883 8-BIT, 150 MSPS ADC ±.95 LSB CERQUAD 44 M I LIT ARY 1883 

SPT7710BCU 8-BIT, 150 MSPS ADC ±.95 LSB DIE +25°C 

SPT7725AIJ 8-BIT, 300 MSPS ADC ±.75 LSB SIDEBRAZED 42 INDUSTRIAL 
SPT7725BIJ 8-BIT, 300 MSPS ADC ±.95 LSB SIDEBRAZED 42 INDUSTRIAL 
SPT7725AIG 8-BIT, 300 MSPSADC ±.75 LSB PGA 46 INDUSTRIAL 
SPT7725BIG 8-BIT, 300 MSPS ADC ±.95 LSB PGA 46 INDUSTRIAL 
SPT7725AIQ 8-BIT, 300 MSPS ADC ±.75 LSB CERQUAD 44 INDUSTRIAL 
SPT7725BIQ 8-BIT, 300 MSPS ADC ±.95 LSB CERQUAD 44 INDUSTRIAL 
SPT7725AMJ 8-BIT, 300 MSPS ADC ±.75 LSB SIDEBRAZED 42 MILITARY 
SPT7725BMJ 8-BIT, 300 MSPS ADC ±.95 LSB SIDEBRAZED 42 MILITARY 
SPT7725AMQ 8-BIT, 300 MSPS ADC ±.75 LSB CERQUAD 44 MILITARY 
SPT7725BMQ 8-BIT, 300 MSPS ADC ±.95 LSB CERQUAD 44 MILITARY 
SPT7725AMJ/883 8-BIT, 300 MSPS ADC ±.75 LSB SIDEBRAZED 42 MILITARY/883 
SPT7725BMJ/883 8-BIT, 300 MSPS ADC ±.95 LSB SIDEBRAZED 42 MILITARY/883 
SPT7725AMQ/883 8-BIT, 300 MSPS ADC ±.75 LSB CERQUAD 44 MILITARY/883 
SPT7725BMQ/883 8-BIT, 300 MSPS ADC ±.95 LSB CERQUAD 44 MILITARY/883 
SPT7725BCU 8-BIT, 300 MSPS ADC ±.95 LSB DIE +25°C 

SPT7750AIG 8-BIT, 500 MSPS ADC ±1.0 LSB PGA 68 INDUSTRIAL 
SPT7750BIG 8-BIT, 500 MSPS ADC ±1.5 LSB PGA 68 INDUSTRIAL 
SPT7750AIK 8-BIT, 500 MSPS ADC ±1.0 LSB MQUAD 80 INDUSTRIAL 
SPT7750BIK 8-BIT, 500 MSPS ADC ±1.5 LSB MQUAD 80 INDUSTRIAL 

SPT7750BCU 8-BIT, 500 MSPS ADC ±1 .5 LSB DIE +25°C 

SPT7755AIG 8-BIT, 750 MSPS ADC ±1 .0 LSB PGA 68 INDUSTRIAL 
SPT7755BIG 8-BIT, 750 MSPS ADC ±1 .5 LSB PGA 68 INDUSTRIAL 
SPT7755AIK 8-BIT, 750 MSPS ADC ±1.0 LSB MQUAD 80 INDUSTRIAL 
SPT7755BIK 8-BIT, 750 MSPS ADC ±1.5 LSB MQUAD 80 INDUSTRIAL 
SPT7755BCU 8-BIT, 750 MSPS ADC ±1.5 LSB DIE +25°C 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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ORDERING INFORMATION 

ANALOG·I'O.DIGII'AL CONV£RI'£RS· Continue" 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

SPT7760AIG 8-BIT, 1 GSPS ADC ±1.0 LSB PGA 68 INDUSTRIAL 
SPT7760BIG 8-BIT, 1 GSPS ADC ±1.5 LSB PGA 68 INDUSTRIAL 
SPT7760AIK 8-BIT, 1 GSPS ADC ±1.0 LSB MQUAD 80 INDUSTRIAL 
SPT7760BIK 8-BIT, 1 GSPS ADC ±1.5 LSB MQUAD 80 INDUSTRIAL 
SPT7760BCU 8-BIT, 1 GSPS ADC ±1.5 LSB DIE +25°C 

SPT7810AIJ 1 O-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7810BIJ 1 O-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7810ACN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7810BCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7810BCU 10-BIT, 20 MSPS ADC DIE +25°C 

SPT7814AIJ 1 O-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7814BIJ 1 O-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7814ACN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7814BCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7814BCU 10-BIT, 40 MSPS ADC DIE +25°C 

SPT7820AIJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7820BIJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7820AIC 10-BIT, 20 MSPS ADC LCC 28 INDUSTRIAL 
SPT7820BIC 10-BIT, 20 MSPS ADC LCC 28 INDUSTRIAL 
SPT7820ACN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7820BCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7820ACS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL 
SPT7820BCS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL 
SPT7820AMJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7820BMJ 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7820AMJ/883 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7820BMJ/883 10-BIT, 20 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7820BCU 10-BIT, 20 MSPS ADC DIE +25°C 

SPT7824AIJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7824BIJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 INDUSTRIAL 
SPT7824AIC 10-BIT, 40 MSPS ADC LCC 28 INDUSTRIAL 
SPT7824BIC 10-BIT, 40 MSPS ADC LCC 28 INDUSTRIAL 
SPT7824ACN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7824BCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7824ACS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL 
SPT7824BCS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL 
SPT7824AMJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7824BMJ 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7824A1\,1J/883 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7824BMJ/883 10-BIT, 40 MSPS ADC SIDEBRAZED 28 MILITARY 
SPT7824BCU 10-BIT, 40 MSPS ADC DIE* +25°C 

SPT7830SCS 10-BIT, 2.5 MSPS ADC SOIC 8 COMMERCIAL 
SPT7830SCU 10-BIT, 2.5 MSPS ADC DIE +25°C 

SPT7835SCD 10-BIT, 5 MSPS ADC CERDIP 28 COMMERCIAL 
SPT7835SCN 10-BIT, 5 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7835SCS 10-BIT, 5 MSPS ADC SOIC 28 COMMERCIAL 
SPT7835SCT 10-BIT, 5 MSPS ADC TQFP 32 COMMERCIAL 
SPT7835SCU 10-BIT, 5 MSPS ADC DIE +25°C 
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ORD.RING INFORMArlON 

ANALOG·I'O·DIGII'AL CONVERI'ER5 • ContInue" 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

SPT7840SCD 10-BIT, 10 MSPS ADC CERDIP 28 COMMERCIAL 
SPT7840SCN 10-BIT, 10 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7840SCS 10-BIT, 10 MSPS ADC SOIC 28 COMMERCIAL 
SPT7840SCT 10-BIT, 10 MSPS ADC TQFP 32 COMMERCIAL 
SPT7840SCU 10-BIT, 10 MSPS ADC DIE +25°C 

SPT7850SCD 10-BIT, 20 MSPS ADC CERDIP 28 COMMERCIAL 
SPT7850SCN 10-BIT, 20 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7850SCS 10-BIT, 20 MSPS ADC SOIC 28 COMMERCIAL 
SPT7850SCT 10-81T, 20 MSPS ADC TQFP 32 COMMERCIAL 
SPT7850SCU 10-BIT, 20 MSPS ADC DIE +25°C 

SPT7852SCT DUAL, 10-BIT, 20 MSPS ADC TQFP 44 COMMERCIAL 
SPT7852SCU DUAL, 10-BIT, 20 MSPS ADC DIE +25°C 

SPT7855SCD 10-BIT, 25 MSPS ADC CERDIP 28 COMMERCIAL 
SPT7855SCN 10-BIT, 25 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7855SCS 10-BIT, 25 MSPS ADC SOIC 28 COMMERCIAL 
SPT7855SCT 10-BIT, 25 MSPS ADC TQFP 32 COMMERCIAL 
SPT7855SCU 10-BIT, 25 MSPS ADC DIE +25°C 

SPT7860SCD 10-BIT, 40 MSPS ADC CERDIP 28 COMMERCIAL 
SPT7860SCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7860SCS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL 
SPT7860SCT 10-BIT, 40 MSPS ADC TQFP 32 COMMERCIAL 
SPT7860SCU 10-BIT, 40 MSPS ADC DIE +25°C 

SPT7861SCN 10-BIT, 40 MSPS ADC PLASTIC DIP 28 COMMERCIAL 
SPT7861SCS 10-BIT, 40 MSPS ADC SOIC 28 COMMERCIAL 
SPT7861SCT 10-BIT, 40 MSPS ADC TQFP 32 COMMERCIAL 
SPT7861SCU 10-BIT, 40 MSPS ADC DIE +25°C 

SPT7870SCJ 10-BIT, 100 MSPS ADC SIDEBRAZED 32 COMMERCIAL 
SPT7870SCQ 10-BIT, 100 MSPS ADC CERQUAD 44 COMMERCIAL 
SPT7870SCU 10-BIT, 100 MSPS ADC DIE +25°C 

SPT7871SCJ 10-BIT, 100 MSPS ADC SIDEBRAZED 32 COMMERCIAL 
SPT7871SCQ 10-BIT, 100 MSPS ADC CERQUAD 44 COMMERCIAL 
SPT7871SCU 10-BIT, 100 MSPS ADC DIE +25°C 

SPT7910SCJ 12-BIT, 10 MSPS ECl ADC SIDEBRAZED 32 COMMERCIAL 
SPT7910SCU 12-BIT, 10 MSPS ECl ADC DIE' +25°C 

SPT7912SCJ 12-BIT, 30 MSPS ECl ADC SIDEBRAZED 32 COMMERCIAL 
SPT7912SCU 12-BIT, 30 MSPS ECl ADC DIE' +25°C 

SPT7920SCJ 12-BIT, 10 MSPS TTL ADC SIDEBRAZED 32 COMMERCIAL 
SPT7920SCQ 12-BIT, 10 MSPS TTL ADC CERQUAD 44 COMMERCIAL 
SPT7920SMJ 12-BIT, 10 MSPS TTL ADC SIDEBRAZED 32 MILITARY 
SPT7920SCU 12-BIT, 10 MSPS TTL ADC DIE' +25°C 

SPT7921SCJ 12-BIT, 20 MSPS TTL ADC SIDEBRAZED 32 COMMERCIAL 
SPT7921SCQ 12-BIT, 20 MSPS TTL ADC CERQUAD 44 COMMERCIAL 
SPT7921SMJ 12-BIT, 20 MSPS TTL ADC SIDEBRAZED 32 MILITARY 
SPT7921SCU 12-BIT, 20 MSPS TTL ADC DIE' +25°C 

SPT7922SCJ 12-BIT, 30 MSPS TTL ADC SIDE8RAZED 32 COMMERCIAL 
SPT7922SCQ 12-81T, 30 MSPS TTL ADC CERQUAD 44 COMMERCIAL 
SPT7922SMJ 12-BIT, 30 MSPS TTL ADC SIDEBRAZED 32 MILITARY 
SPT7922SCU 12-81T, 30 MSPS TTL ADC DIE' +25°C 

SPT7930SCJ 12-81T, 5 MSPS TTL ADC SIDE8RAZED 28 COMMERCIAL 
SPT7930SCS 12-BIT, 5 MSPS TTL ADC SOIC 28 COMMERCIAL 
SPT7930SCU 12-BIT, 5 MSPS TTL ADC DIE +25°C 

. COIfsun FACTORY' FOR AVA.UBI,,", 
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ORDERING INFORMAf'ION 

DIGlf'AL·f'O·ANALOG CONVIRf'IR5 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

SPT5100SCT DUAL, 8-BIT, 20 MWPS TQFP 32 COMMERCIAL 

SPT5110SCT TRIPLE, 8-BIT, 30 MWPS TQFP 48 COMMERCIAL 

SPT1018AIN 8-BIT, 275 MWPS DAC PLASTIC DIP 24 INDUSTRIAL 
SPT1018BIN 8-BIT, 165 MWPS DAC PLASTIC DIP 24 INDUSTRIAL 
SPT1018AMJ 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY 
SPT1018BMJ 8-BIT, 165MWPS DAC CERDIP 24 MILITARY 
SPT1018AMJ/883 8-BIT, 275 MWPS DAC CERDIP 24 MILITARY 
SPT1018BMJ/883 8-BIT, 165 MWPS DAC CERDIP 24 MILITARY 

SPT1019AIN - 8-BIT, 275 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL 
SPT1019BIN 8-BIT, 165 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL 
SPT1019AMJ 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY 
SPT1019BMJ 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY 
SPT1019AMJ/883 8-BIT, 275 MWPS DAC W/REF CERDIP 24 MILITARY 
SPT1019BMJ/883 8-BIT, 165 MWPS DAC W/REF CERDIP 24 MILITARY 
SPT5140SIN 8-BIT, 400 MWPS DAC W/REF PLASTIC DIP 24 INDUSTRIAL 
SPT5140SMJ 8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY 
SPT5140SMJ/883 8-BIT, 400 MWPS DAC W/REF CERDIP 24 MILITARY 

SPT5220SCN 10-BIT, 80 MWPS PLASTIC DIP 28 COMMERCIAL 

SPT5230SCT TRIPLE, 10-BIT, 50 MWPS SQFP 52 COMMERCIAL 

SPT9712SIN 12-BIT, 100 MWPS ECl DAC PLASTIC DIP 28 INDUSTRIAL 
SPT9712SIP 12-BIT, 100 MWPS ECl DAC PlCC 28 INDUSTRIAL 
SPT9712SCU 12-BIT, 100 MWPS ECl DAC DIE COMMERCIAL 

SPT9713SIN 12-BIT, 100 MWPS TTL DAC PLASTIC DIP 28 INDUSTRIAL 
SPT9713SIP 12-BIT, 100 MWPS TTL DAC PlCC 28 INDUSTRIAL 
SPT9713SCU 12-BIT, 100 MWPS TTL DAC DIE COMMERCIAL 

SPT5216BCJ 16-BIT RES DAC W/REF SIDEBRAZED 32 COMMERCIAL 
SPT5216CCJ 16-BIT RES DAC W/REF SIDEBRAZED 32 COMMERCIAL 
SPT5216BCQ 16-BIT RES DAC W/REF CERQUAD 44 COMMERCIAL 
SPT5216CCQ 16-BIT RES DAC W/REF CERQUAD 44 COMMERCIAL 
SPT5216CCU 16-BIT RES DAC W/REF DIE +25°C 

COMPARAf'OR5 
PART NUMBER DESCRIPTION PACKAGE TYPE # PINS TEMPERATURE RANGE 

HCMP96850SID HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL 
HCMP96850SC.U HIGH-SPEED COMPARATOR DIE +25°C 

SPT9687SIC DUAL HIGH-SPEED COMPARATOR lCC 20 INDUSTRIAL 
SPT9687SID DUAL HIGH-SPEED COMPARATOR CERDIP 16 INDUSTRIAL 
SPT9687SIJ DUAL HIGH-SPEED COMPARATOR SIDEBRAZED 16 INDUSTRIAL 
SPT9687SIN DUAL HIGH-SPEED COMPARATOR PLASTIC DIP 16 INDUSTRIAL 
SPT9687SIP DUAL HIGH-SPEED COMPARATOR PlCC 20 INDUSTRIAL 
SPT9687SCU DUAL HIGH-SPEED COMPARATOR DIE +25°C 

SPT9689AIJ SUB-NANOSECOND COMPARATOR SIDEBRAZED 16 INDUSTRIAL 
SPT9689BIJ SUB-NANOSECOND COMPARATOR SIDEBRAZED 16 INDUSTRIAL 
SPT9689AIC SUB-NANOSECOND COMPARATOR lCC 20 INDUSTRIAL 
SPT9689BIC SUB-NANOSECOND COMPARATOR lCC 20 INDUSTRIAL 
SPT9689AIP SUB-NANOSECOND COMPARATOR PlCC 20 INDUSTRIAL 
SPT9689BIP SUB-NANOSECOND COMPARATOR PlCC 20 INDUSTRIAL 
SPT9689BCU SUB-NANOSECOND COMPARATOR DIE +25°C 

. CONSUiF 'ACTO." ,0. AVA/lAB"," 
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COMPARA'FORS 
PART NUMBER DESCRIPTION 

SPT9691SCJ 2NS, JFET COMPARATOR 
SPT9691SCC 2NS, JFET COMPARATOR 
SPT9691SCN 2NS, JFET COMPARATOR 
SPT9691SCP 2NS, JFET COMPARATOR 
SPT9691SCU 2NS, JFET COMPARATOR 

SPT9693SCJ 1NS, JFET COMPARATOR 
SPT9693SCC 1NS, JFET COMPARATOR 
SPT9693SCP 1NS, JFET COMPARATOR 
SPT9693SCU 1NS, JFET COMPARATOR 

PIN DRIVERS 
PART NUMBER DESCRIPTION 

SPT9500SCP 300 MHz PIN DRIVER 
SPT9500SCU 300 MHz PIN DRIVER 

SAMP1E·AND.H01DS 
PART NUMBER 

SPT9101SIC 
SPT9101SIS 
SPT9101SCU 

DESCRIPTION 

125 MSPS SAMPLING AMPLIFIER 
125 MSPS SAMPLING AMPLIFIER 
125 MSPS SAMPLING AMPLIFIER 

EVA1UA'FION BOARDS 

EB1175 SPT1175 DEMO BOARD 
EB5220 SPT5220 DEMO BOARD 
EB7610 SPT7610 DEMO BOARD 
EB771 0/25 SPT771 0/25 DEMO BOARD 
EB7750/55/60 SPT7750/55/60 DEMO BOARD 
EB781 0/14 SPT781017814 DEMO BOARD 
EB7820/24 SPT782017824 DEMO BOARD 
EB7830 SPT7830 DEMO BOARD 
EB7835/40/50/55/60 SPT7835/40/50/55/60 DEMO BOARD 
EB7870 
EB7871 
EB7910/12 
EB7920/22 
EB9101 
EB9712 
EB9713 

SPI' 

SPT7870 DEMO BOARD 
SPT7871 DEMO BOARD 
SPT791 0/7912 DEMO BOARD 
SPT792017922 DEMO BOARD 
SPT9101 DEMO BOARD 
SPT9712 DEMO BOARD 
SPT9713 DEMO BOARD 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PACKAGE TYPE # PINS TEMPERATURE RANGE 

SIDEBRAZED 20 COMMERCIAL 
LCC 20 COMMERCIAL 
PLASTIC DIP 20 COMMERCIAL 
PLCC 20 COMMERCIAL 
DIE 20 +25 DC 

SIDEBRAZED 20 COMMERCIAL 
LCC 20 COMMERCIAL 
PLCC 20 COMMERCIAL 
DIE 20 +25 DC 

PACKAGE TYPE # PINS TEMPERATURE RANGE 

PLCC 28 COMMERCIAL 
DIE +25 DC 

PACKAGE TYPE # PINS TEMPERATURE RANGE 

LCC 28 INDUSTRIAL 
SOlS 28 INDUSTRIAL 
DIE +25 DC 

2-9 
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Section 3 Analog-to-Digital Converters 
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HADC574Z 

HADC674Z 

SPT774 

SPT7610 

SPT1175 

SPT771 0 

SPT7725 

SPT7750 

SPT7755 

SPT7760 

SPT781 0 

SPT7814 
SPT7820 

SPT7824 

SPT7830 

SPT7835 

SPT7840 

SPT7850 

SPT7852 

SPT7855 

SPT7860 

SPT7861 
SPT7870 

SPT7871 

SPT791 0 

SPT7912 

SPT7920 
SPT7921 

SPT7922 

SPT7930 

12-Bit, 25 J.lsec BiCMOS ................................................................. 3-5 

12-Bit, 15 J.lsec BiCMOS ............................................................... 3-23 

12-Bit, 8 J.lsec BiCMOS ................................................................. 3-41 

6-Bit, 1 GSPS Flash ..................................................................... 3-59 

8-Bit, 20 and 30 MSPS, CMOS .................................................... 3-67 

8-Bit, 150 MSPS ........................................................................... 3-75 

8-Bit, 300 MSPS ........................................................................... 3-87 
8-Bit, 500 MSPS ........................................................................... 3-99 

8-Bit, 750 MSPS ......................................................................... 3-107 

8-Bit,1 GSPS ......................................... ; ................................... 3-115 

10-Bit, 20 MSPS, ECL Outputs .................................................. 3-123 

10-Bit, 40 MSPS, ECL Outputs .................................................. 3-133 
10-Bit, 20 MSPS, TTL Outputs ................................................... 3-143 

10-Bit, 40 MSPS, TTL Output ..................................................... 3-153 

10-Bit, 2.5 MSPS, Serial Outputs ............................................... 3-163 

10-Bit, 5 MSPS, Low Power, CMOS .......................................... 3-171 

10-Bit 10 MSPS, Low Power, CMOS ......................................... 3-181 

10-Bit, 20 MSPS, Low Power, CMOS ........................................ 3-191 

DuaI10-Bit, 20 MSPS, Low Power, CMOS ............................... 3-201 

10-Bit, 25 MSPS Low Power, CMOS ......................................... 3-205 

10-Bit, 40 MSPS, Low Power, CMOS ........................................ 3-215 

10-Bit, 40 MSPS, Low Power, CMOS ........................................ 3-225 

10-Bit, 100 MSPS, ECL Outputs ................................................ 3-231 

10-Bit, 100 MSPS, TTL Outputs ................................................. 3-237 

12-Bit, 10 MSPS, ECL Outputs .................................................. 3-243 

12-Bit, 30 MSPS, ECL Outputs .................................................. 3-253 

12-Bit, 10 MSPS, TTL Outputs ................................................... 3-263 

12-Bit, 20 MSPS, TTL Outputs ................................................... 3-273 

12-Bit, 30 MSPS, TTL Outputs ................................................... 3-283 

12-Bit, 5 MSPS, Low Power, CMOS .......................................... 3-293 
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HADC574Z ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FAST, COMPLETE 12-BIT IlP COMPATIBLE 
AID CONVERTER WITH SAMPLE/HOLD 

FEATURES 

• Improved Pin-To-Pin Compatible Monolithic Version 
of the HI574A and AD574A 

• Complete 12-Bit AID Converter with Sample/Hold, 
Reference and Clock 

• Low Power Dissipation (150 mW Max) 
• 12-Bit Linearity (Over Temp) 
• 25 Ils Max Conversion Time 
• No Negative Supply Required 
• Full Bipolar and Unipolar Input Range 

GENERAL DESCRIPTION 

The HADC574Z is a complete, 12-bit successive approxima
tion AID converter. The device is integrated on a single die to 
make it the first monolithic CMOS version of the industry 
standard devices, HI574A and AD574A. Included on chip are 
an internal reference, clock, and a sample-and-hold. The S/H 
is an additional feature not available on similar devices. 

The HADC574Z features 25 JlS (max) conversion time of 10 
or 20 volt input signals. Also, a three-state output buffer is 
added for direct interface to an 8, 12, or 16-bit IlP bus. 

The HADC574Z is manufactured on a Bipolar Enhanced 
CMOS process (BEMOS) which combines CMOS logic and 
fast bipolar npn transistors to yield high performance digital 
and analog functions on one chip. 

BLOCK DIAGRAM MSB 

APPLICATIONS 

• Military/Industrial Data Acquisition Systems 
• 8 or 12-Bit IlP Input Functions 
• Process Control Systems 
• Test and Scientific Instruments 
• Personal Computer Interface 

The BEMOS process and monolithic construction reduces 
power consumption and ground noise and keeps parasitics to 
a minimum. In addition, the thin film option on this process 
allows active adjustment of DAC and comparator offsets, 
linearity errors, and gain errors. 

The HADC574Z has standard bipolar and unipolar input 
ranges of 10 V and 20 V that are controlled by a bipolar offset 
pin and laser trimmed for specified linearity, gain and offset 
accuracy. 

Power requirements are +5 V and +12 V to +15 V with a 
maximum dissipation of 150 mW at the specified voltages. 
Power consumption is about five times lower than that of 
currently available devices, and a negative power supply is 
not needed. A standard military drawing is published under 
DESC number 5962-81527. 

LSB 

STS 0811 0810 DB9 DBB DB7 DB6 DB5 DB4 DB3 DB2 DBl DBD DGND 

SPr 

VLOGIC 1218 CS Aa RIC CE Vee REF AGND REF VEE SIP 10 V 20 V 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) 125°C 
Supply Voltages Output 

Positive Supply Voltage (VCC to DGND) ..... 0 to + 16.5 V Reference Output Voltage .......... Indefinite short to GND 
Logic Supply Voltage (VLOGIC to DGND) ......... 0 to +7 V Momentary short to V CC 
Analog to Digital Ground (AGND to DGND) . -0.5 to +1 V 

Temperature 
Input Voltages Operating Temperature, ambient ............ -55 to + 125°C 

Control Input Voltages (to DGND) junction ...................... +175 °C 
(CE, CS, Ao, 12/8, RIC) ............... -0.5 to VLOGIC +0.5 V Lead Temperature, (soldering 10 seconds) ....... +300 °C 
Analog Input Voltage (to AGND) Storage Temperature .............................. -65 to + 150°C 
(REF IN, SIP OFF, 10 Vin) ................................. ±16.5 V Power Dissipation ............................................ 1000 mW 
20 V Vin Input Voltage (to AGND) ......................... ±24 V Thermal Resistance (6jA) .................................. 48 °CIW 

Note: Operation at any Absolute Maximum Rating is not implied. See Operating Conditions for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vcc=+ 15 V or + 12 V, VLOGIC=+5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Resolution 

Linearity Error1 TA=O to 70°C 
TA = -25 to +85 °C 
TA = -55 to +125 °C 

Differential Linearity No Missing Codes 

Unipolar Offset; 10 V, 20 V +25 °c Adiustable to Zero 

Bipolar Offset1; ±5 V, ±1 0 V +25 °C Adjustable to Zero 

Full Scale Calibration Error2 
All Input Ranges +25 °C Adjustable to Zero 

No Adjustment at +250 

TA = 0 to 70°C 
TA = -25 to +85 °C 
TA = -55 to +125 °C 

With Adjustment at +25 °C 

TA = 0 to 70°C 
T A = -25 to +85 °C 
TA = -55 to +125 °C 

Temperature Coefficients3 Using Internal Reference 

Unipolar Offset TA = Oto 70°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C 

Bipolar Offset TA = 0 to 70°C 

TA = -25 to +85 DC 

3-6 

VI 

VI 
I 
I 

VI 

VI 

VI 

VI 

V 
V 
V 

V 
V 
V 

IV 

IV 

IV 

IV 

IV 

HADC574ZC HADC574ZB HADC574ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

11 

12 12 12 BITS 

±1 ±1/2 ±1/2 LSB 
±1 ±1/2 ±1/2 LSB 
±1 ±1 ±1 LSB 

12 12 BITS 

±0.1 ±2 ±0.1 ±2 ±0.1 ±2 LSB 

±10 ±4 ±4 LSB 

0.3 0.3 0.3 %ofFS 

0.5 0.4 0.35 %ofFS 
0.7 0.5 0.4 %ofFS 
0.8 0.6 0.4 %ofFS 

0.22 0.12 0.05 %ofFS 
0.4 0.2 0.1 %ofFS 
0.5 0.25 0.12 %ofFS 

±0.2 ±2 ±0.1 ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppm/DC) 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/DC) 
±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/°C) 

±0.2 ±2 ±0.1 ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppmfOC) 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppmfOC) 

4755 Forge Road, Co. Springs, CO 80907 SPr ! 
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ELECTRICAL SPECIFICATIONS 

TA = TMIN to TMAX, VCC = + 15 V or + 12 V, VLOGIC = +5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Bipolar Offset (Cont.) TA = -55 to +125 °C 

Full Scale Calibration TA = Oto 70°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C 

Power Supply Rejection Max change in full 
scale calibration 

+13.5 V<Vcc<+16.5 V or 
+11.4 V<Vcc<+12.6 V 

+4.5 V<VLOGIC<+5.5 V 

Analog Input Ranges 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

Power Supplies Operating 
Voltage Range 

VLOGIC 

VCC 

VEE Not required for 
circuit operation 

Operating Current 

ILOGIC 

Icc 

lEE Not required for 
circuit operation 

Power Dissipation 
+15V,+5V 

Internal Reference Voltage 
Output Current4 

IV 

IV 

IV 

IV 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 
VI 

SPY' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

HADC574ZC HADC574ZB HADC574ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

±4 ±2 ±1 LSB 
(10) (5) (2.5) (ppm/oC) 

±9 ±5 ±2 LSB 
(45) (25) (10) (ppm/oC) 
±12 ±7 ±3 LSB 
(50) (25) (12) (ppm/°C) 
±20 ±10 ±5 LSB 
(50) (25) (12.5) (ppm/°C) 

±0.5 ±2 ±0.5 ±1 ±0.5 ±1 LSB 

±0.1 ±0.5 ±0.1 ±0.5 ±0.1 ±0.5 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 

3.75 5 6.25 3.75 5 6.25 3.75 5 6.25 kQ 
15 20 25 15 20 25 15 20 25 kQ 

+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 

0.5 1 0.5 1 0.5 1 rnA 

7 9 7 9 7 9 rnA 

110 150 110 150 110 150 rnW 

9.97 10 10.03 9.97 10 10.03 9.97 10 10.03 Volts 
2 2 2 rnA 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VCC = +15 Vor+12 V, VLOGIC = +5 V, unless otherwise specified. 

HADC574ZC HADC574ZB HADC574ZA 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL CHARACTERISTICS 

Logic Inputs 

(CE, CS , RIc, Ao, 1218) 

Logic "0" VI -0.5 +0.8 -0.5 

Logic "1" VI 2.0 5.5 2.0 

Current o to 5.5 V Input VI ±.01 +1 ±.01 

Capacitance V 5 5 

Logic Outputs 
(OB11-0BO, STS) 

Logic "0" (ISink = 1.6 mAl VI +0.4 

Logic "1" (ISOURCE = 500 ItA) VI +2.4 +2.4 

Leakage (High Z State, 
OB11-0BO Only) VI -5 ±0.1 +5 -5 ±0.1 

Capacitance V 5 5 

Note 1: 
Note 2: 

For military temperature range, the device linearity is guaranteed to be 1/2 LSB at 25°C. 
Fixed 50 n resistor from REF OUT to REF IN and REF OUT to BIP OFF. 

Note 3: Full Tempco testing is performed on all Grade A and MIL-STO-883 devices. 

+0.8 -0.5 +0.8 

5.5 2.0 5.5 

+1 ±.01 +1 

5 

+0.4 +0.4 

+2.4 

+5 -5 ±0.1 +5 

5 

Note 4: Available for external loads; external load should not change during conversion. When supplying an external load and 
operating on a + 12.0 V supply, a buffer amplifier must be provided for the reference output. 

Volts 

Volts 

I1A 

pF 

Volts 

Volts 

ItA 
pF 
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ELECTRICAL SPECIFICATIONS 

CONVERT MODE TIMING CHARACTERISTICS 

TA = +25 °C, VCC = +15.0 V or+12 V, VLOGIC = +5 V, unless olherwise specified. 

HADC574ZC HADC574ZB HADC574ZA 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS5 

IDSC STS Delay from CE I 200 200 200 ns 

tHEC CE Pulse Width I 50 50 50 ns 

tssc cs to CE Setup I 50 50 50 ns 

tHSC CS Low during CE High I 50 50 50 ns 

tSRC RIC to CE Setup I 50 50 50 ns 

tHRC RIC Low During CE High I 50 50 50 ns 

tSAC Ao to CE Setup I 0 0 0 ns 

tHAC Ao Valid During CE High I 50 50 50 ns 

tc Conversion Time 
12-Bit Cycle TMINtoTMAX I 13 18 25 15 18 25 15 18 25 Ils 
8-Bit Cycle TMINtoTMAX I 10 13 19 10 13 17 10 13 17 Ils 

Note 5: Time is measured from 50% level of digital transitions. Paramaters are tested with a 100 pF and 3 kn load for high impedance to 
drive and tested with 10 pF and 3 kQ load for drive to high impedance. 

Figure 1· Convert Mode Timing Diagram 

SPr 

CE----.../ 

cs 
ISSC 

AIC 
ISAC 

Ao 

STS _____ +-_--' 
losc Ie 

OBll.0BO _____ +-_..c.H"'i9"-h""lm"'Ped=."'nc:;:.e _____ _ 

4755 Forge Road, Co. Springs, CO 80907 
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ELECTRICAL SPECIFICATIONS 

READ MODE TIMING CHARACTERISTICS 

TA = 25 'C, VCC = + 15.0 V or + 12 V, VLOGIC = +5 V, unless otherwise specified. 

HADC574ZC HADC574ZB HADC574ZA 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS6 

tDD Access Time from CE I 150 150 150 ns 

tHD Data Valid After CE Low I 25 25 25 ns 

tHL Output Float Delay I 150 150 150 ns 

tSSR cs to CE Setup I 50 0 50 0 50 0 ns 

tSRR RIC to CE Setup I 0 0 0 0 0 0 ns 

tSAR Ao to CE Setup I 50 50 50 ns 

tHSR CS Valid After CE Low I 0 0 0 0 0 0 ns 

tHRR RIC High After CE Low I 50 50 50 ns 

tHS STS Delay After Data Valid I 300 1000 300 1000 300 1000 ns 

tHAR Ao Valid after CE Low I 50 50 50 ns 

Note 6: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 k.Q load for high impedance to 
drive and tested with 10 pF and 3 kQ load for drive to high impedance. 

Figure 2 - Read Mode Timing Diagram 
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CE----../ 

CS tSSR 

RIC ----r--+---------+, 

t SRR 

Ao 

tSAR 

STS 
-------~-----------+~-------

tHS 
tHO 

DB11_DBO _____ -t-_HI_G_H ___ ~- DATA _ 

IMPEDANCE I VALID / I 
tool tHLI 
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ELECTRICAL SPECIFICATIONS 

STAND-ALONE MODE TIMING CHARACTERISTICS 

T A = 25 ce, Vcc = + 15.0 V or + 12 V, VLOGIC = +5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

AC ELECTRICAL CHARACTERISTICS6 

tHRL Low RIC Pulse Width 

tDS STS Delay from RIC 

tHDR Data Valid After RIC LOlA 

tHS STS Delay After Data Valid 

tHRH High RIC Pulse Width 

tDDR Data Access Time 

SAMPLE AND HOLD 

Acquisition Time 

Aperture Uncertainty Time 

I 

I 

I 

I 

I 

I 

IV 

V 

Figure 3- Low Pulse for RIC - Outputs Enabled 
After Conversion 

RIC n 
ri J-STS 

P91 IC 

f1I HS 

OB11-DBO DATA VALID > ~ATAVALID 

HADC574ZC HADC574ZB HADC574ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

50 50 50 ns 

200 200 200 ns 

25 25 25 ns 

300 1000 300 1000 300 1000 ns 

150 150 150 ns 

150 150 150 ns 

1.8 2.4 3.4 1.8 2.4 3.4 1.8 2.4 3.4 ~s 

8 8 8 nS,RMS 

Figure 4- High Pulse for RIC - Outputs Enabled 

While RIC is High, Otherwise High Impedance 

~-A 'DS 

t ~ t -STS 'c 

P9 ~-I 
HIGH-Z < DATA VALID > HIGH-Z 

0811·080 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = TC = T A. 

II 

III 

IV 

V 

VI 
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100% production tested at the specified temperature. 

100% production tested at T A=25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 DC. Parameter is 
guaranteed over specified temperature range. 
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DEFINITION OF SPECIFICATIONS 

INTEGRAL LINEARITY ERROR 

~ C3 Linearity error refers to the deviation of each individual code 
o from a line drawn from zero through full scale with all offset 
~ errors nulled out. (See figures 5 and 6.) The point used as 

zero occurs 1/2 LSB (1.22 mV for a 10 volt span) before the 
first code transition (all zeros to only the LSB on). Full scale 
is defined as a level 1 and 1/2 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 HADC574ZAC and BC grades are guaranteed for maxi
mum nonlinearity of ±1/2 LSB. For these grades, this means 
that an analog value that 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 
HADC574ZAM, BM, CC and CM grades are guaranteed to 
±1 LSB maximum error. For these grades, an analog value 
that falls within a given code width will result in either the 
correct code for the region or either adjacent one. The 
linearity is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification that guarantees no missing codes requires 
that every code combination appear in a monotonically 
increasing sequence as the analog input level is increased. 
Thus every code must have a finite width. For the HADC574Z 
type AC, BC, AM and BM grades that guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temperature ranges. The 
HADC574Z CC and CM grades guarantee no missing codes 
to 11-bit resolution overtemperature; this means that all code 
combinations of the upper 11-bits must be present. In prac
tice, very few of the 12-bit codes are missing. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is a measure of how much the actual 
quantization step width varies from the ideal step width of 
1 LSB. Figure 6 shows a differential nonlinearity of 2 LSB - the 
actual step width is 3 LSB. The HADC574Z's specification 
gives the worst case differential nonlinearity in the AID 
transfer function under specified dynamic operating condi
tions. Small, localized differential nonlinearities may be insig
nificant when digitizing full scale signals. However, if a low 
level input Signal happens to fall on the part ofthe AID transfer 
function with the differential nonlinearity error, the effect will 
be significant. 
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MISSING CODES 

Missing codes represent a special kind of differential nonlin
earity. The quantization step width for a missing code is 
o LSB which results in a differential nonlinearity of -1 LSB. 
Figure 6 points out two missed codes in the transfer function. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±1/2 LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be 
reduced for a converter of a given resolution. 

QUANTIZATION ERROR 

Quantization error is the fundamental, irreducible error 
associated with the perfect quantizing of a continuous 
(analog) signal into a finite number of digital bits (AID 
transfer function). A 12-bit AID converter can represent an 
input voltage with a best case uncertainty of 1 part in 212 
(1 part in 4096). In real AIDs under dynamic operating 
,conditions, the quantization bands (bit change step vs 
input amplitude) for certain codes can be significantly 
larger (or smaller) than the ideal. The ideal width of each 
quantization step (or band) is Q=FSR/2N where FSR=full 
scale range and N=12. Nonideal quantization bands rep
resent differential non linearity errors. (See figures 5, 6 
and 7.) 

Figure 5 - Static Input Conditions 

Output 
Codes 

Threshold Level 

(Band Edge) 

Input VoRage 

RESOLUTION - ACTUAL vs AVAILABLE 

The available resolution of an N-bit converter is 2N. This 
means it is theoretically possible to generate 2N unique 
output codes. 
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Figure 6 - Dynamic Conditions 

Output 
Codes Integral Nonlinearity = 

(Y-1/2 LSB) 

- Nonmonotonic Behavior 

Differential Nonlinearity = (X-l LSB) 

Input Voltage 

Figure 7 - Quantizing Error 
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011 

" "C 010 
0 
U 
s 
% 001 

0 

000 

0.5 1.5 2.5 3.5 4.5 5.5 6.5 

Analog Input Voltage 

THROUGHPUT 

Maximum throughput is the greatest number of conversions 
per second at which an ADC will deliver its full rate perform
ance. This is equivalent to the inverse of the sum of the 
multiplex time (if applicable), the S/H settling time and the 
conversion time. 

GAIN 

Gain is the slope of the transfer curve. Gain is generally user 
adjustable to compensate for long term drift. 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
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ACQUISITION TIME/APERTURE DELAY TIME 

In the HADC574Z, this is the time delay between the RiC 
falling edge and the actual start of the hold mode in a sample 
and hold function. 

APERTURE JITTER 

This is a specification indicating how much the aperture delay 
time varies between samples. 

SUCCESSIVE APPROXIMATION ADC 

The successive approximation converter uses an architec
ture with inherently high throughput rates that converts high 
frequency signals with great accuracy. A sample-and-hold 
type circuit can be used on the input to freeze these signals 
during conversion. 

An N-bit successive approximation converter performs a 
sequence of tests comparing the input voltage to a succes
sively narrower voltage range. The first range is halffull scale, 
the next is quarter full scale, etc., until it reaches the Nth test 
which narrows it to a range of 1/2N of full scale. The conver
sion time is fixed by the clock frequency and is thus indepen
dent of the input voltage . 

UNIPOLAR OFFSET 

The first transition should occur at a level 1/2 LSB 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 pages. The unipolar 
offsettemperature coefficient specifies the maximum change 
of the transition point over temperature, with and without 
external adjustment. 

BIPOLAR OFFSET 

The major carry transition (0111 1111 1111 to 100000000000) 
in the bipolar mode should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and tempera
ture coefficient specify the initial deviation and maximum 
change in the error over temperature. 

CONVERSION TIME 

This is the time required to complete a conversion over the 
specified operating range. Conversion time can be expressed 
as time/bit for a converter with selectable resolution or as 
time/conversion when the number of bits is constant. The 
HADC574Z is specified as time/conversion for' all 12-bits. 
Conversion time should not be confused with maximum 
allowable analog input frequency which is discussed later. 
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FULL SCALE CALIBRATION ERROR 

The last transition (from 1111 1111 1110 to 1111 1111 1111 
1111) should occur for an analog value 1 and 112 LSB below 
the nominal full scale (9.9963 volts for 1 0.000 volts full scale). 
The full scale calibration error is the deviation of the actual 
level atthe last transition from the ideal level. This error, which 
typically is 0.05 to 0.1 % of full scale, can be trimmed out as 
show in figures 11 and 12. The full scale calibration error over 
temperature is given with and without the initial error trimmed 
out. The temperature coefficients for each grade indicate the 
maximum change in the full scale gain from the initial value 
using the internal 10 volt reference. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full scale calibration, unipo
lar offset, and bipolar offset specify the maximum change 
from the initial (25°C) value to the value at TMIN or TMAX. 

POWER SUPPLY REJECTION 

The standard specifications for the HADC574Z assume 
+5.00 and + 15.00 or + 12.00 volt supplies. The only effect of 
power supply error on the performance of the device will be 
a small change in the full scale calibration. This will result in 
a linear change in all lower order codes. The specifications 
show the maximum change in calibration from the initial value 
with the supplies at the various limits. 

CODE WIDTH 

The fundamental unit for AID converter specifications is the 
code width. This is defined 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 one least significant bit 
(LSB) of the full scale range or 2.44 mV out of 10 volts for a 
12-bit ADC. 

LEFT-JUSTIFIED DATA 

The data format used in the HADC574Z is left-justified. This 
means that the data represents the analog input as fraction 
of full scale, ranging from 0 to 4095/4096. This implies a 
binary point to the left of the MSB. 

MONOTONICITY 

This characteristic describes an aspect of the code to code 
progression from minimum to maximum input. A device is 
said to be monotonic if the output code continuously in
creases as the input signal increases, and if the output code 
continuously decreases as the input signal decreases. Figure 
6 demonstrates nonmonotonic behavior. 
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CIRCUIT OPERATION 

The HADC574Z is a complete 12-bit analog-to-digital con
verter that consists of a single chip version of the industry 
standard 574. This single chip contains a precision 12-bit 
capacitor digital-to-analog converter (CDAC) with voltage 
reference, comparator, successive approximation register 
(SAR), sample-and-hold, clock, output buffers and control 
circuitry to make it possible to use the HADC574Z with few 
external components. 

When the control section of the HADC574Z initiates a conver
sion command, the clock is enabled and the successive
approximation register is reset to all zeros. Once the conver
sion cycle begins, it cannot be stopped or restarted and data 
is not available from the output buffers. 

The SAR, timed by the clock, sequences through the conver
sion cycle and returns an end-of-convert flag to the control 
section of the ADC. The clock is then disabled by the control 
section, the output status goes low, and the control section is 
enabled to allow the data to be read by external command. 

The internal HADC574Z 12-bit CDAC is sequenced by the 
SAR starting from the MSB to the LSB at the beginning of the 
conversion cycle to provide an output voltage from the CDAC 
that is equal to the input signal voltage (which is divided by the 
input voltage divider network). The comparator determines 
whether the addition of each successively-weighted bit volt
age causes the CDAC output voltage summation to greater 
or less than the input voltage; 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 repre
sents the input signal to within ±1/2 LSB. 

The internal reference provides the voltage reference to the 
CDAC with excellent stability over temperature and time. The 
reference is trimmed to 10.00 volts ±1 % and can supply up to 
2 rnA to an external load in addition to that required to drive 
the reference input resistor (1 rnA) and offset resistor (1 rnA) 
when operating with ±15 V supplies. If the HADC574Z is used 
with ±12 V supplies, or if external current must be supplied 
over the full temperature range, and external buffer amplifier 
is recommended. Any external load on the HADC574Z refer
ence must remain constant during conversion. 

The sample-and-hold feature is a bonus of the CDAC archi
tecture. Therefore the majority of the S/H specifications are 
included within the AID specifications. 

Although the sample-and-hold circuit is not implemented in 
the classical sense, the sampling nature of the capacitive 
DAC makes the HADC574Z appear to have a built in sample
and-hold. This sample-and-hold action substantially in
creases the signal bandwidth of the HADC574Z over that of 
similar competing devices. 
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Note that even though the user may use an external sample
and-hold for very high frequency inputs, the internal sample
and-hold still provides a very useful isolation function. Once 
the internal sample is taken by the CDAC capacitance, the 
input of the HADC574Z is disconnected from the user's 
sample-and-hold. This prevents transients occurring during 
conversion from being inflicted upon the attached sample
and-hold buffer. All other 574 circuits will cause a transient 
load current on the sample-and-hold which will upset the 
buffer output and may add error to the conversion itself. 

Furthermore, the isolation of the input after the acquisition 
time in the HADC574Z allows the user an opportunity to 
release the hold on an external sample-and-hold and start it 
tracking the next sample. This will increase system through
put with the user's existing components. 

SAMPLE AND HOLD FUNCTION 

When using an external S/H, the HADC574Z acts as any 
other 574 device because the internal S/H is transparent. 
The sample/hold function in the HADC574Z is inherent to the 
capacitor DAC structure, and its timing characteristics are 
determined by the internally generated clock. However, for 
limited frequency ranges, the internal 8tH may eliminate the 
need for an external 8/H. This function will be explained in the 
next two sections. 

The operation of the 8/H function is internal to the HADC574Z 
and is controlled through the normal RIC control line. (Refer 
to figure 8.) When the RIC line makes a negative transition, 
the HADC574Z starts the timing of the sampling and conver
sion. The first two clock cycles are allocated to signal acqui
sition of the input by the CDAC. (This time is defined as Tacq .) 
Following these two cycles, the input sample is taken and 
held. The AID conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

Figure 8 - Sample and Hold Function 

CE ___ --11 \'-------

Wait For 
Convert Signal 

Conversion Wait ForBus 
Read 

~ Acquisition Time == Aperture Delay lime = 0.12 X T Convert 

o Volts ~ ",. 

--'-------' .. _------------------------------'-----

CDACVoltage 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

During T acq, the equivalent circuit of the HADC574Z input is 
as shown in figure 9 (the time constant of the input is 
independent of which input level is used). This CDAC capaci
tance must be charged up to the input voltage during T acq. 
Since the CDAC time constant is 100 nsecs, there is more 
than enough time for settling the input to 12-bits of accuracy 
during T acq. The excess time left during T acq allows the user's 
buffer amp to settle after being switched to the CDAC load. 

Figure 9 - Equivalent HADC574Z Input Circuit 

c lr 25PF 
eq 

Req = 4 kG at any range 

1: = Req Ceq = 100 nsec 

Note that because the sample is taken relative to the RIC 
transition, T acq is also the traditional aperture delay of this 
internalsample-and-hold. 

Since T acq is measured in clock cycles, its duration will vary 
with the internal clock frequency. This results in 
T acq =2.4 j.lsec between units and over temperature. 

Offset, gain and linearity errors olthe 8/H circuit as well as the 
effects of its droop rate are included in the overall specifica
tions for the HADC574Z. 

APERTURE UNCERTAINTY 

Often the limiting factor in the application of the sample-and
hold is the uncertainty in the time that the actual sample is 
taken, I.e., the aperture jitter or TAJ. The HADC574Z has a 
nominal aperture jitter of 8 nsec between samples. With this 
jitter, it is possible to accurately sample a wide range of input 
signals. 

The aperture jitter causes an amplitude uncertainty for any 
input where the voltage is changing. The approximate volt
age error due to aperture jitter depends on the slew rate olthe 
signal at the sample point. (See figure 10.) The magnitude of 
this change for a sine wave can be calculated: 

Verr~Vfsl2N+1 (where Verr is the allowable error voltage 
and Vis is the full scale voltage) 
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Figure 10· Aperture Uncertainty 

From figure 10: 

SR=dV/dt=27tfVp 

Sample Point 

!'.v _!'.t dv 
err-Cit 

Let dV = Verr = Vis (2 - (N+1)), Vp = Vin/2 and dt = tAJ 
(The time during which unwanted voltage change occurs) 

The above conditions then yield: 

VIs!2(N+ 1) ? 7tfVin tAJ or fMAX 5 VIs!(7tVin tAJ)2(N+ 1) 

For the HADC574Z, tAJ=8 nsec, therefore fMAX 55 kHz. 

For higher frequency signal inputs, an external sample-and
hold is recommended. 

TYPICAL INTERFACE CIRCUIT 

The HADC574Z is a complete AID converter that is fully 
operational when powered up and issued a Start Convert 
Signal. Only a few external components are necessary as 
shown in figures 11 and 12. The two typical interface circuits 
are for operating the HADC574Z in either an unipolar or 
bipolar input mode. Information on these connections and on 
conditions concerning board layout to achieve the best op
eration are discussed below. 

For each application of this device, strict attention must be 
given to power supply decoupling, board layout (to reduce 
pickup between analog and digital sections), and grounding. 
Digital timing, calibration and the analog signal source must 
be considered for correct operation. 
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To achieve specified accuracy, a double-sided printed circuit 
board with a copper ground plane on the component side is 
recommended. Keep analog signal traces away from digital 
lines. It is best to lay the PC board out such that there is an 
analog section and a digital section with a single point ground 
connection between the two through an RF bead located as 
closely to the device as possible. If possible, run analog 
signals between ground traces and cross digital lines at right 
angles only. 

POWER SUPPLIES 

The supply voltages for the HADC574Z must be kept as quiet 
as possible from noise pickup and also regulated from 
transients or drops. Because the part has 12-bit accuracy, 
voltage spikes on the supply lines can cause several LSB 
deviations on the output. Switching power supply noise can 
be a problem. Careful filtering and shielding should be 
employed to prevent the noise from being picked up by the 
converter. 

Capacitor bypass pairs are needed from each supply pin to 
its respective ground to filter noise and counter the problems 
caused by the variations in supply current. A 10 JlF tantalum 
and a 0.1 JlF ceramic type in parallel between VLOGIC (pin 1) 
and digital common (pin 15), and VCC (pin 7) and analog 
common (pin 9) are sufficient. VEE is generated internally so 
pin 11 may be grounded or connected to a negative supply if 
the HADC574Z is being used to upgrade an already existing 
design. 

GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground should be 
as low resistance as possible to accommodate the ground 
currents present with this device. 

The analog ground current is approximately 6 mADC while 
the digital ground is 3 mADC. The analog and digital common 
pins should be tied together as closely to the package as 
possible to guarantee best performance. The code depen
dent currents flow through the VLOGIC and VCC terminals and 
not through the analog and digital common pins. 

The HADC574Z may be operated by a JlP or in the stand
alone mode. The part has four standard input ranges: 0 V to 
+ 10 V, 0 V to +20 V, ±5 V and ±1 0 V. The maximum errors that 
are listed in the specifications for gain and offset may be 
adjusted externally to zero as explained in the next two 
sections. 
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CALIBRATION AND CONNECTION PROCEDURES 

UNIPOLAR 

The calibration procedure consists of adjusting the 
converter's most negative output to its ideal value for offset 
adjustment, and then adjusting the most positive output to its 
ideal value for gain adjustment. 

Starting with offset adjustment and referring to figure 11, the 
midpoint of the first LSB increment should be positioned at 
the origin to get an output code of all as. To do this, an input 
of + 1/2 LSB or + 1.22 mV for the 10 v range and +2.44 mV for 
the 20 V range should be applied to the HADC574Z. Adjust 
the offset potentiometer R1 for code transition flickers be
tween 0000 0000 0000 and 0000 0000 0001. 

The gain adjustment should be done at positive full scale. The 
ideal input corresponding to the last code change is applied. 
This is 1 and 1/2 LSB below the nominal full scale which is 
+9.9963 V for the 10 V range and +19.9927 V for the 20 V 
range. Adjust the gain potentiometer R2 for flicker between 
codes 1111 1111 1110 and 1111 1111 1111. If calibration is 
not necessary for the intended application, replace R2 with a 
50 Q, 1 % metal film resistor and remove the network from pin 
12. Connect pin 12 to pin 9. Connect the analog input to pin 
13 for the a V to 1 a V range or to pin 14 for the a V to 20 V 
range. 

Figure 11 - Unipolar Input Connections 
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BIPOLAR 

The gain and offset errors listed in the specification may be 
adjusted to zero using the potentiometers R1 and R2. (See N 

figure 12.) If adjustment is not needed, either or both pots r:! 
may be replaced by a 50 Q, 1 % metal film resistor. (3 

To calibrate, connect the analog input signal to pin 13 for a 
±5 V range or to pin 14 for a ±1 a V range. First apply a DC 
input voltage 1/2 LSB above negative full scale which is 
-4.9988 Vforthe±5 V range or-9.9976 Vforthe±10 V range. 
Adjust the offset potentiometer R 1 for flicker between output 
codes 0000 0000 0000 and 0000 0000 0001. Next, apply a 
DC input voltage 1 and 1/2 LSB below positive full scale which 
is +4.9963 V for the ±5 V range or +9.9927 V for the ±1 a V 
range. Adjust the gain potentiometer R2 for flicker between 
codes 1111 1111 1110 and 1111 1111 1111. 

ALTERNATIVE 

In some applications, a full scale of 10.24 V (for an LSB of 
2.5 mV) or20.48 V (for an LSB of 5.0 mV) is more convenient. 
In the Unipolar mode of operation, replace R2 with a 200 Q 
potentiometer and add 150 Q in series with pin 13 for 1 0.24 V 
input range or 500 Q in series with pin 14 for 20.48 V input 
range. In bipolar mode of operation, replace R1 with a 500 Q 
potentiometer (in addition to the previous changes). The 
calibration will remain similar to the standard calibration 
procedure. 
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Figure 12 - Bipolar Input Connections 
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CONTROLLING THE HADC574Z 

AGND 9 

The HADC574Z can be operated by most microprocessor 
systems due to the control input pins and on-chip logic. It may 
also be operated in the "stand-alone" mode and enabled by 
the RIC input pin. Full J.1P control consists of selecting an 8 or 
12-bit conversion cycle, initiating the conversion, and read
ing the output data when ready. The output read has the 
options of choosing either 12-bits at once or 8 bits followed 
by 4-bits in a left-justified format. All five control inputs are 

TTUCMOS compatible and include 12/8 , CS , Ao, RIC and 
CEo The use of these inputs in controlling the converter's 
operations is shown in table I, and the internal control logic is 
shown in a simplified schematic in figure 14. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to RIC. The 
output controls must be tied to known states as follows: CE 
and 12/8 are wired high, Ao and CS are wired low. The output 

data arrives in words of 12-bits each. The limits on RIC duty 
cycle are shown in figures 3 and 4. It may have a duty cycle 
within and including the extremes shown in the specifica-

tions. In general, data may be read when RIC is high unless 
STS is also high, indicating a' conversion is in progress. 
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Figure 13 - Interfacing the HADC574Z 
to an 8-bit Data Bus 
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Table I - Truth Table for the HADC574Z Control Inputs 

CE cs RiC 12!8 Po Operation 

0 X X X X None 

X 1 X X X None 

t 0 0 X 0 Initiate t 2 bit conversion 

t 0 0 X 1 Initiate 8 bit conversion 

1 t 0 X 0 Initiate 12 bit conversion 

1 t 0 X 1 Initiate 8 bit conversion 

1 0 • X 0 Initiate 12 bit conversion 

1 0 • X 1 Initiate 8 bit conversion 

1 0 1 1 X Enable 12 bit Output 

1 0 1 0 0 Enable 8 MSB's Only 

1 0 1 0 1 Enable 4 LSB's Plus 4 

Trailing Zeroes 

CONVERSION LENGTH 

A conversion start transition latches the state of Ao as shown 
in figure 13 and table I. The latched state determines if the 
conversion stops with 8-bit (Ao high) or continues for 12-bits 
(Ao low). If all 12-bits are read following an 8-bit conversion, 
the three LSB's will be a logic 0 and DB3 will be a logic 1. Ao 
is latched because it is also involved in enabling the output 
buffers as will be explained later. No other control inputs are 
latched. 

CONVERSION START 

A conversion may be initiated by a logic transition on any of 

the three inputs: CE, CS , RIC, as shown in table I. The last 
of the three to reach the correct state starts the conversions, 
so one, two or all three may be dynamically controlled. The 
nominal delay from each is the same and all three may 
change state simultaneously. In order to assure that a par
ticular input controls the start of conversion, the other two 
should be set up at least 50 ns earlier. Refer to the convert 
mode timing specifications. The Convert Start timing diagram 
is illustrated in figure 1. 

The output signal STS is the status flag and goes high only 
when a conversion is in progress. While STS is high, the 
output buffers remain in a high impedance state so that data 
can not be read. Also, when STS is high, an additional Start 
Convert will not reset the converter or reinitiate a conversion. 
Note, if Ao changes state after a conversion begins, an 
additional Start Convert command will latch the new start of 
Ao and possibly cause a wrong cycle length for that conver
sion (8 versus 12-bits). 
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READING THE OUTPUT DATA 

The output data buffers remain in a high impedance state until 

the following four conditions are met: RIC is high, STS is low, 

CE is high, and CS is low. The data lines become active in 
response to the four conditions and output data according to 

the conditions of 1218 and Ao. The timing diagram for this 

process is shown in figure 2. When 1218 is high, all 12 data 
outputs become active simultaneously and the Ao input is 
ignored. This is for easy interface to a 12 or 16-bit data bus. 
The 12/8 input is usually tied high or low, although it is 

TTUCMOS compatible. When 12/8 is low, the output is 
separated into two 8-bit bytes as shown below: 

BYTE 1 

I X X X X 

I 
X X X xl 

MSB 

BYTE 2 

XXXX 0000 

I 
LSB 

This configuration makes it easy to connect to an 8-bit data 
bus as shown in figure 13. The' Ao control can be connected 
to the least significant bit of the address bus in order to store 
the output data into two consecutive memory locations. 
When Ao is pulled low, the 8 MSBs are enabled only. When 
Ao is high, the 4 MSBs are disabled, bits 4 through 7 are 
forced to a zero and the four LSBs are enabled. The two byte 
format is left justified data as shown above and can be 
considered to have a decimal point or binary to the left of 
byte 1. 

Ao may be toggled without damage to the converter at any 
time. Break-before-make action is guaranteed between the 
two data bytes. This assures that the outputs which are 
strapped together in figure 13 will never be enabled at the 
same time.' 

In figure 2, it can be seen that a read operation usually begins 
after the conversion is completed and STS is low. If earlier 
access is needed, the read can begin no later than the 
addition of time tDD and tHS before STS goes low. 
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Figure 14 - Control Logic 

InputBuffe~ 

Figure 15 - Burn-In Schematic 
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PIN ASSIGNMENTS 

RIC 

CE 

Vee 

REF OUT 

AGNO 

REFIN 

NtC (VEE) 

SPI' 

TOP VIEW 

STS 

DB11 

DB10 

DB9 

DBB 

OB7 

OB6 

OB4 

28 LEAD DIP 

AO cs 1218 V LOOIC STS 0811 0810 

089 

088 

087 

086 

085 

084 

083 

81P 10V 20V DGND 080 081 082 
OFF IN IN 

28 Lead LCC 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

NAME FUNCTION 
N 

Logic Supply Voltage, Nominally +5 V 
.... 

VLOGIC ..... 
I{) 
() 

1218 Data Mode Selection 0 « 
CS Chip Selection I 

Ao Byte Address/Short Cycle 

R/C Read/Convert 

CE Chip Enable 

E VCC Analog Positive Supply Voltage, 
Nominally + 15 V 

REF OUT Reference Output, Nominally + 10 V 

AGND* Analog Ground 

REF IN Reference Input 

N/C (VEE) This pin is not connected to the device. 

BIP OFF Bipolar Offset 

10V IN 10 Volt Analog Input 

20VIN 20 Volt Analog Input 

DGND Digital Ground 

DBO - DB11 Digital Data Output 
OB11 - MSB DBO - LSB 

STS Status 

The lids on the sidebrazed and LCC packages are 
internally connected to AGND. 
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HADC674Z ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FAST, COMPLETE 12-BIT JlP COMPATIBLE 
AID CONVERTER WITH SAMPLE/HOLD 

FEATURES 

• Improved Pin-To-Pin Compatible Monolithic Version 
of the HI674A 

• Complete 12-Bit AID Converter with Sample/Hold, 
Reference and Clock 

• Low Power Dissipation (150 mW Max) 
• 12-Bit Linearity (Over Temp) 
• 15 Ils Max Conversion Time 
• No Negative Supply Required 
• Full Bipolar and Unipolar Input Range 

GENERAL DESCRIPTION 

The HADC674Z is a complete, 12-bit successive approxima
tion AID converter. The device is integrated on a single die to 
make it the first monolithic CMOS version of the industry 
standard device, H1674A. Included on chip are an internal 
reference, clock, and a sample-and-hold. The S/H is an 
additional feature not available on similar devices. 

The HADC674Z features 151lS (max) conversion time of 10 
or 20 volt input signals. Also, a three-state output buffer is 
added for direct interface to an 8, 12, or 16-bit IlP bus. 

The HADC674Z is manufactured on a Bipolar Enhanced 
CMOS process (BEMOS) which combines CMOS logic and 
fast bipolar npn transistors to yield high performance digital 
and analog functions on one chip. 

MSB 

APPLICATIONS 

• Military/Industrial Data Acquisition Systems 
• 8 or 12-Bit IlP Input Functions 
• Process Control Systems 
• Test and Scientific Instruments 
• Personal Computer Interface 

The BEMOS process and monolithic construction reduces 
power consumption and ground noise and keeps parasitics to 
a minimum. In addition, the thin film option on this process 
allows active adjustment of DAC and comparator offsets, 
linearity errors, and gain errors. 

The HADC674Z has standard bipolar and unipolar input ranges 
of 10 V and 20 V that are controlled by a bipolar offset pin and 
laser trimmed for specified linearity, gain and offset accuracy. 

Power requirements are +5 V and +12 V to + 15 V with a 
maximum dissipation of 150 mW at the specified voltages. 
Power consumption is about five times lower than that of 
currently available devices, and a negative power supply is 
not needed. 

A standard military drawing is published under DESC number 
5962-91690. 

LSB 
BLOCK DIAGRAM STS 0811 0810 DB9 DBS DB? DBe DB5 DB4 DB3 DB2 DBl 080 DGND 

SP'I 

VLOGIC 1218 CS Ao RIC CE Vee REF AGND REF VEE BIP 10 V 20 V 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

OUT IN OFF IN IN 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) 125 °C 
Supply Voltages Output 

Positive Supply Voltage (VCC to DGND) ..... 0 to +16.5 V Reference Output Voltage .......... Indefinite short to GND 
Logic Supply Voltage (VLOGIC to DGND) ......... 0 to +7 V Momentary short to VCC 
Analog to Digital Ground (AGND to DGND) . -0.5 to + 1 V 

Temperature 
Input Voltages Operating Temperature, ambient ............ -55 to +125 DC 

Control Input Voltages (to DGND) junction ...................... +175 DC 
(CE, CS, Ao, 12/8, R/C) ............... -0.5 to VLOGIC +0.5 V Lead Temperature, (soldering 10 seconds) ....... +300 DC 
Analog Input Voltage (to AGND) Storage Temperature .............................. -65 to + 150 DC 
(REF IN, SIP OFF, 10 Vin) ................................. ±16.5 V Power Dissipation ............................................ 1000 mW 
20 V Vin Input Voltage (to AGND) ......................... ±24 V Thermal Resistance (SjA) .................................. 48 DC/W 

Note: Operation at any Absolute Maximum Rating is not implied. See Operating Conditions for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

T A= T MIN to T MAX, Vcc=+ 15 V or + 12 V, VLOGlc=+5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Resolution 

Linearity Error1 TA=O to 70 DC 
TA = -25 to +85 °C 
TA = -55 to +125 °C 

Differential Linearity No Missing Codes 

Unipolar Offset; 10 V, 20 V +25 'C Adjustable to Zero 

Bipolar Offset1; ±5 V, ±1 0 V +25 'c Adjustable to Zero 

Full Scale Calibration Error2 
All Input Ranges +25 °C Adjustable to Zero 

No Adjustment at +250 

TA = 0 to 70°C 
TA = -25 to +85 °C 
T A = -55 to + 125°C 

With Adjustment at +25 'c 
TA = 0 to 70 DC 
TA = -25 to +85 DC 
T A = -55 to + 125°C 

Temperature Coefficients3 Using Internal Reference 

Unipolar Offset TA = 0 to 70°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C 

Bipolar Offset TA = 0 to 70 DC 

TA = -25 to +85 °C 

3-24 

VI 

VI 
I 
I 

VI 

VI 

VI 

VI 

V 
V 
V 

V 
V 
V 

IV 

IV 

IV 

IV 

IV 

HADC674ZC HADC674ZB HADC674ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

11 

12 12 12 Bits 

±1 ±1/2 ±1/2 LSB 
±1 ±1/2 ±1/2 LSB 
±1 ±1 ±1 LSB 

12 12 Bits 

±0.1 ±2 ±0.1 ±2 ±0.1 ±2 LSB 

±10 ±4 ±4 LSB 

0.3 0.3 0.3 %ofFS 

0.5 0.4 0.35 %ofFS 
0.7 0.5 0.4 %ofFS 
0.8 0.6 0.4 %ofFS 

0.22 0.12 0.05 %ofFS 
0.4 0.2 0.1 %ofFS 
0.5 0.25 0.12 %ofFS 

±0.2 ±2 ±0.1 ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppmrC) 
±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/DC) 
±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppmrC) 

±0.2 ±2 ±0.1 ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppm/DC) 
±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/DC) 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VCC = +15 V or +12 V, VLOGIC = +5 V, unless otherwise specified. 

HADC674ZC HADC674ZB HADC674ZA 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL CHARACTERISTICS 

Logic Inputs 

(CE, CS, RIC, Ao, 12/8) 

Logic "0" VI -0.5 +0.8 -0.5 

Logic "1" VI 2.0 5.5 2.0 

Current o to 5.5 V Input VI ±.01 +1 ±.01 

Capacitance V 5 5 

Logic Outputs 
(0811-080, STS) 

Logic "0" (lSink = 1.6 mAl VI +0.4 

Logic "1" (ISOURCE = 500 I!A) VI +2.4 +2.4 

Leakage (High Z State, 
DB 11-0BO Only) VI -5 ±0.1 +5 -5 ±0.1 

Capacitance V 5 5 

Note 1: 
Note 2: 

For military temperature range, the device linearity is guaranteed to be 1/2 LS8 at 25 DC. 
Fixed 50 n resistor from REF OUT to REF IN and REF OUT to BIP OFF. 

Note 3: Full Tempco testing is performed on all Grade A and MIL-STO-883 devices. 

+0.8 -0.5 +0.8 

5.5 2.0 5.5 

+1 ±.01 +1 

5 

+0.4 +0.4 

+2.4 

+5 -5 ±0.1 +5 

5 

Note 4: Available for external loads; external load should not change during conversion. When supplying an external load and 
operating on a + 12.0 V supply, a buffer amplifier must be provided for the reference output. 

Volts 

Volts 

IlA 

pF 

Volts 

Volts 

I!A 
pF 
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ELECTRICAL SPECIFICATIONS 

TA '" TMIN to TMAX. VCC '" +15 V or +12 V. VLOGIC = +5 V. unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Bipolar Offset (Cont.) TA = -55 to +125 °C 

Full Scale Calibration TA = Oto 70°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C 

Power Supply Rejection Max change in full 
scale calibration 

+13.5 V<Vcc<+16.5 Vor 
+11.4 V<Vcc<+12.6 V 

+4.5 V<VLOGIC<+5.5 V 

Analog Input Ranges 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

Power Supplies Operating 
Voltage Range 

VLOGIC 

Vcc 

VEE Not required for 
circuit operation 

Operating Current 

ILOGIC 

Icc 

lEE Not required for 
circuit operation 

:>ower Dissipation 
+15 V, +5 V 

nternal Reference Voltage 
Output Current4 

IV 

IV 

IV 

IV 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 
VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

HADC674ZC HADC674ZB HADC674ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

±4 ±2 ±1 LSB 
(10) (5) (2.5) (ppm/°C) 

±9 ±5 ±2 LSB 
(45) (25) (10) (ppmFC) 
±12 ±7 ±3 LSB 
(50) (25) (12) (ppm/°C) 
±20 ±10 ±5 LSB 
(50) (25) (12.5) (ppm/0C) 

±0.5 ±2 ±0.5 ±1 ±0.5 ±1 LSB 

±0.1 ±0.5 ±0.1 ±0.5 ±0.1 ±0.5 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 

3.75 5 6.25 3.75 5 6.25 3.75 5 6.25 kO 
15 20 25 15 20 25 15 20 25 kO 

+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 

0.5 1 0.5 1 0.5 1 mA 

7 9 7 9 7 9 mA 

110 150 110 150 110 150 mW 

9.97 10 10.03 9.97 10 10.03 9.97 10 10.03 Volts 
2 2 2 mA 
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ELECTRICAL SPECIFICATIONS 

CONVERT MODE TIMING CHARACTERISTICS 

TA = +25 'c, VCC = +15.0 V or +12 V, VLOGIC = +5 V, unless otherwise specified. 

HADC674ZC HADC674ZB HADC674ZA 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS5 

tDSC STS Delay from CE I 200 200 200 ns 

tHEC CE Pulse Width I 50 50 50 ns 

tssc C3 to CE Setup I 50 50 50 ns 

tHSC C3 Low during CE High I 50 50 50 ns 

tSRC RIC to CE Setup I 50 50 50 ns 

tHRC RIC Low During CE High I 50 50 50 ns 

tSAC Ao to CE Setup I 0 0 0 ns 

tHAC Ao Valid During CE High I 50 50 50 ns 

tc Conversion Time 
12-Bit Cycle TMINtoTMAX I 9 13 15 9 13 15 9 13 15 I1s 
a-Bit Cycle TMINto TMAX I 6 a 10 6 a 10 6 a 10 I1S 

Note 5: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 kQ load for high impedance to 
drive and tested with 10 pF and 3 kQ load for drive to high impedance. 

Figure 1 - Convert Mode Timing Diagram 

CE------./ 

cs 
tssc 

tSRC 
RIC ---..,. 

Ao 

STS _____ -+-__ .../ 
tosc tc 

OB11-0BO _____ -+-__ H....,iQ'-h _Im-'-pe_da_"_ce _____ _ 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 3-27 
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ELECTRICAL SPECIFICATIONS 

READ MODE TIMING CHARACTERISTICS 

TA= 25°C. Vcc = +15.0 V or +12 V. VLOGIC = +5 V. unless otherwise specified. 

TEST HADC674ZC HADC674ZB HADC674ZA 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS6 

tDD Access Time from CE I 150 150 150 ns 

tHD Data Valid After CE Low I 25 25 25 ns 

tHL Output Float Delay I 150 150 150 ns 

tSSR cs to CE Setup I 50 0 50 0 50 0 ns 

tSRR RIc to CE Setup I 0 0 0 0 0 0 ns 

tSAR Ao to CE Setup I 50 50 50 ns 

tHSR CS Valid After CE Low I 0 0 0 0 0 0 ns 

tHRR Ric High After CE Low I 50 50 50 ns 

tHS STS Delay After Data Valid I 100 600 100 600 100 600 ns 

tHAR Ao Valid after CE Low I 50 50 50 ns 

Note 6: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 kn load for high impedance to 
drive and tested with 10 pF and 3 k.Q load for drive to high impedance. 

Figure 2 - Read Mode Timing Diagram 
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CE-----" 

CS __ -.". tSSR tHSR 

tHRR 
RIC ----r--+---------f--o." 

tSRR 

Ao 

tSAR 

STS 

tHS 
HIGH 

DB11-DBOI------+-----~1--
IMPEDANCE I 

tOOl 
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ELECTRICAL SPECIFICATIONS 

STAND-ALONE MODE TIMING CHARACTERISTICS 

TA= 25 'C, VCC = +15.0 Vor +12 V, VLOGIC = +5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

AC ELECTRICAL CHARACTERISTICS6 

tHRL Low Rrc Pulse Width 

tos STS Delay from RIC 

tHOR Data Valid After RIC Low 

tHS STS Oelay After Oata Valid 

tHRH High RIC Pulse Width 

tOOR Data Access Time 

SAMPLE-AND-HOLD 

Acquisition Time 

Aperture Uncertainty Time 

I 

I 

I 

I 

I 

I 

IV 

V 

Figure 3 - Low Pulse for RIC - Outputs Enabled 
After Conversion 

tHRL 

R/C~ 

~I~ 

M~ "~ 
STS 

0811-080 -D-AT-AV-AL-'D~)>------<~ATAVALID 

HADC674ZC HADC674ZB HADC674ZA 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

50 

25 

100 

150 

1.2 

50 50 ns 

200 200 200 ns 

25 25 ns 

600 100 600 100 600 ns 

150 150 ns 

150 150 150 ns 

1.7 2.0 1.2 1.7 2.0 1.2 1.7 2.0 J.ls 

8 8 8 nS,RMS 

Figure 4 - High Pulse for RIC - Outputs Enabled 
While RIC is High, Otherwise High Impedance 

t-tC--J}-
HIGH-Z < ) HIGH-Z 

DB11-D-BO--~ DATAVALI~ >------------

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to" the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T c = T A. 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 ac, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 ac. Parameter is 
guaranteed over specified temperature range. 
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DEFINITION OF SPECIFICATIONS 

INTEGRAL LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from zero through full scale with all offset 
errors nulled out. (See figures 5 and 6.) The point used as 
zero occurs 1 12 LSB (1.22 mV for a 10 volt span) before the 
first code transition (all zeros to only the LSB on). Full scale 
is defined as a level 1 and 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 HADC674ZAC and BC grades are guaranteed for maxi
mum nonlinearity of ±1 12 LSB. For these grades, this means 
that an analog value that 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 
HADC674ZAM, BM, CC and CM grades are guaranteed to 
±1 LSB maximum error. For these grades, an analog value 
that falls within a given code width will result in either the 
correct code for the region or either adjacent one. The 
linearity is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification that guarantees no missing codes requires 
that every code combination appear in a monotonically 
increasing sequence as the analog input level is increased. 
Thus every code must have a finite width. For the HADC674Z 
type AC, BC, AM and BM grades that guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temperature ranges. The 
HADC674Z CC and CM grades guarantee no missing codes 
to 11-bit resolution overtemperature; this means that all code 
combinations of the upper 11-bits must be present. In prac
tice, very few of the 12-bit codes are missing. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is a measure of how much the actual 
quantization step width varies from the ideal step width of 
1 LSB. Figure 6 shows a differential nonlinearity of 2 LSB - the 
actual step width is 3 LSB. The HADC674Z's specification 
gives the worst case differential nonlinearity in the AID 
transfer function under specified dynamic operating condi
tions. Small, localized differential nonlinearities may be insig
nificant when digitizing full scale signals. However, if a low 
level input Signal happens to fall on the part of the AID transfer 
function with the differential nonlinearity error, the effect will 
be significant. 

3-30 

MISSING CODES 

Missing codes represent a special kind of differential nonlin
earity. The quantization step width for a missing code is 
o LSB which results in a differential nonlinearity of -1 LSB. 
Figure 6 points out two missed codes in the transfer function. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±1/2 LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be 
reduced for a converter of a given resolution. 

QUANTIZATION ERROR 

Quantization error is the fundamental, irreducible error 
associated with the perfect quantizing of a continuous 
(analog) signal into a finite number of digital bits (AID 
transfer function). A 12-bit AID converter can represent an 
input voltage with a best case uncertainty of 1 part in 212 
(1 part in 4096). In real AIDs under 'dynamic operating 
conditions, the quantization bands (bit change step vs 
input amplitude) for certain codes can be significantly 
larger (or smaller) than the ideal. The ideal width of each 
quantization step (or band) is Q=FSR/2N where FSR=full 
scale range and N=12. Nonideal quantization bands rep
resent differential non linearity errors. (See figures 5, 6 
and 7.) 

Figure 5 - Static Input Conditions 

Output + 
Codes t 

Threshold Level 

(Band Edge) 

Input Voltage 

RESOLUTION· ACTUAL vs AVAILABLE 

0(:1\ 

The available resolution of an N-bit converter is 2N. This 
means it is theoretically possible to generate 2N unique 
output codes. 

4755 Forge Road, Co. Springs, CO 80907 aPr 
PH: (719) 528-2300; Fax: (719) 528-2370 : 



Figure 6 - Dynamic Conditions 

Output 
Codes Integral Nonlinearity = 

(Y-1/2 LSB) 
, 

-------, 

-- Nonmonotonic Behavior 

Differential Nonlinearity = (X-1 LSB) 

Input Voltage 

Figure 7 - Quantizing Error 
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101 

100 

011 

<D 
"0 
0 

010 

0 
~ 

B- 001 

0 
000 

0.5 1.5 25 35 45 6.5 

Analog Input Voltage 

THROUGHPUT 

Maximum throughput is the greatest number of conversions 
per second at which an ADC will deliver its full rate perform
ance. This is equivalent to the inverse of the sum of the 
multiplex time (if applicable), the S/H settling time and the 
conversion time. 

GAIN 

Gain is the slope of the transfer curve. Gain is generally user 
adjustable to compensate for long term drift. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

ACQUISITION TIME/APERTURE DELAY TIME 

In the HADC674Z, this is the time delay between the R/C 
falling edge and the actual start of the HOLD mode in a 
sample-and-hold function. 

APERTURE JITTER 

This is a specification indicating how much the aperture delay 
time varies between samples. 

SUCCESSIVE APPROXIMATION ADC 

The successive approximation converter uses an architec
ture with inherently high throughput rates that converts high 
frequency signals with great accuracy. A sample-and-hold 
type circuit can be used on the input to freeze these signals 
during conversion. 

An N-bit successive approximation converter performs a 
sequence of tests comparing the input voltage to a suc
cessively narrower voltage range. The first range is half 
full scale, the next is quarter full scale, etc., until it reaches 
the Nth test which narrows it to a range of 1 /2N of full scale. 
The conversion time is fixed by the clock frequency and is 
thus independent of the input Voltage. 

UNIPOLAR OFFSET 

The first transition should occur at a level 1/2 LSB 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 pages. The unipolar 
offset temperature coefficient specifies the maximum change 
of the transition point over temperature, with and 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 
1/2 LSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maxi
mum change in the error over temperature. 

CONVERSION TIME 

This is the time required to complete a conversion over the 
specified operating range. Conversion time can be ex
pressed as time/bit for a converter with selectable resolution 
or as time/conversion when the number of bits is constant. 
The HADC674Z is specified as time/conversion for all 12 bits. 
Conversion time should not be confused with maximum 
allowable analog input frequency which is discussed later. 
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FULL SCALE CALIBRATION ERROR· 

The lasttransition (from 1111 1111 1110 to 1111 1111 1111 
1111) should occur for an analog value 1 and 112 LSB 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 atthe lasttransition from the ideal level. This error, which 
typically is 0.05 to 0.1 % of full scale, can be trimmed out as 
show in figures 11 and 12. The full scale calibration error over 
temperature is given with and withoutthe initial error trimmed 
out. The temperature coefficients for each grade indicate the 
maximum change in the full scale gain from the initial value 
using the internal 10 volt reference. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full scale calibration, unipo
lar offset, and bipolar offset specify the maximum change 
from the initial (25°C) value to the value at Tmin or Tmax. 

POWER SUPPLY REJECTION 

The standard specifications for the HADC674Z assume 
+5.00 and + 15.00 or + 12.00 volt supplies. The only effect of 
power supply error on the performance of the device will be 
a small change in the full scale calibration. This will result in 
a linear change in all lower order codes. The specifications 
show the maximum change in calibration from the initial value 
with the supplies at the various limits. 

CODE WIDTH 

The fundamental unit for AID converter specifications is the 
code width. This is defined 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 one least significant bit 
(LSB) of the full scale range or 2.44 mV out of 10 volts for a 
12-bit ADC. 

LEFT-JUSTIFIED DATA 

The data format used in the HADC674Z is left-justified. This 
means that the data represents the analog input as fraction 
of full scale, ranging from 0 to 4095/4096. This implies a 
binary point to the left of the MSB. 

MONOTONICITY 

This characteristic describes an aspect of the code to code 
progression from minimum to maximum input. A device is 
said to be monotonic if the output code continuously in
creases as the input signal increases, and if the output code 
continuously decreases as the input signal decreases. Figure 
6 demonstrates non monotonic behavior. 
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CIRCUIT OPERATION 

The HADC674Z is a complete 12-bit analog-to-digital con
verter that consists of a single chip version of the industry 
standard 674. This single chip contains a precision 12-bit 
capacitor digital-to-analog converter (CDAC) with voltage 
reference, comparator, successive approximation register 
(SAR), sample-and-hold, clock, output buffers and control 
circuitry to make possible to use the HADC674Z with few 
external components. 

When the control section of the HADC674Z initiates a conver
sion command, the clock is enabled and the successive
approximation register is reset to all zeros. Once the conver
sion cycle begins, it cannot be stopped or restarted and data: 
is not available from the output buffers. 

The SAR, timed by the clock, sequences through the conver
sion cycle and returns an end-of-convert flag to the control. 
section of the ADC. The clock is then disabled by the control 
section, the output status goes low, and the control section is 
enabled to allow the data to be read by external command. 

The internal HADC674Z 12-bit CDAC is sequenced by the 
SAR starting from the M8B to the LSB at the beginning of the 
conversion cycle to provide an output voltage from the CDAC 
that is equal to the input Signal voltage (which is divided by the 
input voltage divider network). The comparator determines 
whether the addition of each successively-weighted bit volt
age causes the CDAC output voltage summation to greater 
or less than the input voltage; 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 repre
sents the input signal to within ±1/2 LSB. 

The internal reference provides the voltage reference to the 
CDAC with excellent stability over temperature and time. The 
reference is trimmed to 10.00 volts ±1 % and can supply up to 
2 mA to an external load in addition to that required to drive 
the reference input resistor (1 mAl and offset resistor (1 mAl 
when operating with ±15 V supplies. If the HADC674Z is used 
with ±12 V supplies, or if external current must be suppHed 
over the full temperature range, and external buffer amplifier 
is recommended. Any external load on the HADC674Z refer
ence must remain constant during conversion. 

The sample-and-hold feature is a bonus of the CDAC archi
tecture. Therefore the majority of the 8/H specifications are 
included within the AID specifications. 

Although the sample-and-hold circuit is not implemented in 
the classical sense, the sampling nature of the capacitive 
DAC makes the HADC674Z appear to have a built in sample
and-hold. This sample-and-hold action substantially in
creases the signal bandwidth of the HADC674Z over that of 
similar competing devices. 
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Note that even though the user may use an external sample
and-hold for very high frequency inputs, the internal sample
and-hold still provides a very useful isolation function. Once 
the internal sample is taken by the CDAC capacitance, the 
input of the HADC674Z is disconnected from the user's 
sample-and-hold. This prevents transients occurring during 
conversion from being inflicted upon the attached sample
and-hold buffer. All other 674 circuits will cause a transient 
load current on the sample-and-hold which will upset the 
buffer output and may add error to the conversion itself. 

Furthermore, the isolation of the input after the acquisition 
time in the HADC674Z allows the user an opportunity to 
release the hold on an external sample-and-hold and start it 
tracking the next sample. This will increase system through
put with the user's existing components. 

SAMPLE-AND-HOLD FUNCTION 

When using an external S/H, the HADC674Z acts as any 
other 674 device because the internal S/H is transparent. 
The sample/hold function in the HADC674Z is inherent to the 
capacitor DAC structure, and its timing characteristics are 
determined by the internally generated clock. However, for 
limited frequency ranges, the internal S/H may eliminate the 
need for an external S/H. This function will be explained in the 
next two sections. 

The operation of the S/H function is internal to the HADC674Z 
and is controlled through the normal RIC control line. (Refer 
to figure 8.) When the RIC line makes a negative transition, 
the HADC674Z starts the timing of the sampling and conver
sion. The first two clock cycles are allocated to signal acqui
sition of the input by the CDAC. (This time is defined as T acq). 
Following these two cycles, the input sample is taken and 
held. The AID conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

Figure 8 - Sample-and-hold Function 

CE ___ --'I \~-----

Wait For 
Convert Signal 

CDAC Voltage 

OVoHs 

Conversion Wail ForBus 
Read 

~ Acquisition Time", Aperture Delay Time '" 0.12 X T Convert 

~. ~ -------'._------------------------------ ..... - ----
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During T acq, the equivalent circuit of the HADC674Z input is 
as shown in figure 9. (The time constant of the input is inde
pendent of which input level is used.) This CDAC capaci
tance must be charged up to the input voltage during T acq. 
Since the CDAC time constant is 100 nsecs, there is more 
than enough time for settling the input to 12-bits of accuracy 
during T acq. The excess time left during T acq allows the user's 
buffer amp to settle after being switched to the CDAC load. 

Figure 9 - Equivalent HADC674Z Input Circuit 

Note that because the 

11 25PF Ceq 

Req = 4 kQ at any range 

't = Req Ceq = 100 nsec 

RIC transition, T acq is also the traditional "aperture 
delay" of this internal sample-and-hold. 

Since T acq is measured in clock cycles, its duration will 
vary with the internal clock frequency. This results in 
T acq =1.7 Ilsec between units and over temperature. 

Offset, gain and linearity errors of the S/H circuit, as well as 
the effects of its droop rate are included in the overall 
specifications for the HADC674Z. 

APERTURE UNCERTAINTY 

Often the limiting factor in the application of the sample-and
hold is the uncertainty in the time that the actual sample is 
taken, i.e., the aperture jitter or TAJ. The HADC674Z has a 
nominal aperture jitter of 8 nsec between samples. With this 
jitter, it is possible to accurately sample a wide range of input 
signals. 

The aperture jitter causes an amplitude uncertainty for any 
input where the voltage is changing. The approximate volt
age error due to aperture jitter depends on the slew rate of the 
signal at the sample point. (See figure 10.) The magnitude of 
this change for a sine wave can be calculated: 

Vem::.VIsl2N+1 (where Verr is the allowable error voltage 
and VIs is the full scale voltage) 
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Figure 10 - Aperture Uncertainty 

Sample Point 

'I Llt I' 

From figure 10: 

SR=LlV/Llt=27tfVp 

LetLlV = Verr= Vis (2 - (N+1)), Vp = Vin/2 and Llt =tAJ (The time 
during which unwanted voltage change occurs) 

The above conditions then yield: 

VIs/2(N+ 1) ~ 7tfVin tAJ or fMAX 5. VIs/(1tVin tAJ)2(N+ 1) 

For the HADC674Z, tAJ=8 nsec, therefore fmax ~5 kHz. 

For higher frequency signal inputs, an external sample-and
hold is recommended. 

TYPICAL INTERFACE CiRCUIT 

The HADC674Z is a complete AID converter that is fully 
operational when powered up and issued a Start Convert 
Signal. Only a few external components are necessary as 
shown in figure 11 and 12. The two typical interface circuits 
are for operating the HADC674Z in either an unipolar or 
bipolar input mode. Information on these connections and on 
conditions concerning board layout to achieve the best op
eration are discussed below. 

For each application of this device, strict attention must be 
given to power supply decoupling, board layout (to reduce 
pickup between analog and digital sections), and grounding. 
Digital timing, calibration and the analog signal source must 
be considered for correct operation. 
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To achieve specified accuracy, a double-sided printed circuit 
board with a copper ground plane on the component side is 
recommended. Keep analog signal traces away from digital 
lines. It is best to lay the PC board out such that there is an 
analog section and a digital section with a single point ground 
connection between the two through an RF bead located as 
closely to the device as possible. If possible, run analog 
signals between ground traces and cross digital lines at right 
angles only. 

POWER SUPPLIES 

The supply voltages forthe HADC674Z must be kept as quiet 
as possible from noise pickup and also regulated from 
transients or drops. Because the part has 12-bit accuracy, 
voltage spikes on the supply lines can cause several LSB 
deviations on the output. Switching power supply noise can 
be a problem. Careful filtering and shielding should be 
employed to prevent the noise from being picked up by the 
converter. 

Capacitor bypass pairs are needed from each supply pin to 
its respective ground to filter noise and counter the problems 
caused by the variations in supply current. A 10 JlF tantalum 
and a 0.1 JlF ceramic type in parallel between VLOGIC (pin 1) 
and digital common (pin 15), and VCC (pin 7) and analog 
common (pin 9) are sufficient. VEE is generated internally so 
pin 11 may be grounded or connected to a negative supply if 
the HADC674Z is being used to upgrade an already existing 
design. 

GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground should be 
as low resistance as possible to accommodate the ground 
currents present with this device. 

The analog ground current is approximately 6 mADC while 
the digital ground is 3 mADC. The analog and digital common 
pins should be tied together as closely to the package as 
possible to guarantee best performance. The code depen
dent currents flow through the VLOGIC and VCC terminals and 
not through the analog and digital common pins. 

The HADC674Z may be operated by a JlP or in the stand
alone mode. The part has four standard input ranges: 0 V to 
+ 10V, 0 Vto+20V, ±5 Vand±10V. The maximum errors that 
are listed in the specifications for gain and offset may be 
adjusted externally to zero as explained in the next two 
sections. 
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CALIBRATION AND CONNECTION 
PROCEDURES 

UNIPOLAR 

The calibration procedure consists of adjusting the 
converter's most negative output to its ideal value for offset 
adjustment, and then adjusting the most positive output to its 
ideal value for gain adjustment. 

Starting with offset adjustment and referring to figure 11, the 
midpoint of the first LSB increment should be positioned at 
the origin to get an output code of all Os. To do this, an input 
01+1/2 LSB or+1.22 mVforthe 10 V range and +2.44 mVfor 
the 20 V range should be applied to the HADC674Z. Adjust 
the offset potentiometer R1 for code transition flickers be
tween 0000 0000 0000 and 0000 0000 0001 . 

The gain adjustment should be done at positive full scale. The 
ideal input corresponding to the last code change is applied. 
This is 1 and 1/2 LSB below the nominal full scale which is 
+9.9963 V for the 10 V range and +19.9927 V for the 20 V 
range. Adjust the gain potentiometer R2 for flicker between 
codes 1111 1111 1110 and 1111 1111 1111. If calibration is 
not necessary for the intended application, replace R2 with a 
50 Q, 1 % metal film resistor and remove the network from pin 
12. Connect pin 12 to pin 9. Connect the analog input to pin 
13 for the 0 V to 10 V range or to pin 14 for the 0 V to 20 V 
range. 

Figure 11 - Unipolar Input Connections 
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BIPOLAR 

The gain and offset errors listed in the specification may be 
adjusted to zero using the potentiometers R1 and R2. (See 
figure 12.) If adjustment is not needed, either or both pots 
may be replaced by a 50 Q, 1 % metal film resistor. 

To calibrate, connect the analog input signal to pin 13 for a 
±5 V range or to pin 14 for a ±1 0 V range. First apply a DC 
input voltage 1/2 LSB above negative full scale which is 
-4.9988 V forthe ±5 V range or -9.9976 V forthe ±1 0 V range. 
Adjust the offset potentiometer R1 for flicker between output 
codes 0000 0000 0000 and 0000 0000 0001. Next, apply a 
DC input voltage 1 and 1/2 LSB below positive full scale which 
is +4.9963 V for the ±5 V range or +9.9927 V for the ±1 0 V 
range. Adjust the gain potentiometer R2 for flicker between 
codes 1111 1111 1110 and 1111 1111 1111. 

ALTERNATIVE 

In some applications, a full scale of 10.24 V (for an LSB of 
2.5 mY) or 20.48 V (for an LSB of 5.0 mY) is more convenient. 
In the Unipolar mode of operation, replace R2 with a 200 Q 

potentiometer and add 150 Q in series with pin 13 for 10.24 V 
input range or 500 Q in series with pin 14 for 20.48 V input 
range. In bipolar mode of operation, replace R1 with a 500 Q 
potentiometer (in addition to the previous changes). The 
calibration will remain similar to the standard calibration 
procedure. 

Output Bits 

.5V 
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Figure 12 - Bipolar Input Connections 
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CONTROLLING THE HADC674Z Figure 13 - Interfacing the HADC674Z 
to an a-bit Data Bus 

The HADC674Z can be operated by most microprocessor 
systems due to the control input pins and on-chip logic. It 
may also be operated in the stand-alone mode and enabled 

by the RIC input pin. Full JlP control consists of selecting an 
8 or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready. The output read has the 
options of choosing either 12-bits at once or 8 bits followed 
by 4 bits in a left-justified format. All five control inputs are 

TTUCMOS compatible and include 12/8, CS , Ao, RIC and 
CEo The use of these inputs in controlling the converter's 
operations is shown in table I, and the internal control logic 
is shown in a simplified schematic in figure 14. 
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STAND-ALONE OPERATION 
The simplest interface is a control line connected to RIC . The 
output controls must be tied to known states as follows: CE 

and 1218 are wired high, Ao and CS are wired low. The 
output data arrives in words of 12-bits each. The limits on 
RIC duty cycle are shown in figures 3 and 4. It may have a 
duty cycle within and including the extremes shown in the 

specifications. In general, data may be read when Ric is high 
unless STS is also high, indicating a conversion is in progress. 

Table I - Truth Table for the HADC674Z Control Inputs 

CONVERSION LENGTH 

A conversion start transition latches the state of Ao as shown 

CE 

x 

t 
t 

x 

RiC 1218 

x x 

x x 

x 

x 

x 

Operation 

None 

x None 

Initiate 12 bit conversion 

Initiate B bit conversion 

Initiate 12 bit conversion 

Initiate B bit conversion 

Initiate 12 bit conversion 

Initiate 8 bit conversion 

x Enable 12 bit Output 

Enable 8 MSB's Only 

Enable 4 LS8's Plus 4 

Trailing Zeroes 

in figure 13 and table I. The latched state determines if the 
conversion stops with 8-bit (Ao high) or continues for 12-bits 
(Ao low). If all 12-bits are read following an 8-bit conversion, 
the three LSB's will be a logic "0" and DB3 will be a logic 1. 
Ao is latched because it is also involved in enabling the 
output buffers as will be explained later. No other control 
inputs are latched. 

CONVERSION START 

A conversion may be initiated by a logic transition on any of 
the three inputs: CE, CS , RIC, as shown in table I. The last 
of the three to reach the correct state starts the conversions, 
so one, two or all three may be dynamically controlled. The 
nominal delay from each is the same and all three may 
change state simultaneously. In order to assure that a 
particular input controls the start of conversion, the other two 
should be set up at least 50 ns earlier. Refer to the convert 
mode timing specifications. The Convert Start timing dia
gram is illustrated in figure 1. 
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The output signal STS is the status flag and goes high only 
when a conversion is in progress. While STS is high, the 
output buffers remain in a high impedance state so that data 
can not be read. Also, when STS is high, an additional Start 
Convert will not reset the converter or rein itiate a conversion. 
Note, if Ao changes state after a conversion begins, an 
additional Start Convert command will latch the new start of 
Ao and possibly cause a wrong cycle length for that conver
sion (8 versus 12-bits). 

READING THE OUTPUT DATA 

The output data buffers remain in a high impedance state 

until the following four conditions are met: RIC is high, STS 
is low, CE is high, and CS is low. The data lines become 
active in response to the four conditions and output data 

according to the conditions of 1218 and Ao. The timing 
diagram for this process is shown in figure 2. When 12/8 is 
high, all 12 data outputs become active simultaneously and 
the Ao input is ignored. This results in east interface to a 12 
or 16-bit data bus. The 1218 input is usually tied high or low, 
although it is TTUCMOS compatible. When 12/8 is low, the 
output is separated into two 8-bit bytes as shown below: 

BYTE 1 BYTE 2 

I X X X X 

I 
X X X X I XXX X 0000 

I 
MSB LSB 

This configuration makes it easy to connect to an 8-bit data 
bus as shown in figure 13. The Ao control can be connected 
to the least significant bit of the address bus in order to store 
the output data into two consecutive memory locations. 
When Ao is pulled low, the 8 MSBs are enabled only. When 
Ao is high, the 4 MSBs are disabled, bits 4 through 7 are forced 
to a zero and the four LSBs are enabled. The two byte format 
is left justified data as shown above and can be considered to 
have a decimal point or binary to the left of byte 1 . 

Ao may be toggled without damage to the converter at any 
time. Break-before-make action is guaranteed between the 
two data bytes. This assures that the outputs which are 
strapped together in figure 13 will never be enabled at the 
same time. 

In figure 2, it can be seen that a read operation usually begins 
after the conversion is completed and STS is low. If earlier 
access is needed, the read can begin no later than the 
addition of time tDD and tHS before STS goes low. 
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Figure 14 - Control Logic 
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Figure 15 - Burn-In Schematic 
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PIN Assignment HADC674Z 

TOP VIEW 

STS 

DBll 

DB10 

DB9 

DBB 

DB? 

DB6 

DBS 

DB4 

REF IN DB3 

DB2 

BIPOFF DBl 

10VIN DBO 

20VIN DGND 

28 LEAD DIP 

AO cs 1.218 V LOGIC STS OB11 OB10 

RIC DB9 

CE DBB 

Vee DB? 

REF OUT DB6 

AGNO DBS 

REF IN DB4 

DB3 

BIP tOV 2()V OGNO 080 DBt DB2 
OFF IN IN 

28 Lead LCC 
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PIN Functions HADC674Z 

NAME FUNCTION 

N 
'<t 

VLOGIC Logic Supply Voltage, Nominally +5 V I"-co 

1218 Data Mode Selection 
0 
0 « 

CS Chip Selection I 

Ao Byte Address/Short Cycle 

RIC Read/Convert 

CE Chip Enable 

VCC Analog Positive Supply Voltage, 
Nominally + 15 V 

REF OUT Reference Output, Nominally + 10 V 

AGND* Analog Ground 

REF IN Reference Input 

N/C (VEE) This pin is not connected to the device. 

BIP OFF Bipolar Offset 

10 V IN 10 Volt Analog Input 

20V IN 20 Volt Analog Input 

DGND Digital Ground 

DBO - DB11 Digital Data Output 
DB11 - MSB DBO - LSB 

STS Status 

The lids on the sidebrazed and LCC packages are 
internally connected to AGND.· 

3-39 



3-40 

@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONVERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 SP'I'. 
PH: (719) 528-2300; Fax: (719) 528-2370 



spr774 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FAST, COMPLETE 12-BIT f..lP COMPATIBLE 
AID CONVERTER WITH SAMPLE/HOLD 

FEATURES 

• Improved Pin-To-Pin Compatible Monolithic Version 
of the HI774 

• Complete 12-Bit AID Converter with Sample/Hold, 
Reference and Clock 

• Low Power Dissipation (150 mW Max) 
• 12-Bit Linearity (Over Temp) 
• 8 J.Ls Max Conversion Time Including 

S/H Acquisition 
• No Negative Supply Required 
• Full Bipolar and Unipolar Input Range 

GENERAL DESCRIPTION 

The SPT774 is a complete, 12-bit successive approximation 
AID converter. Included on the chip are an internal reference, 
clock, and a sample-and-hold. The S/H allows full Nyquist 
sampling of input signals. 

The SPT774 features 8 J.Ls (max) conversion time of 10 or 
20 V input signals. Also, a three-state output buffer is added 
for direct interface to an 8, 12, or 16-bit J.LP bus. 

The BEMOS process and monolithic construction reduces 
power consumption and ground noise and keeps parasitics to 
a minimum. In addition, the thin film available on this process 

BLOCK DIAGRAM 
MSB 

APPLICATIONS 

• Military/Industrial Data Acquisition Systems 
• 8 or 12-Bit J.LP Input Functions 
• Process Control Systems 
• Test and Scientific Instruments 
• Personal Computer Interface 

allows active adjustment of DAC and comparator offsets, 
linearity errors, and gain errors. 

The SPT77 4 has standard bipolar and unipolar input ranges 
of 10 V and 20 V that are controlled by a bipolar offset pin and 
laser trimmed for specified linearity, gain and offset accuracy. 

Power requirements are +5 V and +12 V to +15 V with a 
maximum dissipation of 150 mW at the specified voltages. 
Power consumption is about five times lower than that of 
currently available devices, and a negative power supply is 
not needed. 

LSB 

STS DB11 D810 DB9 DBB DB7 DB6 DBS DB4 DB3 DB2 DB1 DBD DGNO 

SPr 

VLOGIC 12/8 CS Ao RIC CE Vee REF AGND REF VEE SIP 10 V 20 V 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) 125 °C 
Supply Voltages 

Positive Supply Voltage (VCC to DGND) ..... 0 to + 16.5 V 
Logic Supply Voltage (VLOGIC to DGND) ......... 0 to +7 V 
Analog to Digital Ground (AGND to DGND) . -0.5 to + 1 V 

Input Voltages 
Control Input Voltages (to DGND) 
(CE, CS, Ao, 1218, RIC) ............... -0.5 to VLOGIC +0.5 V 
Analog Input Voltage (to AGND) 
(REF IN, SIP OFF, 10 Yin) ................................. ±16.5 V 
20 V Yin Input Voltage (to AGND) ......................... ±24 V 

Output 
Reference Output Voltage .......... Indefinite short to GND 

Momentary short to VCC 

Temperature 
Operating Temperature, ambient ............ -55 to +125 °C 

junction ...................... + 175°C 
Lead Temperature, (soldering 10 seconds) ....... +300°C 
Storage Temperature .............................. -65 to +150 °C 
Power Dissipation............................................ 1000 mW 
Thermal Resistance (6jA) .................................. 48 °CIW 

Note: Operation at any Absolute Maximum Rating is not implied. See Operating Conditions for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS' 

TA=TMIN to TMAX. Vcc=+15 Vor +12 V. VLOGIC=+5 V. unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Resolution 

Linearity Error1 TA=O to 70°C 
TA = -25 to +85 °C I 
TA = -55 to +125 °C I 

Differential Linearity No Missing Codes 

Unipolar Offset; 10 V, 20 V +25 "C Adjustable to Zero 

Bipolar Offset1; ±5 V,±10 V +25 "C Adjustable to Zero 

Full Scale Calibration Error2 
All Input Ranges +25 "C Adjustable to Zero 

No ,A.dj!.!stment at +250 

TA = 0 to 70°C 
TA = -25 to +85 °C V 
TA = -55 to +125 °C V 

With Adjustment at +25 "C 

TA=Ot070°C V 
T A = -25 to +85 °C V 
TA = -55 to +125 °C V 

Temperature Coefficients3 Using Internal Reference 

Unipolar Offset TA = 0 to 70°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C IV 

Bipolar Offset TA = Oto 70°C 

TA = -25 to +85 °C 
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VI 

VI 

VI 11 

VI 

VI 

VI 

V 
0.7 
0.8 

0.22 
0.4 
0.5 

IV 

IV 

IV 

IV 

SPT774B SPT774A 
MIN TVP MAX MIN TVP MAX UNITS 

12 12 12 BITS 

±1 ±1/2 ±1/2 LSB 
±1 ±1/2 ±1/2 LSB 
±1 ±1 ±1 LSB 

12 12 BITS 

±0.1 ±2 ±0.1 ±2 ±0.1 ±2 LSB 

±10 ±4 ±4 LSB 

0.3 0.3 0.3 %ofFS 

0.5 0.4 0.35 %ofFS 
0.5 0.4 %ofFS 
0.6 0.4 %ofFS 

0.12 0.05 %ofFS 
0.2 0.1 %ofFS 

0.25 0.12 %ofFS 

±0.2 ±2 ±0.1 ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppm/"C) 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/OC) 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppm/0C) 

±0.2 ±2 ±0.1· ±1 ±0.1 ±1 LSB 
(10) (5) (5) (ppm/°C) 

±2 ±1 ±1 LSB 
(5) (2.5) (2.5) (ppmI"C) 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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ELECTRICAL SPECIFICATIONS 

TA = TMIN to TMAX, VCC = +15 Vor +12 V, VLOGIC = +5 V, unless otherwise specified. 

PARAMETER 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Bipolar Offset (Cont.) T A = -55 to +125 °C 

Full Scale Calibration TA=Ot070°C 

TA = -25 to +85 °C 

TA = -55 to +125 °C 

Power Supply Rejection Max change in full 
scale calibration 

+13.5 V<Vcc<+16.5 Vor 
+11.4 V<Vee<+12.6 V 

+4.5 V<VLOGlc<+5.5 V 

Analog Input Ranges 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 
20 Volt Span 

Power Supplies Operating 
Voltage Range 

VLOGIC 

Vee 

VEE Not Required for 
circuit operation. 

Operating Current 

ILOGIC 

Icc 

lEE Not required for 
circuit operation. 

Power Dissipation 
+15V,+5V 

Internal Reference Voltage 
Output Current4 

IV 

IV 

IV 

IV 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 

VI 
VI 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
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SPT774C SPT774B SPT774A 
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

±4 ±2 ±1 LSB 
(10) (5) (2.5) (ppm/°C) 

±9 ±5 ±2 LSB 
(45) (25) (10) (ppm/oC) 
±12 ±7 ±3 LSB 
(50) (25) (12) (ppm/°C) 
±20 ±10 ±5 LSB 
(50) (25) (12.5) (ppm/°C) 

±0.5 ±2 ±0.5 ±1 ±0.5 ±1 LSB 

±0.1 ±0.5 ±0.1 ±0.5 ±0.1 ±0.5 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 

3.75 5 6.25 3.75 5 6.25 3.75 5 6.25 kQ 

15 20 25 15 20 25 15 20 25 kQ 

+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 

0.5 1 0.5 1 0.5 1 mA 

7 9 7 9 7 9 mA 

110 150 110 150 110 150 mW 

9.97 10 10.03 9.97 10 10.03 9.97 10 10.03 Volts 
2 2 2 mA 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VCC = +15 V or +12 V, VLOGIC = +5 V, unless otherwise specified. 

SPT774C SPT774B SPT774A 
~ 
f::: a. PARAMETER 
C/) 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL CHARACTERISTICS. 

Logic Inputs 

(CE, CS , RIC, Ao, 1218) 

Logic "0" VI -0.5 +0.8 -0.5 

Logic "1" VI 2.0 5.5 2.0 

Current o to 5.5 V Input VI ±.01 +1 ±.01 

Capacitance V 5 5 

Logic Outputs 
(OB11-0BO, STS) 

Logic "0" (ISink = 1.6 mAl VI +0.4 

Logic "1" (ISOURCE = 500 JlA) VI +2.4 +2.4 

Leakage (High Z State, 
OB 11-0BO Only) VI -5 ±0.1 +5 -5 ±0.1 

Capacitance V 5 5 

Note 1: 
Note 2: 

For military temperature range, the device linearity is guaranteed to be 1/2 LSB at 25 cC. 
Fixed 50 n resistor from REF OUT to REF IN and REF OUT to BIP OFF. 

Note 3: Full Tempco testing is performed on all Grade A and MIL-STO-883 devices. 

+0.8 -0.5 +0.8 

5.5 2.0 5.5 

+1 ±.01 +1 

5 

+0.4 +0.4 

+2.4 

+5 -5 ±0.1 +5 

5 

Note 4: Available for external loads; external load should not change during conversion. When supplying an external load and 
operating on a +12.0 V supply, a buffer amplifier must be provided for the reference output. 

Volts 

Volts 

JlA 

pF 

Volts 

Volts 

JlA 
pF 
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ELECTRICAL SPECIFICATIONS 

CONVERT MODE TIMING CHARACTERISTICS 

TA = +25 ae, Vcc = +15.0 V or +12 V, VLOGIC = +5 V, unless otherwise specified. 

SPT774C SPT774B SPT774A 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS5 

tDse STS Delay from CE I 200 200 200 ns 

tHEe CE Pulse Width I 50 50 50 ns 

tsse cs to CE Setup I 50 50 50 ns 

tHse CS Low during CE High I 50 50 50 ns 

tSRC RIC to CE Setup I 50 50 50 ns 

tHRC Ric Low During CE High I 50 50 50 ns 

tSAC Ao to CE Setup I 0 0 0 ns 

tHAC Ao Valid During CE High I 50 50 50 ns 

te Conversion Time 
12-Bit Cycle MINtoTMAX I 7.0 7.5 8.0 7.0 7.5 8.0 7.0 7.5 8.0 Ils 
8-Bit Cycle MIN to TMAX I 4.85 5.25 5.65 4.85 5.25 5.65 4.85 5.25 5.65 Ils 

Note 5: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 kn load for high impedance to 
drive and tested with 10 pF and 3 kn load for drive to high impedance. 

Figure 1 - Convert Mode Timing Diagram 

SPI' 

CE tHEC 

CS 
Issc 

tSRC IHSC 
RIC 

IHRC 

Ao 

STS -----t-----" 
losc Ie 

o811-0BO _____ f-__ H-'ig'-h.;...rm"-pe:..cda'--nc~e _____ _ 
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ELECTRICAL SPECIFICATIONS 

READ MODE TIMING CHARACTERISTICS 

TA= 25 °e, Vcc =; +15.0 V or +12 V, VLOGIC = +5 V, un,less otherwise specified. 

SPT774C SPT774B SPT774A 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS6 

tDD Access Time from CE I 150 150 150 ns 

tHD Data Valid After CE Low I 25 25 25 ns 

tHL Output Float Delay I 150 150 150 ns 

tSSR cs to CE Setup I 50 0 50 0 50 0 ns 

tSRR RIC to CE Setup I 0 0 0 0 0 0 ns 

tSAR Ao to CE Setup I 50 50 50 ns 

tHSR CS Valid After CE Low I 0 0 0 0 0 0 ns 

tHRR RIC High After CE Low I 50 50 50 ns 

tHS STS Delay After Data Valid I 90 300 90 300 90 300 ns 

tHAR Ao Valid after CE Low I 50 50 50 ns 

Note 6: Time is measured from 50% level of digital transitions. Parameters are tested with a 100 pF and 3 kilload for high impedance to 
drive and tested with 10 pF and 3 kn load for drive to high impedance. 

Figure 2 - Read Mode Timing Diagram 
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CE-----' 

CS tSSR tHSR 

tHRR 

RIC ----r--\----------f-.. 

tSRR 

Ao 

tSAR 

STS 

tHS 
HIGH 

DBll·DBOI------+------4~ 

IMPEDANCE I 
tOOl 
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ELECTRICAL SPECIFICATIONS 

STAND-ALONE MODE TIMING CHARACTERISTICS 

TA= 25°C, VCC = +15.0 V or+12 V, VLOGIC = +5 V, unless otherwise specified. 

SPT174C SPT774B SPT174A 
PARAMETER 

TEST 
CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS6 

tHRL Low RIC Pulse Width 

tos STS Delay from Ric 

tHoR Data Valid After Ric LOlA 

tHS STS Delay After Data Valid 

tHRH High Ric Pulse Width 

tDOR Data Access Time 

SAMPLE-AND-HOLD 

Acquisition Time 

Aperture Uncertainty Time 

Figure 3 - Low Pulse for RIC - Outputs Enabled 
After Conversion 

RiC ~r--------------

~[~ 

MT "~ STS 

DB11-D80 --D-AT-AV-AL-'D~> (>ATAVALID 

I 50 

I 

I 25 

I 90 

I 150 

I 

IV 1.35 

V 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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50 50 ns 

200 200 200 ns 

25 25 ns 

300 90 300 90 300 ns 

150 150 ns 

150 150 150 ns 

1.45 1.55 1.35 1.45 1.55 1.35 1.45 1.55 ILs 

1 1 1 nS,RMS 

Figure 4 - High Pulse for RIC - Outputs Enabled 
While RIC is High, Otherwise High Impedance 

HIGH-Z < ) HIGH-Z 
D811-D-80--'-----< DATA VALID >----------'='-=-----------

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 cC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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DEFINITION OF SPECIFICATIONS 

INTEGRAL LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through ''full scale" with all offset 
errors nulled out. (See figures 5 and 6.) The point used as 
"zero" occurs 1/2 LSB (1.22 mV for a 10 volt span) before the 
first code transition (all zeros to only the LSB "on"). "Full 
scale" is defined as a level 1 and 1/2 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 SPT774AC and BC grades are guaranteed for maximum 
nonlinearity of ±1/2 LSB. For these grades, this means that 
an analog value that 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 
SPT774AM, BM, CC and CM grades are guaranteed to 
±1 LSB maximum error. For these grades, an'analog value 
that falls within a given code width will result in either the 
correct code for the region or either adjacent one. The 
linearity is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification that guarantees no missing codes requires 
that every code combination appear in a monotonically 
increasing sequence as the analog input level is increased. 
Thus every code must have a finite width. For the SPT774 
type AC, BC, AM and BM grades, that guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temperature ranges. The SPT774 
CC and CM grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combi
nations of the upper 11-bits must be present. In practice, very 
few of the 12-bit codes are missing. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is a measure of how much the actual 
quantization step width varies from the ideal step width of 
1 LSB. Figure 6 shows a differential nonlinearity of 2 LSB -
the actual step width is 3 LSB. The SPT774's specification 
gives the worst case differential nonlinearity in the AID 
transfer function under specified dynamic operating condi
tions. Small, localized differential nonlinearities may be 
insignificant when digitizing full scale signals. However, if a 
low level input signal happens to fall on the part of the AID 
transfer function with the differential nonlinearity error, the 
effect will be significant. 
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MISSING CODES 

Missing codes represent a special kind of differential nonlin
earity. The quantization step width for a missing code is 
o LSB which results in a differential nonlinearity of -1 LSB. 
Figure 6 points out two missed codes in the transfer function. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±1/2 LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be 
reduced for a converter of a given resolution. 

QUANTIZATION ERROR 

Quantization error is the fundamental, irreducible error 
associated with the perfect quantizing of a continuous 
(analog) signal into a finite number of digital bits (AID 
transfer function). A 12-bit AID converter can represent an 
input voltage with a best case uncertainty of 1 part in 212 
(1 part in 4096). In real AIDs under dynamic operating 
conditions, the quantization bands (bit change step vs 
input amplitude) for certain codes can be Significantly 
larger (or smaller) than the ideal. The ideal width of each 
quantization step (or band) is Q=FSR/2N where FSR=full 
scale range and N=12. Nonideal quantization bands 
represent differential non linearity errors. (See figures 5,6 
and 7.) 

Figure 5 - Static Input Conditions 

Output ~ 
Codes ± 

Threshold Level 

(Band Edge) 

Input Voltage 

RESOLUTION - ACTUAL vs AVAILABLE 

O~ 

The available resolution of an N-bit converter is 2N. This 
means it is theoretically possible to generate 2N unique 
output codes, 
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Figure 6· Dynamic Conditions 

Output 
Codes Integral Nonlinearity = 

(Y-1/2 LSB) , 
Missed Codes ~ : 

~~~~~~~~ 

--- Nonmonotonic Behavior 

Differential Nonlinearity = (X-1 LSB) 

Input Voltage 

Figure 7· Quantizing Error 

111 

101 

100 

011 

" 010 "C 
0 
u 

i 001 

0 

000 

0.5 1.5 2.5 3.5 4.5 5.5 6.5 

Analog Input Voltage 

THROUGHPUT 

Maximum throughput is the greatest number of conversions 
per second at which an ADC will deliver its full rate perform
ance. This is equivalent to the inverse of the sum of the 
multiplex time (if applicable), the 8/H settling time and the 
conversion time. 

GAIN 

Gain is the slope of the transfer curve. Gain is generally user 
adjustable to compensate for long term drift. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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ACQUISITION TIME/APERTURE DELAY TIME 

In the 8PT77 4, this is the time delay between the RIC falling 
edge and the actual start ofthe HOLD mode in a sample-and
hold function. 

APERTURE JITTER 

This is a specification indicating how much the aperture delay 
time varies between samples. 

SUCCESSIVE APPROXJMATION ADC 

The successive approximation converter uses an architec
ture with inherently high throughput rates that converts high 
frequency signals with great accuracy. A sample-and-hold 
type circuit can be used on the input to freeze these signals 
during conversion. 

An N-bit successive approximation converter performs a 
sequence of tests comparing the input voltage to a succes
sively narrower voltage range. The first range is half full 
scale, the next is quarter full scale, etc., until it reaches the Nth 
test which narrows it to a range of 1/2N of full scale. The 
conversion time is fixed by the clock frequency and is thus 
independent of the input voltage. 

UNIPOLAR OFFSET 

The first transition should occur at a level 1/2 LSB above 
analog common. Unipolar offset is defined as the deviation 
of the actual transition from that point. This offset can be 
adjusted ilS discussed on the following pages. The unipolar 
offset temperature coefficient specifies the maximum change 
of the transition point over temperature, with and 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 
1/2 LSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maxi
mum change in the error over temperature. 

CONVERSION TIME 

This is the time required to complete a conversion over the 
specified operating range. Conversion time can be ex
pressed as time/bit for a converter with selectable resolution 
or as time/conversion when the number of bits is constant. 
The SPT774 is specified as time/conversion for all 12-bits. 
Conversion time should not be confused with maximum 
allowable analog input frequency which is discussed later. 
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FULL SCALE CALIBRATION ERROR 

The last transition (from 1111 1111 1110 to 1111 1111 1111 
1111) should occur for an analog value 1 and 112 LSB below 
the nominal full scale (9.9963 volts for 1 0.000 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 typically is 0.05 to 0.1 % offull scale, can be trimmed out 
as show in figures 11 and 12. The full scale calibration error 
over temperature is given with and without the initial error 
trimmed out. The temperature coefficients for each grade 
indicate the maximum change in the full scale gain from the 
initial value using the internal 1 0 volt reference. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full scale calibration, unipo
lar offset, and bipolar offset specify the maximum change 
from the initial (25°C) value to the value at Tmin or Tmax. 

POWER SUPPLY REJECTION 

The standard specifications for the SPT774 assume +5.00 
and + 15.00 or + 12.00 volt supplies. The only effect of power 
supply error on the performance of the device will be a small 
change in the full scale calibration. This will result in a linear 
'change in all lower order codes. The specifications show the 
maximum change in calibration from the initial value with the 
supplies at the various limits. 

CODE WIDTH 

The fundamental unit for AID converter specifications is the 
code width. This is defined 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 one least 
significant bit (LSB) of the full scale range ur 2.44 mV out of 
10 volts for a 12-bit ADC. 

LEFT-JUSTIFIED DATA 

The data format used in the SPT774 is left-justified. This 
means that the data represents the analog input as fraction 
of full scale, ranging from 0 to 4095/4096. This implies a 
binary point to the left of the MSB. 

MONOTONICITY 

This characteristic describes an aspect of the code to code 
progression from minimum to maximum input. A device is 
said to be monotonic if the output code continuously in
creases as the input signal increases, and if the output code 
continuously decreases as the input signal decreases. Fig
ure 6 demonstrates nonmonotonic behavior. 
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CIRCUIT OPERATION 

The SPT774 is a complete 12-bit analog-to-digital converter 
that consists of a single chip version of the industry standard 
774. This single chip contains a precision 12-bit capacitor 
digital-to-analog converter (CDAC) with voltage reference, 
comparator, successive approximation register (SAR), 
sample-and-hold, clock, output buffers and control circuitry to 
make possible to use the SPT774 with few external compo
nents. 

When the control section of the SPT774 initiates a conversion 
command, the clock is enabled and the successive-approxi
mation register is reset to all zeros. Once the conversion 
cycle begins, it cannot be stopped or restarted and data is not 
available from the output buffers. 

The SAR, timed by the clock, sequences through the conver
sion cycle and returns an end-of-convert flag to the control 
section of the ADC. The clock is then disabled by the control 
section, the output status goes low, and the control section is 
enabled to allow the data to be read by external command. 

The internal SPT77 4 12-bit CDAC is sequenced by the SAR 
starting from the MSB to the LSB at the beginning of the 
conversion cycle to provide an output voltage from the CDAC 
that is equal to the input signal voltage (which is divided by the 
input voltage divider network). The comparator determines 
whether the addition of each successively-weighted bit volt
age causes the CDAC output voltage summation to greater 
or less, than the input voltage; 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 repre
sents the input signal to within ±1/2 LSB. 

The internal reference provides the voltaoe reference to the 
CDAC with excellent stability overtemperature and time. The 
reference is trimmed to 10.00 volts ±1 % and can supply up to 
2 mA to an external load in addition to that required to drive 
the reference input resistor (1 mAl and offset resistor (1 mAl 
when operating with ±15 V supplies. If the SPT77 4 is used 
with ±12 V supplies, or if external current must be supplied 
over the full temperature range, and external buffer amplifier 
is recommended. Any external load on the SPT774 refer
ence must remain constant during conversion. 

The sample-and-hold feature is a bonus of the CDAC archi
tecture. Therefore the majority of the S/H specifications are 

'included within the AID specifications. 

Although the sample-and-hold circuit is not implemented in 
the classical sense, the sampling nature of the capacitive 
DAC makes the SPT774 appear to have a built in sample
and-hold. This sample-and-hold action substantially in
creases the Signal bandwidth of the SPT77 4 over that of 
similar competing devices. 
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Note that even though the user may use an external sample
and-hold for very high frequency inputs, the internal sample
and-hold still provides a very useful isolation function. Once 
the internal sample is taken by the CDAC capacitance, the 
input of the SPT774 is disconnected from the user's sample
and-hold. This prevents transients occurring during conver
sion from being inflicted upon the attached sample-and-hold 
buffer. All other 774 circuits will cause a transient load current 
on the sample-and-hold which will upset the buffer output and 
may add error to the conversion itself. 

Furthermore, the isolation of the input after the acquisition 
time in the SPT774 allows the user an opportunity to release 
the hold on an external sample-and-hold and start it tracking 
the next sample. This will increase system throughput with 
the user's existing components. 

SAMPLE-AND-HOLD FUNCTION 

When using an external S/H, the SPT774 acts as any 
other 774 device because the internal s/H is transparent. 
The samplelhold function in the SPT774 is inherent to the 
capacitor DAC structure, and its timing characteristics are 
determined by the internally generated clock. However, for 
limited frequency ranges, the internal S/H may eliminate the 
need for an external S/H. This function will be explained in the 
next two sections. 

The operation of the S/H function is internal to the SPT774 
and is controlled through the normal RIC control line. (Refer 
to figure 8.) When the RIC line makes a negative transition, 
the SPT77 4 starts the timing of the sampling and conversion. 
The first two clock cycles are allocated to signal acquisition of 
the input by the CDAC. (This time is defined as Taeq.) 

Following these two cycles, the input sample is taken and 
held. The AID conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

Figure 8 - Sample-and-Hold Function 

CE ___ -'I 

Wait For 
Convert Signal 

\----------

Wait ForBus 
Read 

~ Acquisition TIme '" Aperture Delay Time", 0.12 X T Convert 

OVoim ~ " ------'._------------------------------>-----

CDAC Voltage 
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During Taeq, the equivalent circuit of the SPT774 input is as 
shown in figure 9 .. (The time constant ofthe input is independ
ent of which input level is used.) This CDAC capacitance 
must be charged up to the input voltage during T aeq. Since 
the CDAC time constant is 100 nsecs, there is more than 
enough time for settling the input to 12-bits of accuracy during 
T aeq. The excess time left during T aeq allows the user's buffer 
amp to settle after being switched to the CDAC load. 

Figure 9 - Equivalent SPT774 Input Circuit 

lr 25PF Ceq 

Req = 4 kn at any range 

't = Req Ceq = 100 nsee 

Note that because the sample is taken relative to the 

RIC transition, T seq is also the traditional "aperture 
delay" of this internal sample-and-hold. 

Since T aeq is measured in clock cycles, its duration will 
vary with the internal clock frequency. This results in 
T aeq = 1.45 ILsec between units and over temperature. 

Offset, gain and linearity errors of the S/H circuit as well as the 
effects of its droop rate are included in the overall specifica
tions for the SPT774. 

APERTURE UNCERTAINTY 

Often the limiting factor in the application of the sample-and
hold is the uncertainty in the time thatthe actual sample is taken, 
i.e., the "aperture jitter" or TAJ. The SPT774 has a nominal 
aperture jitter of 8 nsec between samples. With this jitter, it is 
possible to accurately sample a wide range of input signals. 

The aperture jitter causes an amplitude uncertainty for any 
input where the voltage is changing. The approximate 
voltage error due to aperture jitter depends on the slew rate 
of the signal at the sample point. (See figure 10.) The 
magnitude of this change for a sine wave can be calculated: 

Verr5V,sl2N+ 1 (where Verr is the allowable error voltage 
and V's is the full scale voltage) 
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Figure 10· Aperture Uncertainty 

Sample Point 

1 1 

-I ilt 14 
tN - ilt dv err- Cit 

From figure 10: 

SR=ilV/ilt=2nfVp 

LetilV = Verr= Vfs(2 .(N+1)), Vp = Vin/2 and ilt = tAJ (The time 
during which unwanted voltage change occurs) 

The above conditions then yield: 

Vfsl2(N+1) ~ nfVin tAJ or fMAX $. Vfs/(nVin tAJ)2(N+1) 

For the SPT774, tAJ=1 nsec, therefore fmax 540 kHz. 

For higher frequency signal inputs, an external sample-and
hold is recommended. 

TYPICAL INTERFACE CIRCUIT 

The SPT774 is a complete AJD converte; that is fully opera
tional when powered up and issued a Start Convert Signal. 
Only a few external components are necessary as shown in 
figures 11 and 12. The two typical interface circuits are for 
operating the SPT774 in either an unipolar or bipolar input 
mode. Information on these connections and on conditions 
concerning board layout to achieve the best operation are 
discussed below. 

For each applicati'on of this device, strict attention must be 
given to power supply decoupling, board layout (to reduce 
pickup between analog and digital sections), and grounding. 
Digital timing, calibration and the analog signal source must 
be considered for correct operation. 
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To achieve specified accuracy, a double-sided printed circuit 
board with a copper ground plane on the component side is 
recommended. Keep analog signal traces away from digital 
lines. It is best to lay the PC board out such that there is an 
analog section and a digital section with a single point ground 
connection between the two through an RF bead located as 
closely to the device as possible. If possible, run analog 
signals between ground traces and cross digital lines at right 
angles only. 

POWER SUPPLIES 

The supply voltages for the SPT774 must be kept as quiet as 
possible from noise pickup and also regulated from transients 
or drops. Because the part has 12-bit accuracy, voltage 
spikes on the supply lines can cause several LSB deviations 
on the output. Switching power supply noise can be a 
problem. Careful filtering and shielding should be employed 
to prevent the noise from being picked up by the converter. 

Capacitor bypass pairs are needed from each supply pin to 
its respective ground to filter noise and counter the problems 
caused by the variations in supply current. A 1 0 ~F tantalum 
and a 0.1 ~F ceramic type in parallel between VLOGIC (pin 1) 
and digital common (pin 15), and VCC (pin 7) and analog 
common (pin 9) are sufficient. VEE is generated internally so 
pin 11 may be grounded or connected to a negative supply if 
the SPT774 is being used to upgrade an already existing 
design. 

GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground should be 
as low resistance as possible to accommodate the ground 
currents present with this device. 

The analog ground current is approximately 6 mADC while 
the digital ground is 3 mADC. The analog and digital common 
pins should be tied together as closely to the package as 
possible to guarantee best performance. The code depen
dent currents flow through the VLOGIC and Vcc terminals and 
not through the analog and digital common pins. 

The SPT774 may be operated by a ~P or in the stand-alone 
mode. The part has four standard input ranges: 0 V to + 10 V, 
o V to +20 V, ±5 V and ±10 V. The maximum errors that are 
listed in the specifications for gain and offset may be adjusted 
externally to zero as explained in the next two sections. 
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CALIBRATION AND CONNECTION 
PROCEDURES 

UNIPOLAR 

The calibration procedure consists of adjusting the 
converter's most negative output to its ideal value for offset 
adjustment, and then adjusting the most positive output to its 
ideal value for gain adjustment. 

Starting with offset adjustment and referring to figure 11, the 
midpoint of the first LSB increment should be positioned at 
the origin to get an output code of all Os. To do this, an input 
of + 1/2 LSB or + 1.22 mV for the 10 V range and +2.44 mV for 
the 20 V range should be applied to the SPT774. Adjust the 
offset potentiometer R1 for code transition flickers between 
0000 0000 0000 and 0000 0000 0001. 

The gain adjustment should be done at positive full scale. 
The ideal input corresponding to the last code change is 
applied. This is 1 and 1/2 LSB below the nominal full scale 
which is +9.9963 V for the 10 V range and +19.9927 Vforthe 
20 V range. Adjust the gain potentiometer R2 for flicker 
between codes 1111 1111 1110 and 1111 1111 1111. If 
calibration is not necessary for the intended application, 
replace R2 with a 50 Q, 1 % metal film resistor and remove the 
network from pin 12. Connect pin 12 to pin 9. Connect the 
analog input to pin 13 for the 0 V to 10 V range or to pin 14 for 
the 0 V to 20 V range. 

Figure 11 • Unipolar Input Connections 

Rl 
100kU 

-15 V o---JWv----o +15 V 

Oto10V 

Analog 

Ao 

Cf --,-'----_---" 

BIPOLAR 

The gain and offset errors listed in the specification may be 
adjusted to zero using the potentiometers R1 and R2. (See 
figure 12.) If adjustment is not needed, either or both pots 
may be replaced by a 50 Q, 1 % metal film resistor. 

To calibrate, connect the analog input signal to pin 13 for a 
±5 V range or to pin 14 for a ± 10 V range. First apply a DC 
input voltage 1/2 LSB above negative full scale which is 
-4.9988 V forthe ±5 V range or-9.9976 V forthe ±10 V range. 
Adjust the offset potentiometer R1 for flicker between output 
codes 0000 0000 0000 and 0000 0000 0001. Next, apply a 
DC input voltage 1 and 1/2 LSB below positive full scale which 
is +4.9963 V for the ±5 V range or +9.9927 V for the ±10 V 
range. Adjust the gain potentiometer R2 for flicker between 
codes 1111 1111 1110 and 1111 1111 1111. 

ALTERNATIVE 

In some applications, a full scale of 10.24 V (for an LSB of 
2.5 mV) or 20.48 V (for an LSB of5.0 mV) is more convenient. 
In the Unipolar mode of operation, replace R2 with a 200 Q 
potentiometer and add 150 Q in series with pin 13 for 10.24 V 
input range or 500 Q in series with pin 14 for 20.48 V input 
range. In bipolar mode of operation, replace R1 with a 500 Q 

potentiometer (in addition to the previous changes). The 
calibration will remain similar to the standard calibration 
procedure. 

Output Bits 

+5V 

10QkU 

Inputs o--"'--"-+-%-.... k-+-----,--t--~---' 

SPr 

100n 

1000 

(calibration) 

R2 

VRef Out a 

VRel ln 10 
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Figure 12 - Bipolar Input Connections 

Analog 
Inputs 

.5V 

±10V 

CONTROLLING THE SPT774 

AGND 9 

The SPT774 can be operated by most microprocessor sys
tems due to the control input pins and on-chip logic. It may 
also be operated in the "stand-alone" mode and enabled by 

the RIC input pin. Full JlP control consists of selecting an 8 
or 12-bit conversion cycle initiating the conversion and read
ing the output data when ieady. The output read has the 
options of choosing either 12-bits at once or 8 bits followed by 
4 bits in a left-justified format. All five control inputs are TTU 
CMOS compatible and include 1218, CS , Ao, RIC and CEo 
The use of these inputs in controlling the converter's opera
tions is shown in table I, and the internal control logic is shown 
in a simplified schematic in figure 14. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to RIC. The 
output controls must be tied to known states as follows: CE 

and 1218 arewiredhigh,AoandCS are wired low. The output 
data arrives in words of 12-bits each. The limits on RIC duty 
cycle are shown in figures 3 and 4. It may have a duty cycle 
within and including the extremes shown in the specifica

tions. In general, data may be read when RIC is high unless 
STS is also high, indicating a conversion is in progress. 
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Output Bits 

+5V 

Figure 13 - Interfacing the SPT774 to an 8-bit Data Bus 
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Table I - Truth Table for the SPT774 Control Inputs 

CE cs RIC 1218- AD Operation 

X X X None 

X X X X None 

t Initiate 12 bit conversion 

t Initiate 8 bit conversion 

X Initiate 12 bit conversion 

Initiate 8 bit conversion 

X Initiate 12 bit conversion , X Initiate 8 bit conversion 

Enable 12 bit Output 

Enable 8 MS8's Only 

Enable 4 LS8's Plus 4 

Trailing Zeroes 

CONVERSION LENGTH 

A conversion start transition latches the state of Ao as shown 
in figure 13 and table I. The latched state determines if the 
conversion stops with 8-bit (Ao high) or continues for 12-bits 
(Ao low). If all 12-bits are read following an 8-bit conversion, 
the three LSB's will be a logic 0 and DB3 will be a logic 1. Ao 
is latched because it is also involved in enabling the output 
buffers as will be explained later. No other control inputs are 
latched. 

CONVERSION START 

A conversion may be initiated by a logic transition on any of 

the three inputs: CE, CS , RIC, as shown in table I. The last 
of the three to reach the correct state starts the conversions, 
so one, two or all three may be dynamically controlled. The 
nominal delay from each is the same and all three may 
change state simultaneously. In order to assure that a 
particular input controls the start of conversion, the other two 
should be set up at least 50 ns earlier. Refer to the convert 
mode timing specifications. The Convert Start timing dia
gram is illustrated in figure 1. 

The output signal STS is the status flag and goes high only 
when a conversion is in progress. While STS is high, the 
output buffers remain in a high impedance state so that data 
can not be read. Also, when STS is high, an additional Start 
Convert will not reset the converter or reinitiate a conversion. 
Note, if Ao changes state after a conversion begins, an 
additional Start Convert command will latch the new start of 
Ao and possibly cause a wrong cycle length for that conver
sion (8 versus 12-bits). 
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PH: (719) 528-2300; Fax: (719) 528-2370 

READING THE OUTPUT DATA 

The output data buffers remain in a high impedance state until 

the following four conditions are met: RIC is high, STS is low, 
CE is high, and CS is low. The data lines become active in 
response to the four conditions and output data according to 

the conditions of 12/8 and Ao. The timing diagram for this 
process is shown in figure 2. When 12/8 is high, all 12 data 
outputs become active simultaneously and the Ao input is 
ignored. This results in easy interface to a 12 or 16-bit data 
bus. The 12/8 input is usually tied high or low, although it is 
TTUCMOS compatible. When 12/8 is low, the output is 
separated into two 8-bit bytes as shown below: 

BYTE 1 

I X X X X 

I 
X X X xl 

MSB 

BYTE 2 

XXXX 0000 

I 
LSB 

This configuration makes it easy to connect to an 8-bit data 
bus as shown in figure 13. The Ao control can be 
connected to the least significant bit of the address bus in 
order to store the output data into two consecutive 
memory locations. When Ao is pulled low, the 8 MSBs are 
enabled only. When Ao is high, the 4 MSBs are disabled, 
bits 4 through 7 are forced to a zero and the four LSBs are 
enabled. The two byte format is "left justified data" as 
shown above and can be considered to have a decimal 
point or binary to the left of byte 1. 

Ao may be toggled without damage to the converter at any 
time. Break-before-make action is guaranteed between the 
two data bytes. This assures that the outputs which are 
strapped together in figure 13 will never be enabled at the 
same time. 

In figure 2, it can be seen that a read operation usually begins 
after the conversion is completed and STS is low. If earlier 
access is needed, the read can begin no later than the 
addition of time tDD and tHS before STS goes low. 
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Figure 14 - Control Logic 

Input Buffers 

Figure 15 - Burn-In Schematic 
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PIN ASSIGNMENT SPT774 

RIC 

CE 

AGNO 

REF IN 

BPI' 

TOP VIEW 

28-LEAD DIP 

AD CS 12/8 V LOGIC STS D811 D810 

DBa 

DBB 

DB7 

DB6 

DB5 

DB" 

DB3 

BIP 10V 20V DGND DBO DB1 DB2 
OFF IN IN 

28-LEAD LCC 
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PIN FUNCTIONS SPT774 

NAME FUNCTION 

VLOGIC Logic Supply Voltage, Nominally +5 V 

1218 Data Mode Selection 

CS Chip Selection 

Ao Byte Address/Short Cycle 

RIC Read/Convert 

CE Chip Enable 

Vcc Analog Positive Supply Voltage, 
Nominally + 15 V 

REF OUT Reference Output, Nominally + 10 V 

AGND* Analog Ground 

REF IN Reference Input 

N/C (VEE) This pin is not connected to the device. 

BIPOFF Bipolar Offset 

10 V IN 10 Volt Analog Input 

20V IN 20 Volt Analog Input 

DGND Digital Ground 

DBO-DB11 Digital Data Output 
DB11 - MSB DBO - LSB 

STS Status 

The lids on the side brazed and LCC packages are 
internally connected to AGND. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 1:2 Demuxed ECl Compatible Outputs 
• 1.0 GSPS Conversion Rate 
• Wide Input Bandwidth - 1.4 GHz 
• low Input Capacitance - 8 pF 
• Metastable Errors Reduced to 1 lSB 
• Monolithic Construction 

GENERAL DESCRIPTION 

The SPT7610 is a full parallel (flash) analog-to-digital con
verter capable of digitizing full scale (0 to -1 V) inputs into six
bit digital words at an update rate of 1 GSPS. The ECl
compatible outputs are demultiplexed into two separate 
output banks, each with differential data ready outputs to 
ease the task of data capture. The SPT7610's wide input 

BLOCK DIAGRAM 

SPI' 

Analog 
VAT Input 
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spr7610 
6-BIT, 1 GSPS FLASH AID CONVERTER 

ADVANCED INFORMATION 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 

bandwidth and low capacitance eliminate the need for exter
nal track-and-hold amplifiers for most applications. A propri
etary decoding scheme reduces metastable errors to the 1 
lSB level. The SPT7610 operates from a single -5.2 V 
supply, with a nominal power dissipation of 3.0 W. The 
SPT761 0 is available in a 44l cerquad surface-mount pack
age in the industrial temperature range. Contact the factory 
for military and /883 availability. 

TEST 

DRB (DATA READ} ORB (DATA READY) 
DBB (OVR) 
D5B (MSB) BANK B 
DOB 
D3B 
02B , 
01B . 

DOB (LSB) 

DRA (DATA READYj ORA (DATA READY) 
D6A(OVR) 
D5A(MSB) 
D4A BANK A 

D3A 
D2A 
D1A 
DOA(LSB) 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) .......... -7.0 to +0.5 V Digital Output Cu.rrent ........................................ 0 to -25 mA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature, ambient ....................... -25 to +85 °c 

Analog Input Voltage ........................................ +0.5 V to VEE lead Temperature, (soldering 10 seconds) .............. +300 °C 
Reference Input Voltage .................................. +0.5 V to VEE Storage Temperature ...................................... -65 to + 150°C 
Digital Input Voltage ......................................... +0.5 V to VEE 
Reference Current V fIT to V RB •••••••••••••••••••••••••••••••••• +20 mA 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi
tions in typical applications. 

TARGET ELECTRICAL SPECIFICATIONS 

TA = TMIN to TMAX, VEE=-S.2 V ±S%, VRB=-1.00 v, VRM=-O.S v, VRT=O.OO v, felk=100 kHz, Duty Cycle=SO%, unless otherwise specified. 

PARAMETERS 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Integral Linearity 

Differential Linearity 

No missing codes guaranteed 

Offset Error VRT 

Offset Error VRB 

Input Voltage Range 

Input Capacitance Over Full Input Range 

Input Resistance 

Input Current 

Clock Synchronous 
Input Currents 

Supply Current1 At +25 °c, VEE = -5.2 V 

Power Dissipation1 At +25 °c, VEE = -5.2 V 

Ladder Resistance 

Reference Bandwidth 

Digital Output High Voltage R1 =500 to-2V 

Digital Output low Voltage R1 = 50 0 to -2V 

Digital Input High Voltage 
(ClK, NClK) 

Input low Voltage 
(ClK, NClK) 

Input Swing 
(ClK, NClK) 

MIN 

I -0.5 

I -0.5 

I 6 

I -30 

I -30 

I -1 

IV 

IV 

I 

V 

I 

I 

I 

V 

I -1.2 

I 

I -1.1 

I -2.0 

IV 100 

SPT761 0 
TVP 

8 

60 

300 

2 

465 

2.75 

80 

100 

-0.9 

-1.8 

700 

MAX 

+0.5 

+0.5 

+30 

+30 

0.0 

700 

3.65 

-1.5 

-0.7 

-1.5 

UNITS 

lSB 

lSB 

Bit 

mV 

mV 

Volts 

pF 

kO 

J.LA 

J.LA 

mA 

W 

0 

MHz 

Volts 

Volts 

Volts 

Volts 

mV 

1 Supply current and power dissipation will be tested over full temperature range, but maximum specifications may change at 
temperature extremes. 
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TARGET ELECTRICAL SPECIFICATIONS 

T A = +25 °C ambient, VEE=-5.2 V ±5%, VRB=-1.oo V, VRM=-0.5 V, VRI-O.OO V, fclk=10oo MSPS, Duty Cycle=50%, unless otherwise specified. 

PARAMETERS 
TEST 
CONDITIONS 

AC ELECTRICAL CHARACTERISTICS 

Maximum Sample Rate 

Clock Low Width, TPWO 

Clock High Width, TPWI 

DATA to DATA READY Delay 

Clock to Data Delay 

DataSkew Between Output Data 

Small Signal Bandwidth 

Aperture Jitter 

Acquisition Time 

Input Slew Rate 

Total Dynamic Error1 FIN=250 MHz at +25 °C 
FIN=400 MHz at +25 °C 

Signal to Noise Ratio 1 FIN=250 MHz at +25 °C 
FIN=400 MHz at +25 °C 

Total Harmonic Distortion1 FIN=250 MHz at +25 °C 
FIN=4oo MHz at +25 °C 

I 

I 

I 

IV 

IV 

IV 

V 

V 

V 

V 

I 
I 

I 
I 

I 
I 

MIN 

1000 

0.5 

0.5 

31 
27 

TBD 
TBD 

TBD 
TBD 

SPT761 0 
TYP 

1200 

0.4 

0.4 

TBD 

TBD 

250 

1.4 

2 

250 

5 

34 
32 

36 
33 

36 
33 

MAX UNITS 

MSPS 

ns 

ns 

ns 

ns 

ps 

GHz 

ps 

ps 

V/ns 

dB 
dB 

dB 
dB 

dBc 
dBc 

1 These parameters will be tested over full temperature range, but performance minimums are TBD at temperature extremes. How
ever, total dynamic error in test conditions fiN = 250 MHz, fCLK = 650 MHz over full temperature is guaranteed at 30 dB minimum. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

TEST LEVEL 

" 
'" IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 ac, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 ac. Parameter is 
guaranteed over specified temperature range. 
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SUBCIRCUIT SCHEMATICS 

Figure 1A -Input Circuit Figure 1 B - Output Circuit 

AGNO AGND DGND 

Vr 

Table l' - Truth Table 

IDEAL INPUT1 DSA(OVR) BINARY 

STEP VOLTAGE (V) DSB(OVR) TRUE INVERTED 

MSBINV(VEE)2 MSBINV(GND) 

LSBINV(VEE)2 LSBINV(GND) 

00 -1.000 0 000000 111111 
01 -0.984 0 000001 111110 

--- --- 0 --- ---
--- --- 0 --- ---
--- --- 0 --- ---
31 -0.516 0 011 111 100000 
32 -0.500 0 100000 011 111 
33 -0.484 0 100001 011 110 

--- --- 0 --- ---
--- --- 0 --- ---
--- --- 0 --- ---
62 -0.031 0 111110 000001 
63 -0.016 0 111111 000000 

>63 -0.000 1 111111 000000 

1 Ideal input voltage does not include gain, offset and linearity voltage errors. 
2 VEE or floating. 

Figure 1 C - Clock Input 

AGND 

CLK CLK 

TWOs COMPLEMENT 

TRUE INVERTED 

MSBINV(GND) MSBINV(VEE)2 

LSBINV(VEE)2 LSBINV(GND) 

100000 011 111 
100001 011 110 

--- ---
--- ---
--- ---
111111 000000 
000000 111111 
000001 111110 

--- ---
--- ---
--- ---
011 110 100001 
011 111 100000 
011 111 100000 
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Figure 5 - AID Converter Testability 

CLKA 
CLKS 

CTST 
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SetS 
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Figure 6 - Timing Diagram 
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Table 2 - Testability Truth Table 

0 D6A D5A 
(0 

nth DRA 1 0 ..... 
I-
0.. 
en (n+1)th DRA 0 

D6B D5B 

nth DRB 0 

(n+1)th DRB 0 
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D4A 

1 

0 

D4B 

0 

D3A D2A D1A D0A 

0 1 0 1 

I 0 1 0 

D3B D2B D1B D0B 

0 1 0 1 

0 1 0 
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PIN ASSIGNMENT SPT761 0 

VRBS 
MINV 
Test 

AGND 
AVEE 
DBA 
D5A 
D4A 
D3A 
DGND 
D2A 

SPr 

<>«>«><>< 
:II <:II:II "'z Z "':II <:II 
CDm~s::Z zCNfIl'il 
"T1 moo 

SPT761 0 

Top View 
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sprl175 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 8-BIT, 20 AND 30 MSPS CMOS AID CONVERTER 

FEATURES 

• 30 MSPS Maximum Conversion Rate 
• Internal Sample-and-Hold Function 
• 90 mW Power Dissipation at 20 MSPS 
• Internal Voltage Reference 
• Single +5.0 V Power Supply 
• Three-State TTL-Outputs 
• CMOS Compatible Clock 

GENERAL DESCRIPTION 

The SPT1175 is a CMOS two-step AID converter capable of 
digitizing full scale analog input signals into 8-bit digital words 
at sample rates of 20 and 30 MSPS. 

For most applications, no external sample-and-hold or 
video driving amplifiers are required due to the device's 
narrow aperture time, wide bandwidth, and low input ca
pacitance. 

BLOCK DIAGRAM 

SPI' 

~ 

'-" 

r---
Coarse 

f---o .... Sampling ~ latch 

r- Amplifier l-

Reference Matrix r--

.-- .--
~ 

Fine I-r-
Sampling t--I- Amplifier 

Analog f- Latch I-Mux 

~ Fine 
Sampling I-----~ Amplifier 

L.....- L.....-

'-" -V "\J 

VAT AGNO AVoo 
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APPLICATIONS 

• Video Digitizing 
• Image Scanners 
• Personal Computer Video 
• Medical Ultrasound 
• Multimedia 
• Digital Television 

The SPT1175 operates from a singl~ +5.0 V power supply 
and has an internal voltage reference which eliminates the 
need for external reference circuitry. All digital inputs are 
CMOS compatible and the tri-state outputs are TTL-compat
ible. The SPT1175 is ideal for most video and image pre
cessing applications that require low power dissipation and 
low cost. The SPT1175 is available in 24-lead plastic SOIC, 
plastic DIP, ceramic DIP, PLCC and die form. 

oVoo OGNO 

- "'-J , 
Encoder f-

Oata 

Error 
Latches 

Correction and 

Circuit t-- 3·State 
Output 
Buffer 

Encoder l-

1 
Timing Generator 

- -
OVoo AGNO 

I----
r-
r-
r-
r-
r-
r-
r-

~ 

OE 

00 (lSB) 

01 

02 

03 

04 

05 

06 

07 (MSB) 

ClK 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur}(1) 25°C 

Supply Voltages Temperature 
VDD ........................................................... -0.5 to +7.0 V Operating Temperature .............................. -20 to +70 °C 

Input Voltages Junction Temperature ........................................... 175°C 
Analog Input .............................................. AGND to VDD Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Input Voltage ........................... AGND to VDD Storage Temperature ............................... -55 to +125 °C 
ESD Susceptibility(2) ................................................. ±1 ,500 V 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

2. 100 pF discharged through a 1.5 kQ resistor (human body model). 

ELECTRICAL SPECIFICATIONS 

T.= +25 DC, AVDD=OVDD=+5.0 V, AGNO=OGNO=O.O V, VRB=+O.6 V and VRr=+2.6 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Resolution 8 Bits 

DC Accuracy (+25 DC) 
Integral Nonlinearity I ±0.8 ±1.2 LSB 
Differential Nonlinearity I ±0.6 ±1.0 LSB 
No Missing Codes I Guaranteed 

, 

Analog Input 
Input Voltage Range I VRB VRT V 
Input Bias Current I ±5.0 ItA 
Input Resistance VI 100 200 kn 
Input Capacitance V 15 pF 
Input Bandwidth V 12 MHz 

Reference Input 
Reference Ladder Resistance I 200 300 400 n 
Reference Current I 5.0 6.7 10.0 mA 
Reference Input Voltage VRS IV 0 06 - V 

VRT IV - 2.6 2.8 V 
Internal Bias VRB I 0.55 0.60 0.65 V 

VRT-VRB I 1.9 2.0 2.1 V 
Short VRT and VRTS 
Short VRB and VRBS 

Offset Voltage Error 
Top I -18 -25 -68 mV 
Bottom I 0 10 40 mV 

Timing Characteristics 
Maximum Conversion Rate 1 MHz Input Sine Wave I 30 40 MSPS 
Output Data Delay (td) IV 18 30 ns 
Output Data Delay (High 'Z') IV 100 ns 

(Tdish, Tdisl) 
Data Valid Time Tri-state circuit IV 100 ns 

(Teneh, Tenel) 
Sampling Time Offset IV 5 10 ns 

NOTE: It is strongly recommended that all of the supply pins (AVoo, DVOD) be powered from the same source. 
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ELECTRICAL SPECIFICATIONS 

TA=+25 OC, AVoo=DVoo=+5.0 V, AGND=DGND=O.O V, VRB=+0.6 V and VRT=+2.6 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance 
Signal-To-Noise Ratio js=20 MSPS 

jin=1.0 MHz I 44 46 dB 
jin=3.58 MHz I 43 45 dB 
jin=10 MHz I 44 dB 

Spurious Free 
Dynamic Range js=20 MSPS 

jin=1.0 MHz I 44 47 dB 
jin=3.58 MHz I 41 44 dB 
jin=10 MHz I 30 33 dB 

Signal-To-Noise Ratio js=3O MSPS 
jin=1.0 MHz I 42 44 dB 
jin=3.58 MHz I 41 43 dB 
jin=10 MHz I 40 42 dB 

Spurious Free 
Dynamic Range js= 30 MSPS 

jin=1.0 MHz I 42 45 dB 
jin=3.58 MHz I 35 38 dB 
jin=10 MHz I 30 33 dB 

Differential Phase NTSC 20 IRE Mod Ramp I 0.7 Degrees 
Differential Gain js= 14.3 MSPS I 1.0 % 
Digital Inputs 

Input Current, Logic High Voo = 5.25 V, VIH = VOO I 1.0 iJA 
Input Current, Logic Low Voo = 5.25 V, VIL = DGND I 1.0 iJA 
Pulse Width High (CLK) IV 15 ns 
Pulse Width Low (CLK) IV 15 ns 
Voltage, Logic High I 4.0 V 
Voltage, Logic Low I 1.0 V 

Digital Outputs 
Output Current, High Voo=4.75V I -1.1 mA 
Output Current, Low Voo = 4.75 V I 3.5 mA 
Output Current, High 'Z' Voo = 5.25 V, OE= Voo I 16 iJA 
Voltage High I 4.0 V 
Voltage Low I 0.4 V 

Power Supply Requirements 
AVoo (Analog Supply Voltage) IV +4.75 +5.0 +5.25 V 
DVoo (Digital Supply Voltage) IV +4.75 +5.0 +5.25 V 
Supply Voltage Difference (AVoo -DVoo) IV -0.1 0.0 0.1 V 
Supply Current js=20 MSPS I 18 27 mA 
Power Dissipation I 90 135 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the following 
conditions: 

All parameters having min/max specifications are guar
anteed. The Test Level column indicates the specific 
device testing actually performed during production 
and Quality Assurance inspection. Any blank section in 
the data column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed tests; 
therefore, T J = Tc = T A· 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

II 

III 

IV 

V 

VI 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample tested at 
the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design and 
characterization data. 

Parameter is a typical value for information purposes only. 

100% production tested at T A = 25 °C. Parameter is guar
anteed over specified temperature range. 
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Table 1 - Output Coding 

It) INDEX ANALOG INPUT (V) ..... 
j:: 0 0.6078125 
a.. 0.6078125 - 0.6156260 
(f) 

2 0.6156250 - 0.6234375 

123 1.5921875 - 1.6000000 
124 1.6000000 - 1.6078125 

125 1.6078125 - 1.6156250 

254 2.5843750 -2.5921875 

255 2.5921875 -

Figure 1A: Timing Diagram 

VIN (n+1) 

Clock 

Data 

Figure 1 B: Tri-State Output Timing Diagram 

2.5V 

2200 

DUT 1---+--0 

T 50pF 
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DIGITAL 
OUTPUT 

00000000 

00000001 VRB=0.6 V 
00000010 VRT=2.6 V 

01111111 1 LSB=7.8125 mV 

10000000 

10000001 

11111110 

11111111 
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TYPICAL INTERFACE CIRCUIT 

The SPT1175 is an 8-bit analog-to-digital converter which 
uses a two-step, ping-pong architecture to perform conver
sions up to 30 MSPS. Figure 2 shows the typical interface 
requirements when using the SPT1175 in normal operation. 
The following sections describe the function and operation of 
the device. 

POWER SUPPLIES AND GROUNDING 

The SPT1175 operates from a single +5 V power supply. 
AVDD and DVDD must be supplied from the same source 
(analog +5 V) to prevent a latch-up condition due to power 
supply sequencing. Each power supply pin should be by
passed as closely as possible to the device. For optimal 
performance, both the AGND and DGND should be con
nected to the system's analog ground plane. 

ANALOG INPUT AND VOLTAGE REFERENCE 

The SPT1175 input voltage range is VRPVIN>VRB. Two 
reference voltages (VRT and VRB) are required for device 
operation. These voltages may be generated externally or 
the SPT1175's internal reference may be used. 

Inside the SPT1175, reference resistors are placed between 
AVDD and VRTS and between AGND and VRBS so that VRTS 
and VRBS generate the 2.6 V and 0.6 V references respec
tively. (See figure 3.) In order to utilize the internal self-bias 
reference voltage, VRTS is to be shorted with VRT and the 
VRBS pin is to be shorted to the VRB pin. The self-bias internal 

Figure 2 - Typical Interface Circuit 

U1=Eleantec, EL2030 
U2=OP.07 
D1 =D2=RCA, 5K9091 
01 =Q2=2N2222A 
FR=FairRite,2743001111 
All capacitors are 0.01 IJF unless 
otherwise specified. 

reference is not as stable over temperature and supply 
variations as externally generated reference voltages but will 
perform well in many commercial video applications. 

Figure 3 - Reference Circuit Diagram 

AVDD 

5.0V 

SPT1175 

< :c 
OJ 
(J) 

2.6V 0.6 V 

DIGITAL INPUTS AND OUTPUTS 

AGND 

OV 

The analog input is sampled and tracked on the first 'H' cycle 
of the external clock and is held from the falling edge of ClK. 
The output remains valid (output hold time), and the new data 
becomes valid (output delay time) after the rising edge of 
ClK, delayed by 2.5 clock cycles. The clock input and output 
enable input must be driven at CMOS-compatible levels. 

EVALUATION BOARD 

The EB1175 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT1175. This 
board includes a reference circuit, clock driver circuit, output 
data latches, and an on-board reconstruction DAC. An appli
cation note describing the operation of the board is available. 
Contact the factory for price and delivery. 

NOTE: AVDD and DVDD must be supplied from the same source (Analog +5 V) 

to prevent a latch·up condition due to power supply sequencing. 
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It) OE 0 OGNO 
r--

f= 
OGNO VRB 

D- 00 (lSB) VRBS en' 
01 AGNO 

02 AGNO 

03 DIP AND VIN 

04 sOle AVOO 

05 VRT 

06 VRTS 

07 (MSB) AVOO 

OVOO AVoo 

elK OVoo 

PIN FUNCTIONS 
OE Tri-State Output Enable 

Tri-State When OE = DVoo, 
Enable When OE=DGND 

DGND Digital Ground 

DO Digital Output Data (lSB) 
D1-6 Digital Output Data 

D7 Digital Output Data (MSB) 

DVoo Digital Supply 

ClK CMOS Digital Clock Input 
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PIN ASSIGNMENTS 
c c IIlI z c < < 
lSI Cil ~ Cil JJ JJ 

z z .. 8! c c 
I\) 'I\) I\) 

'" '" I\) - ex> " '" 

01 5 25 AGNO 

02 6 22 AGNO 

03 7 23 V1N 

NlC 8 22 NlC 

D4 9 21 AVoo 

05 10 20 VRT 

D6 11 19 VRTS 

;;; c;; :0: 
'" 

c;; ~ 0; 

c c 0 ~ c ~ ~ " < x < 0 0 0 0 
0 0 0 0 

AVoo Analog Supply 

VRTS Internal Self-Biased Reference Top 
Shorted with VRT pin (17). Generates 2.6 V. 

VRT Reference Resistor Top Side 

VIN Analog Input 

AGND Analog Ground 

VRBS Internal Self-Biased Reference Bottom 
Shorted with VRB pin (23). Generates 0.6 V. 

VRB Reference Resistor Bottom Side 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Metastable Errors Reduced to 1 LSB 
• Low Input Capacitance: 10 pF 
• Wide Input Bandwidth: 210 MHz 
• 150 MSPS Conversion Rate 
• Typical Power Dissipation: 2.2 Watts 

GENERAL DESCRIPTION 

The SPT771 0 is a monolithic flash AID converter capable of 
digitizing a two volt analog input signal into 8-bit digital words 
at a 150 MSPS (typ) update rate. 

For most applications, no external sample-and-hold is re
quired for accurate conversion due to the device's narrow 
aperture time, wide bandwidth, and low input capacitance. A 
single standard -5.2 volt power supply is required for opera
tion of the SPT7710, with nominal power dissipation of 

BLOCK DIAGRAM 

r------- I 

L_~~!_ L_:::I+-+-+--II """,,,--f"""'+---+I 

r.Y.RBE-- I 

L.Y~ __ 

25610 
a-Bit 

Encoder 

SPJ'77 I 0 
a-BIT, 150 MSPS FLASH AID CONVERTER 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 
• Medical Electronics: Ultrasound, CAT Instrumentation 

2.2 W. A proprietary decoding scheme reduces metastable 
errors to the 1 LSB level. 

The part is packaged in a 42L ceramic sidebrazed DIP which 
is pin compatible with the CX20116 and CXA 1396D. A sur
face-mount 44L cerquad and a 46L PGA package are also 
available which allow access to additional reference ladder 
taps, an overrange bit, and a data ready output. The SPT771 0 
is available in industrial and military temperature ranges and 
in /883 compliant versions. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) ......... -7.0 to +0.5 V Digital Output Current ........................................ 0 to -30 mA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature ...... -25°C ambient to +85 °C ambient 

Analog Input Voltage ....................................... VEE !o +0.5 V junction .............................................. + 150°C 
Reference Input Voltage ................................. VEE to +0.5 V Lead Temperature, (soldering 10 seconds) .............. +300 °C 
Digital Input Voltage ........................................ VEE to +0.5 V Storage Temperature ...................................... -65 to +150 °C 
Reference Current VRTF to VRBF ................................... 25 mA 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi
tions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VEE=-5.2 v, RSource=50 n, VRBF=-2.00 v, VR2=-1.00 v, VRTF=O.OO v, fclk=150 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

DC Accuracy 

Integral Linearity fClK = 100 kHz VI 
Differential Linearity fClK = 100 kHz VI 

No missing codes 
Analog Input 

Offset Error VRT IV 

Offset Error VRB IV 
Input Voltage Range VI 

Input Capacitance Over full input range V 
Input Resistance V 
Input Current VI 
Input Slew Rate V 
Large Signal Bandwidth VIN=F.S. V 

Small Signal Bandwidth VIN=500 mV P-P V 
Reference Input 

Ladder Resistance VI 
Reference Bandwidth V 

Timing Characteristics 
Maximum Sample Rate VI 
Clock to Data Delay V 
Output Delay TEMPCO V 

ClK-to-Data Ready Delay (Id) V 

Aperture Jitter V 
Acquisition Time V 

DynamiC Performance 

Signal-to-Noise Ratio FIN = 3.58 MHz VI 
FIN = 50 MHz VI 

Total Harmonic Distortion FIN = 3.58 MHz VI 

FIN = 50 MHz VI 
Signal-to-Noise and Distortion FIN = 3.58 MHz VI 
(SINAD) FIN = 50 MHz VI 

3-76 

SPT7710A SPT7710B 
MIN TYP MAX MIN TYP MAX UNITS 

-0.75 ±0.60 +0.75 -0.95 ±0.80 +0.95 lSB 
-0.75 +0.75 -0.95 +0.95 lSB 

Guaranteed Guaranteed 

-30 +30 -30 +30 mV 

-30 +30 -30 +30 mV 

-2.0 0.0 -2.0 0.0 Volts 

10 10 pF 
15 15 kn 

250 500 250 500 IlA 
1,000 1,000 V/IlS 

210 210 MHz 

335 335 MHz 

100 200 30C 1CC 200 300 r-. ,. 
10 10 MHz 

125 150 125 150 MSPS 

2.4 2.4 ns 
2 2 ps/oC 

2.0 2.0 ns 

5 5 ps 
1.5 1.5 ns 

46 48 45 47 dB 
42 46 40 44 dB 

-48 -52 -46 -50 dB 
-40 -44 -39 -43 dB 
45 48 43 46 dB 
39 42 37 40 dB 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VEE=-S.2 v, Rsource=SO n, VRBF=-2.00 v, VR2=-1.00 v, VRTFO.OO v, fclk=1S0 MHz, Duty Cycle=SO%, unless otherwise specified. 0 

TEST 
PARAMETERS CONDITIONS 
Digital Inputs 

Digital Input High Voltage 
(MINV, LlNV) 

Digital Input Low Voltage 

(MINV, LlNV) 
Clock Synchronous 

Input Currents 

Clock Low Width, TpWL 

Clock High Width, TpWH 

Digital Outputs 

Digital Output High Voltage 50Qto-2V 
Digital Output Low Voltage 50Qto-2V 

Power Supply Requirements 

Supply Current +25°C 
Power Dissipation +25°C 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

TEST 
LEVEL 

VI 

VI 

V 
VI 

VI 

VI 
VI 

I 
I 

TEST LEVEL 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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SPT7710A SPT7710B 
MIN TYP MAX MIN TYP MAX UNITS 

-1.1 -0.7 -1.1 -0.7 Volts 

-2.0 -1.5 -2.0 -1.5 Volts 

40 40 J.lA 
4 3 4 3 ns 

4 3 4 3 ns 

-1.1 -1.1 Volts 

-1.5 -1.5 Volts 

425 550 425 550 mA 

2.2 2.9 2.2 2.9 W 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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GENERAL DESCRIPTION 

The SPT7710 is a fast monolithic 8-bit parallel flash AID 
converter. The nominal conversion rate is 150 MSPS and 
the analog bandwidth is in excess of 20(1 MHz. A major 
advance over previous flash converters is the inclusion of 
256 input preamplifiers between the reference ladder and 
input comparators. (See block diagram.) This not only 
reduces clock transient kickback to the input and reference 
ladder due to a low AC beta but also reduces the effect of the 
dynamic state of the input signal on the latching character
istics of the input comparators. The preamplifiers act as 
buffers and stabilize the input capacitance so that it remains 
constant for varying input voltages and frequencies and, 
therefore, makes the part easier to drive than previous flash 
converters. The SPT771 0 incorporates a proprietary decod
ing scheme that reduces metastable errors (sparkle codes or 
flyers) to a maximum of 1 lSB. 

The SPT7710 has true differential analog and digital data 
paths from the preamplifiers to the output buffers (Current 
Mode logic) for reducing potential missing codes while 
rejecting common mode noise. 

Signature errors are also reduced by careful layout of the 
analog circuitry. Every comparator also has a clock buffer to 

Figure 1 - SPT771 0 Typical Interface Circuit 1 

-

reduce differential delays and to improve signal-to-noise 
ratio. The output drive capability of the device can provide 
full ECl swings into 50 Q loads. 

TYPICAL INTERFACE CIRCUIT 

The typical interface circuit is shown in figure 1. The 
SPT771 0 is relatively easy to apply depending on the accu
racy needed in the intended application. Wire-wrap may be 
employed with careful point-to-point ground connections if 
desired, but to achieve the best operation, a double sided PC 
board with a ground plane on the component side separated 
into digital and analog sections will give the best perfor
mance. The converter is bonded-out to place the digital pins 
on the left side of the package and the analog pins on the 
right side. Additionally, an RF bead connection through a 
single point from the analog to digital ground planes will 
reduce ground noise pickup. 

The circuit in figure 2 (PGA and cerquad packages only) is 
intended to show the most elaborate method of achieving the 
least error by correcting for integral nonlinearity, input in
duced distortion, and power supply/ground noise. This is 
achieved by the use of external reference ladder tap connec
tions, an input buffer and supply decoupling. The function of 
each pin and external connections to other components is as 
follows: 
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Figure 2 - SPT7710 Typical Interface Circuit 2 (PGA and Cerquad Packages Only) 
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Convert 100118>1 

':1. o~~CU< V $ 51 A~i' VIN 

.I:011lF 
-2\1 ,V 

(Analog) 

VEE is the supply pin with AGND as ground for the device. 
The power supply pins should be bypassed as close to the 
device as possible with at least a .011lF ceramic capacitor. 
A 1 IlF tantalum should also be used for low frequency 
suppression. DGND is the ground for the ECL outputs and 
is to be referenced to the output pulldown voltage and 
appropriately bypassed as shown in figure 1. 

VIN (ANALOG INPUT) 

There are two analog input pins that are tied to the same 
point internally. Either one may be used as an analog input 
sense and the other for input force. This is convenient for 
testing the source signal to see if there is sufficient drive 
capability. The pins can also be tied together and driven by 
the same source. The SPT7710 is superior to similar 
devices due to a preamplifier stage before the comparators. 
This makes the device easier to drive because it has 
constant capacitance and induces less slew rate distortion. 
An optional input buffer may be used. 
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ClK, ClK (CLOCK INPUTS) 

The clock inputs are designed to be driven differentially with 
ECL levels. The clock may be driven single-ended since 
CLK is internally biased to -1.3 V. (See clock input circuit.) 
CLK may be left open but a .01 IlF bypass capacitor from 
CLK to AGND is recommended. NOTE: System perfor
mance may be degraded due to increased clock noise or jitter. 

MINV, llNV (OUTPUT lOGIC CONTROL) 

These are ECL-compatible digital controls for changing the 
output code from straight binary to two's complement, etc. 
For more information, see table I. Both MINV and LlNV are 
in the logiC low (0) state when they are left open. The high 
state can be obtained by tying to AGND through a diode or 
3.9 kQ resistor. 
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Table I - Output Coding 

MINV 0 0 1 1 
UNV 0 1 0 1 

av 111 ... 11 100 ... 00 011 ... 11 000 ... 00 
111 ... 10 100 ... 01 011 ... 10 000 ... 01 

VII 100 ... 00 111 ... 11 000 ... 00 011 ... 11 

011 ... 11 000 ... 00 111 ... 11 100 ... 00 

000 ... 01 011 ... 10 100 ... 01 111 ... 10 
-2V 000 ... 00 011 ... 11 100 ... 00 111 ... 11 

1: V IH. VOH O:V IL. VOl.. 

DO TO D7 (DIGITAL OUTPUTS) 

The digital outputs can drive ECl levels into 50 Q when 
pulled down to -2 V. When pulled down to -5.2 V, the outputs 
can drive 150 Q to 1 kQ loads. 

VRBF, VR2, VRTF (REFERENCE INPUTS) 

There are two reference inputs and one external reference 
voltage tap. These are -2 V (VRBF), mid-tap (VR2) and 
AGND (VRTF). The reference pins can be driven as shown 
in figure 1. VR2 should be bypassed to AGND for further 
noise suppression. 

VRBF,VRBS,VR1,VR2,VR3,VRTF,VRTS REFERENCE 
INPUTS (PGA AND CERQUAD PACKAGES ONL Y) 

These are five external reference voltage taps from -2 V 
(VRBF) to AGND (VRTF) which can be used to control integral 
linearity over temperature. The taps can be driven by op 
amps as shown in figure 2. These voltage level inputs can be 
bypassed to AGND for further noise suppression if so de
sired. VRB and VRT have force and sense pins for monitoring 
the top and bottom voltage references. 

NlC 

All Not Connected pins should be tied to DGND on the left 
side of the package and to AGND on the right side of the 
package. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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DREAD - DATA READY, DRINV - DATA READY INVERSE 
(PGA AND CERQUAD PACKAGES ONL Y) 

The data ready pin is a flag that goes high or low at the output 
when data is valid or ready to be received. It is essentially a 
delay line that accounts for the time necessary for information 
to be clocked through the SPT7710's decoders and latches. 
This function is useful for interfacing with high speed memory. 
Using the data ready output to latch the output data ensures 
minimum setup and hold times. DRINV is a data ready 
inverse control pin (see Timing Diagram). 

o 

~ 
en 

D8 - OVERRANGE (PGA AND CERQUAD PACKAGES III 
ONLY) & 
Thi.s is an overrange function. When the SPT771 0 is in an 
overrange condition, D8 goes high and all data outputs go 
high as well. This makes it possible to include the SPT771 0 
into higher resolution systems. 

OPERATION 

The SPT771 0 has 256 preamp/comparator pairs which are 
each supplied with the voltage from VRTF to VRBF divided 
equally by the resistive ladder as shown in the block diagram. 
This voltage is applied to the positive input of each preampli
fier/comparator pair. An analog input voltage applied at VIN 
is connected to the negative inputs of each preamplifier/ 
comparator pair. The comparators are then clocked through 
each comparator's individual clock buffer. When ClK pn is 
in the low state, the master or input stage of the comparators 
compares the analog input voltage to the respective refer
ence voltage. When ClK changes from low to high, the 
comparators are latched to the state prior to the clock 
transition and output logic codes in sequence from the top 
comparators, closest to VRTF (0 V), down to the point where 
the magnitude of the input signal changes sign (thermometer 
code). The output of each comparator is then registered into 
four 64-to-6 bit decoders when ClK is changed from high to 
low. At the output ofthe decoders is a set offour 7 -bit latches 
which are enabled (track) when ClK changes from high to 
low. From here, the outputs of the latches are coded into 6 
lSBs from 4 columns and 4 columns are coded into 2 MSBs. 
Next are the MINV and LlNV controls for output inversions 
which consist of a set of eight XOR gates. Finally, 8 ECl 
output latches and buffers are used to drive the external 
loads. The conversion takes one clock cycle from the input 
to the data outputs. 
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Figure 3 • Timing Diagram 
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Figure 4 • Subcircuit Schematics 
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Figure 5 - Clock Input 

AGND 

-1.3V 

EVALUATION BOARDS 

The EB771 0 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7710. This 
board includes a voltage reference circuit, clock driver circuit, 
output data latches and an on-board reconstruction of the 
digital data. An application note describing the operation of 
this board as well as application tips is also available. Contact 
the factory for price and delivery. 
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Figure 6 - Burn-In Circuit (42L DIP Package Only) 
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PIN ASSIGNMENTS SPT771 0 

DGND 
AGND 

VEE 
MINV 
ClK 
ClK 

VEE 
AGND 
AGND 
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~c wz 
CO""COl()'"<t(l)C\J'r"~a:C!) ccccccccccc 

Top 
View 

Cerquad 

Top View 
DIP 

PIN FUNCTIONS 
NAME FUNCTION 
LlNV DO through 06 Output Inversion Control Pin 

Negative Analog Supply Nominally -5.2 V 
DGND Digital Ground 
DO Digital Data Output (lSB) 
D1-D6 Digital Data Output 
D7 Digital Data Output (MSB) 
MINV D7 Output Inversion Control Pin 

ClK Inverse ECl Clock Input Pin 
ClK ECl Clock Input Pin 
AGND Analog Ground 

Analog Input; Can be Connected to the 
Input Signal or Used as a Sense 
Reference Voltage Tap 2 (-1.0 V typ) 

VRTF Reference Voltage Top 
Reference Voltage Bottom 

The following pins are on PGA and cerquad packages only. 
DRINV Data Ready Inverse 
DREAD Data Ready Output 
Overrange Overrange Output D8 
VRl Reference Voltage Tap 1 (-1.5 V typ) 
VR3 Reference Voltage Tap 3 (-0.5 V typ) 
VRTS Reference Voltage Top, Sense 
VRBS Reference Voltage Bottom, Sense 

0 0 0 0 0 0 0 0 0 I A 
III '" lb .,. 

'" III D1 III DOND 

0 0 0 0 
AGND '" DREAD AGND 

0 0 0 0 c 
VEE DGND ..., VEE 

0 0 0 0 0 

CLK MINV Bottom UNV DRINV 

0 0 View 0 0 
VEE ClK 

PGA 
VEE AGND 

0 0 0 0 
AGND AGND vms" AGND 

0 0 0 0 G 

VR8S VEE ..., VRTF 

0 0 0 0 H 
VABF VA1 VA3 VEE 

0 0 0 0 0 0 0 0 0 ..., AGND VIN AGND VR2 AGND "'" AGND ..., 
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SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Metastable Errors Reduced to 1 LSB 
• Low Input Capacitance: 10 pF 
• Wide Input Bandwidth: 210 MHz 
• 300 MSPS Conversion Rate 
• Typical Power Dissipation: 2.2 Watts 

GENERAL DESCRIPTION 

The SP17725 is a monolithic flash AID converter capable of 
digitizing a two volt analog input signal into 8-bit digital words 
at a 300 MSPS (typ) update rate. 

For most applications, no external sample-and-hold is re
quired for accurate conversion due to the device's narrow 
aperture time, wide bandwidth, and low input capacitance. A 
single standard -5.2 volt power supply is required for opera
tion ofthe SPT7725, with nominal power dissipation of 2.2 W. 

BLOCK DIAGRAM 

r.Y.EIBE-_ I 

L.YBflS_ 
Convert CiK 

eLK 

256 to 
B-Sit 

Encoder 

spr7725 
a-BIT, 300 MSPS FLASH AID CONVERTER 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 
• Medical Electronics: Ultrasound, CAT Instrumentation 

A proprietary decoding scheme reduces metastable errors to 
the 1 LSB level. 

The part is packaged in a 42L ceramic sidebrazed DI P which 
is pin compatible with the SP17710. A 44L surface-mount 
cerquad package and a 46L PGA package are also available 
which allow access to additional reference ladder taps, an 
overrange bit, and a data ready output. They are also pin
compatible with the SPT7710. The SP17725 is available in 
industrial and military temperature ranges and in /883 compli
ant versions. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)' 25 °C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) ......... -7.0 to +0.5 V Digital Output Current ........................................ 0 to -30 rnA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature ...... -25°C ambient to +85 °C ambient 

Analog Input Voltage ....................................... VEE to +0.5 V junction .............................................. + 150°C 
Reference Input Voltage ................................. VEE to +0.5 V lead Temperature, (soldering 10 seconds) .............. +300 °C 
Digital Input Voltage ........................................ VEE to +0.,5 V Storage Temperature ...................................... -65 to +150 °C 
Reference Current VRTF to VRBF .. ", ..... , ......... , ........ , .. ". 25 rnA 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi· 
tions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=TMIN to TMAX, VEE=-5,2 V, RSource=50 Q, VRBF=-2.00 V, VR2=-1.00 V, VRTF=O.OO V, fclk=250 MHz, Duty Cycle=500/0, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

DC Accuracy 

Integral Linearity VI 

Differential Linearity VI 
No missing codes 

Analog Input 

Offset Error VRT IV 

Offset Error VRB IV 

Input Voltage Range VI 

Input Capacitance Over full input range V 
Input Resistance V 
Input Current VI 
Input Slew Rate V 

large Signal Bandwidth VIN=F.S. V 

Small Signal Bandwidth VIN=500 mV p.p V 
Reference Input 

ladder Resistance V! 
Reference Bandwidth V 

Timing Characteristics 

Maximum Sample Rate VI 

Clock to Data Delay V 
Output Delay TEMPCO V 

elK·to·Data Ready Delay (ld) V 

Aperture Jitter V 
Acquisition Time V 

Dynamic Performance 

Signal·to·Noise Ratio FIN = 3.58 MHz VI 

FIN= tOO MHz VI 
Total Harmonic Distortion FIN = 3.58 MHz VI 

FIN = 100 MHz VI 

Signal·to·Noise and Distortion FIN = 3.58 MHz VI 
(SINAD) FIN = 100 MHz VI 

3-88 

SPT7725A SPT775B 
MIN TYP MAX MIN TYP MAX UNITS 

-0.75 ±0.60 +0.75 -0.95 ±0.80 +0.95 lSB 

-0.75 +0.75 -0.95 +0.95 lSB 
Guaranteed Guaranteed 

-30 +30 -30 +30 mV 

-30 +30 -30 +30 mV 

-2.0 0.0 -2.0 0.0 Volts 

10 10 pF 
15 15 kn 

250 500 250 500 !lA 
1,000 1,000 V/IlS 

210 210 MHz 

335 335 MHz 

100 200 300 100 200 300 Q 

10 10 MHz 

250 300 250 300 MSPS 

2.4 2.4 ns 
2.0 2.0 psl°e 

2.0 2.0 ns 

5.0 5.0 ps 

1.5 1.5 ns 

45 47 44 46 dB 
39 42 38 41 dB 

-48 -52 -46 -50 dB 
-40 -43 -39 -42 dB 

44 46 42 44 dB 

37 39 35 37 dB 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, VEE=-S.2 v, RSource=SO n, VRBF=-2.00 v, VR2=-1.00 v, VRTF=O.OO v, fclk=2S0 MHz, Duty Cycle=SO%, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Digital Inputs 

Digital Input High Voltage 

(MINV, LlNV) 

Digital Input Low Voltage 

(MINV, LlNV) 

Clock Synchronous 

Input Currents 

Clock Low Width, TpWL 

Clock High Width, TpWH 

Digital Output 

Digital Output High Voltage 50nto-2V 

Digital Output Low Voltage 50nto-2V 

Power Supply Requirements 

Supply Current T= +25 °C 

Power Dissipation T=+25°C 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

TEST 
LEVEL 

VI 

VI 

V 

VI 

VI 

VI 

VI 

I 

I 

TEST LEVEL 

II 

III 

IV 

V 

VI 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
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SPT1725A SPT175B 
MIN TVP MAX MIN TVP MAX UNITS 

-1.1 -0.7 -1.1 -0.7 Volts 

-2.0 -1.5 -2.0 -1.5 Volts 

40 40 IlA 
2 1.8 2 1.8 ns 

2 1.8 2 1.8 ns 

-1.1 -1.1 Volts 

-1.5 -1.5 Volts 

425 550 425 550 mA 

2.2 2.9 2.2 2.9 W 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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GENERAL DESCRIPTION 

The SPT7725 is a fast monolithic 8-bit parallel flash AID 
converter. The nominal conversion rate is 300 MSPS and the 
analog bandwidth is in excess of 200 MHz. A major advance 
over previous flash converters is the inclusion of 256 input 
preamplifiers between the reference ladder and input com
parators. (See block diagram.) This not only reduces clock 
transient kickback to the input and reference ladder due to a 
low AC beta but also reduces the effect of the dynamic state 
of the input signal on the latching characteristics of the input 
comparators. The preamplifiers act as buffers and stabilize 
the input capacitance so that it remains constant for varying 
input voltages and frequencies and therefore makes the part 
easier to drive than previous flash converters. The SPT7725 
incorporates a proprietary decoding scheme that reduces 
metastable errors (sparkle codes or flyers) to a maximum of 
1 lSB. 

The SPT7725 has true differential analog and digital data 
paths from the preamplifiers to the output buffers (Current 
Mode logic) for reducing potential missing codes while 
rejecting common mode noise. 

Signature errors are also reduced by careful layout of the 
analog circuitry. Every comparator also has a clock buffer to 

Figure 1 - SPT7725 Typical Interface Circuit 1 

reduce differential delays and to improve signal-to-noise 
ratio. The output drive capability ofthe device can provide full 
ECl swings into 50 n loads. 

TYPICAL INTERFACE CIRCUIT 
LO 
C\J 

~ 
The typical interface circuit is shown in figure 1. The SPT7725 en 
is relatively easy to apply depending on the accuracy needed 
in the intended application. Wire-wrap may be employed 
with careful point-to-point ground connections if desired, but 
to achieve the best operation, a double sided PC board with 
a ground plane on the component side separated into digital 
and analog sections will give the best performance. The & 
converter is bonded-out to place the digital pins on the left 
side of the package and the analog pins on the right side. 
Additionally, an RF bead connection through a single point 
from the analog to digital ground planes will reduce ground 
noise pickup. 

The circuit in figure 2 (PGA and cerquad packages only) is 
intended to show the most elaborate method of achieving the 
least error by correcting for integral nonlinearity, input in
duced distortion, and power supply/ground noise. This is 
achieved by the use of external reference ladder tap connec
tions, an input buffer and supply decoupling. The function of 
each pin and external connections to other components is as 
follows: 
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Figur~ 2 - SPT7725 Typical Interface Circuit 2 (PGA and Cerquad Packages Only) 

Optional 

l~' 
OOND AGND VEE 

..s.2V ~<;> , '""" A_ pt; L:--------J-f "'"' 10-250 F_ 

UNY9 9MINV ~ 
VATF V'N 

VATS 
,J..-,J..- J J .OlIlF~ 

P~p Comparator 

~F""- Overrange .... , - DB 
A 

]~,~ -=; 
t<: MSB 

07 

~.~ 
R/-l'OZ -t< 

06 

.011J J:8'~ 
--.. 

U1--5:OP07or A " V equivalent, low 
05 noise, fowoffsel 

amplifier 

~~ ::: R",1 kO,.1% ~V~ .~ ~ EeL ... '" ....... "" B·ot Md 
. OlI1F 

~~ -=; E"""" 

~ ..... A 

co 

~ 
~VA' ~ - ~ .~ ~ '" 

, .OlIJF 

~~ f----. ~ 0' 

~ 
A 

f----. 
LBO -t~ 

I------F===: 
00 

VREF ~~ ~'0'25g VRBF 

OR'", V VRBS T ,01 IJ~: eLI< JCIj Convert 100116> 

--'!'"AGNO ~EE ~GND "'" 
'7 ~~LK $ ~ Analogln), 

(Sense V'N 

:9',Ol IJF ·,v 
(Analog) 

VEE, AGND, DGND 

VEE is the supply pin with AGND as ground for the device. 
The power supply pins should be bypassed as close to the 
device as possible with at least a .01 ~F ceramic capacitor. 
A 1 ~F tantalum should also be used for low frequency 
suppression. DGND is the ground for the ECl outputs and 
is to be referenced to the output pulldown voltage and 
appropriately bypassed as shown in figure 1 . 

VIN (ANALOG INPUT) 

There are two analog input pins that are tied to the same 
point internally. Either one may be used as an analog input 
sense and the other for input force. This is convenient for 
testing the source signal to see if there is sufficient drive 
capability. The pins can also be tied together and driven by 
the same source. The SPT7725 is superior to similar de
vices due to a preamplifier stage before the comparators. 
This makes the device easier to drive because it has 
constant capacitance and induces less slew rate distortion. 
An optional input buffer may be used. 

3-92 

t -2 V (0igItaI) ~~~ -S.2V 
VEE 

ClK, CLK (CLOCK INPUTS) 

The clock inputs are designed to be driven differentially with 
ECl levels. The clock may be driven single-ended since 
ClK is internally biased to -1.3 V. (See clock input circuil.) 
ClK may be left open but a .01 ~F bypass capacitor from 
elK to AGND is recommended. NOTE: System perfor
mance may be degraded due to increased clock noise or 
jitter. 

MINV, LINV (OUTPUT LOGIC CONTROL) 

These are ECl-compatible digital controls for changing the 
output code from straight binary to two's complement, etc. 
For more information, see table I. Both MINV and LlNV are 
in the logic low (0) state when they are left open. The high 
state can be obtained by tying to AGND through a diode or 
3.9 kn resistor. 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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Table I - Output Coding 

MlNV 0 0 1 1 
UNV 0 1 0 1 

OV 111 ... 11 100 ... 00 011 ... 11 000 ... 00 
111 ... 10 100 ... 01 011 ... 10 000 ... 01 

VIII 100 ... 00 111 ... 11 000 ... 00 011 ... 11 
011 ... 11 000 ... 00 111 ... 11 100 ... 00 

000 ... 01 011 ... 10 100 ... 01 111 ... 10 

-2V 000 ... 00 011 ... 11 100 ... 00 111 ... 11 

1: V IH, V(JH O:V IL, VOL 

DO TO 07 (DIGITAL OUTPUTS) 

The digital outputs can drive ECl levels into 50 Q when 
pulled down to -2 V. When pulled down to -5.2 V, the outputs 
can drive 150 Q to 1 kQ loads. 

VRBF. VR2. VRTF (REFERENCE INPUTS) 

There are two reference inputs and one external reference 
voltage tap. These are -2 V (VRBF), mid-tap (VR2) and AGND 
(VRTF). The reference pins can be driven as shown in figure 
1. VR2 should be bypassed to AGND for further noise 
suppression. 

VRBF, VRBS. VR1. VR2. VR3. VRTF. VRTS REFERENCE 
INPUTS (PGA AND CERQUAD PACKAGES ONL Y) 

These are five external reference voltage taps from -2 V 
(VRBF) to AGND (VRTF) which can be used to control integral 
linearity over temperature. The taps can be driven by op 
amps as shown in figure 2. These voltage level inputs can be 
bypassed to AGND for further noise suppression if so de
sired. VRB and VRT have "force" and "sense" pins for moni
toring the top and bottom voltage 'references. 

NIC 

All Not Connected pins should be tied to DGND on the left 
side of the package and to AGND on the right side of the 
package. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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DREAD - DATA READY. DRINV - DATA READY INVERSE 
(PGA AND CERQUAD PACKAGES ONL Y) 

The data ready pin is a flag that goes high or low at the output ~ 
when data is valid or ready to be received. It is essentially a a.~ 
delay line that accounts for the time necessary for information 
to be clocked through the SPT7725's decoders and latches. en 
This function is useful for interfacing with high speed memory. 
Using the data ready output to latch the output data ensures 
minimum setup and hold times. DRINV is a data ready 
inverse control pin (see Timing Diagram). 

08 - OVERRANGE (PGA AND CERQUAD PACKAGES ~ 
ONLY) iii 
This is an overrange function. When the SPT7725 is in an 
overrange condition, D8 goes high and all data outputs go 
high as well. This makes it possible to include the SPT7725 
into higher resolution systems. 

OPERATION 

The SPT7725 has 256 preamp/comparator pairs which are 
each supplied with the voltage from VRTF to VRBF divided 
equally by the resistive ladder as shown in the block diagram. 
This voltage is applied to the positive input of each preampli
fier/comparator pair. An analog input voltage applied at VIN 
is connected to the negative inputs of each preamplifier/ 
comparator pair. The comparators are then clocked through 
each comparator's individual clock buffer. When ClK is in 
the low state, the master or input stage of the comparators 
compares the analog input voltage to the respective refer
ence Voltage. When ClK changes from low to high, the 
comparators are latched to the state prior to the clock 
transition and output logic codes in sequence from the top 
comparators, closest to VRTF (0 V), down to the point where 
the magnitude of the input signal changes sign (thermometer 
code). The output of each comparator is then registered into 
four 64-to-6 bit decoders when ClK is changes from high to 
low. Atthe output ofthe decoders is a set offour 7 -bit latches 
which are enabled (track) when ClK changes from high to 
low. From here, the outputs of the latches are coded into 
6 lSBs from 4 columns and 4 columns are coded into 
2 MSBs. Next are the MINV and LlNV controls for output 
inversions which consist of a set of eight XOR gates. Finally, 
8 ECl output latches and buffers are used to drive the 
external loads. The conversion takes one clock cycle from 
the input to the data outputs. 
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Figure 3 • Timing Diagram 
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Figure 4 • Subcircuit Schematics 
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Figure 5 - Clock Input 

AGND 
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-1.3 V 
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EVALUATION BOARDS 

The EB7725 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7725. This 
board includes a voltage reference circuit, clock driver circuit, 
output data latches and an on-board reconstruction of the 
digital data. An application note describing the operation of 
this board as well as application tips is also available. Contact 
the factory for price and delivery. 
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Figure 6 - Burn-In Circuit (42L DIP Package Only) 
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PIN ASSIGNMENTS SPT7725 

3-96 

DGND 

AGND 

VEE 
MINV 

eLK 5 

VEE 
AGND 

AGND 

Top 
View 

Cerquad 

Top View 
DIP 

PIN FUNCTIONS 

NAME FUNCTION 
LlNV DO through 06 Output Inversion Control Pin 

VEE Negative Analog Supply Nominally -5.2 V 

DGND Digital Ground 

DO Digital Data Output (lS,B) 

01-06 Digital Data Output 

07 Digital Data Output (MSB) 

MINV 07 Output Inversion Control Pin 

ClK Inverse ECl Clock Input Pin 
ClK ECl Clock Input Pin 

AGND Analog Ground 

VIN Analog Input; Can be Connected to the 

Input Signal or Used as a Sense 

VR2 Reference Voltage Tap 2 (-1.0 V typ) 

VRTF Reference Voltage Top 

VRBF Reference Voltage Bottom 

The following pins are on PGA and cerquad packages only. 

DRINV Data Ready Inverse 

DREAD Data Ready Output 

Overrange Overrange Output 08 

Reference Voltage Tap 1 (-1.5 V typ) 

Reference Voltage Tap 3 (-0.5 V typ) 

Reference Voltage Top, Sense 
Reference Voltage Bottom, Sense 

0 0 0 0 0 0 0 0 D 

'" '" a; DI m '" D1 00 DGND 

0 0 0 0 
AGND D7 DREAD AGND 

0 0 0 0 
VEE DGND NIC VEE 

Q 0 0 0 
ctK MINV Bottom LlNV DRINV 

0 0 View 0 0 
VEE eLK VEE AGNO 

0 0 PGA 0 0 
AGND AGND vms AGND 

0 0 0 0 G 

VRBS VEE NIC VRTF 

0 0 0 0 
VRBF VR' VR, VEE 

0 0 0 0 0 0 0 0 0 
NIC AGND VIN AGND VR2 AGND ~N AGND NIC 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 1:2 Demuxed ECl Compatible Outputs 
• Wide Input Bandwidth - 900 MHz 
• low Input Capacitance - 15 pF (MQUAD) 
• Metastable Errors Reduced to 1 lSB 
• Monolithic for low Cost 
• Gray Code Output 

GENERAL DESCRIPTION 

The SPT7750 is a full parallel (flash) analog-to-digital con
verter capa~le of digitizing full scale (0 to -2 V) inputs into 
eight-bit digital words at an update rate of 500 MSPS. The 
ECl-compatible outputs are demultiplexed into two separate 
output banks, each with differential data ready outputs to 
ease the task of data capture. The SPT7750's wide input 
bandwidth and low capacitance eliminate the need for exter
nal track-and-hold amplifiers for most applications. A propri-

BLOCK DIAGRAM 
cu<rn:K 

SPI' 

Analog 
VRT lr1)ut 

4755 Forge Road, Co. Springs, CO 80907 
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spr7750 
a-BIT, 500 MSPS FLASH AID CONVERTER 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 

etary decoding scheme reduces metastable errors to the 
1 lSB level. The SPT7750 operates from a single -5.2 V 
supply, with a nominal power dissipation of 5.5 W. 

The SPT7750 is available in a 68l PGA and an 80l surface
mount MQUAD package over the industrial temperature 
range of -25 to + 85°C. Contact the factory for availability of 
die and /883 versions. 

BANKB 

BANK A 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) .......... -7.0 to +0.5 V Digital Output Current ........................................ 0 to -28 mA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature, ambient ....................... -25 to +85 °C 

Analog Input Voltage ........................................ +0.5 V to VEE case ................................... +125 °C 
Reference Input Voltage .................................. +0.5 V to VEE junction ............................... + 150°C 
Digital Input Voltage ......................................... +0.5 V to VEE lead Temperature, (soldering 10 seconds) .............. +300 °C 
Reference Current V RT to V RB .•.•.•.••••••••••••••••••••••••••••• 35 mA Storage Temperature ...................................... -65 to +150 °C 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi
tions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TJ = Tc = TA = +25 °C, VEE=-5.2 V, VRB=-2.00 V, VRM=-1.0 V, VRT=O.OO V, fclk=500 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

Resolution 

DC Accuracy (+25 0c) 
Integral Nonlinearity fCLK = 100 kHz I 
Differential Nonlinearity fCLK = 100 kHz I 
No Missing Codes 

Analog Input 
Input Voltage Range I 
Input Bias Current VIN=O V I 
Input Resistance V 
Input Capacitance V 

MQuad Over Full Input Range V 
PGA Over Full Input Range V 

Input Bandwidth 
Small Signal V 
large Signal V 

Offset Error V RT IV 
Offset Error V RS IV 
Input Slew Rate V 

Reference Input 
ladder Resistance I 
Reference Bandwidth V 

Timing Characteristics 
Maximum Sample Rate I 
Aperture Jitter V 
Acquisition Time V 
ClK to DATA READY Delay IV 
Clock to Data Delay IV 

Dynamic Performance 
Signal-To-Noise Ratio 
(without Harmonics) 

f 1n = 50 MHz I 
fln= 250 MHz I 

Total Harmonic Distortion 
fl n= 50 MHz I 
f ,n = 250 MHz I 

3-100 

SPTI750A SPTI750B 
MIN TYP MAX MIN TYP MAX UNITS 

8 8 Bits 

-1.0 +1.0 -1.5 +1.5 lSB 
-0.85 +0.95 -0.95 +1.5 lSB 

Guaranteed Guaranteed 

VRB VRT VRB VRT V 
.75 2.0 .75 2.0 mA 
15 15 kQ 

15 15 pF 
30 30 pF 

900 900 MHz 
500 500 MHz 

-30 +30 -30 +30 mV 
-30 +30 -30 +30 mV 

5 5 V/ns 

60 80 60 80 Q 

30 30 MHz 

500 500 MHz 
2 2 ps 

250 250 ps 
0.9 1.4 1.9 0.9 1.4 1.9 ns 

1.25 1.75 2.25 1.25 1.75 2.25 ns 

47 45 dB 
44 42 dB 

-46 -44 dBc 
-38 -36 dBc 

4755 Forge Road, Co. Springs, CO 80907 SPI' I 
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ELECTRICAL SPECIFICATIONS 

T J = TC = TA = +25 °C , VEE=-5.2 V, VRs=-2.00 V, VRM=-1.0 V, VRT=O.OO V, fclk=500 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST SPT7750A SPT7750B 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX UNITS 

Dynamic Performance 
Signal-te-Noise and Distortion 

f ln = 50 MHz I 43 41 dB 
f ln = 250 MHz I 37 35 dB 

Spurious Free Dynamic Range 
fln= 50 MHz I 49 44 dB 
fln= 250 MHz I 41 36 dB 

Digital Inputs 
Input High Voltage 

(ClK, NClK) I -1.1 -0.7 -1.1 -0.7 V 
Input low Voltage 

(ClK, NClK) I -1.8 -1.5 -1.8 -1.5 V 
Clock Pulse Width High (tpwH) I 1.0 0.67 1.0 0.67 ns 
Clock Pulse Width low (lpwLl I 1.0 0.67 1.0 0.67 ns 
Clock Synchronous 

Input Currents V 2 2 IlA 
Digital Outputs 

logic "1" Voltage I -1.1 -0.9 -1.1 -0.9 V 
logic "0" Voltage I -1.8 -1.5 -1.8 -1.5 V 

Power Supply Requirements 
Voltage VEE IV -4.95 -5.2 -5.45 -4.95 -5.2 -5.45 V 
Current lEE I 1.05 1.2 1.05 1.2 A 
Power Dissipation I 5.5 6.25 5.5 6.25 W 

Typical Thermal Impedances: 9JC (PGA) = 5cc/w; 9JC (MQUAO) = 4°c/w 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A. 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
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II 

III 

IV 

V 

VI 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 cC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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GENERAL DESCRIPTION 

The SPT7750 is one of the fastest monolithic 8-bit parallel 
flash AID converters available today. The nominal conver
sion rate is 500 MSPS and the analog bandwidth is in excess 
of 900 MHz. A major advance over previous flash converters 
is the inclusion of 256 input preamplifiers between the 
reference ladder and input comparators (see block dia
gram). This not only reduces clock transient kickback to the 
input and reference ladder due to a low AC beta but also 
reduces the effect of the dynamic state of the input signal on 
the latching characteristics of the input comparators. The 
preamplifiers act as buffers and stabilize the input capaci
tance so that it remains constant over different input voltage 

Figure 1 - SPT7750 Typical Interface Circuit 

-2.0 V 
Reference 

Convert 
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~"t T= 

R L 
~220 

_ Ul I 
*~ 

R 

~ 220 lN2907 

~~~ 
-5.2 V 

U2 > 
500 :)'"" 

-2V 
Pulldown 
(Analog) 

VIN 

VIN 

VRTF 

VATS 

VRM 

VRBS 

VRBF 

ClK 

NClK 

0 0 
w Z Z 
w ~ <!l 

> 0 

r~b1 
-5.2 V '7 l -:-

c: 
&l 

and frequency ranges and therefore makes the part easier to 
drive than previous flash converters. The preamplifiers also 
add a gain of two to the input signal so that each comparator 
has a wider overdrive or threshold range to "trip" into or out 
of the active state. This gain reduces metastable states that 
can cause errors at the output. 

The SPT7750 has true differential analog and digital data 
paths from the preamplifiers to the output buffers (Current 
Mode logic) for reducing potential missing codes while 
rejecting common mode noise. 

Signature errors are also reduced by careful layout of the 
analog circuitry. The output drive capability of the device can 
provide full ECl swings into 50 Q loads. 

c: 
0 

'" 

.1~Fi 
-:-

l = Ferrite bead or inductor 

ORB (DATA READY) 
ORB (DATA READY) 
DSB(OVR) 
D7B(MSB) 
D6B 
DSB 
D4B 
D3B 
D2B 
D1B 
DOB(LSB) 
ORA (DATA READY) 
ORA (DATA READY) 
DSA(OVR) 
D7A(MSB) 
D6A 
DSA 
D4A 
D3A 

D2A J D1A 
DOA(LSB) 

-2.0 V 
Pulldown 
(Digital) 

. = 10 ~F Tantalum Capacitor and 0.1 ~F Chip Capacitor 

offset/noise. Ul= OP220 or equivalent with low 

R = 1 kn; 0.1% matched. 

AGND 

- = DGND 

U2 = Motorola ECLinPS Lite, MC10El16, differential receivE1r 
with 250 ps (typ) propagation delay. 
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TYPICAL INTERFACE CIRCUIT 

The circuit in figure 1 is intended to show the most elaborate 
method of achieving the least error by correcting for integral 
linearity, input induced distortion and power supply/ground 
noise. This is achieved by the use of external reference 
ladder tap connections, input buffer and supply decoupling. 
Please contact the factory for the SPT77S0 evaluation board 
applications note that contains more details on interfacing the 
SPT77S0. The function of each pin and external connections 
to other components is as follows: 

VEE, AGNO, OGNO 

VEE isthesupply pin with AGNDas groundforthedevice. The 
power supply pins should be bypassed as close to the device 
as possible with at least a .01 I1F ceramic capacitor. A 1 I1F 
tantalum can also be used for low frequency suppression. 
DGND is the ground for the ECl outputs and is to be 
referenced to the output pulldown voltage and appropriately 
bypassed as shown in figure 5. 

VIN (ANALOG INPUT) 

There are two analog input pins that are tied to the same point 
internally. Either one may be used as an analog input sense 
and the other for input force. This is convenientfortesting the 
source signal to see if there is sufficient drive capability. The 
pins can also be tied together and driven by the same source. 
The SPT77S0 is superior to similar devices due to a pream
plifier stage before the comparators. This makes the device 
easier to drive because it has constant capacitance and 
induces less slew rate distortion. 

ClK, ClK (CLOCK INPUTS) 

The clock inputs are designed to be driven differentially with 
ECl levels. The duty cycle of the clock should be kept at 50% 
to avoid causing larger second harmonics. If this is not 
important to the intended application, then duty cycles other 
than 50% may be used. 

DO TO 08, DR, NOR, (A AND B) 

The digital outputs can drive 50 n to ECl levels when pulled 
down to -2 V. When pulled down to -5.2 V, the outputs can 
drive 130 n to 1 k.Q loads. All digital outputs are grey code with 
the coding as shown in table 1. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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VRBF,VRBS,VRTF,VRTS,VRM 
(REFERENCE INPUTS) 

There are two reference inputs and one external reference 
voltage tap. These are -2 V (VRS force and sense), mid-tap 
(VRM) and AGND (VRTforce and sense). The reference pins 
and tap can be driven by op amps as shown in figure 1 or VRM 
may be bypassed for limited temperature operation. These 
voltage inputs can be bypassed to AGND for further noise 
suppression if so desired. 

Table I - Output Coding 

VIN 08 

OV 

-0.5 V o 

-1.0 V o 

-1.5 V o 

-2.0 V o 

THERMAL MANAGEMENT 

07 ....... 00 

10000000 
10000001 
10000011 

• • • 
10100001 
10100000 
11100000 

• • • 
11000001 
11000000 
01000000 

• • • 
01100001 
01100000 
00100000 

• • • 
00000011 
00000001 
00000000 

The typical thermal impedances have been measured for 
each package type: 

eCA (PGA) = 13 °C/W in still air with no heat sink 
eCA (MQUAD) = 17 °C/W in still air with no heat sink 

We highly recommend that a heat sink be used forthis device 
with adequate air flow to ensure rated performance of the 
device. We have found that a Thermalloy 17846 heat sink 
with a minimum air flow of 1 meter/second (200 linear feet per 
minute) provides adequate thermal performance under labo
ratory tests. Application specific conditions should be taken 
into account to ensure that the device is properly heat sinked. 
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OPERATION 

The SPT7750 has 256 preamp/comparator pairs which are 
g each supplied with the voltage from VRT to VRS divided 

a.~ equally by the resistive ladder as shown in the block diagram. 
en This voltage is applied to the positive input of each preampli

fier/comparator pair. An analog input voltage applied at VIN is 
connected to the negative inputs of each preamplifier/com
parator pair. The comparators are then clocked through each 
one's individual clock buffer. When the ClK pin is in the low 
state, the master or input stage .of the comparators compare 
the analog input voltage to the respective reference voltage. 
When the ClK pin changes from low to high the comparators 

Figure 2 - Timing Diagram 

ClK 

NClK 
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NORA 

Data Bank A 

ORB 

NORB 

Data BankB 

Figure 3 - Subcircuit Schematics 

are latched to the state prior to the clock transition and output 
logic code~ in sequence from the top comparators, closest to 
VRT (0 V), down to the point where the magnitude of the input 
signal changes sign (thermometer code). The output of each 
comparator is then registered into four 64-to-6 bit decoders 
when the ClK is changed from high to low. At the output ofthe 
decoders is a set of four 7-bit latches which are enabled 
("track") when the clock changes from high to low. From here, 
the output of the latches are coded into 6 lSBs from 4 
columns and 4 columns are coded into 2 MSBs. Finally, 8 
ECl output latches and buffers are used to drive the external 
loads. The conversion takes one clock cycle from the input to 
the data outputs. 

INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT 

AGND 

AGND 

VEE 
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PIN ASSIGNMENT SPT7750 

c<c -m" "'m '" 
~~~ 
O~~ 

D2B 
D3B 
D4B 
VEE 

VEE 
DSB 6 
DGND 
D6B 
DGND 9 
D7B ,. 
DGND 11 

::l ~~ 
~~ 

~ « mm z 
c 

Bottom View 
PGA 

• 

~8~8~8~ 0<00 mm U1.". 
Clz::cz:l>z> »om » 

OIllO 0 

~Ul~(j~~~ ~~gg 

Top View 

MQUAD 

~~~tffl www"," 
"-10)<00 

~~;~i 
>«< 
G>m m m 
zm m m 
c 

'0 " 

64 N/e 
63 N/e 
62 D3A 
61 D2A 

60 VEE 
59D1A 
58 DGND 
57D0A 
56 DGND 
55 NORA 
54 DGND 
53 ORA 
52 AGND 
51 AGND 
50 elK 
49 VEE 
48 NCLK 
47 VEE 
46 VEE 
45 AGND 
44 AGND 
43 VRTS 
42 VRTF 
41 N/e 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS SPT7750 

VEE Negative Supply Nominally -5.2 V 

AGND Analog Ground 

VRTF Reference Voltage Force Top, 

Nominally 0 V 

VRTS Reference Voltage Sense Top 

VRM Reference Voltage Middle, Nominally -1 V 

VRBF Reference Voltage Force Bottom, 

Nominally -2 V II VRBS Reference Voltage Sense Bottom 

VIN Analog Input Voltage, Can Be Either 

Voltage or Sense 

DGND Digital Ground 

DO_D7A Data Output Bank A 

DO_D7B Data Output Bank B 

ORA Data Ready Bank A 

NORA Not Data Ready Bank A 

ORB Data Ready Bank B 

NDRB Not Data Ready Bank B 

D8A Overrange Output Bank A 

D8B Overrange Output Bank B 

ClK Clock Input 

NClK Clock Input 
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~spr 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 1:2 Demuxed ECl Compatible Outputs 
• Wide Input Bandwidth - 900 MHz 
• low Input Capacitance - 15 pF (MQUAD) 
• Metastable Errors Reduced to 1 lSB 
• Monolithic for low Cost 
• Gray Code Output 

GENERAL DESCRIPTION 

The SPT7755 is a full parallel (flash) analog-to-digital con
verter capable of digitizing full scale (0 to -2 V) inputs into 
eight-bit digital words at an update rate of 750 MSPS. The 
ECl-compatible outputs are demultiplexed into two separate 
output banks, each with differential data ready outputs to 
ease the task of data capture. The SPT7755's wide input 
bandwidth and low capacitance eliminate the need for exter
nal track-and-hold amplifiers for most applications. A propri-

BLOCK DIAGRAM 
ClKCrR' 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPT7755 
8-BIT, 750 MSPS FLASH AID CONVERTER 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 

etary decoding scheme reduces metastable errors to the 
1 lSB level. The SPT7755 operates from a single -5.2 V 
supply, with a nominal power dissipation of 5.5 W. 

The SPT7755 is available in a 68l PGA and an 80l surface
mount MQUAD package over the industrial temperature 
range of -25 to + 85 ac. Contact the factory for availability of 
die and /883 versions. 

BANKS 

BANK A 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) .......... -7,0 to +0.5 V Digital Output Current ........................................ 0 to -28 mA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature, ambient ....................... -25 to +85 °C 

Analog Input Voltage ........................................ +0.5 V to VEE case ................................... +125 °C 
Reference Input Voltage .................................. +0.5 V to VEE junction ............................... + 150°C 
Digital Input Voltage ......................................... +0.5 V to VEE lead Temperature, (soldering 10 seconds) .............. +300 °C 

, Reference Current V RT to V RS •••••••••••••••••••••••••••••••••••• 35 mA Storage Temperature ...................................... -65 to +150 °C 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi
tions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TJ = Tc = TA = +25"C , VEE=-5.2 V, VRB=-2.00 V, VRM=-1.0 V, VRT=O.OO V, fclk=750 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

Resolution 

DC Accuracy (+25 0C) 
Integral Nonlinearity fCLK = 100 kHz I 
Differential Nonlinearity fCLK = 100 kHz I 
No Missing Codes 

Analog Input 
Input Voltage Range I 
Input Bias Current V1N=OV I 
Input Resistance V 
Input Capacitance V 

MQuad Over Full Input Range V 
PGA Over Full Input Range V 

Input Bandwidth 
Small Signal V 
large Signal V 

Offset Error V RT IV 
Offset Error VRB IV 
Input Slew Rate V 

Reference Input 
ladder Resistance I 
Reference Bandwidth V 

Timing Characteristics 
Maximum Sample Rate I 
Aperture Jitter V 
Acquisition Time V 
ClK to DATA READY Delay IV 
Clock to Data Delay IV 

Dynamic Performance 
Signal-To-Noise Ratio 
(without Harmonics) 

fln= 50 MHz I 
f 1n =250 MHz I 

Total Harmonic Distortion 

fln= 50 MHz I 
fln= 250 MHz I 

3-108 

SPT7755A SP17755B 
MIN TYP MAX MIN TYP MAX UNITS 

8 8 Bits 

-1.0 +1.0 -1.5 +1.5 lSB 
-0.85 +0.95 -0.95 +1.5 lSB 

Guaranteed Guaranteed 

VRB VRT VRB VRT V 
.75 2.0 .75 2.0 mA 
15 15 k.Q 

15 15 pF 
30 30 pF 

900 900 MHz 
500 500 MHz 

-30 +30 -30 +30 mV 
-30 +30 -30 +30 mV 

5 5 V/ns 

60 80 60 80 n 
30 30 MHz 

750 750 MHz 
2 2 ps 

250 250 ps 
0.9 1.4 1.9 0.9 1.4 1.9 ns 

1.25 1.75 2.25 1.25 1.75 2.25 ns 

46 44 dB 
44 42 dB 

-45 -43 dBc 
-37 -35 dBc 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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ELECTRICAL SPECIFICATIONS 

TJ = TC = TA = +25 'C , VEE=-5.2 V, VAB=-2.00 V, VAM=-1.0 V, VAT=O.OO V, fclk=750 MHz, Duty Cycle=500/0, unless otherwise specified. 

TEST TEST SPT7755A SPT7755B 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX UNITS 

Dynamic Performance 
Signal-to-Noise and Distortion 

f ln = 50 MHz I 43 41 dB 
fln= 250 MHz I 36 34 dB 

Spurious Free Dynamic Range 
f ln = 50 MHz I 48 44 dB 
f ln =250 MHz I 40 36 dB 

Digital Inputs 
Input High Voltage 

(ClK, NClK) I -1.1 -0.7 -1.1 -0.7 V 
Input low Voltage 

(ClK, NClK) I -1.8 -1.5 -1.8 -1.5 V 
Clock Pulse Width High (~) I 0.67 0.5 0.67 0.5 ns 
Clock Pulse Width low (tPWL) I 0.67 0.5 0.67 0.5 ns 
Clock Synchronous 

Input Currents V 2 2 J.lA 
Digital Outputs 

logic "1" Voltage I -1.1 -0.9 -1.1 -0.9 V 
logic "0" Voltage I -1.8 -1.5 -1.8 -1.5 V 

Power Supply Requirements 
Voltage VEE IV -4.95 -5.2 -5.45 -4.95 -5.2 -5.45 V 
Current lEE I 1.05 1.2 1.05 1.2 A 
Power Dissipation I 5.5 6.25 5.5 6.25 W 

Typical Thermal Impedances: 9JC (PGA) = 5°c!w; 9JC (MQUAD) = 4°c!w 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

II 

III 

IV 

V 

VI 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25°C. Parameter is 
guaranteed over specified temperature range. 
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GENERAL DESCRIPTION 

The SPT7755 is one of the fastest monolithic 8-bit parallel 
flash AID converters available today. The nominal conver
sion rate is 750 MSPS and the analog bandwidth is in excess 
of 900 MHz. A major advance over previous flash converters 
is the inclusion of 256 input preamplifiers between the 
reference ladder and input comparators (see block dia
gram). This not only reduces clock transient kickback to the 
input and reference ladder due to a low AC beta but also 
reduces the effect of the dynamic state of the input signal on 
the latching characteristics of the input comparators. The 
preamplifiers act as buffers and stabilize the input capaci
tance so that it remains constant over different input voltage 

Figure 1 - SPT7755 Typical Interface Circuit 
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and frequency ranges and therefore makes the part easier to 
drive than previous flash converters. The preamplifiers also 
add a gain of two to the input signal so that each comparator 
has a wider overdrive or threshold range to "trip" into or out 
of the active state. This gain reduces metastable states that 
can cause errors at the output. 

The SPT7755 has true differential analog and digital data 
paths from the preamplifiers to the output buffers (Current 
Mode logic) for reducing potential missing codes while 
rejecting common mode noise. 

Signature errors are also reduced by careful layout of the 
analog circuitry. The output drive capability of the device can 
provide full ECl swings into 50 Q loads. 
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Ferrite bead or inductor 

DRB (DATA READY) 
DRB (DATA READY) 
DBB(OVR) 
D7B(MSB) 
D6B 
DSB 
D4B 
D3B 
D2B 
D1B 
DOB(LSB) 
DRA (DATA READY) 
DRA (DATA READY) 
DBA (OVR) 
D7A(MSB) 
D6A 
D5A 
D4A 
D3A 

D2A J D1A 
DOA(LSB) 

-2.0 V 
Pulldown 
(Digital) 

1 0 IlF Tantalum Capacitor and 0.1 IlF Chip Capacitor 

offset/noise. OP220 or equivalent with low 

1 k.Q; 0.1 % matched. 

AGND 

DGND 

U2= Motorola ECLinPS Lite, MC10EL16, differential receiver 
with 250 ps (typ) propagation delay. 
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TYPICAL INTERFACE CIRCUIT 

The circuit in figure 1 is intended to show the most elaborate 
method of achieving the least error by correcting for integral 
linearity, input induced distortion and power supply/ground 
noise. This is achieved by the use of external reference 
ladder tap connections, input buffer and supply decoupling. 
Please contact the factory for the SPT7755 evaluation board 
applications note that contains more details on interfacing the 
SPT7755. The function of each pin and external connections 
to other components is as follows: 

VEE, AGNO, OGNO 

VEE is the supply pin with AGND as ground forthe device. The 
power supply pins should be bypassed as close to the device 
as possible with at least a .01 ~F ceramic capacitor. A 1. ~F 
tantalum can also be used for low frequency suppression. 
DGND is the ground for the ECl outputs and is to be 
referenced to the output pulldown voltage and appropriately 
bypassed as shown in figure 5. 

VIN (ANALOG INPUT) 

There are two analog input pins that are tied to the same point 
internally. Either one may be used as an analog input sense 
and the other for input force. This is convenient for testing the 
source signal to see if there is sufficient drive capability. The 
pins can also be tied together and driven by the same source. 
The SPT7755 is superior to similar devices due to a pream
plifier stage before the comparators. This makes the device 
easier to drive because it has constant capacitance and 
induces less slew rate distortion. 

ClK, ClK (CLOCK INPUTS) 

The clock inputs are designed to be driven differentially with 
ECl levels. The duty cycle of the clock should be kept at 50% 
to avoid causing larger second harmonics. If this is not 
important to the intended application, then duty cycles other 
than 50% may be used. 

DO TO 08, DR, NOR (A AND B) 

The digital outputs can drive 50 g to ECl levels when pulled 
down to -2 V. When pulled down to -5.2 V, the outputs can 
drive 130 g to 1 kg loads. All digital outputs are grey code with 
the coding as shown in table 1 . 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

VRBF,VRBS,VRTF,VRTS,VRM 
(REFERENCE INPUTS) 

There are two reference inputs and one external reference ::g 
voltage tap. These are -2 V (VRB force and sense), mid-tap I'

(VRM) and AGND (VRT force and sense). The reference pins ~ 
and tap can be driven by op amps as shown in figure 1 or VRM en 
may be bypassed for limited temperature operation. These 
voltage inputs can be bypassed to AGND for further noise 
suppression if so desired. 

Table I - Output Coding 

VIN 08 

OV 

-0.5 V o 

-1.0 V o 

-1.5 V o 

-2.0 V o 

THERMAL MANAGEMENT 

07 ....... 00 

10000000 
10000001 
10000011 

• • • 
10100001 
10100000 
11100000 

• • • 
11000001 
11000000 
01000000 

• • • 
01100001 
01100000 
00100000 

• • • 
00000011 
00000001 
00000000 

The typical thermal impedances have been measured for 
each package type: 

eCA (PGA) = 13 °CIW in still air with no heat sink 
eCA (MQUAD) = 17 °CIW in still air with no heat sink 

We highly recommend that a heat sink be used forthis device 
with adequate air flow to ensure rated performance of the 
device. We have found that a Thermalloy 17846 heat sink 
with a minimum air flow of 1 meter/second (200 linear feet per 
minute) provides adequate thermal performance under labo
ratory tests. Application specific conditions should be taken 
into account to ensure that the device is properly heat sinked. 
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OPERATION 

The SPT7755 has 256 preamp/comparator pairs which are 
each supplied with the voltage from VRT to VRS divided 
equally by the resistive ladder as shown in the block diagram. 
This voltage is applied to the positive input of each preampli
fier/comparator pair. An analog input voltage applied at VIN is 
connected to the negative inputs of each preamplifier/com
parator pair. The comparators are then cloCked through each 
one's individual clock buffer. When the ClK pin is in the low 
state, the master or input stage of the comparators compare 
the analog input voltage to the respective reference voltage. 
When the ClK pin changes from low to high the comparators 

Figure 2 - Timing Diagram 
N N+1 

ClK 

NClK 

ORA 

NORA 

Data Bank A 

ORB 

NDRB 

Data DankS 

Figure 3 - Subcircuit Schematics 

are latched to the state prior to the clock transition and output 
logic codes fn sequence from the top comparators, closest to 
VRT (0 V), down to the point where the magnitude of the input 
signal changes sign (thermometer code). The output of each 
comparator is then registered into four 64-to-6 bit decoders 
when the ClK is changed from high to low. Althe output ofthe 
decoders is a set of four 7-bit latches which are enabled 
("track") when the clock changes frolT! high to low. From here, 
the output of the latches are coded into 6 lSBs from 4 
columns and 4 columns are coded into 2 MSBs. Finally, 8 
ECl output latches and buffers are used to drive the external 
loads. The conversion takes one clock cycle from the input to 
the data outputs. 

N+5 N+6 

INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT 

AGND 

AGND 

VEE 
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PIN ASSIGNMENT SPT7755 
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VEE • 
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N/C ,. 
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VEE ,. 
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VEE 22 
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PIN FUNCTIONS SPT7755 

VEE Negative Supply Nominally -5.2 V II) 

AGND Analog Ground 
II) 

"" 
VRTF Reference Voltage Force Top, 

j::: 
0... 

Nominally 0 V 
en 

VRTS Reference Voltage Sense Top 

VRM Reference Voltage Middle, Nominally -1 V 

VRBF Reference Voltage Force Bottom, 

Nominally -2 V 

El VRBS Reference Voltage Sense Bottom 

VIN Analog Input Voltage, Can Be Either 

Voltage or Sense 

DGND Digital Ground 

DO_D7A Data Output Bank A 

DO_D7B Data Output Bank B 

ORA Data Ready Bank A 

NORA Not Data Ready Bank A 

ORB Data Ready Bank B 

NDRB Not Data Ready Bank B 

D8A Overrange Output Bank A 

D8B Overrange Output Bank B 

ClK Clock Input 

NClK Clock Input 
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SPf'7760 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES a-BIT, 1000 MSPS FLASH AID CONVERTER 

FEATURES 

• 1:2 Demuxed ECl Compatible Outputs 
• Wide Input Bandwidth - 900 MHz 
• low Input Capacitance - 15 pF (MQUAD) 
• Metastable Errors Reduced to 1 lSB 
• Monolithic for low Cost 
• Gray Code Output 

GENERAL DESCRIPTION 

The SPT7760 is a full parallel (flash) analog-to-digital con
verter capable of digitizing full scale (0 to -2 V) inputs into 
eight-bit digital words at an update rate of 1000 MSPS. The 
ECl -compatible outputs are demultiplexed into two separate 
output banks, each with differential data ready outputs to 
ease the task of data capture. The SPT7760's wide input 
bandwidth and low capacitance eliminate the need for exter
nal track-and-hold amplifiers for most applications. A propri-

BLOCK DIAGRAM 
ClKrnR 

SPI' 

v'" 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

• Digital Oscilloscopes 
• Transient Capture 
• Radar, EW, ECM 
• Direct RF Down-Conversion 

etary decoding scheme reduces metastable errors to the 
1 lSB level. The SPT7760 operates from a single -5.2 V 
supply, with a nominal power dissipation of 5.5 W. 

The SPT7760 is available in a 68l PGA and an 80l surface
mount MQUAD package over the industrial temperature 
range of -25 to + 85 cC. Contact the factory for availability of 
die and /883 versions. 

BANKB 

BANKA 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)l 25°C 

Supply Voltages Output 
Negative Supply Voltage (VEE TO GND) .......... -7.0 to +0.5 V Digital Output Current ........................................ 0 to -28 mA 
Ground Voltage Differential .............................. -0.5 to +0.5 V 

Temperature 
Input Voltage Operating Temperature, ambient ....................... -25 to +85 °C 

Analog Input Voltage ........................................ +0.5 V to VEE case ................................... +125 °C 
Reference Input Voltage .................................. +0.5 V to VEE junction ............................... + 150°C 
Digital Input Voltage ......................................... +0.5 V to VEE lead Temperature, (soldering 10 seconds) .............. +300 °C 
Reference Current V FIT to V RS •••••••••••••••••••••••••••••••••••• 35 mA Storage Temperature ...................................... -65 to +150 °C 

Notes: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied condi
tions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TJ = Tc = TA = +25 °C, VEE=-5.2 V, VRB=-2.00 V, VRM=-1.0 V, VRr-=O.OO V, fclk=1000 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS lEVEL 

Resolution 

DC Accuracy (+25 0c) 
Integral Nonlinearity fCLK = 100 kHz I 
Differential Nonlinearity fCLK = 100 kHz I 
No Missing Codes 

Analog Input 
Input Voltage Range I 
Input Bias Current VIN=OV I 
Input Resistance V 
Input Capacitance V 

MQuad Over Full Input Range V 
PGA Over Full Input Range V 

Input Bandwidth 
Small Signal V 
Large Signal V 

Offset Error VRT I 
Offset Error V RS I 
input Slew Rate V 

Reference Input 
lallder Resistance I 
Reference Bandwidth V 

Timing Characteristics 
Maximum Sample Rate I 
Aperture Jitter V 
Acquisition Time V 
ClK to DATA READY Delay IV 
Clock to Data Delay IV 

Dynamic Performance 
Signal-To-Noise Ralio 
(without Harmonics) 

fl n= 50 MHz I 
fln=250 MHz I 

Tolal Harmonic Distortion 
fln= 50 MHz I 
fln= 250 MHz I 
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SPT7760A SPT7760B 
MIN TYP MAX MIN TYP MAX UNITS 

8 8 Bits 

-1.0 +1.0 -1.5 +1.5 LSB 
-0.85 +0.95 -0.95 +1.5 lSB 

Guaranteed Guaranteed 

VRB VRT VRS VRT V 
.75 2.0 .75 2.0 mA 
15 15 kn 

15 15 pF 
30 30 pF 

900 900 MHz 
500 500 MHz 

-30 +30 -30 +30 mV 
-30 +30 -30 +30 mV 

5 5 V/ns 

60 80 60 80 n 
30 30 MHz 

1,000 1,000 MHz 
2 2 ps 

250 250 ps 
0.9 1.4 1.9 0.9 1.4 1.9 ns 

1.25 1.75 2.25 1.25 1.75 2.25 ns 

45 43 dB 
43 41 dB 

-44 -42 dBc 
-36 -34 dBc 

4755 Forge Road, Co. Springs, CO 80907 S'" 
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ELECTRICAL SPECIFICATIONS 

TJ = TC = TA= +25 °C, VEE=-5.2 V, VRB=-2.00 V, VRM=-1.0 V, VRT=O.OO V, fclk=1000 MHz, Duty Cycle=50%, unless otherwise specified. 

TEST TEST SPT7760A SPT7760B 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX MIN TYP MAX UNITS 

Dynamic Performance 
Signal-ta-Noise and Distortion 

f'n= 50 MHz I 42 40 dB 
f'n= 250 MHz I 35 33 dB 

Spurious Free Dynamic Range 

f'n= 50 MHz I 47 43 dB 
f ,n =250 MHz I 39 35 dB 

Digital Inputs 
Input High Voltage 

(ClK, NClK) I -1.1 -0.7 -1.1 -0.7 V 
Input low Voltage 

(ClK, NClK) I -1.8 -1.5 -1.8 -1.5 V 
Clock Pulse Width High (!wJH) I 0.5 0.4 0.5 0.4 ns 
Clock Pulse Width low (tPWL) I 0.5 0.4 0.5 0.4 ns 
Clock Synchronous 

Input Currents V 2 2 ~A 

Digital Outputs 
logic "1" Voltage I -1.1 -0.9 -1.1 -0.9 V 
logic "0" Voltage I -1.8 -1.5 -1.8 -1.5 V 
Rise Time 20% to 80% V TBD TBD ps 
Fall Time 20% to 80% V TBD TBD ps 

Power Supply Requirements 
Voltage VEE IV -4.95 -5.2 -5.45 -4.95 -5.2 -5.45 V 
Current lEE I 1.05 1.2 1.05 1.2 A 
Power Dissipation I 5.5 6.25 5.5 6.25 W 

Typical Thermal Impedances: 9JC (PGA) = 5°c/w; 9JC (MQUAO) = 4°c/w 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

II 

III 

IV 

V 

VI 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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GENERAL DESCRIPTION 

The SPT7760 is the fastest monolithic 8-bit parallel flash 
AID converter available today. The nominal conversion 
rate is 1,000 MSPS and the analog bandwidth is in excess 
of 900 MHz. A major advance over previous flash converters 
is the inclusion of 256 input preamplifiers between the 
reference ladder and input comparators (see block dia
gram). This not only reduces clock transient kickback to the 
input and reference ladder due to a low AC beta but also 
reduces the effect of the dynamic state of the input signal on 
the latching characteristics of the input comparators. The 
preamplifiers act as buffers and stabilize the input capaci
tance so that it remains constant over different input voltage 

Figure 1" SPT7760 Typical Interface Circuit 

-2.0 V 
Reference 

Convert 
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and frequency ranges and therefore makes the part easier to 
.. drive than previous flash converters. The preamplifiers also 
add a gain of two to the input signal so that each comparator 
has a wider overdrive or threshold range to "trip" into or out 
of the active state. This gain reduces metastable states that 
can cause errors at the output. 

The SPT7760 has true differential analog and digital data 
paths from the preamplifiers to the output buffers (Current 
Mode logic) for reducing potential missing codes while 
rejecting common mode noise. 

Signature errors are also reduced by careful layout of the 
analog circuitry. The output drive capability of the device can 
provide full ECl swings into 50 n loads. 

JU2> 

I JU2> I 

ORB (DATA READY) 

ORB (DATA READY) 

~++ ~++ 

ORA (DATA READY) 

ORA (DATA READY) 

-2.0 V Pulldown (Digital) 

" " 

DBB(DVR) 
D7B(MSB) 
DBB 
D5B 
D4B 
D3B 
D2B 
018 
DOB(LSB) 

DBA (OVR) 
D7A(MSB) 
DBA 
05A 
D4A 
D3A 
D2A 
DtA 
OOA(LSB) 

$ $ 

l = . = 

Ul= 

R = 
-&= 
..L 

.1~Fi 
Ferrite bead or inductor -=-

-2.0 V 
Pulldown 
(Digital) 

1 0 ~F Tantalum Capacitor and 0.1 ~ F Chip Capacitor 

OP220 or equivalent with low oils et/noise. 

1 kQ; 0.1% matched. 

AGND 

DGND 

U2 = Motorola ECLinPS Lite, MC10El16, differential receiver 
with 250 ps (typ) propagation delay. 
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TYPICAL INTERFACE CIRCUIT 

The circuit in figure 1 is intended to show the most elaborate 
method of achieving the least error by correcting for integral 
linearity, input induced distortion and power supply/ground 
noise. This is achieved by the use of external reference 
ladder tap connections, input buffer and supply decoupling. 
Please contact the factory for the SPT7760 evaluation board 
applications note that contains more details on interfacing the 
SPT7760. The function of each pin and external connections 
to other components is as follows: 

VEE, AGNO, OGNO 

VEE isthe supply pin with AGNDas ground forthe device. The 
power supply pins should be bypassed as close to the device 
as possible with at least a .01 IlF ceramic capacitor. A 1 llF 
tantalum can also be used for low frequency suppression. 
DGND is the ground for the ECl outputs and is to be 
referenced to the output pulldown voltage and appropriately 
bypassed as shown in figure 5. 

VIN (ANALOG INPUT) 

There are two analog input pins that are tied to the same point 
internally. Either one may be used as an analog input sense 
and the other for input force. This is convenient for testing the 
source signal to see if there is sufficient drive capability. The 
pins can also be tied together and driven by the same source. 
The SPT7760 is superior to similar devices due to a pream
plifier stage before the comparators. This makes the device 
easier to drive because it has constant capacitance and 
induces less slew rate distortion. 

ClK, ClK (CLOCK INPUTS) 

The clock inputs are designed to be driven differentially with 
ECl levels. The duty cycle of the clock should be kept at 50% 
to avoid causing larger second harmonics. If this is not 
important to the intended application, then duty cycles other 
than 50% may be used. 

DO TO 08, DR, NOR (A AND B) 

The digital outputs can drive 50 Q to ECl levels when pulled 
down to -2 V. When pulled down to -5.2 V, the outputs can 
drive 130 Q to 1 kQ loads. All digital outputs are grey code with 
the coding as shown in table 1. SPT recommends using 
differential receivers on the outputs of the data ready lines to 
ensure the proper output rise and fall times. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

VRBF,VRBS,VRTF,VRTS,VRM 
(REFERENCE INPUTS) 

There are two reference inputs and one external reference g 
voltage tap. These are -2 V (VRB force and sense), mid-tap I'

(VRM) and AGND (VRTforce and sense). The reference pins Ii: 
and tap can be driven by op amps as shown in figure 1 or V RM en 
may be bypassed for limited temperature operation. These 
voltage inputs can be bypassed to AGND for further noise 
suppression if so desired. 

Table I - Output Coding 

VIN 08 

OV 

-0.5 V o 

-1.0 V o 

-1.5 V o 

-2.0 V o 

THERMAL MANAGEMENT 

07 ....... 00 

10000000 
10000001 
10000011 

• • • 
10100001 
10100000 
11100000 

• • • 
11000001 
11000000 
01000000 

• • • 
01100001 
01100000 
00100000 

• • • 
00000011 
00000001 
00000000 

The typical thermal impedances have been measured for 
each package type: 

eCA (PGA) = 13 °CIW in still air with no heat sink 
8CA (MQUAD) = 17 °CIW in still air with no heat sink 

We highly recommend that a heat sink be used for this device 
with adequate air flow to ensure rated performance of the 
device. We have found that a Thermalloy 17846 heat sink 
with a minimum air flow of 1 meter/second (200 linear feet per 
minute) provides adequate thermal performance under labo
ratory tests. Application specific conditions should be taken 
into account to ensure that the device is properly heat sinked. 
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OPERATION 

The SPT7760 has 256 preamp/comparator pairs which are 
g each supplied with the voltage from VRT to VRB divided 
...... equally by the resistive ladder as shown in the block diagram. 
~ This voltage is applied to the positive input of each preampli
en fier/comparator pair. An analog input voltage applied at VIN is 

connected to the negative inputs of each preamplifier/com
parator pair. The comparators are then clocked through each 
one's individual clock buffer. When the ClK pin is in the low 
state, the master or input stage of the comparators compare 
the analog input voltage to the respective reference voltage. 
When the ClK pin changes from low to high the comparators 

Figure 2 - Timing Diagram 
N 

ClK 

NClK 

ORA 

NORA 

Data Bank A 

ORB 

NDRB 

Data Bank B 

Figure 3 - Subcircuit Schematics 

are latched to the state prior to the clock .transition and output 
logic codes in sequence from the top comparators, closest to 
VRT (0 V), down to the point where the magnitude of the input 
signal changes sign (thermometer code). The output of each 
comparator is then registered into four 64-to-6 bit decoders 
when the ClK is changed from high to low. Atthe output ofthe 
decoders is a set of four 7-bit latches which are enabled 
("track") when the clock changes from high to low. From here, 
the output of the latches are coded into 6lSBs from 4 
columns and 4 columns are coded into 2 MSBs. Finally, 8 
ECl output latches and buffers are used to drive the external 
loads. The conversion takes one clock cycle from the input to 
the data ou~puts. 

N+5 N+6 

INPUT CIRCUIT OUTPUT CIRCUIT CLOCK INPUT 

AGND AGNO 

AGND DGND 

eLK 
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PIN ASSIGNMENTS 

88888 DRB DRB ee 
K88@88888988 
J8@ @8 

02B 
03B 
D4B 

VEE 

VEE 
05B 
DGND 
D6B 
DGND 9 
D7B 10 
DGND 11 
DBB 12 
N/C 13 
N/C 14 
AGND 15 
AGND 16 
AGND 17 
AGND 18 

VEE 19 
VEE 20 

VRBF 21 
VEE 22 
VEE 23 

0<0 
-m " tIlm til 

"' ........ 0",'" 

Bottom View 
PGA 

OoZcccc 
:DGlOG)(X)[j)-..,j 
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ollJo 0 
...... ...,. ...... -...1-...1-....1 ...... 
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Top View 

MQUAD 
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88 ee 
88 

9 10 11 

0<00 
mm en.J>. >m »0,.. 
(J)(J)CDm 
CII""'I(J)(J1 

VRBS 24 

~rrrrrrrrrru~~~nnnr 

64 N/C 
63 N/C 
62 D3A 
61 02A 

60 VEE 
59 01A 
58 DONO 
5700A 
56 DGNO 
55 NORA 
54 DGND 
53 ORA 
52 AGND 
51 AGND 
50 ClK 
49 VEE 
48 NClK 
47 VEE 
46 VEE 
45 AGND 
44 AGND 
43 VRTS 
42 VRTF 
41 N/c 

BPI' 
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PIN FUNCTIONS 

NAME FUNCTION 0 

VEE Negative Supply Nominally -5.2 V 
(0 
r-. 

AGND Analog Ground r::: 
Q. 

VRTF Reference Voltage Force Top, CIJ 

Nominally 0 V 

VRTS Reference Voltage Sense Top 

VRM Reference Voltage Middle, Nominally -1 V 

VRBF Reference Voltage Force Bottom, 

Nominally -2 V 

I VRBS Reference Voltage Sense Bottom 

VIN Analog Input Voltage, Can Be Either 

Voltage or Sense 

DGND Digital Ground 

DO_D7A Data Output Bank A 
DO_D7B Data Output Bank B 

DRA Data Ready Bank A 

NDRA Not Data Ready Bank A 

DRB Data Ready Bank B 

NDRB Not Data Ready Bank B 

D8A Overrange Output Bank A 

D8B Overrange Output Bank B 

ClK Clock Input 

NClK Clock Input 
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AND 
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SPI'7810 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 20 MSPS, ECL OUTPUT AID CONVERTER 

FEATURES 

• Monolithic 20 MSPS Converter 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• 60 dB SNR @ 1 MHz Input 
• low Power (1.3 W Typical) 
• 5 pF input CapaCitance 
• ECl Outputs 

GENERAL DESCRIPTION 

The SPT781 0 AID converter is a 1 O-bit monolithic converter 
capable of word rates of a minimum of 20 MSPS. On board 
track/hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance of 
only 5 pF. 

Inputs and outputs are ECl to provide a higher level of noise 
immunity in high speed system applications. An overrange 
output signal is provided to indicate overflow conditions. 

BLOCK DIAGRAM 

SPI' 

Analog 
Input 

Successive Interpolation 
Stage i 

Successive Interpolation 
Stage i+1 

Successive Interpolation 
Stage N 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

• Medical Imaging 
• Professional Video 
• Radar Receivers 
• Instrumentation 
• Electronic Warfare 
• Digital Communications 

Output data format is straight binary. Power dissipation is 
very low at only 1.3 watts with power supply voltages of +5.0 
and -5.2 volts. The SPT7810 also provides a wide input 
voltage swing of ±2.0 volts. 

The SPT7810 is available in a small 28-lead ceramic side
brazed DIP, PDIP, and die form. Commercial and industrial 
temperature ranges are currently offered. Contact the factory 
for availability of military temperature range and /883 pro
cessed units. 

I z 

f 10 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)l 25 °C 

Supply Voltages Output 
Vcc .......................................................................... +6V Digital Outputs ........................................... +30 to -30 mA 
VEE ............................................................................ -6V 

Temperature 
Input Voltages Operating Temperature .............................. -25 to +85 °C 

Analog Input ............................................... VFE¢;VIN~VFT Junction Temperature (1) ............................................. 175 °C 
VFT, VFB ..................................................... +3.0 V, -3.0 V Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Ladder Current .................................... 12 mA Storage Temperature ............................... -65 to +150 °C 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min - T max, Vcc=+5.0 V, VEE=-5.2 V, V'N=±2.0 V, VsB=-2.0 V, Vsr-+2.0 V, fcrock=20 MHz, 50% clock duty cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

Resolution 

DC Accuracy (+25 °C) ± Full Scale 
Integral Nonlinearity 250 kHz Sample Rate I 
Differential Nonlinearity I 
No Missing Codes 

Analog Input 
Input Voltage Range VI 
Input Bias Current V'N=OV VI 
Input Resistance VI 
Input Capacitance V 
Input Bandwidth 3 dB Small Signal V 
+FS Error V 
-FS Error V 

Reference Input 
Reference Ladder Resistance VI 
Reference Ladder Tempco V 

Timing Characteristics 
Maximum Conversion Rate VI 
Overvoltage Recovery Time V 
Pipeline Delay (Latency) \ VI 
Output Delay TA=+25°C V 
Aperture Delay Time TA=+25°C V 
Aperture Jitter Time TA=+25°C V 

Dynamic Performance 
Effective Number of Bits 

fin=1 MHz 
fin=3.58 MHz 
fin=10.3 MHz 

1Typical thermal impedances: 28L sidebrazed DIP. Bja = 50 °CIW, 
28L plastic DIP Bja = 50 °CIW. 
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SPT7810A SPT7810B 
MIN TYP MAX MIN TYP MAX UNITS 

10 10 Bits 

±1.0 ±1.5 LSB 
±0.5 ±0.75 LSB 

Guaranteed Guaranteed 

±2.0 ±2.0 V 
30 60 30 60 ~ 

100 300 100 300 kO 
5 5 pF 

120 120 MHz 
±2.0 ±2.0 LSB 
±2.0 ±2.0 LSB 

500 800 500 800 Q 
0.8 0.8 DJoC 

20 20 MHz 
20 20 ns 

1 1 CIockO,de 
5 5 ns 
1 1 ns 
5 5 ps-RMS 

9.2 8.7 Bits 
8.8 8.3 Bits 
7.5 7.0 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



ELECTRICAL SPECIFICATIONS 
TA= T min - T max, Vcc=+5.0 V, VEE=-5.2 V, V'N=±2.0 V, Vss=-2.0 V, Vsr=+2.0 V, fc!ock=20 MHz, 50% clock duty cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Dynamic Penormance 
Signal-To-Noise Ratio 
(without Harmonics) 

fin=l MHz +25°C 
TA=Tmin-Tmax 

fin=3.58 MHz +25°C 
TA=T min- Tmax 

fin=10.3 MHz +25°C 
T A=T min - T max 

Harmonic Distortion 
fin=l MHz +25°C 

TA=Tmin- Tmax 

fin=3.58 MHz +25°C 
TA=T min- T max 

fin=10.3 MHz +25°C 
TA=T min - T max 

Signal-to-Noise and Distortion 
fin=l MHz +25°C 

TA=Tmin- Tmax 

fin=3.58 MHz +25°C 
TA=Tmin - Tmax 

fin=10.3 MHz +25°C 
TA=Tmin- Tmax 

Spurious Free Dynamic Range +25 °C, fin = 1 MHz 
Differential Phase +25 °C, fin=3.58 & 4.35 MHz 
Differential Gain +25 °C, fin=3.58 & 4.35 MHz 

Digital Inputs 
logic "1" Voltage 
logic "0" Voltage 
Maximum Input Current low 
Maximum Input Current High 
Pulse Width low (ClK) 
Pulse Width High (ClK) 

Digital Outputs 
logic "1" Voltage 500to -2 V 
logic "0" Voltage 50Oto-2V 

Power Supply Requirements 
Voltages Vee 

-VEE 
Currents IcC 

-lEE 
Power Dissipation Outputs Open 
Power Supply Rejection Ratio (5 V ±0.25 V, -5.2 V ±2.0 V) 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST 
LEVEL 

I 
IV 
I 
IV 
I 
IV 

I 
IV 
I 
IV 
I 
IV 

I 
IV 
I 
IV 
I 
IV 

V 
V 
V 

V 
V 
VI 
VI 
IV 
IV 

VI 
VI 

IV 
IV 
VI 
VI 
VI 
V 

SPT7810A SPT7810B 
MIN TYP MAX MIN TYP MAX 

57 60 54 57 
55 58 52 55 
56 58 53 55 
54 56 51 53 
50 53 47 49 
47 50 44 46 

57 60 54 57 
54 57 51 54 
56 58 53 55 
53 55 50 52 
46 48 43 45 
45 47 42 44 

55 57 52 54 
52 49 
54 55 51 52 
51 48 
44 47 41 44 
43 40 

67 67 
0.2 0.2 
0.5 0.7 

-1.1 -1.1 
-1.5 -1.5 

-500 ±200 +750 -500 ±200 +750 
-500 ±300 +750 -500 +300 +750 

20 20 
20 300 20 300 

-1.1 -0.8 -1.1 -0.8 
-1.8 -1.5 -1.8 -1.5 

+4.75 -5.0 +5.25 +4.75 +5.0 +5.25 
-4.95 -5.2 -5.45 -4.95 -5.2 -5.45 

140 170 140 190 
115 140 115 160 
1.3 1.6 1.3 1.8 
1.0 1.0 

UNITS 

dB 
dB 
dB 
dB 
dB 
dB 

dB E 
dB 
dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
dB 
dB 

dB 
Degree 
% 

V 
V 
/lA 
/lA 
ns 
ns 

V 
V 

V 
V 
mA 
mA 
W 
lSB 
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TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

Figure 1 A: Timing Diagram 

TEST LEVEL 

II 

III 

IV 

V 

VI 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 oC, and sample 
tested at the speci!ied temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 

Output 
Data ~1... ___ Da_ta_N_va_li_d __ .....JXI..._D_a~_+_~_al_id 

Figure 1 B: Single Event Clock 

Output 
Data 

Table 1 - Timing Parameters 

PARAMETERS 

lei 

tpwH 

IpwL 
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DESCRIPTION 

elK to Data Valid Prop Delay 

elK High Pulse Width 

elK low Pulse Width 

Data Valid 

MIN TYP MAX UNITS 

- 5 ns 

20 - 300 ns 

20 - - ns 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SNR VB Input Frequency 

101 
Input Frequency (MHz) 

SINAO VB Input Frequency 

101 
Input Frequency (MHz) 

Spectral Response 

15=20 MSPS 

lin = 1 MHz 

3 4 5 6 

Input Frequency (MHz) 
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TYPICAL INTERFACE CIRCUIT 

The SPT781 0 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7810 in 
normal circuit operation. 

The following section provides a description of the pin func
tions and outlines critical performance criteria to consider for 
achieving the optimal device performance. 

POWER SUPPLIES AND GROUNDING 

The SPT781 0 requires the use of two supply voltages, VEE 
and Vee. Both supplies should be treated as analog supply 
sources. This means the VEE and Vee ground returns of the 
device should both be connected to the analog ground 
plane. All other -5.2 V requirements of the external digital 
logiC circuit should be connected to the digital ground plane. 
Each power supply pin should be bypassed as closely as 
possible to the device with .01 j.1F and 10 j.1F capacitors as 
shown in figure 2. 

The two grounds available on the SPT781 0 are AGND and 
DGND. DGND is used only for ECl outputs and is to be 
referenced to the output pulldown voltage. These grounds 
are not tied together internal to the device. The use of ground 
planes is recommended to achieve the best performance of 

Figure 2 - Typical Interface Circuit 
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*R2and R3 
matched to 0.1% 

-2.5 V VFB 

2R 

2R 

2R 

-5-2 V 

the SPT7810. The AGND and the DGND ground planes 
should be separated from each other and only connected 
together at the device through an inductance. DOing this will 
minimize the ground noise pickup. 

VOLTAGE REFERENCI: 

The SPT7810 requires the use of two voltage references: 
VFT and VFB. VFT is the force for the top of the voltage 
reference ladder (+2.5 V typ), VFB (-2.5 V typ) is the force for 
the bottom ofthe voltage reference ladder. Both voltages are 
applied across an internal reference ladder resistance of 800 
ohms. In addition, there are 3 reference ladder taps (VST, VRM 
and V SB). V ST is the sense for the top ofthe reference ladder 
(+2.0 V), VRM is the midpoint of the ladder (0.0 V typ) 
and VSB is the sense for the bottom of the reference 
ladder (-2.0 V). The voltages seen at VST and VSB are the 
true full scale input voltages ofthe device when V FT and V FB 
are driven to the recommended voltages (+2.5 V and -2.5 V 
typical respectively). These points should be used to monitor 
the actual full scale input voltage ofthe device and should hot 
be driven to the expected ideal values as is commonly done 
with standard flash converters. When not being used, a 
decoupling capacitor of .01 uF connected to AGND from 
each tap is recommended to minimize high frequency noise 
injection. 

An example of a reference driver circuit recommended is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 

AGND 
(5VRTN& 
-5.2VRTNj 

) 
f 

DGND 
(-2VRTN) 

D7 

03 

DO(lSB) 

10llF 

.01I-1F 

-l1x50Q 
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tolerance of 0.6% or ± 0.015 V. The potentiometer R1 is 
10 kil and supports a minimum adjustable range of up to 150 
mY. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
VFB. If 0.1 % matching is not met, then potentiometer R4 can 
be used to adjust the VFB voltage to the desired level. R 1 and 
R4 should be adjusted such that VST and VSB are exactly 
+2.0 V and -2.0V respectively. 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy ofthe device will 
degrade if operated beyond a ± 2% range. 

The following errors are defined: 
+FS error = top of ladder offset voltage = a(+FS -VST+ 1 lSB) 
-FS error = bottom of ladder offset voltage = a( -FS -VSB -1 lSB) 

where the +FS (full scale) input voltage is defined as the 
output transition between 1-10 and 1-11 and the -FS input 
voltage is defined as the output transition between 0-00 and 
0-01. 

ANALOG INPUT 
VIN1 and VIN2 are the analog inputs. Both inputs are tied to 
the same point internally. Either one may be used as an 
analog input "sense" and the other for an input ''force.'' The 
inputs can also be tied together and driven from the same 
source. The full scale input range will be 80% of the reference 
voltage or ±2 volts with VFB=-2.5 V and VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due the 
SPT781 O's extremely low input capacitance of only 5 pF and 
very high input resistance of 300 kil. For example, for an input 
signal of± 2 V p-p with an inputfrequency of 10 MHz, the peak 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. 
These outputs are ECl with the output circuit shown in figure 0 

4. The outputs are latched on the rising edge of ClK with a b:~ 
propagation delay of 4 ns. There is a one clock cycle latency 
between ClK and the valid output data (see timing diagram). en 
These digital outputs can drive 50 ohms to ECl levels when 
pulled down to -2 V. The total specified power dissipation of 
the device does not include the power used by these loads. 
The additional power used by these loads can vary between 
10 and 300 mW typically (including the overrange load) 
depending on the output codes. If lower power levels are 3 
desired, the output loads can be reduced, but careful consid
eration to the capacitive loads in relation to the operating 
frequency must be considered. 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUT CODE 
010 09-00 

>+2.0 V + 1/2 LSB 1 11 1111 1111 

+2.0 V -1 lSB 0 11 1111 1110 

O.OV 0 0000000000 

-2.0 V +1 lSB 0 0000000000 

<2.0 V 0 0000000000 

(0 indicates the flickering bit between logic 0 and 1). 

Figure 3 - Output Circuit 

AGND DGND 

,Data Out 

output current required for the driving circuit is only 6281lA. OVERRANGE OUTPUT 

CLOCK INPUT 
The clock inputs (ClK, elK) are designed to be driven 
differentially with ECl levels. The clock may be driven single 
ended since ClK is internally biased to -1 .3 V ClK . may be 
left open, but a .01 IlF bypass capacitor to AGNO is recom
mended. As with all high speed circuits, proper terminations 
are required to avoid signal reflections and possible ringing 
that can cause the device to trigger at an unwanted time. 

The ClK pulse width (tpwH) must be kept between 10 ns and 
300 ns to ensure proper operation of the intemal track-and-hold 
amplifier. (See timing diagram.) When operating the SPT781 0 
at sampling rates above 3 MSPS, it is recommended that the 
clock input duty cycle be kept at 50% to optimize performance. 
The analog input signal is latched on the rising edge ofthe ClK. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input Signal has exceeded the positive full scale input 
voltage by 1 lSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (00 to 09) will remain at logic 1 
as long as 010 remains at logic 1. This feature makes it 
possible to include the SPT781 0 into higher resolution systems. 

EVALUATION BOARD 
The EB7810 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7810. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT781 0 is 
also available. Contact the factory for price and availability. 
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PIN ASSIGNMENT 

0 ,... 
co ..... 
I- 00 a.. en 

01 

02 

03 

04 

05 

06 V1N2 

07 

08 vFT 

09 Vcc 

010 AGNO 

VEE 

elK 
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PIN FUNCTIONS 

NAME FUNCTION 

OGNO Digital Ground 

00-09 ECl Outputs (OO=lSB) 

010 ECl Output Overrange 

ClK Clock Input 

ClK Inverted Clock Input 

VEE -5.2 V Supply 

AGNO Analog Ground 

Vee +5.0 V supply 

VIN1, VIN2 Inputs (lied together at the die) 

VFT Force for Top of Reference ladder 

VST Sense for Top of Reference ladder 

VFB Force for Bottom of Reference ladder 

VSB Sense for Bottom of Reference ladder 

VRM Middle of Reference ladder 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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spr7814 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 40 MSPS, ECl OUTPUT AID CONVERTER 

FEATURES 

• Monolithic 40 MSPS Converter 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• 57 dB SNR @ 3.58 MHz Input 
• 50 dB SNR @ 10.3 MHz Input 
• low Power (1.3 W Typical) 
• 5 pF Input Capacitance 
• ECl Outputs 

GENERAL DESCRIPTION 

The SPT7814 AID converter is a 1 O-bit monolithic converter 
capable of word rates of a minimum of 40 MSPS. On board 
track/hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance of 
only 5 pF. 

Inputs and outputs are ECl to provide a higher level of noise 
immunity in high speed system applications. An overrange 
output signal is provided to indicate overflow conditions. 

BLOCK DIAGRAM 

SPI' 

Analog 
Input Coarse 

AID 

Successive Interpolation 
Stage i+1 

Successive Interpolation 
Stage N 

4755 Forge Road, Co. Springs, CO 80907 
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APPLICATIONS 

• Medical Imaging 
• Professional Video 
• Radar Receivers 
• Instrumentation 
• Electronic Warfare 
• Digital Communications 

Output data format is straight binary. Power dissipation is 
very low at only 1.3 watts with power supply voltages of +5.0 
and -5.2 volts. The SPT7814 also provides a wide input 
voltage swing of ±2.0 volts. 

The SPT7814 is available in a small 28-lead ceramic side
brazed DIP, PDIP, and die form. Commercial and industrial 
temperature ranges are currently offered. Contact the factory 
for availability of military temperature ranges and /833 pro
cessed units. 

4 

to 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25 °C 

Supply Voltages Output 
Vee .......................................................................... +6V Digital Outputs ........................................... +30 to -30 mA 
VEE ....................................................•....................... -6 V 

Temperature 
Input Voltages Operating Temperature .............................. -25 to +85 °C 

Analog Input ............................................... VFB$;VIN~VFT Junction Temperature (1) ............................................. 175 °C 
VFT, VFB .............................................................. +3.0 V, -3.0 V Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Ladder Current .................................... 12 mA Storage Temperature ............................... -65 to +150 °C 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min' T max, Vcc=+5.0 V, VEE=-5.2 V, VIN=±2.0 V, Vse=·2.0 V, VST=+2.0 V, /clocl<=40 MHz, 50% clock duty cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 

Resolution 

De Accuracy (+25 °e) ± Full Scale 
Integral Nonlinearity 250 kHz Sample Rate I 
Differential Nonlinearity I 
No Missing Codes 

Analog Input 
Input Voltage Range VI 
I nput Bias Cu rrent VIN=OV VI 
Input Resistance VI 
Input Capacitance V 
Input Bandwidth 3 dB Small Signal V 
+FS Error V 
-FS Error V 

.Reference Input 
Reference Ladder Resistance VI 
Reference Ladder Tempco V 

Timing Characteristics 
Maximum Conversion Rate VI 
Overvoltage Recovery Time V 
Pipeline Delay (Latency) VI 
Output Delay TA=+25°C V 
Aperture Delay Time TA=+25°C V 
Aperture Jitter Time TA=+25°C V 

Dynamic Performance 
Effective Number of Bits 
fin=1 MHz 
fin=3.58 MHz 
fin=10.3 MHz 

1 Typical thermal impedances: 28L sidebrazed DIP: OJ. = 50 °CIW, 
28L plastiC DIP: OJ. = 50 °CIW. 
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SPT7814A SPT7814B 
MIN TYP MAX MIN TYP MAX UNITS 

10 10 Bits 

±1.0 ±1.5 LSB 
±0.5 ±0.75 LSB 

Guaranteed Guaranteed 

±2.0 ±2.0 
30 60 30 60 J.1A 

100 300 100 300 kn 
5 5 pF 

120 120 MHz 
±2.0 ±2.0 LSB 
±2.0 ±2.0 LSB 

500 800 500 800 n 
0.8 0.8 nl°C 

40 40 MHz 
20 20 ns 

1 1 CkJcko,de 

5 5 ns 
1 1 ns 
5 5 ps-RMS 

8.7 8.2 Bits 
8.7 8.2 Bits 
7.3 6.9 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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ELECTRICAL SPECIFICATIONS 
TA= T min - T max, Vcc=+5.0 v, VEE=-5.2 v, V'N=±2.0 v, Vss=-2.0 v, Vsr-+2.0 v, /clock=40 MHz, 50% clock duty cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Dynamic Performance 
Signal-To-Noise Ratio 
(without Harmonics) 

fin=l MHz +25 ac 
T A= T min - T max 

fin=3.58 MHz +25 aC 
TA::::: T min - T max 

fin=l 0.3 MHz +25°C 
T A= T min - T max 

Harmonic Distortion 
fin=l MHz +25 ac 

TA= T min - T max 

fin=3.58 MHz +25 ac 
T A= T min - T max 

fin=10.3 MHz +25°C 
T A= T min - T max 

Signal-to-Noise and Distortion 
fin=l MHz +25 ac 

TA=Tmin - Tmax 
fin=3.58 MHz +25 ac 

T A= T min - T max 

fin=10.3 MHz +25 ac 
TA=T min- T max 

Spurious Free Dynamic Range +25 ac, fin=l MHz 
Differential Phase +25 ac, fin=3.58 & 4.35 MHz 
Differential Gain +25 ac, fin=3.58 & 4.35 MHz 

Digital Inputs 
Logic "1" Voltage 
logic "0" Voltage 
Maximum Input Current low 
Maximum Input Current High 
Pulse Width low (ClK) 
Pulse Width High (ClK) 

Digital Outputs 
logic "1" Voltage 50 n to -2 V 
logic "0" Voltage 50 n to -2 V 

Power Supply Requirements 
VoltagesVcc 

-VEE 
Currents Icc 

-lEE 
Power Dissipation Outputs Open 
Power Supply Rejection Ratio (5 v ±0.25 v, -5.2 v ±2.0 V) 

SPF 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST 
LEVEL 

I 
IV 
I 
IV 
I 
IV 

I 
IV 
I 
IV 
I 
IV 

I 
IV 
I 
IV 
I 
IV 
V 
V 
V 

V 
V 
VI 
VI 
IV 
IV 

VI 
VI 

IV 
IV 
VI 
VI 
VI 
V 

SPT7814A SPT78148 
MIN TYP MAX MIN TYP MAX 

55 57 52 54 
53 55 50 52 
55 57 52 54 
53 55 50 52 
48 50 46 48 
45 47 43 45 

54 56 52 54 
51 53 49 51 
54 56 52 54 
51 53 49 51 
46 48 43 45 
45 47 41 43 

52 54 49 51 
49 46 
52 54 49 51 
49 46 
44 46 41 43 
43 40 

67 67 
0.2 0.2 
0.5 0.7 

-1.1 -1.1 
-1.5 -1.5 

-500 ±200 +750 -500 ±200 +750 
-500 ±300 +750 -500 +300 +750 

10 10 
10 300 10 300 

-1.1 -0.8 -1.1 -0.8 
-1.8 -1.5 -1.8 -1.5 

+4.75 -5.0 +5.25 +4.75 +5.0 +5.25 
-4.95 -5.2 -5.45 -4.95 -5.2 -5.45 

140 170 140 190 
115 140 115 160 
1.3 1.6 1.3 1.8 
1.0 1.0 

UNITS 

dB 
dB 
dB 
dB 
dB 
dB 

dB E1 
dB 
dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
dB 
dB 
dB 
Degree 
% 

V 
V 
~A 
~A 
ns 
ns 

V 
V 

V 
V 
mA 
mA 
W 
lSB 
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TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A. 

Figure 1 A: Timing Diagram 

II 

III 

IV 

V 

VI 

__ --__ N+1 

ClK 

elK 

Figure 1 B: Single Event Clock 

: E 
tpwH . 

•. E 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 cC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 

N+2 

ClK nmmmnnn"\/ \rm_mnmn"\ I 

ClK Annnmm_}\ A ------' ! --t~--T-------------------------------------------

Output 
Data 

Table 1 - Timing Parameters 

PARAMETERS 

~ 

ipwH 

tpwL 
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DESCRIPTION 

ClK to Data Valid Prop Delay 

ClK High Pulse Width 

ClK low Pulse Width 

~ 

~ ____________ D_a_ta __ V_a_lid ______ __ 

MIN TYP MAX UNITS 

- 5 ns 

10 - 300 ns 

10 - - ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 

The SPT7814 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7814 in 
normal circuit operation. 

The following section provides a description of the pin func
tions and outlines critical performance criteria to consider for 
achieving the optimal device performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7814 requires the use of two supply voltages, VEE 
and Vee. Both supplies should be treated as analog supply 
sources. This means the VEE and Vee ground returns of the 
device should both be connected to the analog ground 
plane. All other -5.2 V requirements of the external digital 
logic circuit should be connected to the digital ground plane. 
Each power supply pin should be bypassed as closely as 
possible to the, device with .01 IlF and 10 IlF capacitors as 
shown in figure 2. 

The two grounds available on the SPT7814 are AGND and 
DGND. DGND is used only for Eel outputs and is to be 
referenced to the output pulldown voltage. These grounds 

Figure 2 - Typical Interface Circuit 

are not tied together internal to the device. The use of ground 
planes is recommended to achieve the best performance of 
the SPT7814. The AGND and the DGND ground planes 
should be separated from each other and only connected 
together at the device through an inductance. Doing this will 
minimize the ground noise pickup. 

VOLTAGE REFERENCE 

The SPT7814 requires the use of two voltage references: VFT 
and VFB. VFT is the force for the top of the voltage reference 
ladder (+2.5 Vtyp), VFB (-2.5 Vtyp) is the force for the bottom 
of the voltage reference ladder. Both voltages are applied 
across an internal reference ladder resistance of 800 ohms. 
In addition, there are 3 reference ladder taps (VST,VRM and 
VSB). VST is the sense for the top of the reference ladder 
(+2.0 V), VRM is the midpoint ofthe ladder (0.0 V typ) and VSB 
is the sense for the bottom of the reference ladder (-2.0 V). 
The voltages seen at VSTand VSB are the true full scale input 
voltages of the device when VFT and VFB are driven to the 
recommended voltages (+2.5 V and -2.5 V typical respec
tively). These points should be used to monitor the actual full 
scale input voltage of the device and should not be driven to 
the expected ideal values as is commonly done with standard 
flash converters. When not being uaed, a decoupling capaci
tor of .01 uF connected to AGND from each tap is recom
mended to minimize high frequency noise injection. 

eLK-IN o--_______ .::CLK'T---.. 

~-+------,----. CD< 

w.," ~~~~~~~~~~~~~~~~~~~,:,,!VIN~' ~~---:T-'~---;~~ A_C 
Input VIN2 

D10(Overtange) 

l 
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An example of a reference driver circuit recommended is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 
tolerance of 0.6% or ± 0.Q15 V. The potentiometer R1 is 
10 kQ and supports a minimum adjustable range of up to 
150 mY. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
VFB. If 0.1 % matching is not met, then potentiometer R4 can 
be used to adjust the VFB voltage to the desired level. R1 and 
R4 should be adjusted such that VST and VSB are exactly 
+2.0 V and -2.0 V respectively. 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy of the device will 
degrade if operated beyond a ± 2% range. 

The following errors are defined: 
+FS error = top of ladder offset voltage = A( +FS -V ST+ 1 lSB) 
-FS error=bottom of ladder offset voltage=A(-FS -VSB -1 lSB) 

where the +FS (full scale) input voltage is defined as the 
output transition between 1-10 and 1-11 and the -FS input 
voltage is defined as the output transition between 0-00 and 
0-01. 

ANALOG INPUT 

VIN1 and VIN2 are the analog inputs. Both inputs are tied to 
the same point internally. Either one may be used as an 
analog input "sense" and the other for an input ''force.'' The 
inputs can also be tied together and driven from the same 
source. The full scale input range will be 80% ofthe reference 
voltage or ±2 volts with VFB=-2.5 V and VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due the 
SPT7814's extremely low input capacitance of only 5 pF and 
very high input resistance of 300 kQ. For example, for an input 
signal of± 2 V p-p with an inputfrequencyof 10 MHz, the peak 
output current required for the driving circuit is only 628lJA. 

CLOCK INPUT 

The clock inputs (ClK,CLK) are designed to be driven differ
entially with ECl levels. The clock may be driven single 
ended since ClK is internally biased to -1.3 VCLK . may be left 
open, but a .01 IlF bypass capacitor to AGNO is recom
mended. As with all high speed circuits, proper terminations 
are required to avoid Signal reflections and possible ringing 
that can cause the device to trigger at an unwanted time. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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The ClK pulse width (tpwH) must be kept between 10 ns and 
300 ns to ensure proper operation of the internal track-and-
hold amplifier. (See timing diagram.) When operating the 
SPT7814 at sampling rates above 3 MSPS, it is recom- "<1". 

mended that the clock input duty cycle be kept at 50% to o..~ 
optimize performance. (See graph.) The analog input signal 
is latched on the rising edge of the ClK. en 

SNR VB Clock Duty Cycle 

~ 
.~ 51 

~ .s 49 .......... +. / •.............. L .............. "........., ............ + ........... , ............. , .............. ;..... I 
~ 
~ 47 

~ ~ ~ % ~ ~ ~ ~ ro ~ 

Duty Cycle of Positive Clock Pulse ('Yo) 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. 
These outputs are ECl with the output circuit shown in figure 
4. The outputs are latched on the rising edge of ClK with a 
propagation delay of 4 ns. There is a one clock cycle latency 
between ClK and the valid output data (see timing diagram). 
These digital outputs can drive 50 ohms to ECl levels when 
pulled down to -2 V. The total specified power dissipation of 
the device does not include the power used by these loads. 
The additional power used by these loads can vary between 
10 and 300 mW typically (including the overrange load) 
depending on the output codes. If lower power levels are 
desired, the output loads can be reduced, but careful consid
eration to the capacitive loads in relation to the operating 
frequency must be considered. 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUT CODE 
010 09-00 

>+2.0 V + 1/2 lSB 1 11 1111 1111 

+2.0 V -1 LSB 0 11 1111 1110 

0.0 V 0 0000000000 

-2.0 V +1 lSB 0 0000000000 

<-2.0 V 0 0000000000 

(0 indicates the flickerin g bit between 10 ic 0 and 1 . g 
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Figure 3 • Output Circuit 

AGND DGND 

Data Out 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 LSB. When this condition occurs, 01 o will switch 
to logic 1. All other data outputs (00 to 09) will remain at logic 1 
as long as 010 remains at logic 1. This feature makes it 
possible to include the SPT7814 into higher resolution 
systems. 
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EVALUATION BOARD 

The EB7814 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7814. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7814 is 
also available. Contact the factory for price and availability. 

4755 Forge Road, Co. Springs, CO 80907 SPJ'. 
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PIN ASSIGNMENT 

SPI' 

VFT 

Vcc 

AGND 

elK 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

NAME FUNCTION 
"<t 

DGND Digital Ground a; 
j::: 

DO-D9 ECl Outputs (DO=lSB) Q.. 
en 

D10 ECl Output Overrange 

ClK Clock Input 

ClK Inverted Clock Input 

VEE -5.2 V Supply 

AGND Analog Ground 

Vee +5.0 V supply 

VIN1, VIN2 Inputs (tied together at the die) 

VFT Force for Top of Reference ladder 

VST Sense for Top of Reference ladder 

VFB Force for Bottom of Reference ladder 

VSB Sense for Bottom of Reference ladder 

VRM Middle of Reference ladder 
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SPI'7820 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 20 MSPS, TTL OUTPUT, AID CONVERTER 

FEATURES 

• Monolithic 20 MSPS Converter 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• 60 dB SNR @ 1 MHz Input 
• Low Power (1.0 W Typical) 
• 5 pF Input Capacitance 
• TTL Outputs 

GENERAL DESCRIPTION 

The SPT7820 AID converter is a 1 O-bit monolithic converter 
capable of word rates of a minimum of 20 MSPS. On board 
track/hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance of 
only 5 pF. 

Inputs and outputs are TTL compatible to interface with TTL 
logic systems. An overrange output signal is provided to 

BLOCK DIAGRAM 

SPI' 

Analog 
Input 

Successive Interpolation 
Stage i+l 

Successive Interpolation 
Stage N 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

• Medical Imaging 
• Professional Video 
• Radar Receivers 
• Instrumentation 
• Electronic Warfare 
• Digital Communications 

indicate overflow conditions. Output data format is straight 
binary. Power dissipation is very low at only 1.0 watt with 
power supply voltages of +5.0 and -5.2 volts. The SPT7820 
also provides a wide input voltage swing of ±2.0 volts. 

The SPT7820 is available in a 28-lead ceramic sidebrazed 
DIP, PDIP, LCC, and SOIC packages in commercial, indus
trial and military temperature ranges. The SPT7820 is 
available in an /883 version in 28L DIP, and it is available 
in die form. 

10 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)125 °C 

o Supply Voltages Output 
~ Vvee .......................................................................... +66 Vv 
::;:: EE···················································· ........................ -

Digital Outputs .......................................... +30 to -30 rnA 

Temperature C/) 

Input Voltages Operating Temperature ............................ -55 to +125 °t 
Analog Input ............................................... VFB~VIN~VFT Junction Temperature1 ................................................. 175 °C 
VFT, VFB .............................................................. +3.0 V, -3.0 V Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Ladder Current .................................... 12 rnA Storage Temperature ............................... -65 to +150 °C 

> CLK Input .................................................................. Vee 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min - T max. VCC=+S.O V. VEE=-S.2 V. DVcc=+S.O V. VIN=±2.0 V. VSB=·2.0 V. Vsr=+2.0 v. /cloci<=20 MHz. SO% clock duty cycle. unless otherwise 
specified. 

TEST TEST SPT7820A 
PARAMETERS CONDITIONS LEVEL MIN TYP 

Resolution 10 

DC Accuracy (+25 °C) +/- Full Scale 
Integral Nonlinearity 250 kHz Sample Rate I ±1.0 
Differential Nonlinearity I ±0.5 
No Missing Codes Guaranteed 

Analog Input 
Input Voltage Range VI ±2.0 
Input Bias Current VIN=OV VI 30 
Input Bias Current TA=-55 to +125 °C VI 
Input Resistance VI 100 300 
Input Resistance -55 to +125 °C VI 75 300 
Input Capacitance V 5 
Input Bandwidth 3 dB Small Signal V 120 
+FS Error V ±2.0 
-FS Error V ±2.0 

Reference Input 
Reference Ladder Resistance VI 500 800 
Reference Ladder Tempco V 0.8 

Timing Characteristics 
Maximum Conversion Rate VI 20 
Overvoltage Recovery Time V 20 
Pipeline Delay (Latency) VI 
Output Delay TA=+25°C V 14 
Aperture Delay Time TA=+25°C V 1 
Aper\ure Jitter Time TA=+25°C V 5 
AcquisHion Time TA=+25°C V 20 

Dynamic Performance 
Effective Number of Bits 

fin=1 MHz 9.2 
fin=3.58 MHz 8.8 
fin=10.0 MHz 7.5 

1 Typical thermal impedances (unsoldered, in free air): 28L sidebrazed DIP: Bia = 50 °CIW, 
28L LCC: Bia = 99 °CIW, 28L plastiC DIP: Bia = 50 °CIW, 28L SOIC: Bia = 100 °CIW. 

SPT7820B 
MAX MIN TYP MAX UNITS 

10 Bits 

±1.5 LSB 
±0.75 LSB 

Guaranteed 

±2.0 V 
60 30 60 IJ.A 
75 75 IJ.A 

100 300 k.Q 
75 300 k.Q 

5 pF 
120 MHz 
±2.0 LSB 
±2.0 LSB 

500 800 n 
0.8 nl°C 

20 MHz 
20 ns 

1 1 Clock Cycle 
18 14 18 ns 

1 ns 
5 ps-RMS 
20 ns 

8.7 Bits 
8.3 Bits 
7.0 Bits 
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ELECTRICAL SPECIFICATIONS 
TA= T min - T max, Vcc=+5.0 v, VEE=-5.2 v, DVcc=+5.0 v, VIN=±2.0 v, VSB=-2.0 v, Vsr=+2.0 v, fclock=20 MHz, 50% clock duty cycle, unless otherwise 
specified. 

TEST 
PARAMETERS CONDITIONS 

Dynamic Performance 
Signal-To-Noise Ratio 
(without Harmonics) 

fin=1 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to +125 °C· 

fin=3.58 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to + 125°C· 

fin=10.0 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to +125 °C· 

Harmonic Distortion 
fin=1 MHz +25°C 

(0-70, -25 to +85 0C) 
-55 to +125 °C· 

fin=3.58 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to +125 °C· 

fin=10.0 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to +125 °C· 

Signal-te-Noise and Distortion 
fin=1 MHz +25°C 

(0-70, -25 to +85 °C) 
-55 to + 125°C· 

fin=3.58 MHz +25°C 
(0-70, -25 to +85 °C) 
-55 to +125 °C· 

fin=10.0 MHz +25°C 
(0-70, -25 to +85 0C) 
-55 to +125 °C· 

Spurious Free Dynamic Range +25 °C, fin = 1 MHz 
Differential Phase +25 °C, fin = 3.58 & 4.35 MHz 
Differential Gain +25 °C, fin = 3.58 & 4.35 MHz 

Digitallnputs 
Logic "1" Voltage 
Logic "0" Voltage 
Maximum Input Current Low +25°C 
Maximum Input Current High +25°C 
Pulse Width Low (CLK) 
Pulse Width High (CLK) 

Digital Outputs 
Logic "1" Voltage 
Logic "0" Voltage 

Power Supply Requirements 
Voltages Vee 

DVee 
-VEE 

Currents lee 
Dlee 
-lEE 

Power Dissipation 
Power Supply Rejection (5 V ±0.25 V, -5.2 ±0.25 V) 

*Temperature tested MIL and 1883 only. 

SPT 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST 
LEVEL MIN 

I 57 
IV 55 
I 52 
I 56 

IV 54 
I 52 
I 50 

IV 47 
I 43 

I 57 
IV 54 
I 50 
I 56 

IV 53 
I 50 
I 46 

IV 45 
I 45 

I 55 
IV 52 
I 48 
I 54 

IV 51 
I 48 
I 44 

IV 43 
I 41 
V 
V 
V 

V 2.4 
V 
IV 0 
IV 0 
IV 20 
IV 20 

IV 2.4 
IV 

IV 4.75 
IV 4.75 
IV -4.95 
VI 
VI 
VI 
VI 
V 

SPT7820A SPT7820B 
TYP MAX MIN TYP MAX UNITS 

60 54 57 dB 
58 52 55 dB 
55 49 52 dB 
58 53 55 dB 
56 51 53 dB 
54 49 51 dB 
53 47 49 dB 
50 44 46 dB 
46 40 42 dB 

60 54 57 dB 
57 51 54 dB 
53 47 50 dB 
58 53 55 dB 
55 50 52 dB 
52 47 49 dB 
48 43 45 dB 
47 42 44 dB 
47 42 44 dB 

57 52 54 dB 
49 dB 
45 dB 

55 51 52 dB 
48 dB 
45 dB 

47 41 44 dB 
40 dB 
38 dB 

67 67 dB 
0.2 0.2 Degree 
0.5 0.7 % 

4.5 2.4 4.0 V 
0.8 0.8 V 

+5 +20 0 +5 +20 IlA 
+5 +20 0 +5 +20 j.lA 

20 ns 
300 20 300 ns 

2.4 V 
0.6 0.6 V 

5.25 4.75 5.25 V 
5.0 5.25 4.75 5.0 5.25 V 

-5.2 -5.45 -4.95 -5.2 -5.45 V 
118 145 118 145 rnA 
40 55 40 55 rnA 
40 57 40 57 rnA 
1.0 1.3 1.0 1.3 W 
1.0 1.0 LSB 
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TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
~ following conditions: II 

100% production tested at the specified temperature. 

100% production tested at TA=25 oC, and sample 
tested at the specified temperatures. ~ 

C/) 
All parameters having min/max specifications 
are guaranteed. The Test level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A. 

Figure 1 A: Timing Diagram 

III 

IV 

V 

VI 

N ------N+1 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 °C. Parameter is 
guaranteed over specified temperature range. 

N+2 

---1,---nl-n -1,- --,n -\ ---n -J------t 
i W 

elK 

O~~~t _N_-_2_--'X ..... ___ N_-_1 __ --'~I.... ___ D_at_'aNc:.v_a_lid __ ....JX Da~+~alid 
Figure 1 B: Single Event Clock 

elK 
/ \ / -------r-----'------[------------------· 

! td i 
~ 

Output 
Data ~ DataVaUd 

Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION MIN TYP 

td elK to Data Valid Prop Delay - 14 

tpwH elK High Pulse Width 20 -

IpwL elK low Pulse Width 20 -

MAX 

18 

300 

-

UNITS 

ns 

ns 

ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 

The SPT7820 requires few external components to achieve 
o the stated operation and performance. Figure 2 shows the 
~ I'- typical interface requirements when using the SPT7820 in 
Ii: normal circuit operation. The following section provides a 
(J) description of the pin functions and outlines critical perfor-

mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7820 requires -5.2 V and +5 V analog supply 
voltages. The +5 V supply is common to analog Vee and 
digital DVce. A ferrite bead in series with each supply line is 
intended to reduce the transient noise injected into the 
analog Vee. These beads should be connected as closely as 
possible to the device. The connection between the beads 
and the SPT7820 should not be shared with any other 
device. Each power supply pin should be bypassed as 
closely as possible to the device. Use 0.1 I!F for VEE and 
Vee, and 0.01 I!F for DVee (chip caps are preferred). 

AGND and DGND are the two grounds available on the 
SPT7820. These two internal grounds are isolated on the 

Figure 2 • Typical Interface Circuit 
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Rl 

ClK 
(lTL) lOOn 

V,N 
:t2.5 V MAX 

(.:1 V) 

.5V 

C3 
.01IJF 

.5V 

NOTES: 

1) D1 = Schottky or hot carrier diode 

2) FB = Ferrite bead, Fair Rite PIN 2743001111 
to be mounted as closely to the device as possible. The ferrite 
bead to ADC connection should not be shared with any other device. 

3) C1·C11 = Chip cap (recommended) mounted as closely 
to device's pin as possible. 

4) Use of a separate supply for Vee and DVcc is not recommended. 

5) R1 provides current limiting to 45 mAo 

ClK 

V,N 

VFT 

VST 

VRM 

device. The use of ground planes is recommended to achieve 
optimum device performance. DGND is needed for the DVee 
return path (40 mA typical) and for the return path for all digital 
output logic interfaces. AGND and DGND should be sepa
rated from each other and connected together only at the 
device through a ferrite bead. 

A Schottky or hot carrier diode connected between AGND 
and VEE is required. The use of separate power supplies 
between Vee and DVee is not recommended due to potential 
power supply sequencing latch-Up conditions. Using the 
recommended interface circuit shown in figure 2 will provide 
optimum device performance for the SPT7820. 

VOLTAGE REFERENCE 

The SPT7820 requires the use of two voltage references: 
VFT and VFB. VFT is the force for the top of the voltage 
reference ladder (+2.5 V typ) , VFB (-2.5 V typ) is the force for 
the bottom ofthe voltage reference ladder. Both voltages are 
applied across an internal reference ladder resistance of 
800 n. The +2.5 V voltage source for reference VFT must be 
current limited to 20 mA maximum if a different driving circuit 
is used in place of the recommended reference circuit shown 
in figures 2 and 3. In addition, there are three reference 

2R 

2R 

-5.2 V AGND 
.5V 

(Analog) 
DGNO 

010 

DO 

06 

05 

D. 

03 

02 

00 

n 
Overran e 

(MSB) 

LSB J 
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ladder taps (VST, VRM and VsB). VST is the sense for the top 
of the reference ladder (+2.0 V), VRM is the midpoint of the 
ladder (0.0 V typ) and VSB is the sense for the bottom of the 
reference ladder (-2.0 V). The voltages seen at VST and VSB 
are the true full scale input voltages of the device when VFT 
and VFB are driven to the recommended voltages (+2.5 V and 
-2.5 V typical respectively). These points should be used to 
monitor the actual full scale input voltage of the device and 
should not be driven to the expected ideal values as is 
commonly done with standard flash converters. When not 
being used, a decoupling capacitor of .01 j.lF (chip cap 
preferred) connected to AGNO from each tap is recom
mended to minimize high frequency noise injection. 

Figure 3 - Analog Equivalent Input Circuit 

VCC 

Co 
OJ 

VIN " til 

~ a. 

'" 0 
OJ 
c « 

VEE 

VFT 

An example of a reference driver circuit recommended is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 
tolerance of 0.6% or +/- 0.015 V. The potentiometer R1 is 
10 kn and supports a minimum adjustable range of up to 
150 mV. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
VFB. If 0.1 % matching is not met, then potentiometer R4 can 
be used to adjust the VFB voltage to the desired level. VFT and 
VFB should be adjusted such that VST and VSB are exactly 
+2.0 V and -2.0 V respectively. 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy ofthe device will 
degrade if operated beyond a ± 2% range. 

The following errors are defined: 
+FS error = top of ladder offset voltage = ~(+FS -VST+ 1 lSB) 
-FS error = bottom of ladder offset voltage = ~(-FS -VSB -1 lSB) 
where the +FS (full scale) input voltage is defined as the output 
transition between 1-10 and 1-11 and the -FS input voltage is 
defined as the output transition between 0-00 and 0-01. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

ANALOG INPUT 

VIN is the analog input. The full scale input range will be 80% 
of the reference voltage or ±2 volts with VFB=-2.5 V and 
VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due to the 
SPT7820's extremely low input capacitance of only 5 pF and 
very high input resistance of 300 kn. For example, for an 
input signal of ±2 V pop with an input frequency of 10 MHz, 
the peak output current required for the driving circuit is only 
628 j.LA. 

CLOCK INPUT 

The SPT7820 is driven from a single-ended TTL input (ClK). 
The ClK pulse width (tpwH) must be kept between 20 ns and 
300 ns to ensure proper operation of the internal track-and
hold amplifier. (See timing diagram.) When operating the 
SPT7820 at sampling rates above 3 MSPS, it is recom
mended that the clock input duty cycle be kept at 50% but 
performance will not be degraded if kept within the range of 
40-60%. The analog input signal is latched on the rising edge 
of the ClK. 

The clock input must be driven from fast TTL logic (VIH 
~4.5 V, TRISE <6 ns). In the event the clock is driven from a 
high current source, use a 100 n resistor in series to current 
limit to approximately 45 mA. 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK 
with a propagation delay of 14 ns (typ). There is a one clock 
cycle latency between ClK and the valid output data. (See 
timing diagram.) 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
010 09-00 

>+2.0 V + 1/2 LSB 1 11 1111 1111 

+2.0 V -1 LSB 0 11 1111 1110 

O.OV 0 0000000000 

-2.0 V +1 LSB 0 0000000000 

<2.0 V 0 0000000000 

(0 indicates the flickering bit between logiC 0 and 1). 

The rise times and fall times of the digital outputs are not 
symmetrical. The propagation delay of the rise time is typi
cally 14 ns and the fall time is typically 6 ns. (See figure 4.) 
The nonsymmetrical rise and fall times create approximately 
8 ns of invalid data. 
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Figure 4 - Digital Output Characteristics 
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The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 LSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (DO to 09) will remain at 
logic 1 as long as 010 remains at logic 1. This feature makes 
it possible to include the SPT7820 into higher resolution 
systems. 
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EVALUATION BOARD 

The EB7820 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7820. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note ,describing the operation of this 
board as well as information on the testing of the SPT7820 is 
also available. Contact the factory for price and availability. 
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PIN ASSIGNMENTS 

rNa:; 

00 VEE 

01 AGNO 

CC1 Va:; 

DB VAl 

D4 Vsa 

[l; VR.1 

D6 

IJ7 V sr 
00 

VFT 

D9 
Va:; 

010 
AGNO 

SOIC 

• 
DGND DO D1 D2 D3 D4 D5 06 D7 DB 00 010 OOND DVoc 

PIN FUNCTIONS 
NAME 

DGND 

DO-D9 

D10 

ClK 

VEE 

AGND 

Vee 

SPI' 

FUNCTION 

Digital Ground 

TTL Outputs (DO=lSB) 

TTL Output Overrange 

Clock 

-5.2 V Supply (Analog) 

Analog Ground 

+5.0 V supply (Analog) 
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NAME 

VIN 

DVee 

VRM 

VFT 

VST 

VFB 

VSB 

o 
C\I 

02 01 DO DONO DVee V" AGND ~ 
trt:fw[~r~~rY~ C/) 

M 5 • _ 

TOP VIEW 
Lee 

010 DGNO OVec elK VEE AGND Vee 

FUNCTION 

Analog Input 

Digital +5.0 V Supply 

V" 

V,. 

Middle of Voltage Reference ladder 

Force for Top of Reference ladder 

Sense for Top of Reference ladder 

Force for Bottom of Reference ladder 

Sense for Bottom of Reference ladder 
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SPI'7824 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 40 MSPS, TTL OUTPUT AID CONVERTER 

FEATURES 

• Monolithic 40 MSPS Converter 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• 57 dB SNR @ 3.58 MHz Input 
• Low Power (1.0 W Typical) 
• 5 pF Input Capacitance 
• TTL Outputs 

GENERAL DESCRIPTION 

The SPT7824 AID converter is a 1 O-bit monolithic converter 
capable of word rates a minimum of 40 MSPS. On board 
track/hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance of 
only 5 pF. 

Inputs and outputs are TTL compatible to interface with TTL 
logic systems. An overrange output signal is provided to 

BLOCK DIAGRAM 

SPI' 

Analog 
Input 

Successive Interpolation 
Stage i 

Successive Interpolation 
Stage i+1 

Successive Interpolation 
Stage N 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

• Medical Imaging 
• Professional Video 
• Radar Receivers 
• Instrumentation 
• Electronic Warfare 
• Digital Communications 

indicate overflow conditions. Output data format is straight 
binary. Power dissipation is very low at only 1.0 watt with 
power supply voltages of +5.0 and -5.2 volts. The SPT7824 
also provides a wide input voltage swing of ±2.0 volts. 

The SPT7824 is available in a 28-lead ceramic sidebrazed DI P, 
PDIP, LCC, and SOIC packages in commercial, industrial and 
military temperature ranges. The SPT7824 is available in an 
/883 version in 28L DIP, and it is available in die form. 

10 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS {Beyond which damage may occur)1 25 °C 

Supply Voltages Output 
Vee .......................................................................... +6V Digital Outputs ........................................... +30 to -30 rnA 
VEE ............................................................................ -6 V 

Temperature 
Input Voltages Operating Temperature ............................ -55 to + 125°C 

Analog Input ............................................... VFBS;VINS;VFT Junction Temperature1 ................................................. 175 °c 
VFT, VFB .............................................................. +3.0 V, -3.0 V lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference ladder Current .................................... 12 rnA Storage Temperature ............................... -65 to + 150°C 
ClK Input .................................................................. Vee 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min - T max, VCC=+5.0 V, VEE=-5.2 V, DVCC=+5.0 V, VIN=±2.0 V, VSB=-2.0 V, VSr-=+2.0 V, fclock=40 MHz, 50% clock duty cycle, unless otherwise 
specified. 

TEST TEST SPT7824A 
PARAMETERS CONDITIONS LEVEL MIN TYP 

Resolution 10 

De Accuracy (+25 °C) +/- Full Scale 
Integral Nonlinearity . 250 kHz Sample Rate I ±1.0 
Differential Nonlinearity I ±0.5 
No Missing Codes Guaranteed 

Analog Input 
Input Voltage Range VI ±2.0 
Input Bias Current VIN=OV VI 30 
Input Bias Current TA=-55 to +125 °C VI 
Input Resistance VI 100 300 
Input Resistance -55 to +125 °C VI 75 300 
Input Capacitance V 5 
Input Bandwidth 3 dB Small Signal V 120 
+FS Error V ±2.0 
-FS Error V ±2.0 

Reference Input 
Reference Ladder Resistance VI 500 800 
Reference Ladder Tempco V 0.8 

Timing Characteristics 
Maximum Conversion Rate VI 40 
Overvoltage Recovery Time V 20 
Pipeline Delay (Latency) VI 1 
Output Delay TA=+25°C V 14 
Aperture Delay Time TA=+25°C V 1 
Aperture Jitter Time TA=+25°C V 5 
Acquisition Time TA=+25°C V 12 

Dynamic Performance 
Effective Number of Bits 

fin=1 MHz 
fin=3.58 MHz 
fin=10.0 MHz 

1 Typical thermal impedances (unsoldered, in free air): 28L sidebrazed DIP: 9ja = 50 °CIW, 
28L LCC: 9ja = 99 °CIW, 28L plastic DIP: 9ja = 50°CIW, 28L SOIC. 

SPT7824B 
MAX MIN TYP MAX UNITS 

10 Bits 

±1.5 LSB 
±0.75 LSB 

Guaranteed 

±2.0 V 
60 30 60 IlA 
75 75 J.1A 

100 300 kn 
75 300 kn 

5 pF 
120 MHz 

±2.0 LSB 
±2.0 LSB 

500 800 n 
0.8 O/°C 

40 MHz 
20 ns 

1 Clock Cycle 
18 14 18 ns 

1 ns 
5 ps-RMS 

12 ns 

8.7 8.2 Bits 
8.7 8.2 Bits 
7.3 6.9 Bits 
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ELECTRICAL SPECIFICATIONS 
TA= T MIN-TMAJ(, Vcc=+5.0 v, VEE=-5.2 V, DVcc=+5.0 v, VIN=:t2.0 v, Vss=-2.0 v, VST=+2.0 V, jclock=40 MHz, 50% clock duty cycle unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Dynamic Performance 
Signal-To-Noise Ratio 
(without Harmonics) 

fin=1 MHz +25°C 
(0 to 70, -25 to +85 0C) 
-55 to +125 DC' 

fin=3.58 MHz +25°C 
(0 to 70, -25 to +85 0C) 
-55 to +125 DC' 

fin=10.0 MHz +25°C 
(0 to 70, -25 to +85 DC) 
-55 to +125 DC' 

Harmonic Distortion 
fin=1 MHz +25°C 

(0 to 70, -25 to +85 DC) 
-55 to +125 DC' 

fin=3.58 MHz +25°C 
(0 to 70, -25 to +85 DC) 
-55 to +125 DC' 

fin=10.0 MHz +25°C 
(0 to 70, -25 to +85 0C) 
-55 to + 125°C' 

Signal-to-Noise and Distortion 
fin=1 MHz +25°C 

(0 to 70, -25 to +85 DC) 
-55 to +125 DC' 

fin=3.58 MHz +25°C 
(0 to 70, -25 to +85 DC) 
-55 to + 125°C' 

fin=10.0 MHz +25°C 
(0 to 70, -25 to +85 0C) 
-55 to +125 DC' 

Spurious Free Dynamic Range +25 DC, fin = 1 MHz 
Differential Phase +25°C 
Differential Gain +25 DC, fin = 3.58 & 4.35 MHz 

Digital Inputs 
Logic "1" Voltage 
Logic "0" Voltage 
Maximum Input Current low +25°C 
Maximum Input Current High +25°C 
Pulse Width low (ClK) 
Pulse Width High (ClK) 

Digital Outputs 
Logic "1" Voltage 
Logic "0" Voltage 

Power Supply Requirements 
Voltages Vee 

DVcc 
-VEE 

Currents Icc 
Dice 
-lEE 

Power Dissipation 
Power Supply Rejection (5 V ±0.25 V, -5.2 V ±0.25 V) . Temperature tested MIL and /883 only . 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST 
LEVEL MIN 

I 55 
IV 53 
I 49 
I 55 
IV 53 
I 49 
I 48 
IV 45 
I 41 

I 54 
IV 51 
I 50 
I 54 
IV 51 
I 50 
I 46 
IV 45 
I 44 

I 52 
IV 49 
I 48 
I 52 
IV 49 
I 48 
I 44 
IV 43 
I 40 
V 
V 
V 

V 2.4 
V 
IV 0 
IV 0 
IV 10 
IV 10 

IV 2.4 
IV 

IV 4.75 
IV 4.75 
IV -4.95 
VI 
VI 
VI 
VI 
V 

SPT7824A SPT7824B 
TYP MAX MIN TYP MAX UNITS 

57 52 54 dB 
55 50 52 dB 
51 46 48 dB 
57 52 54 dB 
55 50 52 dB 
51 46 48 dB 
50 46 48 dB 
47 43 45 dB 
43 39 41 dB 

56 52 54 dB 
53 49 51 dB 
52 48 50 dB 
56 52 54 dB 
53 49 51 dB 
52 48 50 dB 
48 43 45 dB 
47 41 44 dB 
46 40 42 dB 

54 49 51 dB 
46 dB 
45 dB 

54 49 51 dB 
46 dB 
45 dB 

46 41 43 dB 
40 dB 
37 dB 

67 67 dB 
0.2 0.2 Degree 
0.5 0.7 % 

4.5 2.4 4.0 V 
0.8 0.8 V 

+5 +20 0 +5 +20 /lA 
+5 +20 0 +5 +20 /lA 

10 ns 
300 10 300 ns 

2.4 V 
0.6 0.6 V 

5.25 4.75 5.25 V 
5.0 5.25 4.75 5.0 5.25 V 

-5.2 -5.45 -4.95 -5.2 -5.45 V 
118 145 118 145 mA 
40 55 40 55 mA 
40 57 40 57 mA 
1.0 1.3 1.0 1.3 W 
1.0 1.0 LSB 
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TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

Figure 1 A - Timing Diagram 

TEST LEVEL 

II 

III 

IV 

V 

VI 

N 
~ _____ N+1 

, 
, 

, , 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 cC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 

N+2 , 

j: _t~H_ :\~ _~~ ~n n n \ ___ n -1-- n n \ ___ 

elK 

! !~ 

O~~~t ~~~N~-2~~~~=XL ____ N_-_1 __ ~~~~~~~~D~at~aN:v~a~lid~~~~~X Da~+~alid 

Figure 18 - Single Event Clock 

elK - - - - - - -/ - - - - - \ - - - - - -J ------------------. 
! td ! 
~ 

Output Data Valid 
Data= 

Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION MIN TYP MAX 

td elK to Data Valid Prop Delay - 14 18 

tpwH elK High Pulse Width 10 - 300 

tpwL elK low Pulse Width 10 - -

UNITS 

ns 

ns 

ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 

'<t 
THO vs Input Frequency SNR vs Input Frequency C\J co 
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TYPICAL INTERFACE CIRCUIT 

The SPT7824 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7824 in 
normal circuit operation. The following section provides a 
description of the pin functions and outlines critical perfor
mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7824 requires -5.2 V and +5 V analog supply 
voltages. The +5 V supply is common to analog Vee and 
digital DVee. A ferrite bead in series with each supply line is 
intended to reduce the transient noise injected into the analog 
Vee. These beads should be connected as closely as pos
sible to the device. The connection between the. beads and 
the SPT7824 should not be shared with any other device. 
Each power supply pin should be bypassed as closely as 
possible to the device. Use 0.1 IlF for VEE and Vee, and 
0.01 IlF for DVee (chip caps are preferred). 

Figure 2 - Typical Interface Circuit 

R1 

eLK 
(ITL) 100n: 

V,N 
±2.5VMAX 

("V) 

+5V 

+5V'-....L.....,.-~ 

NOTES: 

1) 01 = Schottky or hot carrier diode 

2) FB = Ferrite bead, Fair Rite PIN 2743001111 
to be mounted as closely to the device as possible. The ferrite 
bead to AOC connection should not be shared with any other device. 

3) Cl-Cll = Chip cap (recommended) mounted as closely 
to device's pin as possible. 

4) Use of a separate supply for Vcc and OVcc is not recommended. 

5) Rl provides currenllimiling 10 45 rnA. 
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CLK 

V,N 

AGND and DGND are the two grounds available on the 
SPT7824. These two internal grounds are isolated on the 
device. The use of ground planes is recommended to achieve 
optimum device performance. DGND is needed forthe DVee 
return path (40 mA typical) and for the return path for all digital 
output logic interfaces. AGND and DGND should be sepa
rated from each other and connected together only at the 
device through a ferrite bead. 

A Schottky or hot carrier diode connected between AGND 
and VEE is required. The use of separate power supplies 
between Vee and DVee is not recommended due to potential 
power supply sequencing latch-up conditions. Using the 
recommended interface circuit shown in figure 2 will provide 
optimum device performance for the SPT7824. 

-S.2V AGND 
+5V 

(Analog) 
DGNO 

010 

os 

07 

06 

os 

D4 

03 

D2 

01 

DO 

Overran e 

(MSS) 

LSS U 
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VOLTAGE REFERENCE 

The SPT7824 requires the use of two voltage references: 
VFT and VFB. VFT is the force for the top of the voltage 
reference ladder (+2.5 V typ), VFB (-2.5 V typ) is the force for 
the bottom of the voltage reference ladder. Both voltages are 
applied across an internal reference ladder resistance of 
800 ohms. The +2.5 V voltage source for reference VFT must 
be current limited to 20 mA maximum if a different driving 
circuit is used in place of the recommended reference circuit 
shown in figures 2 and 3. In addition, there are three 
reference ladder taps (V ST, V RM and V SB). V ST is the sense for 
the top of the reference ladder (+2.0 V), VRM is the midpoint 
of the ladder (0.0 V typ) and VSB is the sense for the bottom 
ofthe reference ladder (-2.0 V). The voltages seen at VST and 
VSB are the true full scale input voltages of the device when 
V FT and VFB are driven to the recommended voltages (+2.5 V 
and -2.5 V typical respectively). These points should be used 
to monitor the actual full scale input voltage of the device and 
should not be driven to the expected ideal values as is 
commonly done with standard flash converters. When not 
being used, a decoupling capacitor of .01 uF (chip carrier 
preferred) connected to AGND from each tap is recommended 
to minimize high frequency noise injection. 

Figure 3 • Analog Equivalent Input Circuit 

Vee 

V,N --+--+--1 1--_- VFT 

An example of a reference driver circuit recommended is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 
tolerance of 0.6% or +/- 0.015 V. The potentiometer R1 is 
10 kQ and supports a minimum adjustable range of up to 
150 mY. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 LSB matching between VFT and 
VFB. If 0.1 % matching is not met, then potentiometer R4 can 
be used to adjustthe VFB voltage to the desired level. VFT and 
VFB should be adjusted such that VST and VSB are exactly 
+2.0 V and -2.0 V respectively. 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How-

SPr 4755 Forge Road, Co. Springs, CO 80907 
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ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy ofthe device will 
degrade if operated beyond a ± 2% range. 

The following errors are defined: 
+FS error = top of ladder offset voltage = ~(+FS -V ST+ 1 LSB) 
-FS error = bottom of ladder offset voltage = ~-FS-VSB-1 LSB) 
where the +FS (full scale) input voltage is defined as the 
output transition between 1-10 and 1-11 and the -FS input 
voltage is defined as the output transition between 0-00 and 
0-01. 

ANALOG INPUT 

VIN is the analog input. The full scale input range will be 80% of 
the reference voltage or±2 V with VFB=-2.5 V and VFi-+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due to the 
SPT7824's extremely low input capacitance of only 5 pF and 
very high input resistance of 300 kQ. For example, for an input 
Signal of ± 2 V pop with an input frequency of 10 MHz, the peak 
output current required for the driving circuit is only 628 !lAo 

CLOCK INPUT 

The SPT7824 is driven from a single-ended TTL input (CLK). 
The CLK pulse width (tpwH) must be kept between 10 ns and 
300 ns to ensure proper operation of the internal track-and
hold amplifier. (See timing diagram.) When operating the 
SPT7824 at sampling rates above 3 MSPS, it is recom
mended that the clock input duty cycle be kept at 50% to 
optimize performance. (See figure 4.) The analog input 
signal is latched on the rising edge of the CLK. 

The clock input must be driven from fast TTL logic (VIH :'>4.5 V, 
TRISE <6 ns). In the event the clock is driven from a high 
current source, use a 100 Q resistor in series to current limit 
to approximately 45 mA. 

Figure 4 • SNR vs Clock Duty Cycle 
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DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. (See 
.... table 2.) The outputs are latched on the rising edge of ClK 

a.~ with a propagation delay of 14 ns (typ). There is a one clock 
cycle latency between CLK and the valid output data. (See 

rn timing diagram.) 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
010 09-00 

>+2.0 V + 1/2 LSB 1 11 1111 1111 

+2.0 V -1 LSB 0 11 1111 111121 

0.0 V 0 0000000000 

-2.0 V +1 LSB 0 0000000000 

<2.0 V 0 0000000000 

(0 Indicates the flickering bit between logic 0 and 1). 

The rise times and fall times of the digital outputs are not 
symmetrical. The propagation delay of the rise time is typi
cally 14 nS,and the fall time is typically 6 ns. (See figure 5.) 
The nonsymmetrical rise and fall times create approximately 
8 ns of invalid data. 

Figure 5 - Digital Output Characteristics 

elKin 

Data Out 
(Actual) 

Data Out 
(Equivalent) 
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2.4V 1 -

3.SV 

2.4 V 

O.BV 
O.SV 

6ns 
typo 

" 'I~~;iid"~ (N-2) ~ 
'"" 

tod1 
(14 ns typ.) 

I 
I~ I 

(N-2) ~ Invalid 
I: Data ~ 
:t. ................................. 

OVER RANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 LSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (DO to 09) will remain at 
logic 1 as long as 010 remains at logic 1. This feature makes 
it possible to include the SPT7824 into higher resolution 
systems. 

EVALUATION BOARD 

The EB7824 Evaluation Board is available to aid designers in 
demonstrating the full performance of the SPT7824. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7824 is 
also available. Contact the factory for price and availability. 

(N-1) 

(N-1) 

6 nsec 

~"I~~~lid" ~ 

rv' (N) ~ ,~ , , , 
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I 
! 
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PIN ASSIGNMENTS 

Wex; 

!Xl VEE 

D1 AGNO 

Il1 Vex; 

00 

D4 Vsa 

[l6 v"" 
06 

D7 V 
Sf 

06 vFT 

[l9 
Vex; 

010 
AGNO 

DVCC VEE IGND Va:; VFe VSB 'ft.t "IN V51 "FT Voc IGND VEE Q.K 

SOIC 

• 
DGND 00 01 D2 03 D4 05 re D7 em 09 010 DGND DVc.c 

PIN FUNCTIONS 
NAME 

DGND 

DO-D9 

D10 

ClK 

VEE 

AGND 

Vee 

SPI' 

FUNCTION 

Digital Ground 

TIL Outputs (DO=lSB) 

TIL Output Overrange 

Clock 

-5.2 V Supply (Analog) 

Analog Ground 

+5.0 V supply (Analog) 
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NAME 

VIN 

DVee 

VRM 

VFT 

VST 

VFB 

VSB 

------------

D2 "', AGND 
~ 
C\I co 

Voo ~ a.. 
v .. C/) 

v" 

TOP VIEW 
Lee 

v,. 

Vo< I v .. 

D10 DGND DYoo eLK Y" AGND Yoo 

FUNCTION 

Analog Input 

Digital +5.0 V Supply 

Middle of Voltage Reference ladder 

Force for Top of Reference ladder 

Sense for Top of Reference ladder 

Force for Bottom of Reference ladder 

Sense for Bottom of Reference ladder 
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SPI'7830 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 2.5 MSPS, SERIAL OUTPUT AID CONVERTER 

FEATURES 

• 10-Bit, 100 kHz to 2.5 MSPS Analog-to-Digital Converter 
• Monolithic CMOS 
• Serial Output 
• Internal Sample-and-Hold 
• Analog Input Range: 0 to 2 V Nominal; 3 V Max 
• Power Dissipation (including reference ladder) 

56 mW at +5 V 
37 mW at +3.3 V 

• Single Power Supply: +3.3 V to +5 V Range 

GENERAL DESCRIPTION 
The SPT 1 O-bit, 2.5 MSPS serial analog-to-digital converter 
delivers excellent high speed conversion performance, with 
low cost and low power. The serial port protocol is compat
ible with the serial peripheral interface (SPI) or MICROWI RETM 
industry standard, high-speed synchronous MPU interfaces. 
The large input bandwidth and fast transient response time 
allows for CCD applications operating up to 2.5 MSPS. 

BLOCK DIAGRAM 

Track-and-Hold 

Analog Input t>-
Clock 

ADVANCED INFORMATION 

APPLICATIONS 

• Handheld and Desktop Scanners 
• DSP Interface Applications 
• Automotive Applications 
• Remote Sensing 

The device can operate with either +3.3 V or +5 V single 
supplies, with low power dissipations of 37 mW and 56 mW, 
respectively. The small package size makes this part excel
lent for hand-held applications where board real-estate is a 
premium. The SPT7830 is available in the commercial 
temperature range in an 8L SOIC package and die. 

Ground 

I I 

SAR Serial 

10-Bit - Output 

NO Logic 
OataOut 

I I 
Timing And Control 

SPr 

Start Convert 

I 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages 

~ In;:: ~~',~~~~~'" ......................................................... +6 V 

CI) Analog Input .................................................. -0.5 to +6 V 

Output 
Data Out ........................................ ; ....................... 10 rnA 

Temperature 
Operating, ambient ...................................... 0 to 70°C 

VREF+ ................................................................ 0 to VDD junction ........................................ + 175°C 
VREF- ............................................................. 0 to VREF+ Lead, Soldering (10 seconds) ........................... + 300°C 

Clock and SC ............................................................ VDD Storage ................................................... -65 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA = +25 ·C, Voo = +3.3 V to +5.0 V, VIN = 0 to 2 V, fClK = 35 MHz, fs = 2.5 MSPS, VREF+ = 2.0 V, VREF- = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

DC Performance 

Resolution 

Differential Linearity I 

Integral Linearity I 

No Missing Codes I 

Analog Input 

Input Voltage Range IV 

Input Bias Current IV 

Input Resistance I 

Input Capacitance IV 

Input Bandwidth (Small Signal) IV 

Offset 

Gain Error 

Reference Input 

Resistance 

Voltage Range 

VREF-
VREF+ 

Reference Settling Time 

Timing Characteristics 

Maximum Conversion Rate I 

Minimum Conversion Rate IV 

Maximum External Clock Rate I 

Minimum External Clock Rate IV 

Start Convert Min Pulse Width (tse) I 
Aperture Delay Time IV 

Aperture Jitter Time IV 
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MIN TVP MAX UNITS 

10 Bits 

±0.5 LSB 

±1.0 LSB 

Guaranteed 

VREF· 2.0 VREF+ V 

TBD rnA 

250 k.Q 

5 pF 

TBD MHz 

±2.0 LSB 

±2.0 LSB 

250 300 350 n 

0 VREF+ V 
3.0 V 
90 ns 

2.5 MSPS 

0.1 MSPS 

35 MHz 

1.4 MHz 

1 Clock Cycles 
5 ns 

5 ps 
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ELECTRICAL SPECIFICATIONS 

TA = +25 °C, Voo = +3.3 V to +5.0 V, VIN = 0 to 2 V, fClK = 35 MHz, fs = 2.5 MSPS, VREF+ = 2.0 V, VREF- = 0.0 V, unless otherwise specified. 

TEST TEST 

PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance 

Effective Number of Bits 

fiN = 500 kHz III TBD Bits 

fiN = 1 MHz III B.B Bits 

Signal-to-Noise Ratio 

fiN = 500 kHz III TBD dB 

fiN = 1 MHz III 57 dB 

Harmonic Distortion 

fiN = 500 kHz III TBD dB 

fiN = 1 MHz III 60 dB 

Power Supply Requirements 

+Voo Supply Current Voo=3.3V IV 9 11 mA 

Voo = 5.0 V I 13 15 mA 

Power Dissipation Voo = 3.3 V IV 31 35 mW 

With VREF Included Voo = 5.0 V I 65 75 mW 

Power Supply Rejection Ratio IV TBD mVN 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: II 

III 

IV 

V 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

VI 

'Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA· 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at TA=25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 DC. Parameter is 
guaranteed over specified temperature range. 
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GENERAL DESCRIPTION AND OPERATION 

The SPT7830 is a 10-bit analog-to-digital converter that 
g uses a successive approximation architecture to perform 
co data conversion. Each conversion cycle is 14 clocks in 
~ length. When the Not Start Convert (sc) line is held low, 
(/) conversion begins on the next rising edge of the input clock. 

The sc line must be held low for a minimum of one clock 
cycle. When the conversion cycle begins, the data output pin 
is forced low until valid data output begins. 

The first two clock cycles are used to perform internal offset 
calibrations and tracking of the analog input. The analog 
input is then sampled using and internal track-and-hold 
amplifier on the rising edge of the third clock cycle. On clock 
cycles 4 through 14, a 10-bit successive approximation 
conversion is performed, and the data is output starting with 
the MSB. 

Serial data output begins with output of the MSB. See the 
Data Output Set Up and Hold Timing section for details. Each 
bit of the data conversion is sequentially determined and 
placed on the data output pin at the clock rate. This process 
continues until the LSB has been determined and output. At 
this point, if the sc line is high, the data output pin will be 
forced into a high impedance state, and the converter will go 
into an idle state waiting for the sc line to go low. This is 
referred to as Single Shot Mode. See Modes of Operation for 
details. 

If the sc is either held low through the entire 14 clock 
conversion cycle (free run mode) or is brought synchronous 
with the trailing edge of the fourteenth clock cycle (synchro
nous mode), the data output pin goes low and stays low until 
valid data output begins. Because the chip has either re
mained selected in the free run mode or has been immedi
ately selected again in the synchronous mode, the next 
conversion cycle begins immediately after the fourteenth 
clock cycle of the previous conversion. See Modes of Opera
tion for details. 

TYPICAL INTERFACE CIRCUIT 

Figure 4 shows the typical interface circuit for the SPT7830. 

CLOCK INPUT 

The SPT7830 requires a 50% duty cycle clock running at 14 
times the required sample rate. The clock may be stopped 
and started without degradation of operation (single shot 
type of operation), however, the clock should remain running 
during a conversion cycle. 

POWER SUPPLY AND REFERENCE REQUIREMENTS 

The SPT7830 requires only a single supply and operates 
from 3.3 V to 5.0 V. The reference ladder bottom may be 
grounded or range from -x V to VREF+. The VREF+ pin may 
range up to VDD. 
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The recommended VREF+ voltage for 3.3 V operation is 
VREF+ = 2.0 V. The recommended VREF+ voltage for 5.0 V 
operation is VREF+ = 3.0 V. 

DATA OUTPUT SET UP AND HOLD TIMING 

Figure 5 shows the set up and hold timing for the serial data 
output of the MSB. The MSB data output is valid on the rising 
edge of the fifth clock cycle. Each of following output bits is 
valid on the rising edge of each subsequent clock cycle. The 
times indicated are for 35 MHz clock operation (2.5 MSPS 
conversion rate). 

DATA OUTPUT CODING 

The coding of the output is straight binary. (See table 1.) 

Table 1 • Data Output Coding 

ANALOG INPUT OUTPUT CODE 09 - DO 
+F.S. ± 1/2 LSB 11 1111 1110 
+1/2 F.S. 0X XXXX XXXX 
+1/2 LSB 00 0000 0000 

VREF- 00 0000 0000 
o Indicates the fllckenng bit between logic 0 and 1. 
X indicates the flickering bit between logic 1 and O. 

ANALOG INPUT AND REFERENCE SETTLING TRACK 
AND HOLD TIMING 

Figure 6 shows the timing relationship between the input 
clock and sc versus the analog input tracking and reference 
settling. The analog input is tracked from the fourteenth clock 
cycle of the previous conversion to the third clock cycle of the 
current conversion. On the rising edge of the third clock 
cycle, the analog input is held by the internal sample-and
hold. After this sample, the analog input may vary without 
affecting data conversion. 

The reference ladder inputs (VREF+ and VREF-) may be 
changed starting on the fourteenth clock cycle of the previ
ous conversion and must be settled by the rising edge of the 
third clock cycle of the current conversion. The times shown 
in figure 6 are for 35 MHz clock operation (2.5 MSPS 
conversion rate). 

MODES OF OPERATION 

The SPT7830 has three modes of operation.The mode of 
operation is based strictly on how the sc is used. 

SINGLE SHOT MODE 

When sc goes low, conversion starts on the next rising edge 
of the clock (defined as the first conversion clock). sc must 
be held low for a minimum of one clock period. The MSB of 
data is valid on the rising edge of the fifth conversion clock. 

4755 Forge Road, Co. Springs, CO 80907 5P1' 
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The conversion is complete after 14 clock cycles. At the 
fifteenth clock cycle, if sc is high (not selected), the data 
output goes to a high impedance state, and no more conver
sions will take place until the next sc low event. (See the 
single shot mode timing diagram in figure 1.) 

SYNCHRONIZED MODE 

When sc goes low, conversion will start on the next rising 
edge of the clock (defined as the first conversion clock). sc 
must be held low for a minimum of one clock period. The 
MSB bit of data is valid on the rising edge of the fifth 
conversion clock. 

The first conversion is complete after 14 clock cycles. At any 
time after the falling edge of the fourteenth clock cycle, sc 
may go low again to initiate the next conversion. When the 
sc goes low, the conversion starts on the rising edge of the 
next clock. (See the synchronized mode timing diagram in 
figure 2.) 

Figure 1 - Single Shot Mode Timing Diagram 

: tsc : 

The data output remains low between conversion cycles if 
sc is asserted with the falling edge of the fourteenth clock 
cycle. If the assertion occurs after more than 14 clock cycles, 
the data output will go to a high impedance state between 
conversions. 

FREE RUN MODE 

When sc goes low, conversion starts on the next rising edge 
of the clock (defined as the first conversion clock). The MSB 
data is valid on the rising edge of the fifth conversion clock. 

As long as sc is held low, the device operates in the free run 
mode. New conversions start after every fourteenth cycle 
with valid data available on the rising edge of the fifth clock 
within each new conversion cycle. 

The data output remains low between conversion cycles. 
See the free run mode timing diagram in figure 3. 

Start Convert 
~r' --------------La-ro-h---------------------------------------------------

MSB 

Clock 

Serial Data Out 

Start 
Conversion 

Sample 
Analog Input 

t 

MSB 

Figure 2 - Synchronous Mode Timing Diagram 

High Z State 
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MSB 

Clock 

Serial Data Out 

SPI' 

Start Sample 
Analog Input 

A 

t 

MSB 
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Figure 3 - Free Run Mode Timing Diagram 

SmrtCo~ert ~L ________________ ~ ______ ~ __ ~:,~, ________________________________ __ 

Clock 

Serial Dam Out 

Start Sample 
Analog Input 

A 

Figure 4 - Typical Interface Circuit 

REFIN VREFi" Voo 

'.lIN Analog Iii DumO:.:! 

VREF" Clock 

Ground sc 
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MSB 

+Voo 

lSB 

Sample 
Analog Input 

B 

MSB 

Figure 5 - Data Set-Up and Hold Times for 
35 MHz Clock 

Clock 

Data Out 

MSB 

ts = 11 ns th=16ns 
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Figure 6 - Analog Input Track-and-Hold Timing and Reference Settling-and-Hold Timing 

Start Convert (SC) 

Clock 

Reference 

Analog Input 

One Clock Should Be 
Cycle Minimum High By Here • 

~~~ I~~ 
r-l/fCL~ 

s:lYlJ1l3 14 1 
B B C 

J. 
~I ~10ns , 

[E----Reference Settling Window" 
~ 

3/fCLK +10 n 

-....., 
Analog Input Tracking 

../ 

i 
Reference Can 
Begin Changing 

i 
Input Sample Point 

Reference Must 
Be Settled 

, 
Hold 

( 

.-

14 Cycles per Conversion Example 

• Should be high by the rising edge of clock 13 to ensure that internal logic will be ready for the 
next start convert when operating in synchronous mode . 

•• The reference settling window can be extended by adding extra clocks per conversion cycle. 
The example shown is the minimum number of clocks required (14) per conversion cycle. 

PIN ASSIGNMENTS PIN FUNCTIONS 

External VREF+ 

Analog In 

External VREF-

Ground 

8 

2 7 

3 6 

4 5 

VDD 

Data Out 

Clock 

Start Convert 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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NAME 

Analog In 

Start Convert 

Clock 

Data Out 

External VREF+ 

External VREF-

Voo 

GND 

FUNCTION 

Analog signal input 

Start Convert. A high-to-Iow transition on this 
input begins conversion cycle and enables 
serial data output 

Clock that drives NO conversion cycle and 

the synchronous serial data output 

Serial Data. Tri-state serial data output for 
the NO result driven by the CLOCK input 

External voltage reference for top of refer
enceladder 

External voltage reference for bottom of 

reference ladder 

Analog & Digital +3.3 V to +5 V Power 
Supply Input 

Analog & Digital Ground 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONYERSION 

AND 
SIGNAL PROCESSING 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 
• Monolithic 5 MSPS Converter 
• 75 mW Power Dissipation 
• On-Chip Track-and-Hold 
• +Single 5 V Power Supply 
• TTUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7835 is a 1 O-bit monolithic, low cost, ultra-low power 
analog-to-digital converter capable of minimum word rates of 
5 MSPS. The on-Chip track-and-hold function assures very 
good dynamic performance without the need for external 
components. The input drive requirements are minimized due 
to the SPT7835's low input capacitance of only 5 pF. 

Power dissipation is extremely low at only 75 mW typical at 
5 MSPS with a power supply of +5.0 V. The SPT7835 is pin
compatible with the entire family of SPT 10-bit, CMOS con
verters (SPT7835/40/50/55/60) which simplifies upgrades. 

BLOCK DIAGRAM 

elK In 

Enable 

Data 
Valid 

spr7835 
10-BIT, 5 MSPS, 75 mW AID CONVERTER 

APPLICATIONS 
• All High-Speed Applications Where 

Low Power Dissipation is Required 
• Video Imaging 
• Medical Imaging 
• IR Imaging 
• Scanners 
• Digital Communications 

The SPT7835 has incorporated proprietary circuit design (*) 
and CMOS processing technologies to achieve its advanced 
performance. Inputs and outputs are TTUCMOS-compat
ible to interface with TTUCMOS-Iogic systems. Output data 
format is straight binary. 

The SPT7835 is available in 28-lead 300 mil cerdip and 
PDIP, 28-lead SOIC and 32-lead small (7 mm square) TQFP 
packages over the temperature range of 0 to 70°C. Die are 
also available. For extended temperature ranges and /883 
processing requirements, consult the factory. 

11 

11-BIt 
8:1 

Muxl 
Error 

~-~;--l-i-~~--~ Correction I 11 

Dl0 Overrange 

09 (MSB) 

08 

07 

os 

05 

D4 

03 

02 

L __________________ '-_-_-_-_-_-_-_-_ -__ -_-'_ J 
01 

SPI' 

Ref 
In Reference Ladder L-_______ ~VRef 

* Patent pending. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)l 25°C 

Supply Voltages 
10 AVDD ........................................................................ +6 V 
~ DVDD ........................................................................ +6 V 

en Input Voltages 

Output 
Digital Outputs ...................................................... 10 mA 

Temperature 
Analog Input... .............................. -0.5 V to AVDD +0.5 V Operating Temperature ................................... 0 to 70 °c 
VREF ........................................................................... 0 to AVDD Junction Temperature ........................................... 175 °c 
ClK Input .................................................................. VDD lead Temperature, (soldering 10 seconds) ......... 300°C 
AVDD - DVDD ............................................................. ±100 mV Storage Temperature ............................... -65 to + 150 °C 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 °C, AVDD = DVDD = +5.0 V, VIN = 0 to 4 V, felK = 10 MHz, fs = 5 MSPS, VRHS = 4.0 V, VRlS = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Resolution 

U\,; Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VRlS 
VRHS 
VRHS - VRlS 

Il(VRHF - VRHS) 
Il(VRlS - VRlF) 

Reference Settling Time 
VRHS 
VRlS 

Conversion Characteristics 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance 
Effective Number of Bits 

f1N=500 kHz 
f1N=1 MHz 
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TEST 
LEVEL MIN TYP MAX UNITS 

10 Bits 

I t1.0 LSB 
I to.5 LSB 
I Guaranteed 

I VRlS VRHS V 
I 250 kll 
V 5.0 pF 
V 100 MHz 
V ±2.0 LSB 
V ±2.0 LSB 

I 400 500 600 n 
V 100 150 MHz 

IV 0 - 2.0 V 
IV 3.0 - AVDD V 
V 1.0 4.0 5.0 V 
V 90 mV 
V 75 mV 

V 15 Clock Cycles 
V 20 Clock Cycles 

I 5 MHz 
IV 2 MHz 
IV 12 Clock Cycles 
V 5 ns 
V 10 ps 

I 9.2 Bits 
I 9.2 Bits 

4755 Forge Road, Co. Springs, CO 80907 6!Pr 
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ELECTRICAL SPECIFICATIONS 
TA=25 cC, AVDD = DVDD = +5.0 V, VIN = Oto 4 V, fCLK = 10 MHz, IS = 5 MSPS, VRHS= 4.0 V, VRLS= 0.0 V, unless otherwise specffied. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TVP MAX UNITS 

Dynamic Performance 
Signal-to-Noise Ratio 
(without Harmonics) 

IIN=500 kHz I 54 59 dB 
hN=1 MHz I 54 59 dB 

Harmonic Distortion 
IIN=500 kHz I 59 63 dB 
hN=1 MHz I 59 63 dB 

Signal-to-Noise and Distortion 
(SINAD) 
hN=500 kHz I 52 57 dB 
hN=1 MHz I 52 57 dB 

Spurious Free Dynamic Range V 63 dB 
Differential Phase V TBD Degree 
Differential Gain V TBD % 
Intermodulation Distortion V TBD dB 

Digital Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 IlA 
Maximum Input Current High I -10 +10 IlA 
Input Capacitance V 5 pF 

Digital Outputs 
Logic "1" Voltage (IOH=0.5 mAl I 3.5 V 
Logic "0" Voltage (IOL=1.6 mAl I 0.4 V 
tRISE 15 pF load V 10 ns 
tFALL 15 pF load V 10 ns 
Output Enable to Data Output Delay 20 pF load, T A = +25 cC V 10 ns 

50 pF load over temp. V 22 ns 

Power Supply Requirements 
Voltages DVDD I 4.75 5.0 5.25 V 

AVDD I 4.75 5.0 5.25 V 
Currents AIDD I 9 12 mA 

DIDD I 6 10 mA 
Power Dissipation IIN=1 MHz I 75 110 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: All parameters having minI 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank sec
tion in the data column indicates that the speci
fication is not tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T c = T A. 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at TA=25 ac, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 ac. Parameter is 
guaranteed over specified temperature range. 
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Figure 1A: Timing Diagram 1 

2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 

ANALOG IN 

CLOCK IN 

(Internal) iNVALID : VALID: 

DIGITALOUT---- -..;..-.-.-.~. ~~ ~6~~· ~7~. ~8-. -9-' -: -1-0..;. • ..;...;.1~1 

DATA VALID 

Figure 1 B: Timing Diagram 2 

-44----------- te ----------~~~: 

.:-... 4---- teLK----~_ 

CLOCK ~ 
IN 

tOD ----DATA 
OUTPUT Data 0 

DATA 
VALID 

ts ---: 

Table 1 - Timing Parameters 

DESCRIPTION 

Conversion Time 

Clock Period 

Clock High Duty Cycle 

Clock Low Duty Cycle 

Output Delay 

DAV Pulse Width 

Clock to DAV 
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L 
:-

X :Data 1 '---------;,..--_~ __ ___i_--~j--'X Data 2 

\ 
~ 
:-

tDAV .. /4 --...... *--~ tDAV --........ ~\'---_7_-T 

PARAMETERS 

te 

tClK 

tCH 

tCl 

too 

tDAV 

ts 

MIN TYP MAX UNITS 

2*tClK ns 

100 ns 

40 50 60 % 

40 50 60 % 

15 20 25 ns 

tClK ns 

16 21 26 ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SNR vs Input Frequency 
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TYPICAL INTERFACE CIRCUIT 

Figure 1 shows the typical interface requirements when 
using the SPT7835 in normal circuit operation. To reduce the 
possibility of latch-up, avoid connecting the DGND pins of 
the ADC to the digital ground of the system. The following 
sections provide descriptions of the major functions and 
outline critical performance criteria to consider for achieving 
the optimal device performance. 

Figure 1 - Typical Interface Circuit 

Raffn 
(+4 VI 

<l-1 
<l-1 

V'N 

<l-1 
elKIN 

+AS AGND 

+5V +5V 
Analog Analog 

RTN 

VAHF 010 

VRHS 

VRlS 

VALF 

V'N SPT783S/40/S0 

VeAL DO 

ClK EN 

OAV 

AGND 

*To reduce the possibility of latch-up, avoid 
connecting the DGND pins of the ADC to the 
digital ground of the system. 

NOTES: 1) L3 is to be located as closely to the device as possible. 

Interfacing 
Logics 

+05 

+5V +5V 
Digital Digital 
RTN 

2) There should be no additional connections to the right of L 1 and L2. 
3) AU capacitors are 0.1 ~F surface-mount unless otherwise specified. 
4) L1, L2 and L3 are 10 IJH inductors or ferrite beads. 

POWER SUPPLIES AND GROUNDING 

SPT suggests that both the digital and the analog supply 
voltages on the SPT7835 be derived from a single analog 
supply as shown in figure 1. A separate digital supply should 
be used for all interface circuitry. SPT suggests using this 
power supply configuration to prevent a possible latch-up 
condition on power up. 

OPERATING DESCRIPTION 

The general architecture for the CMOS ADC is shown in the 
block diagram. The design contains eight identical succes
sive approximation ADC sections, all operating in parallel, a 
16-phase clock generator, an 11-bit 8:1 digital output multi
plexer, correction logic, and a voltage reference generator 
which provides common reference levels for each ADC 
section. 
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The high sample rate is achieved by using multiple SAR ADC 
sections in parallel, each of which samples the input signal 
in sequence. Each ADC uses 16 clock cycles to complete a 
conversion. The clock cycles are allocated as follows: 

Clock 
1 
2 
3 
4 
5-15 
16 

Operation 
Reference zero sampling 
Auto-zero comparison 
Auto-calibrate comparison 
Input sample 
11-bit SAR conversion 
Data transfer 

The 16 phase clock, which is derived from the input clock, 
synchronizes these events. The timing sighals for adjacent 
ADC sections are shifted by two clock cycles so that the 
analog input is sampled on every other cycle of the input 
clock by exactly one ADC section. After 16 clock periods, the 
timing cycle repeats. The sample rate for the configuration is 
one-half of the clock rate, e.g., for a 10 MHz clock rate, the 
input sample rate is 5 MHz. The latency from 'analog input 
sample to the corresponding digital output is 12 clock cycles. 

• Since only eight comparators are used, a huge power 
savings is realized. 

• The auto-zero operation is done using a closed loop 
system that uses multiple samples of the comparators 
response to a reference zero. 

• The auto-calibrate operation, which calibrates the gain of 
the MSB reference and the LSB reference, is also done 
with a closed loop system. Multiple samples of the gain 
error are integrated to produce a calibration voltage for 
each ADC section. 

• Capacitive displacement currents, which can induce sam
pling error, are minimized since only one comparator 
samples the input during a clock cycle. 

• The total input capac!tance is very !C'N since sections of the 
converter which are not sampling the signal are isolated 
from the input by transmission gates. 

VOLTAGE REFERENCE 

The SPT7835 requires the use of a single external voltage 
reference for driving the high side of the reference ladder. It 
must be within the range of 3 V to 5 V. The lower side of the 
ladder is typically tied to AGND (0.0 V), but can be run up to 
2.0 V with a second reference. The analog input voltage 
range will track the total.voltage difference measured be
tween the ladder sense lines, VRHS and VRLS. 

Force and sense taps are provided to ensure accurate and 
stable setting of the upper and lower ladder sense line 
voltages across part-to-part and temperature variations. By 
using the configuration shown in figure 2, offset and gain 
errors of less than ±2 LSB can be obtained. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



Figure 2 - Ladder Force/Sense Circuit 

4 N/C 

All capacitors are 0.01 ~F 

In cases where wider variations in offset and gain can be 
tolerated, VRef can be tied directly to VRHF and AGND can 
be tied directly to VRLF as shown in figure 3. Decouple force 
and sense lines to AGND with a .01 ~F capacitor (chip cap 
preferred) to minimize high-frequency noise injection. If this 
simplified configuration is used, the following considerations 
should be taken into account: 

The reference ladder circuit shown in figure 3 is a simplified 
representation of the actual reference ladder with force and 
sense taps shown. Due to the actual internal structure of the 
ladder, the voltage drop from VRHF to VRHS is not equivalent 
to the voltage drop from VRLF to VRLS. 

Typically, the top side voltage drop for VRHF to VRHS will 
equal: 

VRHF - VRHS = 2.25 % of (VRHF - VRLF) (typical), 

and the bottom side voltage drop for VRLS to VRLF will equal: 

VRLS - VRLF = 1.9 % of (VRHF - VRLF) (typical). 

Figure 3 shows an example of expected voltage drops for a 
specific case. Vrefof4.0 Vis applied to VRHF and VRLF is tied 
to AGND. A 90 mV drop is seen at VRHS (= 3.91 V) and a 
75 mV increase is seen at VRLS (= 0.075 V). 

ANALOG INPUT 

VIN is the analog input. The input voltage range is from VRLS 
to VRHS (typically 4.0 V) and will scale proportionally with 
respect to the voltage reference. (See voltage reference 
section.) 
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Figure 3 - Reference Ladder 

I :'i~~n~' I 
Reference I ~ 90fv R/2 

VRHS '"' 
(+3.91 V) ~ R 

R 

~ 
R 

Ro30 Q (typ) 
All capacitors are 0.01 IJF 

R 

~ 
R 

R 

VRLS 
(0.075 V) ~ 75;V Rl2 

VRLF(AGND) 
O.OV "'= 

The drive requirements for the analog inputs are very mini
mal when compared to most other converters due to the 
SPT7835's extremely low input capacitance of only 5 pF and 
very high input resistance of 250 kQ. 

The analog input should be protected through a series 
resistor and diode clamping circuit as shown in figure 4. 

CALIBRATION 

The SPT7835 uses an auto calibration scheme to ensure 10-
bit accuracy overtime and temperature. Gain and offset errors 
are continually adjusted to 10-bit accuracy during device 
operation. This process is completely transparent to the user. 

Upon power-up, the SPT7835 begins its calibration algo
rithm. In order to achieve the calibration accuracy required, 
the offset and gain adjustment step size is a fraction of a 10-
bit LSB. Since the calibration algorithm is an oversampling 
process, a minimum of 10k clock cycles are required. This 
results in a minimum calibration time upon power-up of 1 
msecfor a 5 MHz sample rate. Once calibrated, the SPT7835 
remains calibrated over time and temperature. 

Since the calibration cycles are initiated on the rising edge of 
the clock, the clock must be continuously applied for the 
SPT7835 to remain in calibration. 

INPUT PROTECTION 

All I/O pads are protected with an on-chip protection circuit 
shown in figure 5. This circuit provides ESD robustness to 
3.5 kV and prevents latch-up under severe discharge condi
tions without degrading analog transition times. 
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Figure 4 - Recommended Input Protection Circuit 

+V AVDD 

-v 

01 = 02 = Hewlett Packard HP5712 or equivalent 

Figure 5 - On-Chip Protection Circuit 

Voo 

120n Analog 

120n 

Pad 

1 
POWER SUPPLY SEQUENCING CONSIDERATIONS 

All logic inputs should be held low until power to the device 
has settled to the specific tolerances. Avoid power decou
piing networks with large time constants which could delay 
Voo power to the device. 
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CLOCK INPUT 

The SPT7835 is driven from a single-ended TIL-input clock. 
Because the pipelined architecture operates on the rising 
edge of the clock input, the device can operate over a wide 
range of input clock duty cycles without degrading the 
dynamic performance. The device's sample rate is 1/2 of 
the input clock frequency. (See timing diagram.) 

DIGITAL OUTPUTS 

The format ofthe output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK. 
These outputs can be switched into a tri-state mode by 
bringing EN high. 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
010 09-00 

+F.:S. + 1/2 L:sB 1 11 1111 1111 

+F.S. -1/2 LSB 0 11 1111 1110 

+1/2 F.S. 0 0000000000 

+1/2 lSB 0 0000000000 

O.OV 0 0000000000 

(0 indicates the flickering bit between logic 0 and 1). 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 lSB. When this condition occurs, 01 o will switch 
to logic 1. All other data outputs (00 to 09) will remain at 
logic 1 as long as 010 remains at logic 1. This feature makes 
it possible to include the SPT7835 into higher resolution 
systems. 

EVALUATION BOARD 

The EB7835 Evaluation Board is available to aid designers 
in demonstrating the full performance of the SPT7835. This 
board includes a reference circuit, clock driver circuit, output 
,data latches and an 'on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7835 is 
also available. Contact the factory for price and availability. 
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PIN ASSIGNMENTS 

AGND 1 010 

D5 

Cerdlp 

PDIPand DVDD 

sOle 

01 

D0 

< < < > > 

~ 
:JJ :JJ ., ., 

" :J: :J: Z z & ill ii1 en -n " " 

VRLF 1 0 24 07 

VIN 23 06 

AGNO 

TQFP 

AVoo 7 18 03 

OVoo 8 17 02 

~ " " " " ~ ., ., !< ~ " z z 
" " " 
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-- ----------- --

PIN FUNCTIONS 

NAME FUNCTION Il) 
M 
IX) 

AGND Analog Ground ..... 
I-a. 

VRHF Reference High Force CI) 

VRHS Reference High Sense 

VRlS Reference low Sense 

VRlF Reference low Force 

VCAl Calibration Reference 

E VIN Analog Input 

AVoo Analog Voo 

DVoo Digital Voo 

DGND Digital Ground 

ClK Input Clock fClK =fs (TTL) 

EN Output Enable 

00-9 Tri-State Data Output, (D0-lSB) 

010 Tri-State Output Overrange 

DAV Data Valid Output 
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SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONYERSION 

AND 
SIGNAL PROCESSING 
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spr7840 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 10 MSPS, 100 mW AID CONVERTER 

FEATURES 

• Monolithic 10 MSPS Converter 
• 100 mW Power Dissipation 
• On-Chip Track-and-Hold 
• Single +5 V Power Supply 
• TTUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7840 is a 10-bit monolithic, low cost, ultra-low 
power analog-to-digital converter capable of minimum word 
rates of 10 MSPS. The on-chip track-and-hold function as
sures very good dynamic performance without the need for 
external components. The input drive requirements are 
minimized due to the SPT7840's low input capacitance of 
only 5 pF. 

Power dissipation is extremely low at only 100 mW typical 
(120 mW maximum) at 10 MSPS with a power supply of 
+5.0 V. The SPT7840 is pin-compatible with the entire family 

BLOCK DIAGRAM 

eLKin 

APPLICATIONS 

• All High-Speed Applications Where 
Low Power Dissipation is Required 

• Video Imaging 
• Medical Imaging 
• IR Imaging 
• Scanners 
• Digital Communications 

of SPT 10-bit, CMOS converters (SPT7835/40/50/55/60) 
which simplifies upgrades. 

The SPT7840 has incorporated proprietary circuit design (*) 
and CMOS processing technologies to achieve its advanced 
performance. Inputs and outputs are TTUCMOS-compat
ible to interface with TTUCMOS-Iogic systems. Output data 
format is straight binary. 

The SPT7840 is available in 28-lead 300 mil cerdip and 
PDIP, 28-lead SOIC and 32-lead small (7 mm square) TQFP 
packages over the temperature range of 0 to 70 ac. Die are 
also available. For extended temperature ranges and 1883 
processing requirements, consult the factory. 

11 

11·Bit 
8:1 

Muxl 
Error 

010 Overrange 

D9(MSB) 

08 

07 
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05 

Enable 

r---;;-:;--"+-~,L---J Correction 11 04 
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Data 
Valid 
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'" 

L __________________ "_-_-_-_-_-_-_-_ -__ -_...J_ ~ 

Reference Ladder 
L-_______ ---" VAef 

• Patent pending. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)l 25°C 

Supply Voltages Output 
o AVDD ........................................................................ +6V 
~ DVDD ........................................................................ +6 V 

(/) Input Voltages 

Digital Outputs ...................... : ................................ 10 mA 

Temperature 
Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175°C 
VRef .............................................................................. O to AVDD lead Temperature, (soldering 10 seconds) ......... 300°C 
ClK Input .................................................................. VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD ............................................................. ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 °C, AVoo = DVoo = +5.0 V, VIN = Oto 4 V, fcU\-2D MHz, fs= 10 MSPS, VRHS = 4.0 V, VRLS = O.OV, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Resolution 

DC Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VRLS 

VRHS 

VRHS - VRLS 

Ll(V RHF - V RHS) 

Ll(V RLS - V RLF) 

Heference ~ettling Time 
VRHS 

VRLS 

Conversion Characteristics 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance 
Effective Number of Bits 

fIN=! MHz 
fIN=3.58 MHz 
f1N=5 MHz 
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TEST 
LEVEL MIN TYP MAX UNITS 

10 Bits 

I ±1.0 LSB 
I ±0.5 LSB 
I Guaranteed 

I VRLS VRHS V 
I 250 kn 
V 5.0 pF 
V 100 MHz 
V ±2.0 LSB 
V ±2.0 LSB 

I 400 500 600 n 
V 100 150 MHz 

IV 0 - 2.0 V. 
IV 3.0 AVoo V 
V 1.0 4.0 5.0 V 
V 90 mV 
V 75 mV 

V 15 Clock Cycles 

V 20 Clock Cycles 

I 10 MHz 
IV 2 MHz 
IV 12 Clock Cycles 

V 5 ns 
V 10 ps 

I 9.1 Bits 
I 9.0 Bits 
I 9.0 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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ELECTRICAL SPECIFICATIONS 
TA=25 °c, AVDD = DVDD = +5.0 V, VIN = 0 to 4 V, feu<=20 MHz, fs = 10 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Pertormance 
Signal-to-Noise Ratio 
(without Harmonics) 

f1N=1 MHz I 53 58 dB 
fIN=3.58 MHz I 52 57 dB 
f1N=5 MHz I 52 57 dB 

HarmoniC ulstortlon 
f1N=1 MHz I 59 63 dB 
fIN=3.58 MHz I 56 60 dB 
f1N=5 MHz I 56 59 dB 

Signal-to-Noise and Distortion 
(SINAD) 
f1N=1 MHz I 52 57 dB 
fIN=3.58 MHz I 51 56 dB 
f1N=5 MHz I 51 56 dB 

Spurious t-ree Dynamic Range V 63 dB 
Differential Phase V TBD Degree 
Differential Gain V TBD. % 
Intermodulation Distortion V TBD dB 

Digital Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 IlA 
Maximum Input Current High I -10 +10 IlA 
Input Capacitance V 5 pF 

Digital uutputs 
Logic "1" Voltage (IOH=0.5 mAl I 3.5 V 
Logic "0" Voltage (IOL=1.6 mAl I 0.4 V 
tRISE 15 pF load V 10 ns 
tFALL 15 pF load V 10 ns 
Output Enable to Data Output Delay 20 pF load, T A = +25 °c V 10 ns 

50 pF load over temp. V 22 ns 

Power Supply Requirements 
Voltages DVDD I 4.75 5.0 5.25 V 

AVDD I 4.75 5.0 5.25 V 
Currents AIDD I 9 12 mA 

DIDD I 11 12 mA 
Power Dissipation f1N=1 MHz I 100 120 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: All parameters having mini 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank section 
in the data column indicates that the specifica
tion is not tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

II 

III 

IV 

V 

VI 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25°C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 A: Timing Diagram 1 

2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 

ANALOG IN 

CLOCK IN 

(Internal) 

DIGITAL OUT ____ -' 

DATA VALID 

Figure 1 B: Timing Diagram 2 

__ ._---------- tc _________ ~.~: 

:C" __ --- tcLK---..... _ 

CLOCK ~ 
IN 

tOD --: 
DATA 

OUTPUT Data 0 

DATA 
VALID 

ts --: 

Table 1 - Timing Parameters 

DESCRIPTION 

Conversion Time 

Clock Period 

Clock High Duty Cycle 

Clock Low Duty Cycle 

Output Delay 

DAV Pulse Width 

Clock to DAV 
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L 
:-

X ~Data 1 L----.,--_~ __ ...,_____-~:---'x Data 2 

~ \-
:-

tDAV . ,_ --~~ .. --~ tDAV ---~.~\~---7--T 

PARAMETERS MIN TYP MAX UNITS 

tc 

tCLK 

tCH 

tel 

taD 

tDAV 

ts 

2*tCLK ns 

50 ns 

40 50 60 % 

40 50 60 % 

15 20 25 ns 

tCLK ns 

16 21 26 ns 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



80 

70 

iii' 60 :s I--
0 

~ 
a: 

'" 
50 

'" ·0 
z 
6 ... 40 
~ 
0> 

(Jj 

30 

20 

100 

80 

iii' 
70 

:s 
<= 
0 
t 60 
~ 
is 
-g 50 

'" :g 
·0 
'T 40 
!! 
~ 
0> 

(Jj 30 

20 

100 

SPr 

TYPICAL PERFORMANCE CHARACTERISTICS 

SNR vs Input Frequency 

Is = 10 MSPS 

101 

Input Frequency (MHz) 

SINAD vs Input Frequency 

Is =10 MSPS 

-

101 

Input Frequency (MHz) 
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. TYPICAL INTERFACE CIRCUIT 

Figure 1 shows the typical interface requirements when using 
~ the SPT7840 in normal circuit operation. To reduce the 

possibility of latch-up, avoid connecting the DGND pins of the 
~ ADC to the digital ground of the system. The following 
en sections provide descriptions of the major functions and 

outline critical performance criteria to consider for achieving 
the optimal device performance. 

Figure 1 - Typical Interface Circuit 

Ref In 
(+4 V) 

<I---l 
<I---l 

V'N 

<I---l 
eLKIN 

+A5 AGNO 

hd 
+5V +5V 

Analog Analog 
RTN 

VRHF 010 

VAHS 

VRLS 

VRLF 

V'N SPT7835/40/50 

VeAL DO 

elK EN 

OAV 

*To reduce the possibility of latch-up, avoid 
connecting the DGND pins of the ADC to the 
digital ground of the system. 

NOTES: 1)L3 is to be located as closely to the device as possible. 

Interfacing 
Logics 

+05 

DONO +05 

h~ 
+5V +5V 

Digital Digital 
RTN 

2) There should be no additional connections to the right of L 1 and L2. 
3) All capacitors are 0.1 IJF surface-mount unless otherwise specified. 
4) L I, L2 and L3 are 10 IJH inductors or ferrite beads. 

POWER SUPPLIES AND GROUNDING 

SPT suggests that both the digital and the analog supply 
voltages on the SPT7840 be derived from a single analog 
supply as shown in figure 1. A separate digital supply should 
be used for all interface circuitry. SPT suggests using this 
power supply configuration to prevent a possible latch-Up 
condition on power up. 

OPERATING DESCRIPTION 

The general architecture for the CMOS ADC is shown in the 
block diagram. The design contains eight identical succes
sive approximation ADC sections, all operating in parallel, a 
16-phase clock generator, an 11-bit 8: 1 digital output multi
plexer, correction logic, and a voltage reference generator 
which provides common reference levels for each ADC 
section. 
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The high sample rate is achieved by using multiple SAR ADC 
sections in parallel, each of which samples the input signal in 
sequence. Each ADC uses 16 clock cycles to complete a 
conversion. The clock cycles are allocated as follows: 

Clock 
1 
2 
3 
4 
5-15 
16 

Operation 
Reference zero sampling 
Auto-zero comparison 
Auto-calibrate comparison 
Input sample 
11-bit SAR conversion 
Data transfer 

The 16 phase clock, which is derived from the input clock, 
synchronizes these events. The timing signals for adjacent 
ADC sections are shifted by two clock cycles so that the 
analog input is sampled on every other cycle ofthe input clock 
by exactly one ADC section. After 16 clock periods, the timing 
cycle repeats. The sample rate for the configuration is one
half of the clock rate, e.g., for a 20 MHz clock rate, the input 
sample rate is 10 MHz. The latency from analog input sample 
to the corresponding digital output is 12 clock cycles. 

• Since only eight comparators are used, a huge power 
savings is realized . 

• The auto-zero operation is done using a closed loop 
system that uses multiple samples of the comparators 
response to a reference zero. 

• The auto-calibrate operation, which calibrates the gain of 
the MSB reference and the LSB reference, is also done with 
a closed loop system. Multiple samples ofthe gain error are 
integrated to produce a calibration voltage for each ADC 
section. 

• Capacitive displacement currents, which can induce sam
pling error, are minimized since only one comparator 
samples the input during a clock cycle . 

• The total input capacitance is very low since sections of the 
converter which are not sampling the signal are isolated 
from the input by transmission gates. 

VOLTAGE REFERENCE 

The SPT7840 requires the use of a single external voltage 
reference for driving the high side of the reference ladder. It 
must be within the range of 3 V to 5 V. The lower side of the 
ladder is typically tied to AGND (0.0 V), but can be run up to 
2.0 V with a second reference. The analog input voltage 
range will track the total voltage difference measured be
tween the ladder sense lines, VRHS and VRLS. 

Force and sense taps are provided to ensure accurate and 
stable setting of the upper and lower ladder sense line 
voltages across part-to-part and temperature variations. By 
using the configuration shown in figure 2, offset and gain 
errors of less than ±2 LSB can be obtained. 
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Figure 2 - Ladder Force/Sense Circuit 

1 AGND 

4 N/C 

All capacitors are 0.01 ~F 

In cases where wider variations in offset and gain can be 
tolerated, VRef can be tied directly to VRHF and AGND can be 
tied directly to VRLF as shown in figure 3. Decouple force and 
sense lines to AGND with a .01 I-lF capacitor (chip cap 
preferred) to minimize high-frequency noise injection. If this 
simplified configuration is used, the following considerations 
should be taken into account: 

The reference ladder circuit shown in figure 3 is a simplified 
representation of the actual reference ladder with force and 
sense taps shown. Due to the actual intemal structure of the 
ladder, the voltage drop from VRHF to VRHS is not equivalent 
to the voltage drop from VRLF to VRLS. 

Typically, the top side voltage drop for VRHF to VRHS will 
equal: 

VRHF - VRHS = 2.25% of (VRHF - VRLF) (typical), 

and the bottom side voltage drop for VRLS to VRLF will equal: 

VRLS - VRLF = 1.9% of (VRHF - VRLF) (typical). 

Figure 3 shows an example of expected voltage drops for a 
specific case. VRef of 4.0 V is applied to VRHF and VRLF is 
tied to AGND. A 90 mV drop is seen at VRHS (= 3.91 V) and 
a 75 mV increase is seen at VRLS (= 0.075 V). 

ANALOG INPUT 

V1N is the analog input. The input voltage range is from VRLS to 
VRHS (typically 4.0 V) and will scale proportionally with respect 
to the voltage reference. (See voltage reference section.) 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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Figure 3 - Reference Ladder 

I +4.0 V I 
External 

~ 90~V Reference I R/2 
V 

VRHS =!= 
(+3.91 V) ~ R 

R 

1: R=30 n (1yp) 
All capacitors are 0.01 fJF 

R 

R 

VRLS 
(0.075 V) 

~ 75~V R/2 

VRLF (AGND) V 
0.0 V =!= 

The drive requirements forthe analog inputs are very minimal 
when compared to most other converters due to the SPT7840's 
extremely low input capacitance of only 5 pF and very high 
input resistance of 250 kQ. 

The analog input should be protected through a series 
resistor and diode clamping circuit as shown in figure 4. 

CALIBRATION 

The SPT7840 uses an auto calibration scheme to ensure 10-
bit accuracy over time and temperature. Gain and offset 
errors are continually adjusted to 10-bit accuracy during 
device operation. This process is completely transparent to 
the user. 

Upon power-up, the SPT7840 begins its calibration algo
rithm. In order to achieve the calibration accuracy required, 
the offset and gain adjustment step size is a fraction of a 10-
bit LSB. Since the calibration algorithm is an oversampling 
process, a minimum of 10k clock cycles are required. This 
results in a minimum calibration time upon power-up of 500 
I-lsec (for a 10 MHz sample rate). Once calibrated, the 
SPT7840 remains calibrated over time and temperature. 

Since the calibration cycles are initiated on the rising edge of 
the clock, the clock must be continuously applied for the 
SPT7840 to remain in calibration. 

INPUT PROTECTION 

All I/O pads are protected with an on-chip protection circuit 
shown in figure 5. This circuit provides ESD robustness to 
3.5 kV and prevents latch-Up under severe discharge condi
tions without degrading analog transition times. 
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Figure 4 - Recommended Input Protection Circuit 

+v AV DD 

01 

Buffer 
47 Q 

02 

-v 

01 = 02 = Hewlett Packard HP5712 or equivalent 

Figure 5 - On-Chip Protection Circuit 

VDD 

1200 Analog 

1200 

Pad 

POWER SUPPLY SEQUENCING CONSIDERATIONS 

All logic inputs should be held low until power to the device 
has settled to the specific tolerances. Avoid power decou
piing networks with large time constants which could delay 
VDD power to the device. 
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CLOCK INPUT 

The SPT7840 is driven from a single-ended TTL-input clock. 
Because the pipelined architecture operates on the rising 
edge of the clock input, the device can operate over a wide 
range of input clock duty cycles without degrading the 
dynamic performance. The device's sample rate is 112 of the 
input clock frequency. (See timing diagram) 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK. 
These outputs can be switched into a tri-state mode by 
bringing EN high. 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUTCOOE 
010 09-00 

+F.S. + 1/2 LSB 1 11 1111 1111 

+F.S. -1/2 LSB 0 11 1111 1110 

+1/2 F.S. 0 0000000000 

+1/2 LSB 0 0000000000 

O.Ov 0 0000000000 

(0 indicates the fllckenng bit between logiC 0 and 1). 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 lSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (00 to 09) will remain at logic 
1 as long as 010 remains at logic 1. This feature makes it 
possible to include the SPT7840 into higher resolution systems. 

EVALUATION BOARD 

The EB7840 Evaluation Board is available to aid designers in 
demonstrating the full performance of the SPT7840. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7840 is 
also available. Contact the factory for price and availability. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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PIN ASSIGNMENTS 

VRLF 1 0 
VIN 

AGND 3 

AGND 

DVoo 8 

SPI' 

TQFP 
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PIN FUNCTIONS 

NAME FUNCTION 0 
~ 
00 

AGND Analog Ground l"-
I--a. 

VRHF Reference High Force C/) 

VRHS Reference High Sense 

VRlS Reference low Sense 

VRlF Reference low Force 

VCAl Calibration Reference 

E VIN Analog Input 

AVDD Analog VDD 

DVDD Digital VDD 

DGND Digital Ground 

ClK Input Clock fClK -fs (TTL) 

EN Output Enable 

DO-9 Tri-State Data Output, (D0-lSB) 

D10 Tri-State Output Overrange 

DAV Data Valid Output 
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spr7850 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 20 MSPS, 140 mW AID CONVERTER 

FEATURES 

• Monolithic 20 MSPS Converter 
• 140 mW Power Dissipation 
• On-Chip Track-and-Hold 
• Single +5 V Power Supply 
• nUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7850 is a 10-bit monolithic, low cost, ultra-low 
power analog-to-digital converter capable of minimum word 
rates of 20 MSPS. The on-chip track-and-hold function 
assures very good dynamic performance without the need 
for external components. The input drive requirements are 
minimized due to the SPT7850's low input capacitance of 
only 5 pF. 

Power dissipation is extremely low at only 140 mW typical 
(165 mW maximum) at 20 MSPS with a power supply of 
+5.0 V. The SPT7850 is pin-compatible with the entire family 

BLOCK DIAGRAM 

elKin 

Enable 

APPLICATIONS 

• All High-Speed Applications Where 
Low Power Dissipation is Required 

• Video Imaging 
• Medical Imaging 
• IR Imaging 
• Scanners 
• Digital Communications 

of SPT 10-bit, CMOS converters (SPT7835/40/50/55/60) 
which simplifies upgrades. 

The SPT7850 has incorporated proprietary circuit design (*) 
and CMOS processing technologies to achieve its advanced 
performance. Inputs and outputs are nUCMOS-compat
ible to interface with TTUCMOS-Iogic systems. Output data 
format is straight binary. 

The SPT7850 is available in 28-lead 300 mil cerdip and 
PDIP, 28-lead SOIC and 32-lead small (7 mm square) TQFP 
packages over the temperature range of 0 to 70°C. For 
extended temperature ranges and 1883 processing require
ments, consult the factory. 

11 

11-Bit 
8:1 

Muxl 
Error 

010 Overrange 

D9(MSB) 

D8 

D7 

D6 

D5 

Correction 
r---~~--~~I~I~ __ ~ D4 

SPr 

Data 
Valid 

Ref 
In 

L __________________ ~_-_-_-_-_-_-_-_-_-_-_~_~ 

Reference Ladder L-. ________ .....I VRef 

* Patent pending. 

4755 Forge Road, Co. Springs, CO 80907 
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D3 

D2 

Dl 

D0(LSB) 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply 'Voltages Output 
AVDD ........................................................................ +6 V Digital Outputs....................................................... 10 mA 
DVDD ........................................................................ +6V 

Temperature 
Input Voltages Operating Temperature .................................... 0 to 70 °c 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175 °C 
VREF ...... \ ..................................................................... 0 to AVDD lead Temperature, (soldering 10 seconds) ......... 300 °C 
ClK Input .................................................................. VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD .................................................... ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
TA=25 °C, AVDD = DVDD = +5.0 V, V1N=0 to 4 V, fs=20 MSPS, f CLK=40 MHz, VRHS= 4.0 V, VRLS=O.O V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS 

Hesolutlon 

UGACCuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Heference Input 
Resistance 
Bandwidth 
Voltage Range 

VRLS 
VHH~ 
VRHS - VRLS 

d.(V RHF - V RHS) 
d.(VRLS - VRLF) 

Reference settling Time 
VRHS 
VRLS 

GonverSlon Gnaractenstlcs 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance 
Effective Number of Bits 

f1N=1 MHz 
fIN=3.58 MHz 
f1N=5 MHz 
fIN=10.3 MHz 

3-192 

LEVEL MIN TYP MAX UNITS 

I 
I 
I 

I 
I 
V 
V 
V 
V 

I 
V 

IV 
!V 
V 
V 
V 

V 
V 

I 
IV 
IV 
V 
V 

I 
I 
I 
I 

10 I:!ltS 

±1.0 LSB 
±0.5 LSB 

Guaranteed 

VRLS VRHS V 
250 kn 

5.0 pF 
100 MHz 

±2.0 LSB 
±2.0 LSB 

400 500 600 n 
100 150 MHz 

0 - 2.0 V 
3.0 - AVoc V 
1.0 4.0 5.0 V 

90 mV 
75 mV 

15 Clock Cycles 
20 Clock Cycles 

20 MHz 
2 MHz 

12 Clock Cycles 
5 ns 

30 ps 

8.8 Bits 
8.8 Bits 
8.7 Bits 
8.5 Bits 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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ELECTRICAL SPECIFICATIONS 
TA=25 °C, AVoo = DVoo = +5.0 V, VIN=O to 4 V, fs=20 MSPS, f CLK=40 MHz, VRHS= 4.0 V, VRLS=O.O V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance 
Signal-to-Noise Ratio 
(without Harmonics) 

f1N=1 MHz 
fIN=3.58 MHz 
f1N=5 MHz 
fIN=10.3 MHz 

Harmonic Distortion 
f1N=1 MHz 
fIN=3.58 MHz 
f1N=5 MHz 
fIN=10.3 MHz 

Signal-to-Noise and Distortion 
(SINAD) 
f1N=1 MHz 
fIN=3.58 MHz 
fIN=5MHz 
fIN=10.3 MHz 

:spurious Free Dynamic Range IJIN = 1 MHz 
Differential Phase 
Differential Gain 
Intermodulation Distortion 

Digital Inputs 
Logic "1" Voltage 
Logic "0" Voltage 
Maximum Input Current Low 
Maximum Input Current High 
Input Capacitance 

Digital outputs 
Logic "1" Voltage (loH=0.5 mAl 
Logic "0" Voltage (los=1.6 mAl 
tRISEItFALL 15 pF load 
Ou1put Enable to Data Ou1put Delay 20 pF load, T A = +25 °C 

50 pF load over temp. 

,.,ower :supply Hequirements 
Voltages DVoo 

AVoo 
Currents Aloo 

0100 
Power Dissipation 

TEST LEVEL CODES 
All electrical characteristics are subject to the 
following conditions: All parameters having minI 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank sec
tion in the data column indicates that the speci
fication is not tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Te = TA. 

TEST LEVEL 
I 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

V 
V 
V 

I 
I 
I 
I 
V 

I 
I 
V 
V 
V 

I 
I 
I 
I 
I 

53 56 dB 
53 56 dB 
52 55 dB 
52 55 dB 

57 60 dB 
56 59 dB 
56 59 dB 
53 56 dB 

52 55 dB 
52 55 dB 
51 54 dB 
50 53 dB 

63 dB 
TBD Degree 
TBD % 
TBD dB 

2.0 V 
0.8 V 

-10 +10 IlA 
-10 +10 J.1A 

5 pF 

3.5 V 
0.4 V 

10 ns 
10 ns 
22 ns 

4.75 5.0 5.25 V 
4.75 5.0 5.25 V 

10 12 mA 
18 21 mA 

140 165 mW 

TEST PROCEDURE 
100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 A: Timing Diagram 1 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

ANALOG IN 

CLOCK IN 

(Internal) iNVALID : VALID: 

DIGITAlOUT---- ~:-:~:~:~:~~ ~6--: -:7-: -8-: -~-. -;0-: -11--

DATA VALID 

Figure 1 B: Timing Diagram 2 

~4 __ --------~-----------_.~~: 

:.- tCH ~ tCL~ 

:4 ~LK ~ 

CLOCK ~ 
IN 

too ---...: ;.-

DATA 

X 
:oata 1 OUTPUT Data'" 

DATA t tDAV : J;;. 
VALID : / 

ts ---..: :.-

Table 1 - Timing Parameters 

DESCRIPTION PARAMETERS 

ConverSion Time te 

Clock Period tClK 

Clock High Duty Cycle tCH 

Clock Low Duty Cycle tCl 

Output Delay (15 pF Load) too 

DAV Pulse Width tDAV 

Clock to DAV ts 
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L 
: X Oata2 

tOAV :J 
: \ 

MIN TVP MAX UNITS 

2*tClK ns 

25 ns 

40 50 60 % 

40 50 60 % 

15 20 25 ns 

tClK ns 

16 21 26 ns 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SNR vs Input Frequency 

10' 
Input Frequency (MHz) 

SINAD vs Input Frequency 

'0' 
Input Frequency (MHz) 
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TYPICAL INTERFACE CIRCUIT 

Figure 1 shows the typical interface requirements when using 
the SPT7850 in normal circuit operation. To reduce the 
possibility of latch-up, avoid connecting the DGND pins ofthe 
ADC to the digital ground of the system. The following 
sections provide descriptions of the major functions and 
outline critical performance criteria to consider for achieving 
the optimal device performance. 

Figure 1 - Typical Interface Circuit 

Ref In VRHF Dl0 1+4 V) 

<l--l VRHS 

<l--l VRLS 

VRLF 

V'N SPT783S/40/S0 Interfacing 
V'N Logics 

<l--l veAL 00 

elK IN elK EN 

DAV 

+AS Enable/T n-State 
(Enable = Active Low) 

+AS AGND 

hd 
+5V +5V 

Analog Analog 
RTN 

*To reduce the possibility of latch-up, avoid 
connecting the OGND pins of the ADC to the 
digital ground of the system. 

NOTES: 1) L3 is to be located as closely to the device as possible. 

DGND +05 

h~ 
+5V +5V 

Digital Digital 
ATN 

2) There should be no additional connections to the right of L 1 and L2. 
3) All capacitors are 0.1 IJF surface-mount unless otherwise specified. 
4) L 1, L2 and L3 are 10 IJH inductors or ferrite beads. 

POWER SUPPLIES AND GROUNDING 

SPT suggests that both the digital and the analog supply 
voltages on the SPT7850 be derived from a single analog 
supply as shown in figure 1. A separate digital supply must be 
used for all interface circuitry. SPT suggests using this power 
supply configuration to prevent a possible latch-up condition 
on power up. 

OPERATING DESCRIPTION 

The general architecture for the CMOS ADC is shown in the 
block diagram. The design contains eight identical succes
sive approximation ADC sections, all operating in parallel, a 
16-phase clock generator, an 11-bit 8:1 digital output mUlti
plexer, correction logic, and a voltage reference generator 
which provides common reference levels for each ADC 
section. 
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The high sample rate is achieved by using multiple SAR ADC 
sections in parallel, each of which samples the input signal in 
sequence. Each ADC uses 16 clock cycles to complete a 
conversion. The clock cycles are allocated as follows: 

Clock 
1 
2 
3 
4 
5-15 
16 

Operation 
Reference zero sampling 
Auto-zero comparison 
Auto-calibrate comparison 
Input sample 
11-bit SAR conversion 
Data transfer 

The 16 phase clock, which is derived from the input clock, 
synchronizes these events. The timing signals for adjacent 
ADC sections are shifted by two clock cycles so that the 
analog input is sampled on every other cycle of the input clock 
by exactly one ADC section. After 16 clock periods, the timing 
cycle repeats. The sample rate for the configuration is one
half of the clock rate, e.g., for a 40 MHz clock rate, the input 
sample rate is 20 MHz. The latency from analog input sample 
to the corresponding digital output is 12 clock cycles. 

• Since only eight comparators are used, a huge power 
savings is realized. 

• The auto-zero operation is done using a closed loop 
system that uses multiple samples of the comparators 
response to a reference zero. 

• The auto-calibrate operation, which calibrates the gain of 
the MSB reference and the LSB reference, is also done with 
a closed loop system. Multiple samples of the gain error are 
integrated to produce a calibration voltage for each ADC 
section. 

• Capacitive displacement currents, which can induce sam
pling error, are minimized since only one comparator 
samples the input during a clock cycle. 

• The tots! input capacitance is very low since sections of the 
converter which are not sampling the signal are isolated 
from the input by transmission gates. 

VOLTAGE REFERENCE 

The SPT7850 requires the use of a single external voltage 
reference for driving the high side of the reference ladder. It 
must be within the range of 3 V to 5 V. The lower side of the 
ladder is typically tied to AGND (0.0 V), but can be run up to 
2.0 V with a second reference. The analog input voltage 
range will track the total voltage difference measured be
tween the ladder sense lines, VRHS and VRLS. 

Force and sense taps are provided to ensure accurate and 
stable setting of the upper and lower ladder sense line 
voltages across part-to-part and temperature variations. By 
using the configuration shown in figure 2, offset and gain 
errors of less than ±2 LSB can be obtained. 

4755 Forge Road, Co. Springs, CO 80907 $'''' 
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Figure 2 - Ladder Force/Sense Circuit 

4 N/C 

r-________ 5~ VRLS 

All capacitors are 0.01 iJF 

In cases where wider variations in offset and gain can be 
tolerated, VRel can be tied directly to VRHF and AGND can be 
tied directly to VRLF as shown in figure 3. Decouple force and 
sense lines to AGND with a .01 IlF capacitor (chip cap 
preferred) to minimize high-frequency noise injection. If this 
simplified configuration is used, the following considerations 
should be taken into account: 

The reference ladder circuit shown in figure 3 is a simplified 
representation of the actual reference ladder with force and 
sense taps shown. Due to the actual internal structure of the 
ladder, the voltage drop from VRHF to VRHS is not equivalent 
to the voltage drop from VRLF to VRLS. 

Typically, the top side voltage drop for VRHF to VRHS will 
equal: 

VRHF - VRHS = 2.25 % of (VRHF - VRLF) (typical), 

and the bottom side voltage drop for VRLS to VRLF will equal: 
VRLS - VRLF = 1.9 % of (VRHF - VRLF) (typical). 

Figure 3 shows an example of expected voltage drops for a 
specific case. Vref of 4.0 V is applied to VRHF and VRLF is tied 
to AGND. A 90 mV drop is seen at VRHS (= 3.91 V) and a 
75 mV increase is seen at VRLS (= 0.075 V). 

ANALOG INPUT 
VIN is the analog input. The input voltage range is from VRLS 

to VRHS (typically 4.0 V) and will scale proportionally with 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

Figure 3 - Simplified Reference Ladder Drive 
Circuit Without Force/Sense Circuit 

I ;4.0 V I 
External I 

~ 90;V Reference ~R!2 

VRHS :!:: 
(+3.91 V) ~ R 

R 

~~ 
R 

R=30Q (typ) 
All capacitors are 0.01 ~ F 

R 

~~ 

R 

R 

VRLS 
(0.075 V) ~ 75;V R/2 

VRLF(AGND) 
O.OV :!: 

respect to the voltage reference. (See voltage reference 
section.) 

The drive requirements forthe analog inputs are very minimal 
when compared to most other converters due to the SPT7850's 
extremely low input capacitance of only 5 pF and very high 
input resistance of 250 kQ .. 

The analog input should be protected through a series 
resistor and diode clamping circuit as shown in figure 4. 

CALIBRATION 

The SPT7850 uses an auto calibration scheme to ensure 10-
bit accuracy over time and temperature. Gain and offset 
errors are continually adjusted to 10-bit accuracy during 
device operation. This process is completely transparent to 
the user. 

Upon power-up, the SPT7850 begins its calibration algo
rithm. In order to achieve the calibration accuracy required, 
the offset and gain adjustment step size is a fraction of a 10-
bit LSB. Since the calibration algorithm is an oversampling 
process, a minimum of 10k clock cycles are required. This 
results in a minimum calibration time upon power-up of 250 
llSec (for a 20 MHz sample rate). Once calibrated, the 
SPT7850 remains calibrated over time and temperature. 

Since the calibration cycles are initiated on the rising edge of 
the clock, the clock must be continuously applied for the 
SPT7850 to remain in calibration. 
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INPUT PROTECTION 

All 1/0 pads are protected with an on-chip protection circuit 
shown in figure 5. This circuit provides ESO robustness to 
3.5 kV and prevents latch-up under severe discharge condi
tions without degrading analog transition times. 

Figure 4 - Recommended Input Protection Circuit 

+v AVoo 

D1 

47 n 
D2 

-v 

D1 = D2 = Hewlett Packard HP5712 or equivalent 

Figure 5 - On-Chip Protection Circuit 

VDD 

120n Analog 

POWER SUPPLY SEQUENCING CONSIDERATIONS 

All logic inputs should be held low until power to the device 
has settled to the specific tolerances. Avoid power decou
piing networks with large time constants which could delay 
Voo power to the device. 
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CLOCK INPUT 

The SPT7850 is driven from a single-ended TTL-input clock. 
Because the pipelined architecture operates on the rising 
edge of the clock input, the device can operate over a wide 
range of input clock duty cycles without degrading the 
dynamic performance. The device's sample rate is 1/2 of 
the input clock frequency_ (See timing diagram.) 

DIGITAL OUTPUTS 

The format ofthe output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK. 
These outputs can be switched into a tri-state mode by 
bringing EN high. 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
010 09-00 

+F.S. + 1/2 LSB 1 11 1111 1111 

+F.S. -1/2 LSB 0 11 1111 1110 

+1/2 F.S. 0 0000000000 

+1/2 LSB 0 0000000000 

O.OV 0 0000000000 

(0 Indicates the flickering bit between logiC 0 and 1). 

OVER RANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 lSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (DO to 09) will remain at 
logic 1 as long as 010 remains at logic 1. This feature makes 
it possible to include the SPT7850 into higher resolU1ion 
systems. 

EVALUATION BOARD 

The EB7850 Evaluation Board is available to aid designers in 
demonstrating the full performance of the SPT7850. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7850 is 
also available. Contact the factory for price and availability. 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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PIN ASSIGNMENTS 

AGND 1 

< 
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VIN 
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010 
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iii 16 iil 

24 07 

23 06 

5", 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

NAME FUNCTION 

AGND Analog Ground 

VRHF Reference High Force 

VRHS Reference High Sense 

VRlS Reference Low Sense 

VRlF Reference Low Force 

VCAl Calibration Reference 

VIN Analog Input 

AVOD Analog VDD 

DVDD Digital VDD 

DGND Digital Ground 

ClK Input Clock fClK =fs (TTL) 

EN Output Enable 

DO-9 Tri-State Data Output, (D0-LSB) 

D10 Tri-State Output Overrange 

DAV Data Valid Output 

3-199 



3-200 

@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONVERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



spr7852 @..SPT 
SIGNAL PROCESSING TECHNOLOGIES DUAL 10-BIT, 20 MSPS, 165 mW AID CONVERTER 

FEATURES 

• Dua110-Bitl20 MSPS Analog-to-Digital Converter 
• Monolithic CMOS 
• Internal Track-and-Hold 
• Low Power Dissipation: 165 mW 
• 4 Vp-p Analog Input Range for Each ADC 
• Single +5 Volt Power Supply 

With option for 3.3 V Digital Outputs 
• Tri-Stable, TIL-Compatible Outputs 
• Overrange Bit 
• Selectable Twos Complement or Straight Binary Output 

GENERAL DESCRIPTION 

The SPT7852 has two 1 O-Bit CMOS analog-to-digital con
verters that can sample data at speeds up to 20 MSPS. It 
has excellent low noise performance with a very low typical 
power dissipation of only 165 mW - that's the total power for 
both converters. The SPT7852 uses a dual configuration 
of the proprietary circuit design found in our 10-bit CMOS 
single converter family, to achieve its high performance in 
a CMOS process. 

BLOCK DIAGRAM 

MSB 
Invert 

I 

ADVANCED INFORMATION 
APPLICATIONS 

• Composite Video Digitizers 
• S-Video Digitizers 
• Video Set-Top Boxes 
• Telecommunications 
• QAM Demodulation 
• Ethernet Over Cable 

The SPT7852 is specifically designed for video decoding 
applications and is ideal for S-video decoding and decoding 
of multiple composite video sources. It also has excellent 
application in the area of coherent I/Q demodulation in such 
applications as QAM demodulation and TV set-top box 
converters. 

Inputs and outputs are TIUCMOS -compatible to inter
face with TIUCMOS-Iogic systems. Output data format 
is selectable for either straight binary or two's comple
ment. The SPT7852 is available in a 44L TQFP package 
in the commercial temperature range (0 to 70°C). 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
AVDD ........................................................................ +6V Digital Outputs................ ........ .................... ........... 10 mA 
DVDD ........................................................................ +6V 

Temperature 
Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175°C 
VREF ......... , .................................................................. 0 to AVDD lead Temperature, (soldering 10 seconds) ......... 300°C 
ClK Input .................................................................. VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD .................................................... ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS FOR EACH CHANNEL 
TA=25 °C, AVDD = DVDD = +5.0 V, V'N=O to 4 V, Is=20 MSPS, /CLK=40 MHz, VRHS= 4.0 V, VRLS=O.O V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS 

Resolution 

DC Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VR1P. 
VR~~ 
VRHS - VRLS 

.1.(VRHF - VRHS) 

.1.(VRLS - VRLF) 

Reference Settling Time 
VRHS 
VRLS 

Conversion Characteristics 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance 
Effective Number of Bits 

f'N=1 MHz 
f'N=3.58 MHz 
f'N=5 MHz 
f'N=10.3 MHz 
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LEVEL MIN TYP MAX UNITS 

I 
I 
I 

I 
I 
V 
V 
V 
V 

I 
V 

IV 
IV 
V 
V 
V 

V 
V 

I 
IV 
IV 
V 
V 

I 
I 
I 
I 

10 Bits 

±1.0 LSB 
±0.5 LSB 

Guaranteed 

VRLS VRHS V 
250 kn 

5.0 pF 
100 MHz 

±2.0 LSB 
±2.0 LSB 

400 500 600 Q 
100 150 MHz 

0 - 2.0 V 
3.0 - AVDD V 
1.0 4.0 5.0 V 

90 mV 
75 mV 

15 Clock Cycles 
20 Clock Cycles 

20 ' MHz 
2 MHz 

12 Clock Cycles 
5 ns 

15 ps 

8.8 Bits 
8.8 Bits 
8.7 Bits 
8.5 Bits 

4755 Forge Road, Co. Springs, CO 80907.$'''' 
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ELECTRICAL SPECIFICATIONS 
TA=25 oC, AVaa = DVaa = +5.0 V, VIN=O to 4 V, fs=20 MSPS, fCLK=40 MHz, VRHS= 4.0 V, VRLS=O.O V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance 
Signal-to-Noise Ratio 
(without Harmonics) 

f1N=1 MHz I 56 dB 
f1N=5 MHz I 55 dB 
fIN=10.3 MHz I 55 dB 

Harmonic Distortion 
f1N=1 MHz I 60 dB 
f1N=5 MHz I 59 dB 
fIN=10.3 MHz I 56 dB 

Signal-to-Noise and Distortion . 
(SINAD) 
f1N=1 MHz I 55 dB 
f1N=5 MHz I 54 dB 
fIN=10.3 MHz I 53 dB 

Spurious Free Dynamic Range fiN = 1 MHz V 63 dB 
Differential Phase V 0.3 Degree 
Differential Gain V 0.5 % 
Intermodulation Distortion TBD dB 

Digital Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 ~A 
Maximum Input Current High I -10 +10 ~A 
Input Capacitance V 5 pF 

Digital outputs 
Logic "1" Voltage (loH=0.5 mAl I 3.5 V 
Logic "0" Voltage (los=1.6 mAl I 0.4 V 
tRISE/tFALL 15 pF load V 10 ns 
Output Enable to Data Output Delay 20 pF load, TA = +25 °C V 10 ns 

50 pF load over temp. V 22 ns 

Power Supply Requirements Total for both converter 
Voltages DVaa channels I 4.75 5.0 5.25 V 

AVaa I 4.75 5.0 5.25 V 
Currents Alaa I 12 mA 

Dlaa I 21 mA 
Power Dissipation I 165 mW 

TEST LEVEL CODES 
All electrical characteristics are subject to the 
following conditions: All parameters having mini 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank sec
tion in the data column indicates that the speci
fication is not tested at the specified condition. 

TEST LEVEL 
I 

TEST PROCEDURE 
100% production tested at the specified temperature. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Te = TA. 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at T A=25 cc, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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SPJ'7855 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 25 MSPS, 135 mW AID CONVERTER 

FEATURES 

• Monolithic 25 MSPS Converter 
• 135 mW Power Dissipation 
• On-Chip Track-and-Hold 
• Single +5 V Power Supply 
• nUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7855 is a 10-bit monolithic, low cost, ultra-low 
power analog-to-digital converter capable of minimum word 
rates of 25 MSPS. The on-chip track-and-hold function 
assures very good dynamic performance without the need 
for external components. The input drive requirements are 
minimized due to the SPT7855's low input capacitance of 
only 5 pF. 

Power dissipation is extremely low at only 135 mW typical at 
25 MSPS with a power supply of +5.0 V. The SPT7855 is pin-

BLOCK DIAGRAM 

elKin 

Enable 

Data 
Valid 

APPLICATIONS 

• All High-Speed Applications Where 
Low Power Dissipation is Required 

• Video Imaging 
• Medical Imaging 
• IR Imaging 
• Digital Communications 

compatible with the entire family of SPT 10-bit, CMOS 
converters (SPT7835/40/50/55/60) which simplifies 
upgrades. The SPT7855 has incorporated proprietary circuit 
design (*) and CMOS processing technologies to achieve its 
advanced performance. Inputs and outputs are nUCMOS
compatible to interface with nUCMOS-logic systems. Out
put data format is straight binary. 

The SPT7855 is available in 28-lead 300 mil cerdip and 
PDIP, 28-lead SOIC and 32-lead small (7 mm square) TQFP 
packages over the temperature range of 0 to 70°C. For 
extended temperature ranges and 1883 processing require
ments, consult the factory. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
AVDD ...................... , ................................................. +6V Digital Outputs................. ...................................... 10 rnA 
DVDD ........................................................................ +6V 

Temperature 
Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175 °C 
VREF ............................................................................ 0 to AVDD lead Temperature, (soldering 10 seconds) ......... 300°C 
ClK Input .................................................................. VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD ............................................................. ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 DC, AVoo = DVoo = +5.0 V, VIN = 0 to 4 V, fClK = 25 MSPS, VRHS = 4.0 V, VRlS = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Resolution 

DC Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input CapaCitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VRlS 
VRHS 
VRHS - VRlS 

A(V RHF - V RHS) 
A(VRlS - VRlF) 

Reference :settling lime 
VRHS 
VRlS 

Conversion Characteristics 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance TA-25°l,; 
Effective Number of Bits 

fin=3.58 MHz 
fin=1 0.3 MHz 

3-206 

TEST 
LEVEL MIN TYP MAX UNITS 

10 Bits 

I ±1.0 LSB 
I ±0.5 LSB 
I Guaranteed 

I VRlS VRHS V 
I 250 k!l 
V 5.0 pF 
V 100 MHz 
V ±2.0 LSB 
V ±2.0 LSB 

I 400 500 600 n 
V 100 150 MHz 

IV 0 - 2.0 V 
IV 3.0 - AVoo V 
V 1.0 4.0 5.0 V 
V 90 mV 
V 75 mV 

V 15 Clock Cycles 
V 20 Clock Cycles 

I 25 MHz 
IV 2 MHz 
IV 12 Clock Cycles 
V 8 ns 
V 15 ps(p-p) 

I 8.5 Bits 
I 8.3 Bits 
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ELECTRICAL SPECIFICATIONS 
TA=25 DC, AVOO = DVOO = +5.0 V, VIN = 0 to 4 V, fCLK = 25 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TVP MAX UNITS 

uynamlc t-'enormance 
Signal-to-Noise Ratio 
(without Harmonics) 

fin=3.58 MHz I 56.0 58 dB 
fin=10.3 MHz I 54.0 56 dB 

Harmonic Distortion (9 Distortion bins from 
fIN=3.58 MHz 1024 pt FFT) I 55.5 59 dB 
fIN=10.3 MHz I 51.5 54 dB 

Signal-to-Noise and Distortion 
(SINAD) 
fin=3.58 MHz I 53.0 55 dB 
fin=10.3 MHz I 50.5 52 dB 

Spurious Free DynamiC Range f1N=1 MHz V 63 dB 
Differential Phase TBD Degree 
Differential Gain TBD % 
Intermodulation Distortion fA=1.0 MHz f8=1.05 MHz TBD dB 

Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 ~A 
Maximum Input Current High I -10 +10 ~ 
Input Capacitance I +5 pF 

Digital Outputs 
Logic "1" Voltage 10H =0.5 mA I 3.5 V 
Logic "0" Voltage 10L = 1.6 mA I 0.4 V 
tRISE 15 pF load V 10 ns 

tFALL 15 pF load V 10 ns 
OuIput Enable to Data Output Delay 20 pF load, TA = +25 DC V 10 ns 

50 pF load over temp. V 22 ns 

Power Supply Requirements 
Voltages DVoo I 4.75 5.0 5.25 V 

AVoo I 4.75 5.0 5.25 V 
Currents Aloo I 16 20 mA 

Dloo I 11 15 mA 
Power Dissipation I 135 175 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: All parameters having minI 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank sec
tion in the data column indicates that the speci
fication is not tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Te = TA. 

II 

III 

IV 

V 

VI 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
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100% production tested at the specified temperature. 

100% production tested at T A=25 cc, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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Figure 1A: Timing Diagram 1 
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Figure 1 B: Timing Diagram 2 
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Table 1 - Timing Parameters 

DESCRIPTION PARAMETERS 

Conversion Time Ie 

Clock Period tClK 

Clock High Duty Cycle leH 
Clock Low Duty Cycle tCL 

Clock to Output Delay (15 pF Load) 100 
Clock to DAV Is 
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MIN TYP MAX UNITS 

tClK ns 

40 ns 

40 50 60 % 

40 50 60 % 

17 ns 

10 ns 
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TYPICAL INTERFACE CIRCUIT 

Figure 1 shows the typical interface requirements when using 
the SPT7855 in normal circuit operation. To reduce the 
possibility of latch-up, avoid connecting the DGND pins of the 
ADC to the digital ground of the system. The following 
sections provide descriptions of the major functions and 
outline critical performance criteria to consider for achieving 
the optimal device performance. 

Figure 1 - Typical Interface Circuit 

Aefln 
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<I-l 
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hd 
+5V +5V 

Analog Analog 
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VRHS 

VRlS 

VRlF 

VIN SPT7855/60 

VeAL DO 

eLK EN 

DAV 

AGND 

*To reduce the possibility of latchMup, avoid 
connecting the DGND pins of the ADC to the 
digital ground of the system. 

Interfacing 
Logics 

+D5 

DGNO +05 

h~ 
+5V +SV 

Digital Digital 
RTN 

NOTES: 1) L3 is to be located as closely to the device as possible. 
2) There should be no additional connections to the right of L 1 and L2. 
3) All capacitors are 0.1 j.lF surface-mount unless otherwise specified. 
4) L 1, l2 and L3 are 10 j.lH inductors or ferrite beads. 

POWER SUPPLIES AND GROUNDING 

SPT suggests that both the digital and the analog supply 
voltages on the SPT7855 be derived from a Single analog 
supply as shown in figure 1. A separate digital supply should 
be used for all interface circuitry. SPT suggests using this 
power supply configuration to prevent a possible latch-up 
condition on power up. 

OPERATING DESCRIPTION 

The general architecture for the CMOS ADC is shown in the 
block diagram. The design contains 16 identical successive 
approximation ADC sections, all operating in parallel, a 16-
phase clock generator, an 11-bit 16:1 digital output multi
plexer, correction logic, and a voltage reference generator 
which provides common reference levels for each ADC section. 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

The high sample rate is achieved by using multiple SAR ADC 
sections in parallel, each of which samples the input signal in 
sequence. Each ADC uses 16 clock cycles to complete a 
conversion. The clock cycles are allocated as follows: 

Clock 
1 
2 
3 
4 
5-15 
16 

Operation 
Reference zero sampling 
Auto-zero comparison 
Auto-calibrate comparison 
Input sample 
11-bit SAR conversion 
Data transfer 

The 16 phase clock, which is derived from the input clock, 1:1 
synchronizes these events. The timing signals for adjacent & 
ADC sections are shifted by one clock cycle so that the analog 
input is sampled on every cycle of the input clock by exactly 
one ADC section. After 16 clock periods, the timing cycle 
repeats. The latency from analog input sample to the corre
sponding digital output is 12 clock cycles. 

• Since only 16 comparators are used, a huge power savings 
is realized. 

• The auto-zero operation is done using a closed loop 
system that uses multiple samples of the comparators 
response to a reference zero. 

• The auto-calibrate operation, which calibrates the gain of 
the MSB reference and the LSB reference, is also done with 
a closed loop system. Multiple samples of the gain error are 
integrated to produce a calibration voltage for each ADC 
section. 

• Capacitive displacement currents, which can induce sam
pling error, are minimized since only one comparator 
samples the input during a clock cycle. 

• The total input capacitance is very low since sections of the 
converter which are not sampling the signal are isolated 
from the input by transmission gates. 

VOLTAGE REFERENCE 

The SPT7855 requires the use of a single external voltage 
reference for driving the high side of the reference ladder. It 
must be within the range of 3 V to 5 V. The lower side of the 
ladder is typically tied to AGND (0.0 V), but can be run up to 
2.0 V with a second reference. The analog input voltage 
range will track the total voltage difference measured be
tween the ladder sense lines, VRHS and VRLS. 

Force and sense taps are provided to ensure accurate and 
stable setting of the upper and lower ladder sense line 
voltages across part-to-part and temperature variations. By 
using the configuration shown in figure 2, offset and gain 
errors of less than ±2 LSB can be obtained. 
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Figure 2 - Ladder Force/Sense Circuit 

4 N/C 

7 vlN 

All capacitors are 0.01 ~F 

In cases where wider variations in offset and gain can be 
tolerated, VRef can be tied directly to VRHF and AGND can be 
tied directly to VRLF as shown in figure 3. Decouple force and 
sense lines to AGND with a .01 IlF capacitor (chip cap 
preferred) to minimize high-frequency noise injection. If this 
simplified configuration is used, the following considerations 
should be taken into account: 

The reference ladder circuit shown in figure 3 is a simplified 
representation of the actual reference ladder with force and 
sense taps shown. Due to the actual internal structure of the 
ladder, the voltage drop from V RHF to V RHS is not equivalent 
to the voltage drop from VRLF to VRLS. 

Typically, the top side voltage drop for VRHF to VRHS will 
equai: 

VRHF - VRHS = 2.25 % of (VRHF - VRLF) (typical), 

and the bottom side voltage drop for VRLS to VRLF will equal: 

VRLS - VRLF = 1.9 % of (VRHF - VRLF) (typical). 

Figure 3 shows an example of expected voltage drops for a 
specific case. Vref of 4.0 V is applied to VRHF and VRLF is tied 
to AGND. A 90 mV drop is seen at VRHS (= 3.91 V) and a 
75 mV increase is seen at VRLS (= 0.075 V). 

ANALOG INPUT 

VIN is the analog input. The input voltage range is from VRLS 
to VRHS (typically 4.0 V) and will scale proportionally with 
respect to the voltage reference. (See voltage reference 
section.) 
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Figure 3 - Reference Ladder 
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The drive requirements for the analog inputs are very minimal 
when compared to most other converters due tothe SPT7855's 
extremely low input capacitance of only 5 pF and very high 
input resistance of 250 kil. 

The analog input should be, protected through a series 
resistor and diode clamping circuit as shown in figure 4. 

CALIBRATION 

The SPT7855 uses an auto calibration scheme to ensure 10-
bit accuracy over time and temperature. Gain and offset 
errors are continually adjusted to 10-bit accuracy during 
device operation. This process is completely transparent to 
the user. 

Upon power-up, the SPT7855 begins its calibration algo
rithm. In order to achieve the calibration accuracy required, 
the offset and gain adjustllJent step size is a fraction of a 10-
bit LSB. Since the calibration algorithm is an oversampling 
process, a minimum of 10,000 clock cycles are required. 
This results in a minimum calibration time upon power-up of 
400 !!Sec (for a 25 MHz clock). Once calibrated, the SPT7855 
remains calibrated over time and temperature. 

Since the calibration cycles are initiated on the rising edge of 
the clock, the clock must be continuously applied for the 
SPT7855 to remain in calibration. 

INPUT PROTECTION 

All I/O pads are protected with an on-chip protection circuit 
shown in figure 5. This circuit provides ESD robustness to 
3.5 kV and prevents latch-up under severe discharge condi
tions without degrading analog transition times. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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Figure 4 - Recommended Input Protection Circuit 
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Figure 5 - On-Chip Protection Circuit 
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POWER SUPPLY SEQUENCING CONSIDERATIONS 

All logic inputs should be held low until power to the device 
has settled to the specific tolerances. Avoid power decou
piing networks with large time constants which could delay 
VDD power to the device. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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CLOCK INPUT 

The SPT7855 is driven from a Single-ended TTL-input 
clock. Because the pipelined architecture operates on the 
rising edge of the clock input, the device can operate over 
a wide range of input clock duty cycles without degrading 
the dynamic performance. 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK. 
These outputs can be switched into a tri-state mode by 
bringing EN high. 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUT CODE 
010 09-00 

+1- .::i. + 112 L::il::l 1 11 1111 1111 

+F.S. -1/2 LSB 0 11 1111 1110 

+1/2 F.S. 0 0000000000 

+1/2 LSB 0 0000000000 

O.OV 0 0000000000 

(0 Indicates the flickering bit between logic 0 and 1.) 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 lSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (00 to 09) will remain at logic 
1 as long as 010 remains at logic 1. This feature makes it 
possible to include the SPT7855 into higher resolution systems. 

EVALUATION BOARD 

The EB7855 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7855. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7855 is 
also available. Contact the factory for price and availability. 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

NAME FUNCTION 

AGND Analog Ground 

VRHF Reference High Force 

VRHS Reference High Sense 

VRlS Reference low Sense 

VRlF Reference low Force 

VCAl Calibration Reference 

VIN Analog Input 

AVoo Analog Voo 

DVoo Digital Voo 

DGND Digital Ground 

ClK Input Clock fClK =1s (TTL) 

EN Output Enable 

DO-9 Tri-State Data Output, (D0=lSB) 

D10 Tri-State Output Overrange 

DAV Data Valid Output 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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SPI'7860 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 40 MSPS,175 mW AID CONVERTER 

FEATURES 

• Monolithic 40 MSPS Converter 
• 175 mW Power Dissipation 
• On-Chip Track-and-Hold 
• Single +5 V Power Supply 
• TTUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7860 is a 10-bit monolithic, low cost, ultra-low 
power analog-to-digital converter capable of minimum word 
rates of 40 MSPS. The on-chip track-and-hold function 
assures very good dynamic performance without the need 
for external components. The input drive requirements are 
minimized due to the SPT7860's low input capacitance of 
only 5 pF. 

Power dissipation is extremely low at only 175 mW typical at 
40 MSPSwith a power supply of +5.0V. The SPT7860is pin
compatible with the entire family of SPT 10-bit, CMOS 

BLOCK DIAGRAM 
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APPLICATIONS 

• All High-Speed Applications Where 
Low Power Dissipation is Required 

• Video Imaging 
• Medical Imaging 
• Radar Receivers 
• IR Imaging 
• Digital Communications 

converters (SPT7835/40/50/55/60) which simplifies up
grades. The SPT7860 has incorporated proprietary circuit 
design (*) and CMOS processing technologies to achieve its 
advanced performance. Inputs and outputs are TTUCMOS 
compatible to interface with TTUCMOS logic systems. Out
put data format is straight binary. 

The SPT7860 is available' in 28-lead 300 mil cerdip and 
POI P, 28-lead SOIC and 32-lead small (7 mm square) TQFP 
packages over the temperature range of 0 to 70 ac. For 
extended temperature ranges and 1883 processing require
ments, consult the factory. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
g AyDD ........................................................................ +6 V Digital Outputs....................................................... 10 mA 
CX) DVDD ........................................................................ +6 V 

~ Temperature 
en Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175 °c 
VREF ............................................................................ 0 to AVDD lead Temperature, (soldering 10 seconds) ......... 300°C 
ClK Input .................................................................. VDD Storage Temperature ............................... -65 to + 150°C 
AVDD - DVDD ............................................................. ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 °C, AVoo = DVoo = +5.0 V, VIN = 0 to 4 V, fs = 40 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Resolution 

DC Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VRIf: 
VRHS 
VRHS - VRLS 

Ll(VRHF - VRHS) 
Ll(VRLS - VRLF) 

Rererence ~ettling Time 
VRHS 
VRLS 

Conversion Characteristics 
Maximum Conversion Rate 
Minim~m Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

uynamic t'enormance TA=+25°C 
Effective Number of Bits 

fin=3.58 MHz 
fin=10.3 MHz 
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TEST 
LEVEL MIN TYP MAX UNITS 

10 Bits 

I ±1.0 lSB 
I ±0.5 LSB 
I Guaranteed 

I VRLS VRHS V 
I 250 k.Q 
V 5.0 pF 
V 250 MHz 
V ±2.0 LSB 
V ±2.0 LSB 

I 400 500 600 n 
V 100 150 MHz 

IV 0 - 2.0 V 
IV 3.0 - AVoo V 
V 1.0 4.0 5.0 V 
V 9Q mV 
V 75 mV 

V 15 Clock Cycles 
V 20 Clock Cycles 

I 40 MHz 
IV 2 MHz 
IV 12 Clock Cycles 
V 4.0 ns 
V 30 ps(p-p) 

I 8.5 Bits 
I 8.3 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPI'. . 
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ELECTRICAL SPECIFICATIONS 
TA=25 DC, AVOO = DVOO = +5.0 V, VIN = 0 to 4 V, IS = 40 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless olherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance TA - +25 °C 
Signal-Io-Noise Ratio 
(without Harmonics) 

lin=3.58 MHz I 52 54 dB 
fin=10.3 MHz I 51 52 dB 

Harmonic Distortion (9 Distortion bins from 
fIN=3.58 MHz 1024 pt FFT) I 55 61 dB 
f1N=1 0.3 MHz I 52 53 dB 

Signal-to-Noise and Distortion 
(SINAD) 
fin=3.58 MHz I 51 54 dB 
fin=10.3 MHz I 49 52 dB 

:spurious t-ree Dynamic Range IIN-1.0 MHz V 63 dB 
Differential Phase V TBD Degree 
Differential Gain TBD % 
Intermodulation Distortion TBD dB 

Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 ;tA 
Maximum Input Current High I -10 +10 ;tA 
Input Capacitance V +5 pF 

Digital uutputs 
Logic "1" Voltage IOH =0.5 mA I 3.5 V 
Logic "0" Voltage IOL= 1.6 mA I 0.4 V 
tRISE 15 pF load V 10 ns 
tFALL 15 pF load V 10 ns 
Output Enable to Data Output Delay 20 pF load, T A = +25 °C V 10 ns 

50 pF load over temp. V 22 ns 

Power :supply Requirements 
Voltages DVoo IV 4.75 5.0 5.25 V 

AVoo IV 4.75 5.0 5.25 V 
Currents Aloo I 17 22 mA 

Dloo I 18 23 mA 
Power Dissipation I 175 225 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A. 

II 

III 

IV 

V 

VI 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 A: Timing Diagram 1 
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Figure 1 B: Timing Diagram 2 
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Table 1 - Timing Parameters 

DESCRIPTION 

Conversion Time 

Clock Period 

Clock High Duty Cycle 

Clock Low Duty Cycle 

0D 
I 

~ 

Clock to Output Delay (15 pF Load) 

ClocktoDAV 
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tc;LK ~: 

te ~: _ E hi 
I 

Data 1 X 
t~ I I 

joE ~~IE tCH _IE 

PARAMETERS 

tc 

tClK 

tcH 
tCl 

too 

ts 

I 
Data 2 X Data 3 

I 

tc~ ~ I 

MIN TYP MAX UNITS 

tClK ns 

25 ns 

40 50 60 % 

40 50 60 % 

17 ns 

10 ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 

iii' 
:E-

" " c: .. g 
't: 

" 0.. 

iii' 
:E-
0 
I 
f-

a: 
Z en 

iii' 
:E-

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

70 

60 

50 

40 

30 

20 

10 

0 
1.0 1.5 

Performance vs Sample Rate 

10 15 20 25 30 35 

Sample Rate (MSPS) 

SNR and THD vs Input Range 

2.0 2.5 3.0 3.5 4.0 4.5 

Input Range (V) 

Spectral Response 

Is=4O MSPS 

Is = 1.035 MHz 

40 

5.0 

~0~--+--------------------------------------4 

~ ~0~--+---~---------------------------------4 
j 

-120 '----+---__ ----+------+----+----I----+----+---__ --~ 
o 

SP'I 

4 5 6 

Input Frequency (MHz) 

4755 Forge Road, Co_ Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

10 

SNR, THD and SINAD vs Input Frequency 

60 

70 

iii' 60 
:E-
o « z 50 
Cii 
0" 
I 40 
f-
a: 
Z 
en 30 I 

20 

10 
1 10 100 1000 

Input Frequency (MHz) 

Power Dissipation vs Sample Rate 

220 

200 

160 

~160 
Iii 
~ 

0.. 

~ 

140 

120 

100 

80 

60 
10 

Performance vs Temperature 

~r----------------,--~~----,---------_, 

60 ~~ fiN = 1 MHz 

fS=4OMSPS' 

5040'------~2O----~----~20------40~----60~-----60----~loo 

Temperature (Oe) 

3-219 

------_ .. _-------------



o 

~ 
en 

TYPICAL INTERFACE CIRCUIT 

Figure 1 shows the typical interface requirements when using 
the SPT7860 in normal circuit operation. To reduce the 
possibility of latch-up, avoid connecting the DGND pins olthe 
ADC to the digital ground of the system. The following 
sections provide descriptions 'of the major functions and 
outline critical performance criteria to consider for achieving 
the optimal device performance. 

Figure 1 - Typical Interface Circuit 

:~ ___ --IVAHF 

<1-1 
<1-1 

VRHS 

VRLS 

VRLF 

D10 

VIN ----IV'N SPT7855/60 Interfacing 
Logics 

<1-1 VeAL DO 

elK IN __ ...----1 elK EN 

+A5 AGND 

h~ 
+5V +5V 

Analog Analog 
ATN 

DAV 

+A5 ' 

L3 

EnableITri-State 
(Enable"" Active Low) 

"To reduce the possibility of latch-up, avoid 
connecting the DGND pins of the ADC to the 
digital ground of the system. 

NOTES: 1) L3 is to be located as closely to the device as possible. 

DGND +05 

~d 
+SV +5V 
Digital Digital 
RTN 

2) There should be no additional connections to the right of L 1 and L2. 
3) All capacitors are 0'.1' ~F surface-mount unless otherwise specified. 
4) L1. L2 and L3 are 10 IJH inductors or ferrite beads. 

POWER SUPPLIES AND GROUNDING 

SPT suggests that both the digital and the analog supply 
voltages on the SPT7860 be derived from a single analog 
supply as shown in figure 1. A separate digital supply should 
be used for all interface circuitry. SPT suggests using this 
power supply configuration to prevent a possible latch-up 
condition on power up. 

OPERATING DESCRIPTION 

The general architecture for the CMOS ADC is shown in the 
block diagram. The design contains 16 identical successive 
approximation ADC sections, all operating in parallel, a 16-
phase clock generator, an 11-bit 16: 1 digital output multi
plexer, correction logic, and a voltage reference generator 
which provides common reference levels for each ADC section. 

3-220 

The high sample rate is achieved by using multiple SAR ADC 
sections in parallel, each of which samples the input Signal in 
sequence. Each ADC uses 16 clock cycles to complete a 
conversion. The clock cycles are allocated as follows: 

Clock 
1 
2 
3 
4 
5-15 
16 

Operation 
Reference zero sampling 
Auto-zero comparison 
Auto-calibrate comparison 
Input sample 
11-bit SAR conversion 
Data transfer 

The 16 phase clock, which is derived from the input clock, 
synchronizes these events. The timing signals for adjacent 
ADC sections are shifted by one clock cycle so that the analog 
input is sampled on every cycle of the input clock by exactly 
one ADC section. After 16 clock periods, the timing cycle 
repeats. The latency from analog input sample to the corre
sponding digital output is 12 clock cycles. 

• Since only 16 comparators are used, a huge power savings 
is realized. 

• The auto-zero operation is done using a closed loop 
system that uses multiple samples of the comparators 
response to a reference zero. 

• The auto-calibrate operation, which calibrates the gain 
of the MSB reference and the LSB reference, is also 
done with a closed loop system. Multiple samples of the 
gain error are integrated to produce a calibration voltage for 
each ADC section. 

• Capacitive displacement currents, which can induce sam
pling error, are minimized since only one comparator 
samples the input during a clock cycle. 

• The total input capacitance is very low since sections of the 
converter which are not sampling the signal are isolated 
from the input by transmission gates. 

VOLTAGE REFERENCE 

The SPT7860 requires the use of a single external voltage 
reference for driving the high Side of the reference ladder. It 
must be within the range of 3 V to 5 V. The lower side of the 
ladder is typically tied to AGND (0.0 V), but can be run up to 
2.0 V with a second reference. The analog input voltage 
range will track the total voltage difference measured be
tween the ladder sense lines, VRHS and VRLS. 

Force and sense taps are provided to ensure accurate and 
stable setting of the upper and lower ladder· sense line 
voltages across part-to-part and temperature variations. By 
using the configuration shown in figure 2, offset and gain 
errors of less than ±2 LSB can be obtained. 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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Figure 2 - Ladder Force/Sense Circuit 

4 N/C 

All capacitors are 0.01 IJF 

In cases where wider variations in offset and gain can be 
tolerated, VRef can be tied directly to VRHF and AGND can be 
tied directly to VRLF as shown in figure 3. Decouple force and 
sense lines to AGND with a .01 I1F capacitor (chip cap 
preferred) to minimize high-frequency noise injection. If this 
simplified configuration is used, the following considerations 
should be taken into account: . 

The reference ladder circuit shown in figure 3 is a simplified 
representation of the actual reference ladder with force and 
sense taps shown. Due to the actual internal structure of the 
ladder, the voltage drop from VRHF to VRHS is not equivalent 
to the voltage drop from VRLF to VRLS. 

Typically, the top side voltage drop for VRHF to VRHS will 
equal: 

VRHF - VRHS = 2.25 % of (VRHF - VRLF) (typical), 

and the bottom side voltage drop for VRLS to VRLF will equal: 

VRLS - VRLF = 1.9 % of (VRHF - VRLF) (typical). 

Figure 3 shows an example of expected voltage drops for a 
specific case. Vref of 4.0 V is applied to VRHF and VRLF is tied 
to AGND. A 90 mV drop is seen at VRHS (= 3.91 V) and a 75 
mV increase is seen at VRLS (= 0.075 V). 

ANALOG INPUT 

VIN is the analog input. The input voltage range is from VRLS 
to VRHS (typically 4.0 V) and will scale proportionally with 
respect to the voltage reference. (See voltage reference 
section.) 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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Figure 3 - Simplified Reference Ladder Drive Circuit 
Without Force/Sense Circuit 
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The drive requirements forthe analog inputs are very minimal 
when compared to most other converters due to the SPT7860's 
extremely low input capacitance of only 5 pF and very high 
input resistance in excess of 250 kQ. 

The analog input should be protected through a series 
resistor and diode clamping circuit as shown in figure 4. 

CALIBRATION 

The SPT7860 uses an auto calibration scheme to en
sure 10-bit accuracy over time and temperature. Gain and 
offset errors are continually adjusted to 10-bit accuracy 
during device operation. This process is completely trans
parent to the user. 

Upon power-up, the SPT7860 begins its calibration algo
rithm. In order to achieve the calibration accuracy required, 
the offset and gain adjustment step size is a fraction of a 10-
bit LSB. Since the calibration algorithm is an oversampling 
process, a minimum of 10,000 clock cycles are required. 
This results in a minimum calibration time upon power-up of 
250 l1Sec (for a 40 MHz clock). Once calibrated, the SPT7860 
remains calibrated over time and temperature. 

Since the calibration cycles are initiated on the rising edge of 
the clock, the clock must be continuously applied for the 
SPT7860 to remain in calibration. 

INPUT PROTECTION 

All I/O pads are protected with an on-chip protection circuit 
shown in figure 5. This circuit provides ESD robustness to 
3.5 kV and prevents 'atch-up under severe discharge condi
tions without degrading analog transition times. 
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Figure 4 - Recommended Input Protection Circuit 

+v AVDD 

-v 

D1 = D2 = Hewlett Packard HP5712 or equivalent 

Figure 5 - On-Chip Protection Circuit 
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CLOCK INPUT 

The SPT7860 is driven from a single-ended TTL-input clock. 
Because the pipelined architecture operates on the rising edge of 
the clock input, the device can operate over a wide range of input 
clock duty cycles without degrading the dynamic performance. 

DIGITAL OUTPUTS 

The format of the output data (00-09) is straight binary. (See 
table 2.) The outputs are latched on the rising edge of ClK. 
These outputs can be switched into a tri-state mode by 
bringing EN high. 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUTCOOE 
010 09-00 

+F.S. + 1/2 LSB 1 11 1111 1111 

+F.S. -1/2 LSB 0 11 1111 1110 

+1/2 F.S. 0 0000000000 

+1/2 LSB 0 0000000000 

O.OV 0 0000000000 

(0 Indicates the flickering bit between logiC 0 and 1). 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (010) is an indication that the 
analog input signal has exceeded the positive full scale input 
voltage by 1 LSB. When this condition occurs, 010 will switch 
to logic 1. All other data outputs (00 to 09) will remain at logic 
1 as long as 010 remains at logic 1. This feature makes it 
possible to include the SPT7860 into higher resolution systems. 

EVALUATION BOARD 

The EB7860 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7860. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note describing the operation of this 
board as well as information on the testing of the SPT7860 is 
also available. Contact the factory for price and availability. 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

NAME FUNCTION 

AGND Analog Ground 

VRHF Reference High Force 

VRHS Reference High Sense 

VRlS Reference low Sense 

VRlF Reference low Force 

VCAl Calibration Reference 

VIN Analog Input 

AVDD Analog VDD 

DVDD Digital VDD 

DGND Digital Ground 

ClK Input Clock fClK -fs (TTL) 

EN Output Enable 

DO-9 Tri-State Data Output, (D0-lSB) 

D10 Tri-State Output Overrange 

DAV Data Valid Output 
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SPI'786I ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 10-BIT, 40 MSPS,160 mW AID CONVERTER 

FEATURES 

• Monolithic 40 MSPS Converter 
• 160 mW Power Dissipation 
• On-Chip Track-and-Hold 
• Single +5 V Power Supply 
• TTUCMOS Outputs 
• 5 pF Input Capacitance 
• Low Cost 
• Tri-State Output Buffers 
• High ESD Protection: 3,500 V Minimum 

GENERAL DESCRIPTION 

The SPT7861 is a 10-bit monolithic, low cost, ultra-low 
power analog-to-digital converter capable of minimum word 
rates of 40 MSPS. This is a pin-compatible improved version 
of the SPT7860. The on-chip track-and-hold function as
sures very good dynamic performance without the need for 
external components. The input drive requirements are 
minimized due to the SPT7861's low input capacitance of 
only 5 pF. 

Power dissipation is extremely low at only 160 mW typical at 
40 MSPSwith a power supply of+5.0V. TheSPT7861 is pin-

BLOCK DIAGRAM 

elKin 
Timing 

C~:OI ~.t--... 

Enable 

ADVANCED INFORMATION 

APPLICATIONS 

• All High-Speed Applications Where 
Low Power Dissipation is Required 

• Video Imaging 
• Medical Imaging 
• Radar Receivers 
• IR Imaging 
• Digital Communications 

compatible with the entire family of SPT 10-bit, CMOS 
converters (SPT7835/40/50/55/60) which simplifies up
grades. The SPT7861 has incorporated proprietary circuit 
design (*) and CMOS processing technologies to achieve its 
advanced performance. Inputs and outputs are TTUCMOS 
compatible to interface with TTUCMOS logic systems. Out
put data format is straight binary .. 

The SPT7861 is available in 28-lead 300 mil PDIP, 28-lead 
SOIC and 32-lead small (7 mm square) TQFP packages 
over the temperature range of 0 to +70 DC. For extended 
temperature ranges, consult the factory. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages 
(0 AVDD ...... ' .................................................................. +6 V 
~ DVDD ........................................................................ +6 V 

Output 
Digital Outputs....................................................... 10 mA 

Temperature 
C/) Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175°C 
VREF ............................................................................ 0 to AVDD lead Temperature, (soldering 10 seconds) ......... 300°C 
ClK Input .............................................................•.... VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD ............................................................. ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 DC, AVoo = DVoo, = +5.0 V, VIN = 0 to 4 V, fs = 40 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

Hesolutlon 

U(; Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Resistance 
Input Capacitance 
Input Bandwidth (Small Signal) 
Offset 
Gain Error 

Reference Input 
Resistance 
Bandwidth 
Voltage Range 

VRLS 
VRHS 
VRHS - VRLS 

8(VRHF - VRHS) 
8(VRLS - VRLF) 

Reference settling Time 
VRHS 
VRLS 

(;onversion l;haracteristics 
Maximum Conversion Rate 
Minimum Conversion Rate 
Pipeline Delay (Latency) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance TA= +25 °C 
Effective Number of Bits 

fin=3.58 MHz 
fin=10.3 MHz 
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TEST 
LEVEL MIN TYP MAX UNITS 

10 Ijlts 

I ±1.0 LSB 
I ±0.5 LSB 
I Guaranteed 

I VRLS VRHS V 
I 250 kn 
V 5.0 pF 
V 250 MHz 
V ±2.0 LSB 
V ±2.0 LSB 

I 500 600 700 Q 
V 100 150 MHz 

iV 0 - 2.0 V 
IV 3.0 - AVoo V 
V 1.0 4.0 5.0 V 
V 90 mV 
V 75 mV 

V 15 Clock Cycles 
V 20 Clock Cycles 

I 40 MHz 
IV 2 MHz 
IV 12 Clock Cycles 
V 4.0 ns 
V 15 ps(p-p) 

I 9.2 Bits 
I 9.0 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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ELECTRICAL SPECIFICATIONS 
TA=25 °C, AVoo = DVoo = +5.0 V, VIN = 0 to 4 V, fS = 40 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

uynamlc I"'ertormance I A = +25 0(; 

Signal-to-Noise Ratio 
(without Harmonics) 

fin=3.58 MHz I 58 dB 
fin=10.3 MHz I 57 dB 

Harmonic Distortion (9 Distortion bins from 
hN=3.58 MHz 1024 pt FFT) I 62 dB 
hN=10.3 MHz I 58 dB 

Signal-to-Noise and Distortion 
(SINAD) 
fin=3.58 MHz I 57 dB 
fin=10.3 MHz I 56 dB 

::spurious !-ree uynamic l1ange IIIN-1.U MHz v 64 dB 
Differential Phase V TBD Degree 
Differential Gain TBD % 
Intermodulation Distortion TBD dB 

Inputs 
Logic "1" Voltage I 2.0 V 
Logic "0" Voltage I 0.8 V 
Maximum Input Current Low I -10 +10 IlA 
Maximum Input Current High I -10 +10 IlA 
Input Capacitance V +5 pF 

Digital uutputs 
Logic "1" Voltage IOH =0.5mA I 3.5 V 
Logic "0' Voltage IOL = 1.6 mA I 0.4 V 
tRISE 15 pF load V 10 ns 
tFALL 15 pF load V 10 ns 
Output Enable to Data Output Delay 20 pF load, T A = +25 °C V 10 ns 

50 pF load over temp. V 22 ns 

Power Supply Requirements 
Voltages DVoo IV 4.75 5.0 5.25 V 

AVoo IV 4.75 5.0 5.25 V 
Currents Aloo I 14 19 mA 

Dloo I 18 23 mA 
Power Dissipation I 160 210 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

II 

III 

IV 

V 

VI 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 cc, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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Figure 1A: Timing Diagram 1 
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Figure 1 B: Timing Diagram 2 
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Table 1 - Timing Parameters 

DESCRIPTION 

Conversion Time 

Clock Period 

Clock High Duty Cycle 

Clock Low Duty Cycle 

too 

~ 

Clock to Output Delay (15 pF Load) 

Clock to DAV 
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tqLK -te -,.'oE 1cL~ 

I I 
Data 1 X 

, is I joE _:0( lc~ _10( 

PARAMETERS 

tc 

tClK 

tCH 

tCL 

too 
ts 

11 

I 
Data 2 X Data 3 

tCl -I 

MIN TVP MAX UNITS 

tClK ns 

25 ns 

40 50 60 % 

40 50 60 % 

17 ns 

10 ns 

4755 Forge Road, Co. Springs, CO 80907 SPI', 
PH: (719) 528-2300; Fax: (719) 528-2370 



PIN ASSIGNMENTS 

SPr 

010 

DVOD 

01 

00 

TQFP 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719).528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

NAME FUNCTION <0 co 
AGND Analog Ground j::: 
VRHF Reference High Force 

a. 
CI) 

VRHS Reference High Sense 

VRlS Reference low Sense 

VRlF Reference low Force 

VCAl Calibration Reference 

VIN Analog Input 

AVDD Analog VDD 

DVDD Digital VDD 

DGND Digital Ground 

ClK Input Clock fClK =fs (TTL) 

EN Output Enable 

DO-9 Tri-State Data Output, (D0-lSB) 

D10 Tri-State Output Overrange 

DAV Data Valid Output 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 10-Bit, 100 MSPS Analog-to-Digital Converter 
• Monolithic Bipolar 
• -1.0 V to + 1.0 V Analog Input Range 
• Internal Sample-and-Hold 
• Internal Voltage Reference 
• Power Dissipation of 1.4 Watts 
• Single Ended ECl Outputs 
• Mll-STD-883 Compliant Versions 

GENERAL DESCRIPTION 

The SPT 10-Bit, 100 MSPS analog-to-digital converter, with 
its two stage sub-ranging flash/folder architecture, delivers 
very high performance at a fraction of the power of other flash 
type converters in this performance class. Power dissipation, 
including the internal voltage reference is only 1.4 W typical. 
The device supports high speed ECl outputs. 

BLOCK DIAGRAM 

SPI' 

Analog Input 

V,N -t---...,--

VRTOut-t-rl 
VRT In '--__ .--J 

VAS In 

VRB Out-t---<-I 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPI'7870 
10-BIT, 100 MSPS ECl AID CONVERTER 

ADVANCED INFORMATION 

APPLICATIONS 

• Professional Video 
• HDTV 
• Communications 
• Imaging 
• Digital Oscilloscopes 

The resolution and performance of this device makes it well 
suited for professional video and HDTV applications. The on
board track-and-hold provides for excellent AC performance 
enabling this device to be a converter of choice for RF 
communications and digital sampling oscilloscopes. The 
SPT7870 is available in 32l sidebrazed and 44l cerquad 
packages in the industrial temperature range. Contact the 
factory for availability of military and /883 versions. 
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D9(MSS) 

D8 
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D6 
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D3 

0. 

D1 

DO 

MINV 

Timing and Control 
UNV 
eLK 

NCLK 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)l 

Supply Voltages Output 
Vee ....................................................................................... +6 V Digital Outputs .......................................... +30 to ~30 rnA 
VEE ..............•.......................................................................... -6 V 

Temperature 
Input Voltages Operating Temperature ............................. -25 to + 85°C 

Analog Input ............................................. VEE:O;VIN:O;Vee Junction Temperature ........................................ + 175°C 
VRT, VRB ............................................................ +1.5 V, -1.5 V Lead, Soldering (10 seconds) ............................ + 300°C 
Reference Ladder Current.. .................................. 12 rnA Storage .................................................... -60 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=Tmln-Tmax Vcc=+50V VEE=-52V VIN=±1 OV VRB=-1 OV VRT=+1 OV fCIoCk=100MHz 500/0 clock duty cycle unless otherwise specified 

TEST 

PARAMETERS CONDITIONS 

DC Performance 
Resolution 
Differential Linearity 
Integral Line~rity +25°C 
Full Temp. 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Bias Current 
Input Resistance +25°C 

Full Temperature 
Input Capacitance +25°C 
Input Bandwidth +25 °c (Small Signal) 
±FS Error 

Voltage Reference 
Ref. Ladder Resistance 
Ref. Ladder Temp. Coefficient 
Full Scale Drift with Temperature 

Timing Characteristics 
Conversion Rate 
Pipeline Delay (Latency) 
Transient Response 
Overvoltage Recovery Time 
Output Delay (Id) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Performance 
Effective Number of Bits Full Temperature 

fin = 3.58 MHz 
fin = 25.0 MHz 
fin = 50.0 MHz 

3-232 

TEST 

LEVEL MIN TYP MAX UNITS 

10 Bits 
±0.75 LSB 

±1.0 ±2.0 LSB 
±2.5 LSB 

Guaranteed 

±1.0 V 
100 ~ 
300 kQ 
100 kQ 

5 10 pF 
175 200 MHz 

15 70 LSB 

600 800 1000 n 
0.1 nrc 

±0.1 mV/oC 

100 110 MSPS 
1 Clock 

10 ns 
10 ns 
3 ns 
1 ns 
5 ps (rms) 

9.0 Bits 
8.7 Bits 
8.0 Bits 

4755 Forge Road, Co. Springs, CO 80907 SP'I' 
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ELECTRICAL SPECIFICATIONS 

TA=T m;n- T max, Vcc=+S.O v, VEE=-S.2 v, VIN=i1.0 v, VRB=-1.0 v, VRr-+1.0 v, /cI00.=100 MHz, SO% clock duty cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Dynamic Performance 
Signal-To-Noise Ratio Full Temperature 

fin = 3.58 MHz 56 dB 
fin = 25.0 MHz 56 dB 
fin = 50.0 MHz 53 dB 

HarmOniC Distortion (Full Temp.) 
fin = 3.58 MHz 65 dB 
fin = 25.0 MHz 58 dB 
fin = 50.0 MHz 53 dB 

Spurious Free Dynamic Range 
fin = 3.58 MHz 65 dB 
fin = 25.0 MHz 58 dB 
fin = 50.0 MHz 53 dB 

Two-Tone Intermodulation 
Dis!. Rejection +25°C 70 dB 

Differential Phase +25°C 0.5 Degree 
Differential Gain +25°C 1 % 

Power Supply Requirements 
+Vs Supply Voltage 4.75 5.0 5.25 V 
- Vs Supply Voltage -4.90 -5.2 -5.50 V 
+Vs Supply Current 150 mA 
- Vs Supply Current 140 mA 
Power Dissipation with 

Intemal Voltage Reference 1.4 1.7 W 
Power Supply Rejection Ratio 6 10 mVN 

Clock Inputs1 
Difference IClK-NClKI 0.5 2.0 V 
Common Mode .5 (ClK+NClK) -1.5 +1.5 V 
Input Current -1 +1 mA 
Pulse Width low (ClK) 4.5 ns 
Pulse Width High (ClK) 4.5 300 ns 

Digital Outputs 
logic 1 Voltage 50 Oto -2 V -1.1 -0.9 V 
logic 0 Voltage 500to-2V -1.7 -1.5 V 

1 Clock accepts both ECl and TTL input levels. ECl may be driven single ended or differential. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA • 

TEST LEVEL 

v 

VI 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. . 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 
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THEORY OF OPERATION 

The SPT7870 is uses a two stage subranging architecture 
incorp~r~ting a 3-~it flash MSB conversion stage followed by 
an 8-bit Interpolating folder conversion stage. Digital error 
correction logic combines the results of both stages to pro
duce a 10-bit data conversion digital output. 

The analog signal is input directly to the 3-bit flash converter 
which performs a 3-bit conversion and in turn drives an 
internal DAC used to set the second stage voltage reference 
level. The 3-bit result from the flash conversion is input to the 
digital error correction logic and used in calculation of the 
upper most significant bits of the data output. 

The analog input is also input directly to an internal track-and
hold amplifier. The signal is held and amplified for use in the 
second stage conversion. The output of the this track-and
hold is input into a summing junction that takes the difference 
between the track-and-hold amplifier and the 3-bit DAC 
output. The residual is captured by a second track-and-hold 
which holds and amplifies this residual voltage. 

The residual held by the track-and-hold amplifier is inputto an 
8-bit interpolating folder stage for data conversion. The 8-bit 
converted data from the folder stage is input into the digital 
error correction logic and used in calculation of the lower 
significant bits. 

The error correction logiC incorporates a proprietary scheme 
for compensation of any internal offset and gain errors that 
might exist to determine the 10-bit conversion result. The 
resultant 10-bit data conversion is internally latched and 
presented on the data output pins via buffered output drivers. 
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CLOCK INPUTS 

The clock inputs are designed to be driven differentially with 
ECl levels. For optimal noise performance, the clock input 
slew rate should be a minimum of 2 ns. Because of this, the 
use of fast logic is recommended. The clock input duty cycle 
should be 50% where possible. The analog input signal is 
latched on the rising edge of the ClK. 

The clock may be driven single-ended since the NOT ClK pin 
is internally biased to -1.3 V. NOT elK may be left open but 
a .01 IlF bypass capacitor from NOT ClK to AGND is 
recommended. NOTE: System performance may be de
graded due to increased clock noise or jitter. 

VOLTAGE REFERENCE 

The SPT7870 incorporates an on-board voltage reference. 
The top and bottom reference voltages are each internally 
tied to their respective top and bottom of the internal refer
ence ladder. The pins for the voltage references and the 
ladder, including the center of the ladder are brought out to 
pins on the device. These pins are for decoupling purposes 
only. A .01 IlF capacitor should be used on each pin and tied 
toAGND. 

The internal voltage reference and the internal error correc
tion logic eliminat~ the need for driving externally the voltage 
reference ladder. In fact, the voltage reference ladder should 
not be driven with and external voltage reference source as 
the internal errcir correction circuitry already compensates for 
the internal voltage and no improvement will result. 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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DIGITAL OUTPUTS Table 1 - Data Output Coding 

The format ofthe output data (DO - 09) is straight binary. (See 
table 1.) The outputs are latched on the rising edge of the ClK 0 ANALOG OVERRANGE OUTPUT CODE 

INPUT 010 09-00 with a propagation delay of 3 ns (typ). There is a one clock ~ 
cycle latency between ClK and valid data output data. (See ~ >+1.0 V + 1/2 lSB 1 11 1111 1111 
the timing diagram.) C/) +1.0 V - 1 lSB 0 11 1111 1110 

PIN ASSIGNMENTS 

SPr 

00 

01 

02 

D. 

0. 

OS 
32L Sidebrazed 

os 

07 

os 

D9 

44LCerquad 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

O.OV 0 00 00000000 
-1.0V+ 1 lSB 0 00 00000000 
<-1.0 V 0 00 00000000 

PIN FUNCTIONS I 
VIN Analog Input 

00-09 Digital Output Data 

010 Overflow 

ClK Clock 

NClK Inverted Clock 

LlNV least Significant Bits (Do - 08 Inverted) 

MINV Most Significant Bit (09 Inverted) 

VRT In Top of Reference ladder 

VRT Out Internal Top Ref Out 

VRsin Bottom of Reference ladder 

VRSOut Internal Bottom Ref Out 

Vee +5 V Analog Supply 

VRM Reference ladder Center Tap 

VEE -5.2 V Supply 

N/C Not Connected 

AGND Analog Ground 

DGND Digital Ground 

3-235 



3-236 

~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONVERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 10-Bit, 100 MSPS Analog-to-Digital Converter 
• Monolithic Bipolar 
• -1.0 V to + 1.0 V Analog Input Range 
• Internal Sample-and-Hold 
• Internal Voltage Reference 
• Power Dissipation of 1.3 Watts 
• Single Ended TTL Outputs 
• MIL-STD-883 Compliant Versions 

GENERAL DESCRIPTION 

The SPT 10-bit, 100 MSPS analog-to-digital converter, with 
its two stage sub-ranging flashlfolder architecture, delivers 
very high performance at a fraction of the power of other flash 
type converters in this performance class. Power dissipation, 
including the internal voltage reference is only 1.3 W typical. 
The device supports high speed TTL outputs. 

BLOCK DIAGRAM 

BPI' 

Analog Input 

V'N -1-----.--1 

VRTOut -+-...,---1 
VRT In '-----

VRB In 

VRBOut-+-+----j 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

spr787I 
10-BIT, 100 MSPS TTL AID CONVERTER 

ADVANCED INFORMATION 

APPLICATIONS 

• Professional Video 
• HDTV 
• Communications 
• Imaging 
• Digital Oscilloscopes 

The resolution and performance of this device makes it well 
suited for professional video and HDTV applications. The on
board track-and-hold provides for excellent AC performance 
enabling this device to be a converter of choice for RF 
communications and digital sampling oscilloscopes. The 
SPT7871 is available in 32L sidebrazed and 44L cerquad 
packages in the industrial temperature range. Contact the 
factory for availability of military and 1883 versions. 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Output 
AVcc .................................................................................... +6 V Digital Outputs .......................................... +30 to -30 rnA 
DVcc .................................................................................... +6 V 
V~ ......................................................................................... ~V Temperature 

Operating Temperature ............................. -25 to + 85°C 
Input Voltages Junction Temperature ........................................ + 175°C 

Analog Input ............................................. VEE:;;VIN:;;VCC Lead, Soldering (10 seconds) ............................ + 300°C 
VRT, VRB ............................................................ +1.5 V, -1.5 V Storage .................................................... -60 to + 150°C 
Reference Ladder Current .................................... 12 rnA 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA; T min - T max, Vcc;+5.0 V, VEE;-5.2 V, V,N;+1.0 V, VRs;-1.0 V, VRF+1.0 V, /cloc,;100 MHz, 50% clock duty cycle, unless othelWise specified. -

TEST 

PARAMETERS CONDITIONS 

DC Periormance 
Resolution 
Differential Linearity 
Integral Linearity +25°C 
Full Temp. 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Bias Current 
Input Resistance +25°C 

Full Temperature 
Input Capacitance +25°C 
Input Bandwidth +25 °C (Small Signal) 
±FS Error 

Voltage Reference 
Ref. Ladder Resistance 
Ref. Ladder Temp. Coefficient 
Full Scale Drift with Temperature 

Timing Characteristics 
Conversion Rate 
Pipeline Delay (Latency) 
Transient Response 
Overvoltage Recovery Time 
Output Delay (td) 
Aperture Delay Time 
Aperture Jitter Time 

Dynamic Periormance 
Effective Number of Bits Full Temperature 

fin = 3.58 MHz 
fin = 25.0 MHz 
fin = 50.0 MHz 
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TEST 

LEVEL MIN TVP MAX UNITS 

10 Bits 
±0.75 LSB 
±1.0 ±2.0 LSB 
±2.5 LSB 

Guaranteed 

±1.0 V 
100 IlA 
300 kQ 
100 kQ 

5 10 pF 
175 200 MHz 

15 70 LSB 

600 800 1000 Q 
0.1 QrC 

±0.1 mV/oC 

100 110 MSPS 
1 Clock 

10 ns 
10 ns 
3 ns 
1 ns 
5 ps (rms) 

9.0 Bits 
8.7 Bits 
8.0 Bits 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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ELECTRICAL SPECIFICATIONS 

TA=T m;n- T max. Vcc=+5.0 v, VEE=-5.2 v, V'N=+1.0 v, VRB=-1.0 v, VRr=+1.0 v, iCIoCk=100 MHz, 50% clock duty cycle, unless otherwise specified. -

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TVP MAX UNITS 

Dynamic Performance 
Signal-To-Noise Ratio Full Temperature 

fin = 3.58 MHz 56 dB 
fin = 25.0 MHz 56 dB 
fin = 50.0 MHz 53 dB 

Harmonic Distortion (Full Temp.) 
fin = 3.58 MHz 65 dB 
fin = 25.0 MHz 58 dB 
fin = 50.0 MHz 53 dB 

Spurious Free Dynamic Range 
fin = 3.58 MHz 65 dB 
fin = 25.0 MHz 58 dB 
fin = 50.0 MHz 53 dB 

Two-Tone Intermodulation fin = 3.58 MHz 
Dis!. Rejection +25°C 70 dB 
Differential Phase +25°C 0.5 Degree 
Differential Gain +25°C 1 % 

Power Supply Requirements 
+Vs Supply Voltage 4.75 5.0 5.25 V 
- Vs Supply Voltage -4.9 -5.2 -5.5 V 
+Vs Supply Current 200 mA 
- Vs Supply Current 60 mA 
Power Dissipation with 

Internal Voltage Reference 1.3 1.6 W 
Power Supply Rejection Ratio 6 10 mVN 

Clock Inputs1 
Difference IClK-NClKI 0.5 2.0 V 
Common Mode .5 (CLK+NClK) -1.5 +1.5 V 
Input Current -1 +1 mA 
Pulse Width Low (ClK) 4.5 ns 
Pulse Width High (ClK) 4.5 300 ns 

Digital Outputs 
logic 1 Voltage 10 TTL Loads 2.4 2.8 V 
logic 0 Voltage 10 TTL loads 0.5 0.6 V 

1 Clock accepts both ECl and TTL input levels. ECl may be driven single ended or differential. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

TEST LEVEL 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 
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THEORY OF OPERATION 

The SPT7871 is uses a two stage subranging architecture 
incorporating a 3-bit flash MSB conversion stage followed by 
an 8-bit interpolating folder conversion stage. Digital error 
correction logic combines the results of both stages to pro
duce a 10-bit data conversion digital output. 

The analog signal is input directly to the 3-bit flash converter 
which performs a 3-bit conversion and in turn drives an 
internal DAC used to set the second stage voltage reference 
level. The 3-bit result from the flash conversion is input to the 
digital error correction logic and used in calculation of the 
upper most significant bits of the data output. 

The analog input is also input directly to an internal track-and
hold amplifier. The signal is held and amplified for use in the 
second stage conversion. The output of the this track-and
hold is input into a summing junction that takes the difference 
between the track-and-hold amplifier and the 3-bit DAC 
output. The residual is captured by a second track-and-hold 
which holds and amplifies this residual voltage. 

The residual held by the track-and-hold amplifier is input to an 
8-bit interpolating folder stage for data conversion. The 8-bit 
converted data from the folder stage is input into the digital 
error correction logic and used in calculation of the lower 
significant bits. 

The error correction logic incorporates a proprietary scheme 
for compensation of any internal offset and gain errors that 
might exist to determine the 10-bit conversion result. The 
resultant 10-bit data conversion is internally latched and 
presented on the data output pins via buffered output drivers. 
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CLOCK INPUTS 

The clock inputs are designed to be driven differentially with 
ECl levels. For optimal noise performance, the clock input 
slew rate should be a minimum of 2 ns. Because of this, the 
use of fast logic is recommended. The clock input duty cycle 
should be 50% where possible. The analog input signal is 
latched on the rising edge of the ClK. 

The clock may be driven single-ended since the NOT ClK pin 
is internally biased to -1.3 V. NOT ClK may be left open but 
a .01 IlF bypass capaCitor from NOT ClK to AGND is 
recommended. NOTE: System performance may be de
graded due to increased clock noise or jitter. 

VOLTAGE REFERENCE 

The SPT7871 incorporates an on-board voltage reference. 
The top and bottom reference voltages are each internally 
tied to their respective top and bottom of the internal refer
ence ladder. The pins for the voltage references and the 
ladder, including the center of the ladder are brought out to 
pins on the device. These pins are for decoupling purposes 
only. A .011lF capacitor should be used on each pin and tied 
toAGND. 

The internal voltage reference and the internal error correc
tion logic eliminate the need for driving externally the voltage 
reference ladder. In fact, the voltage reference ladder should 
not be driven with and external voltage reference source as 
the internal error correction circuitry already compensates for 
the internal voltage and no improvement will result. 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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DIGITAL OUTPUTS 

The format of the output data (DO - D9) is straight binary. (See 
table 1.) The outputs are latched on the rising edge of the ClK 
with a propagation delay of 3 ns (typ). There is a one clock 
cycle latency between ClK and valid data output data. (See 
the timing diagram.) 

PIN ASSIGNMENTS 

00 

01 

02 

03 

04 
05 

D6 

07 

08 

SP'I 

0" 

01 

02 

03 

0' 

05 
32L Sidebrazed 

06 

07 

DB 

D9 

44L Cerquad 

4755 Forge Road, Co. Springs, CO 80907 
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Table 1 - Data Output Coding 

ANALOG OVER RANGE OUTPUT CODE 
INPUT 010 09- DO 

>+1.0 V + 1/2 lSB 1 11 1111 1111 
+1.0V-1 lSB 0 11 1111 1110 
O.OV 0 00 00000000 
-1.0V+1 lSB 0 00 00000000 
<-1.0 V 0 00 00000000 

PIN FUNCTIONS E 
VIN Analog Input 

Do-D9 Digital Output Data 

DlO Overflow 

ClK Clock 

NClK Inverted Clock 

LlNV least Significant Bits (Do - Ds Inverted) 

MINV Most Significant Bit (D9 Inverted) 

VRTln Top of Reference ladder 

VRTOut Internal Top Ref Out 

VRsin Bottom of Reference ladder 

VRSOut Internal Bottom Ref Out 

AVec +5 V Analog Supply 

DVcc +5 V Digital Supply 

VRM Reference ladder Center Tap 

VEE -5.2 V Supply 

N/C Not Connected 

AGND Analog Ground 

DGND Digital Ground 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Monolithic 
• 12-Bit 10 MSPS Converter 
• 67 dB SNR @ 500 kHz Input 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• low Power (1.4 W Typical) 
• 5 pF Input Capacitance 
• ECl Outputs 

GENERAL DESCRIPTION 
The SPT7910 AID converter is industry's first 12-bit mono
lithic A-to-D converter capable of sample rates greater than 
10 MSPS. On board input buffer and track/hold function 
assures excellent dynamic performance without the need for 
external components. Drive requirement problems are mini
mized with an input capacitance of only 5 pF. 

Inputs and outputs are ECl to provide a higher level of noise 
immunity in high speed system applications. An overrange 
output signal is provided to indicate overflow conditions. 

BLOCK DIAGRAM 

SPI' 

ANALOG GAIN 
COMPRESSION 

PROCESSOR 

4·BITFLASH 
CONVERTER 

TRACK AND HOLD 
AMPLIFIERS 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPI'79 1'0 
12-BIT, 10 MSPS, ECl, AID CONVERTER 

APPLICATIONS 

• Radar Receivers 
• Professional Video 
• Instrumentation 
• Medical Imaging 
• Electronic Warfare 
• Digital Communications 
• Digital Spectrum Analyzers 
• Electro-Optics 

Output data format is straight binary. Power dissipation is 
very low at only 1.4 watts with power supply voltages of +5.0 
and -5.2 volts. The SPT7910 also provides a wide input 
voltage range of ±2.0 volts. 

The SPT7910 is available in a small 32-lead ceramic side
brazed DIP package and in die form. A commercial tempera
ture range of 0 to +70 °C is currently offered. A surface mount 
package, military temperature, and 1883 processed units will 
be available in the near future. 

ASYNCHRONOUS 
SAR 

ERROR 
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DRIVERS 

DIGITAL 
OUTPUT 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)' 25°C 

Supply Voltages Output 
Vee .......................................................................... +6 V Digital Outputs ............................................... 0 to -30 mA 
VEE ............................................................................ -6 V 

Temperature 
Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input ............................................... VFBS;VIN~:;VFT Junction Temperature ........................................... 175 °C 
VFT, VFB ..................................................... +3.0 V, -3.0 V Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Ladder Current .................................... 12 mA Storage Temperature ............................... -65 to + 150°C 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vcc=+S.O V, VEE=-S.2 V, DVcc=+S.O V, VIN=±2.0 V, VSB=-2.0 V, VST=+2.0 V, fclock= 10 MHz, SO% clock duty 
cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Resolution 

DC Accuracy (+2S 0C) 

Integral Nonlinearity ± Full Scale 

Differential Nonlinearity 2S0 kHz Sample Rate 

No Missing Codes 

Analog Input 

Input Voltage Range 

Input Bias Current 

Input Resistance VIN=OV 

Input Capacitance 

Input Bandwidth 3 dB Small Signal 

+FS Error 

-FS Error 

Reference Input 

Reference Ladder Resistance 

Reference Ladder Tempco 

Timing Characteristics 

Maximum Conversion Rate 

Overvoltage Recovery Time 

Pipeline Delay (Latency) 

Output Delay 

Aperture Delay Time 

Aperture Jitter Time 

Dynamic Performance 

Effective Number of Bits 

fin=SOO kHz 

fin=1.0 MHz 

fin=3.S8 MHz 
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TEST SPT791 0 
LEVEL MIN TYP MAX UNITS 

12 Bits 

I ±2.0 LSB 

I ±0.8 LSB 

I Guaranteed 

VI ±2.0 V 

VI 30 60 ~A 

VI 100 300 kQ 

V S pF 

V 120 MHz 

V ±S.O LSB 

V ±S.O LSB 

VI SOO 800 Q 

V 0.8 ilioC 

VI 10 MHz 

V 20 ns 

VI 1 Clock Cycle 

V S ns 

V 1 ns 

V S ps-RMS 

10.2 Bits 

10.0 Bits 

9.S Bits 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 



ELECTRICAL SPECIFICATIONS 

TA=TMIN to TMAX, Vee=+5.0 v, VEE=-5.2 V, DVee=+5.0 V, VIN=±2.0 v, Vss=-2.0 v, Vsr=+2.0 v, !clock=10 MHz, 50% clock duty 
cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN 
Dynamic Performance 

Signal-To-Noise Ratio 
(without Harmonics) 

fin=500 kHz +25°C I 64 

TMINtoTMAX IV 58 
fin=1 MHz +25°C I 64 

TMINtoTMAX IV 58 
fin=3.58 MHz +25°C I 62 

TMINtoTMAX IV 58 
Harmonic Distortion2 

fin=500 kHz +25°C I 63 

TMINtoTMAX IV 59 
fin=1.0 MHz +25°C I 63 

TMINtoTMAX IV 59 
fin=3.58 MHz +25°C I 59 

TMIN to TMAX IV 57 
Signal-to-Noise and Distortion 

fin=500 kHz +25°C I 60 
TMIN to TMAX IV 55 

fin=1.0 MHz +25°C I 60 

TMINtoTMAX IV 55 
fin=3.58 MHz +25°C I 57 

TMIN toTMAX IV 54 
Spurious Free Dynamic Range3 +25°C V 
Differential Phase4 +25°C V 
Differential Gain4 +25°C V 

Digitallnputs 
logic "1" Voltage V -1.1 
logic "0' Voltage V 
Maximum Input Current low VI -500 
Maximum Input Current High VI -500 
Pulse Width low (ClK) IV 30 
Pulse Width High (ClK) IV 30 

Digital Outputs 
logic "1" Voltage 50nto-2V VI -1.1 
logic "0' Voltage 50nto-2V VI 

Power Supply Requirements 
Voltages Vee IV +4.75 

-VEE IV -4.95 
Currents Icc VI 

-lEE VI 
Power Dissipation Outputs Open VI 
Power Supply Rejection Ratio (5 V±O.25 V, -5.2 V ±O.25 V) V 

1 Typical thermal impedances (unsoldered, in free air): 32l sidebrazed DIP. aja = 50 °CIW. 
2 64 distortion BINS from 4096 pt FFT. 
3 fin = 1 MHz. 
4 fin = 3.58 and 4.35 MHz. 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPT791 0 
TYP MAX UNITS 

67 dB 
61 dB 
66 dB 
60 dB 
64 dB 
60 dB 

66 dB 
62 dB 
65 dB 
61 dB 
61 dB 
59 dB 

63 dB 
58 dB 
62 dB 
57 dB 
59 dB 
56 dB 
74 dB 
0.2 Degree 
0.7 % 

V 
-1.5 V 

±200 +750 !JA 
±300 +750 !JA 

ns 
300 ns 

-0.8 V 
-1.8 -1.5 V 

+5.25 V 
-5.45 V 

150 190 rnA 
125 160 rnA 
1.4 1.8 W 
1.0 lSB 
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TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

Figure 1 A: Timing Diagram 

II 

III 
IV 

V 

VI 

N ------

ClK 

ClK 

Figure 1 B: Single Event Clock 

ClK 

ClK 

OUTPUT 
DATA 

Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION 

N+1 

Id elK to Data Valid Prop Delay 

lpwH elK High Pulse Width 

tpwl elK low Pulse Width 

3-246 

100% production tested at the specified temperature. 

100% production tested at T A=25 oC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 

N+2 

DATA VALID 

MIN TYP MAX UNITS 

- 5 ns 

30 - 300 ns 

30 - - ns 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 

The SPT7910 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7910 in 
normal circuit operation. The following section provides a 
description of the pin functions and outlines critical perfor
mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7910 requires the use of two supply voltages, VEE 
and Vee. Both supplies should be treated as analog supply 
sources. This means the VEE and Vee ground returns of the 
device should both be connected to the analog ground plane. 
All other -5.2 V requirements ofthe external digital logic circuit 
should be connected to the digital ground plane. Each power 
supply pin should be bypassed as closely as possible to the 
device with .01 IlF and 10 IlF capacitors as shown in 
figure 2. 

The two grounds available on the SPT791 0 are AGND and 
DGND. DGND is used only for, ECl outputs and is to be 
referenced to the output pulldown voltage. These grounds 
are not tied together internal to the device. The use of ground 
planes is recommended to achieve the best performance of 

Figure 2 - Typical Interface Circuit 

eLK 
ClK-IN 0------------1__... 

the SPT7910. The AGND and the DGND ground planes 
should be separated from each other and only connected 
together at the device through an inductance or ferrite bead. 
Doing this will minimize the ground noise pickup. 

VOLTAGE REFERENCE 

The SPT791 0 requires the use of two voltage references: VFT 
and VFB. VFT is the force for the top of the voltage reference 
ladder (+2.5 V typ) , VFB (-2.5 Vtyp) isthe force for the bottom 
of the voltage reference ladder. Both voltages are applied 
across an internal reference ladder resistance of 800 ohms. 
In addition, there are five reference ladder taps (VST,VRT1, 
VRT2 VRT3 and VSB). VST is the sense for the top of the 
reference ladder (+2.0 V), VRT2 is the midpoint of the ladder 
(0.0 V typ) and VSB is the sense for the bottom of t~e 
reference ladder (-2.0 V). VRT1 and VRT3 are quarter pOint 
ladder taps (+1.0 and -1.0 V typical, respectively). The 
voltages seen at VST and VSB are the true full ~cale input 
voltages of the device when VFT and VFB are driven to the 
recommended voltages (+2.5 V and -2.5 V typical respec
tively). VSTand VSB should be used to monitor the actual full 
scale input voltage of the device. VRT1, VRT2 and VR~3 
should not be driven to the expected ideal values as IS 

commonly done with standard flash converters, When not 
being used, a decoupling capacitor of .01 uF ~o~n~cted. to 
AGND from each tap is recommended to minimize high 
frequency noise injection. 

=-IN o-----------'CCKc:;-" )-------.---, 
011 MSB 
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The analog input range will scale proportionally with respect. 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with VSB and VST equal to -2.0 V and +2.0 V respec
tively, the accuracy of the device will degrade if operated 
beyond a ± 2% range. 

The following errors are defined: 

+FS error = top of ladder offset voltage = ~(+FS -VST) 
-FS error = bottom of ladder offset voltage = ~(-FS -VSB) 

Where the +FS (full scale) input voltage is defined as the input 
approximately 1 lSB above the output transition of 1-10 
and 1-11 and the -FS input voltage is defined as the input 
approximately 1 lSB below the output transition of 0-00 and 
0-01. 

An example of a typical reference driver circuit is shown in 
figure 2. This circuit is to be used to minimize the +FS and -
FS errors over temperature. U1 and U2 are lM339s with an 
output voltage of +2 V and -2 V respectively. U3 and U4 are 
recommended to be OP-07s or equivalent. The input offset of 
these devices is 150 uV maximum. This circuit uses a true 
force and sense when driving the reference ladder of the 
SPT7910. U3 sources the current through VFT (VST is a 
sense) while U4 is sinking current through VFB (VSB is a 
sense). To calibrate the reference, adjust R1 for VST=+2.0 V 
(VFT will be typically +2.5 V) and adjust R4 for VSB=-2.0 V 
(VFB will be typically -2.5 V). This circuit is preferred because 
it allows the user to know exactly what the full scale input 
voltage is. 

ANALOG INPUT 

VIN1 and VIN2 are the analog inputs. Both inputs are tied to 
the same point internally. Either one may be used as an 
analog input "sense" and the other for an input "force." The 
inputs can also be tied together and driven from the same 
source. The full scale input range will be 80% of the reference 
voltage or±2 volts with VFB=-2.5 V and VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due the 
SPT791 O's extremely low input capacitance of only 5 pF and 
very high input impedance of 300 kn. For example, for an 
input Signal of ± 2 V p-p with an input frequency of 10 MHz, 
the peak output current required for the driving circuit is only 
6281!A. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

CLOCK INPUT 

The clock inputs (ClK, ClK) are designed to be driven 
differentially with ECl levels. Differential clock driving is 0 c;; highly recommended to minimize the effects of clock jitter. I"""-

The clock may be driven single ended since ClK is internally Ii: 
biased to -1.3 V ClK . may be left open, but a .01 /IF bypass C/) 

capacitor to AGND is recommended. As with all high speed 
circuits, proper terminations are required to avoid signal 
reflections and possible ringing that can cause the device to 
trigger at an unwanted time. 

The clock input duty cycle should be 50% where pOSSible, but E 
performance will not be degraded if kept within the range of 
40-60%. However, in any case the clock pulse width (tpwH) 
must be kept at 300 ns maximum to ensure proper operation 
of the internal track and hold amplifier (see timing diagram). 
The analog input signal is latched on the rising edge of the ClK. 

DIGITAL OUTPUTS 

The format of the output data (00-011) is straight binary. 
(See table 2.) These outputs are ECl 10K and 10KH 
compatible with the output circuit shown in figure 3. The 
outputs are latched on the rising edge of ClK with a propa
gation delay of 5 ns. There is a one clock cycle latency 
between ClK and the valid output data (see timing diagram). 
These digital outputs can drive 50 ohms to ECl levels when 
pulled down to -2 V. Output loading pulled down to -5.2 V is 
not recommended. The total specified power dissipation of 
the device does not include the power used by these loads. 
The additional power used by these loads can vary between 
10 and 300 mW typically (including the overrange load) 
depending on the output codes. If lower power levels are 
desired, the output loads can be reduced, but careful consid
eration to the resistive and capacitive loads in relation to the 
operating frequency must be considered. 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
012 011-00 

>+2.0 V + 1/2 UsB 1 1111 1111 1111 

+2.0 V -1 lSB 0 1111 1111 111121 

O.OV 0 121121121121121121121121121121121121 

-2.0 V +1 lSB 0 00000000000121 

<2.0 V 0 000000000000 

(0 indicates the flickering bit between logiC 0 and 1). 
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Figure 3 - Output Circuit 

AGND DGND 

OVERRANGE OUTPUT 

The OVER RANGE OUTPUT (012) is an indication that the 
analog input signal has exceeded the full scale input voltage 
by 1 LSB. When this condition occurs, the output will switch 
to logic 1. All other data outputs are unaffected by this 
operation. This feature makes it possible to include the 
SPT791 0 into higher resolution systems. 
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EVALUATION BOARD 

The EB791 0 Evaluation Board is available to aid designers in 
demonstrating the full performance of the SPT7910. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note (AN7910) describing the operation 
of this board as well as information on the testing of the 
SPT7910 is also available. Contact the factory for price and 
availability. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



PIN ASSIGNMENTS 
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PIN FUNCTIONS 

NAME FUNCTION 0 

DGND Digital Ground 
a; 
I"-
I-

AGND Analog Ground a. en 
DO-D11 ECl Outputs (DO=lSB) 

D12 ECl Output Overrange 

ClK Clock 

ClK Inverted Clock 

VEE -5.2 V Supply 

Vee +5.0 V supply 

VRT1,VRT2,VRT3 Voltage Reference Taps 

VIN1, VIN2 Inputs (tied together at the die) 

VFT Force for Top of Reference ladder 

VST Sense for Top of Reference ladder 

VFB Force for Bottom of Reference ladder 

VSB Sense for Bottom of Reference ladder 
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SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Monolithic 
• 12-Bit 30 MSPS Converter 
• 65 dB SNR @ 1 MHz Input 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• low Power (1.4 W Typical) 
• 5 pF Input Capacitance 
• ECl Outputs 

GENERAL DESCRIPTION 

The SPT7912 AID converter is industry's first 12-bit mono
lithic A-to-D converter capable of sample rates greater than 
30 MSPS. On board input buffer and track/hold function 
assures excellent dynamic performance without the need for 
external components. Drive requirement problems are mini
mized with an input capacitance of only 5 pF. 

Inputs and outputs are ECl to provide a higher level of noise 
immunity in high speed system applications. An overrange 
output signal is provided to indicate overflow conditions. 

BLOCK DIAGRAM 

SPI' 

ANALOG GAIN 
COMPRESSION 

PROCESSOR 

4-BITFLASH 
CONVERTER 

TRACK AND HOLD 
AMPLIFIERS 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPI'7912 
12-8IT, 30 MSPS, ECl, AID CONVERTER 

APPLICATIONS 

• Radar Receivers 
• Professional Video 
• Instrumentation 
• Medical Imaging 
• Electronic Warfare 
• Digital Communications 
• Digital Spectrum Analyzers 
• Electro-Optics 

Output data format is straight binary. Power dissipation is 
very low at only 1.4 watts with power supply voltages of +5.0 
and -5.2 volts. The SPT7912 also provides a wide input 
voltage range of ±2.0 volts. 

The SPT7912 is available in a small 32-lead ceramic side
brazed DIP package and in die form. A commercial tempera
ture range of 0 to +70 °C is currently offered. Contact the 
factory for availability of surface mount packages, military 
temperature, and /883 processed units. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25 °C 

C\I Supply Voltages Output 
~ VVCEEC .......................................................................... +66 Vv 
::: ............................................................................ -

Digital Outputs ............................................... 0 to -30 mA 

Temperature CJ) 
Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input ............................................... VFB:S;VIN:S;VFT Junction Temperature ........................................... 175°C 
VFT, VFB ..................................................... +3.0 V, -3.0 V Lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference Ladder Current .................................... 12 mA Storage Temperature ............................... -65 to +150 °C 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vcc=+5.0 V, VEE=-5.2 V, DVcc=+5.0 V, VIN=±2.0 V, VSB=-2.0 V, VST=+2.0 V, fclock=30 MHz, 50% clock duty 
cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Resolution 

DC Accuracy (+25 °C) 

Integral Nonlinearity ± Full Scale 

Differential Nonlinearity 250 kHz Sample Rate 

No Missing Codes 

Analog Input 

Input Voltage Range 

Input Bias Current 

Input Resistance VIN=OV 

Input Capacitance 

Input Bandwidth 3 dB Small Signal 

+FS Error 

-FS Error 

Reference Input 

Reference Ladder Resistance 

Reference Ladder Tempco 

Timing Characteristics 

Maximum Conversion Rate 

Overvoltage Recovery Time 

Pipeline Delay (Latency) 

Output Delay 

Aperture Delay Time 

Aperture Jitter Time 

Dynamic Performance 

Effective Number of Bits 

fin=500 kHz 

fin=1.0 MHz 

fin=3.58 MHz 
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TEST SPT7912 
LEVEL MIN TYP MAX UNITS 

12 Bits 

I ±2.0 LSB 

I ±0.8 LSB 

I Guaranteed 

VI ±2.0 V 

VI 30 60 IJ.A 
VI 100 300 kn 

V 5 pF 

V 120 MHz 

V ±5.0 LSB 

V ±5.0 LSB 

VI 500 800 n 

V 0.8 nrc 

VI 30 40 MHz 

V 20 ns 

VI 1 Clock Cycle 

V 5 ns 

V 1 ns 

V 5 ps-RMS 

10.0 Bits 

9.8 Bits 

9.5 Bits 

4755 Forge Road, Co. Springs, CO 80907 S'''' 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vec=+5.0 v, VEE=-5.2 V, DVce=+5.0 v, VIN=±2.0 V, VS8=-2.0 V, VST=+2.0 V, !clock=30 MHz, 50% clock duty 
cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN 
Dynamic Performance 

Signal-To-Noise Ratio 
(without Harmonics) 

fin=500 kHz +25°C I 63 
TMINtoTMAX IV 58 

fin=1 MHz +25°C I 63 
TMIN to TMAX IV 58 

fin=3.58 MHz +25°C I 62 

TMIN to TMAX IV 58 
Harmonic Distortion2 

fin=500 kHz +25°C I 63 

TMINtoTMAX IV 59 
fin=1.0 MHz +25°C I 62 

TMIN to TMAX IV 58 
fin=3.58 MHz +25°C I 59 

TMINtoTMAX IV 57 
Signal-to-Noise and Distortion 

fin=500 kHz +25°C I 60 
TMINtoTMAX IV 55 

fin=1.0 MHz +25°C I 59 
TMINtoTMAX IV 55 

fin=3.58 MHz +25°C I 57 
TMINto TMAX IV 54 

Spurious Free Dynamic Range3 +25°C V 
Differential Phase4 +25°C V 
Differential Gain4 +25°C V 

Digital Inputs 
Logic "1" Voltage V -1.1 
Logic "0" Voltage V 
Maximum Input Current Low VI -500 
Maximum Input Current High VI -500 
Pulse Width Low (CLK) IV 15 
Pulse Width High (CLK) IV 15 

Digital Outputs 
Logic "1" Voltage 50 Oto -2V VI -1.1 
Logic "0" Voltage 500to-2V VI 

Power Supply Requirements 
Voltages Vee IV +4.75 

-VEE IV -4.95 
Currents Icc VI 

-lEE VI 
Power Dissipation Outputs Open VI 
Power Supply Rejection Ratio (5 V±O.25 V, -5.2 V ±O.25 V) V 

1 Typical thermal impedances (unsoldered, in free air): 32L sidebrazed DIP. OJ. = 50 °CIW. 
2 64 distortion BINS from 4096 pt FFT. 
3 fin = 1 MHz. 
4 fin = 3.58 and 4.35 MHz. 
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SPT7912 
TYP MAX UNITS 

66 dB 
61 dB 
65 dB 
60 dB 
64 dB 
60 dB 

65 dB 
61 dB 
64 dB 
60 dB 
61 dB 
59 dB 

62 dB 
58 dB 
61 dB 
57 dB 
59 dB 
56 dB 
74 dB 
0.2 Degree 
0.7 % 

V 
-1.5 V 

±200 +750 ~ 
±300 +750 ~ 

ns 
300 ns 

-0.8 V 
-1.8 -1.55 V 

+5.25 V 
-5.45 V 

150 190 rnA 
125 160 rnA 
1.4 1.8 W 
1.0 LSB 
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TEST LEVEL CODES 

All electrical characteristics are subject to the 
C\I following conditions: 

~ 
CIJ 

All parameters having minimax specifications 
are guaranteed. The Test level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

Figure 1 A: Timing Diagram 

TEST LEVEL 

II 

III 

IV 

V 

VI 

N+1 N 
~------

j 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 oC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 

N+2 

tpWH~ ... tpwl i 

~------X----:{------X------*-----~ elK 

elK 

i ~I 

O~;;~T~~~~N-~2~~=XI... ____ N_-l ___ -,X:~~~~~D~AT~A:NV~A~l~ID~~~=X DAT~~ALlD 
Figure 1 B: Single Event Clock 

ClK 

ClK 

OUTPUT 
DATA 

Table 1 - Timing Parameters 

DESCRIPTION 

elK to Data Valid Prop Delay 

elK High Pulse Width 

elK low Pulse Width 
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PARAMETERS 

td 

tpwH 

tpwl 

DATA VALID 

MIN TYP MAX UNITS 

- 5 ns 

15 - 300 ns 

15 - - ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 

The SPT7912 requires few external components to achieve 
C\I the stated operation and performance. Figure 2 shows the Oi 
..... typical interface requirements when. using t~e SPT7~12 in 
Ii: normal circuit operation. The following secllon provides a 
en description of the pin functions and oullines critical perfor-

mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7912 requires the use of two supply voltages, VEE 
and Vee. Both supplies should be treated as analog supply 
sources. This means the VEE and Vee ground returns of the 
device should both be connected to the analog ground plane. 
All other -5.2 V requirements ofthe external digital logic circuit 
should be connected to the digital ground plane. Each power 
supply pin should be bypassed as closely as possible to the 
device with .01 IlF and 10 IlF capacitors as shown in figure 2. 

The two grounds available on the SPT7912 are AGND and 
DGND. DGND is used only for ECl outputs and is to be 
referenced to the output pulldown voltage. These grounds 
are not tied together internal to the device. The use of ground 
planes is recommended to achieve the best performance of 
the SPT7912. The AGND and the DGND ground planes 
should be separated from each other and only connected 

Figure 2 - Typical Interface Circuit 

ClK 
eLK-'N 0----------1---... 

together at the device through an inductance or ferrite bead. 
Doing this will minimize the ground noise pickup. 

VOLTAGE REFERENCE 

The SPT7912 requires the use oftwo voltage references: VFT 
and VFB. VFT is the force for the top of the voltage reference 
ladder (+2.5 Vtyp), VFB (-2.5 Vtyp) isthe force for the bottom 
of the voltage reference ladder. Both voltages are applied 
across an internal reference ladder resistance of 800 ohms. 
In addition, there are five reference ladder taps (VST,VRT1, 
VRT2 VRT3 and VSB). VST is the sense for the top of the 
reference la'dder(+2.0 V), VRT2 is the midpoint of the ladder 
(0.0 V typ) and VSB is the sense for the bottom of the 
reference ladder (-2.0 V). VRTl and VRT3 are quarter point 
ladder taps (+1.0 and -1.0 V typical, respectively). The 
voltages seen at VST and VSB are the true full scale input 
voltages of the device when VFT and VFB are driven to the 
recommended voltages (+2.5 V and -2.5 V typical respec
tively). VSTand VSB should be used to monitor the actual full 
scale input voltage of the device. VRT1, VRT2 and VRT3 
should not be driven to the expected ideal values as is 
commonly done with standard flash converters. When not 
being used, a decoupling capacitor of .01 uF ~o~n~cte~ to 
AGND from each tap is recommended to· minimize high 
frequency noise injection. 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 

CIK-'N o---------ClK~r 
>-~~---.---, 012 OVERRANGE 

VIN1 

VIN2 

VSB 

VFB 

-S.2V ..sV 
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The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with VSB and VST equal to -2.0 V and +2.0 V respec
tively, the accuracy of the device will degrade if operated 
beyond a ± 2% range. 

The following errors are defined: 

+FS error = top of ladder offset voltage = ~(+FS -VST) 
-FS error = bottom of ladder offset voltage = ~(-FS -VSB) 

Where the +FS (full scale) input voltage is defined as the input 
approximately 1 lSB above the output transition of 1-10 
and 1-11 and the -FS input voltage is defined as the input 
approximately 1 lSB below the output transition of 0-00 and 
0-01. 

An example of a typical reference driver circuit is shown in 
figure 2. This circuit is to be used to minimize the +FS and -
FS errors over temperature. U1 and U2 are lM339s with an 
output voltage of +2 V and -2 V respectively. U3 and U4 are 
recommended to be OP-07s or equivalent. The input offset of 
these devices is 150 uV maximum. This circuit uses a true 
force and sense when driving the reference ladder of the 
SPT7912. U3 sources the current through VFT (VST is a 
sense) while U4 is sinking current through VFB (VSB is a 
sense). To calibrate the reference, adjust R1 for VST=+2.0 V 
(VFT will be typically +2.5 V) and adjust R4 for VSB=-2.0 V 
(VFB will be typically -2.5 V). This circuit is preferred because 
it allows the user to know exactly what the full scale input 
voltage is. 

ANALOG INPUT 

VIN1 and VIN2 are the analog inputs. Both inputs are tied to 
the same point internally. Either one may be used as an 
analog input "sense" and the other for an input "force." The 
inputs can also be tied together and driven from the same 
source. The full scale input range will be 80% of the reference 
voltage or ±2 volts with VFB=-2.5 V and VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due the 
SPT7912's extremely low input capacitance of only 5 pF and 
very high input impedance of 300 kQ. For example, for an 
input signal of ± 2 V p-p with an input frequency of 10 MHz, 
the peak output current required for the driving circuit is only 
628~. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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CLOCK INPUT 

The clock inputs (QlK, ClK) are designed to be driven 
differentially with ECl levels. Differential clock driving is 
highly recommended to minimize the effects QLQ!ock jitter. 
The clock may be dri~ingle ended since ClK is inter
nally biased to -1.3 V ClK . may be left open, but a .01 ~F 
bypass capacitor to AGND is recommended. As with all high 
speed circuits, proper terminations are required to avoid 
Signal reflections and possible ringing that can cause the 
device to trigger at an unwanted time. 

The clock input duty cycle should be 50% where possible, but 
performance will not be degraded if kept within the range of 
40-60%. However, in any case the clock pulse width (tpwH) 
must be kept at 300 ns maximum to ensure proper operation 
of the internal track and hold amplifier (see timing diagram). 
The analog input signal is latched on the rising edge of the ClK. 

DIGITAL OUTPUTS 

The format of the output data (00-011) is straight binary. 
(See table 2.) These outputs are ECl 10K and 10KH 
compatible with the output circuit shown in figure 3. The 
outputs are latched on the rising edge of ClK with a propa
gation delay of 5 ns. There is a one clock cycle latency 
between ClK and the valid output data (see timing diagram). 
These digital outputs can drive 50 ohms to ECl levels when 
pulled down to -2 V. Output loading pulled down to -5.2 V is 
not recommended. The total specified power dissipation of 
the device does not include the power used by these loads. 
The additional power used by these loads can vary between 
10 and 300 mW typically (including the overrange load) 
depending on the output codes. If lower power levels are 
desired, the output loads can be reduced, but careful consid
eration to the resistive and capacitive loads in relation to the 
operating frequency must be considered. 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
012 011-00 

>+2.0 V + 1/2 LSB 1 1111 1111 1111 

+2.0 V -1 LSB a 1111 1111 1110 

O.OV a 000000000000 

-2.0 V +1 LSB a 0000 0000 0000 

<2.0 V a 0000 0000 0000 

(0 indicates the flickering bit between logic 0 and 1). 
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Figure 3 - Output Circuit 

AGND DGND 

Data Out 

OVERRANGE OUTPUT 

The OVERRANGE OUTPUT (012) is an indication that the 
analog input signal has exceeded the full scale input voltage 
by 1 lSB. When this condition occurs, the output will switch 
to logic 1. All other data outputs are unaffected by this 
operation. This feature makes it possible to include the 
SPT7912 into higher resolution systems. 

PIN ASSIGNMENT 

VEE 

va:; 

VCB 

Vsa 

VRT1 

vRl2 

VIN1 

VIN2 

vRr.l 

vfrr 

va:; 
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EVALUATION BOARD 

The EB7912 Evaluation Board is available to aid designers in 
demonstrating the full performance of the SPT7912. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note (AN7912) describing the operation 
of this board as well as information on the testing of the 
SPT7912 is also available. Contact the factory for price and 
availability. 

PIN FUNCTIONS 

NAME FUNCTION 

OGNO Oigital Ground 

AGNO Analog Ground 

00-011 ECl Outputs (OO=lSB) 

012 ECl Output Overrange 

ClK Clock 

ClK Inverted Clock 

VEE -5.2 V Supply 

Vee +5.0 V supply 

VRT1 ,VRT2,VRT3 Voltage Reference Taps 

VIN1, VIN2 Inputs (tied together at the die) 

VFT Force for Top of Reference ladder 

VST Sense for Top of Reference ladder 

VFB Force for Bottom of Reference ladder 

VSB Sense for Bottom of Reference ladder 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Monolithic 
• 12-Bit 10 MSPS Converter 
• 66 dB SNR @ 1 MHz Input 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• Low Power (1.1 W Typical) 
• 5 pF Input Capacitance 
• TTL Outputs 

GENERAL DESCRIPTION 

The SPT7920 AJD converter is the industry's first 12-bit 
monolithic A-to-D converter capable of sample rates 
greater than 10 MSPS. On board input buffer and track/ 
hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance 
of only 5 pF. 

Logic inputs and outputs are TTL. An overrange output 
signal is provided to indicate overflow conditions. Output 

BLOCK DIAGRAM 

SPI' 

Analog Gain 
Compression 

Processor 

4-81t Flash 
Converter 

Track-and-HJld 
Amplifiers 
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SPI'7920 
12-BIT, 10 MSPS, TTL, AID CONVERTER 

APPLICATIONS 

• Radar Receivers 
• Professional Video 
• Instrumentation 
• Medical Imaging 
• Electronic Warfare 
• Digital Communications 
• Digital Spectrum Analyzers 
• Electro-Optics 

data format is straight binary. Power dissipation is very low 
at only 1.1 watts with power supply voltages of +5.0 and -5.2 
volts. The SPT7920 also provides a wide input voltage 
range of ±2.0 volts. 

The SPT7920 is available in a small 32-lead ceramic 
sidebrazed DIP package and a 44-lead surface-mount 
cerquad package. A commercial temperature range of 0 to 
+70 °C is currently offered. Consult the factory for military 
temperature availability. 

4 

Asynchronous 
SAR 

Error 
Correction, 
Decoding 

and 
Output TTL 

Drivers 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages 
Vee .......................................................................... +6V 

Output 
Digital Outputs ............................................... 0 to -30 mA 

VEE ............................................................................ -6 V 
Temperature 

Input Voltages Operating Temperature .................................... 0 to 70°C 
Analog Input ............................................... VFB~VIN~VFT Junction Temperature ........................................... 175°C 
VFT, VFB ..................................................... +3.0 V, -3.0 V lead Temperature, (soldering 10 seconds) ......... 300 °C 
Reference ladder Current .................................... 12 mA Storage Temperature ............................... -65 to +150 °C 
ClK IN ...................................................................... Vee 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vcc=+5.0 V, VEE=-5.2 V, DVcc=+5.0 V, VIN=±2.0 V, VSB=-2.0 V, VST=+2.0 V, fclock= 10 MHz, 50% clock duty 
cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Resolution 

De Accuracy (+25 °C) 
Integral Nonlinearity ± Full Scale 
Differential Nonlinearity 250 kHz Sample Rate 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Bias Current +25°C 
Input Resistance VIN=O V, +25 °C 
Input Capacitance 
Input Bandwidth 3 dB Small Signal 
+FS Error 
-FS Error 

Reference Input 
Reference Ladder Resistance 
Reference Ladder Tempco 

Timing Characteristics 
Maximum Conversion Rate 
Overvoltage Recovery Time 
Pipeline Delay (Latency) 
Output Delay TA=+25°C 
Aperture Delay Time TA=+25°C 
Aperture Jitter Time TA=+25°C 

Dynamic Performance 
Effective Number of Bits 

fin=500 kHz 
fin=1.0 MHz 
fin=3.58 MHz 

Signal-To-Noise Ratio 
(without Harmonics) 

fin=500 kHz +25°C 
TMIN toTMAX 

fin=1 MHz +25°C 
TMIN to TMAX 

fin=3.58 MHz +25°C 
TMIN toTMAX 

3-264 

TEST SPl7920 
LEVEL MIN TVP MAX UNITS 

12 Bits 

IV ±2.0 LSB 
IV ±0.8 LSB 
I Guaranteed 

VI ±2.0 V 
I 30 60 I1A 
I 100 300 k.Q 
V 5 pF 
V 120 MHz 
V ±5.0 LSB 
V +5.0 LSB 

VI 500 800 g 

V 0.8 OJ°C 

VI 10 MHz 
V 20 ns 
VI 1 Clock Cycle 
V 14 18 ns 
V 1 ns 
V 5 ps-RMS 

10.2 Bits 
10.0 Bits 
9.5 Bits 

I 64 67 dB 
IV 58 61 dB 
I . 64 66 dB 

IV 58 60 dB 
I 62 64 dB 

IV 58 60 dB 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vee=+S.O V, VEE=-S.2 V, DVee=+S.O v, VIN=±2.0 v, Vss=-2.0 V, VST=+2.0 V, !clock= 10 MHz, SO% clock duty 
cycle, unless otherwise specified. :5l 

TEST 
PARAMETERS CONDITIONS 

Dynamic Performance 
Harmonic Distortion 

fin=500 kHz +25°C 
TMINtoTMAX 

fin=1.0 MHz +25°C 
TMINtoTMAX 

fin=3.58 MHz +25°C 
TMINtoTMAX 

Signal-to-Noise and Distortion 
fin=500 kHz +25°C 

TMINtoTMAX 
fin=1.0 MHz +25°C 

TMINtoTMAX 
fin=3.58 MHz +25°C 

TMIN to TMAX 
Spurious Free Dynamic Range2 +25°C 
Differential Phase3 +25°C 
Differential Gain3 +25°C 

Digital Inputs 
logic "1" Voltage 
logic "0" Voltage 
Maximum Input Current low +25°C 
Maximum Input Current High +25°C 
Pulse Width low (ClK) 
Pulse Width High (ClK) 

Digital Outputs 
Logic "1" Voltage +25°C 
logic "0" Voltage +25°C 

,",ower :supply Hequirements 
Voltages Vee 

DVee 
-VEE 

Currents IcC +25°C 
Dice 
-lEE +25°C 

Power Dissipation 
Power Supply Rejection (5 V ±0.25 V, -5_2 ±O.25 V) 

1 Typical thermal impedances (unsoldered, in free air): 
32L sidebrazed DIP: 

Sja=50 °CIW 
44L cerquad: 

Sja = 78 °CIW 
Sja at 1 MIs airflow = 58 °CIW 
Sjc = 3.3 °CIW 

2 fin = 1 MHz. 
3 fin = 3.58 and 4.35 MHz. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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Ol 

t 
en TEST SPT7920 

LEVEL MIN TVP MAX UNITS 

I 63 66 dB 
IV 59 62 dB 
I 63 65 dB 

IV 59 61 dB 
I 59 61 dB 

IV 57 59 dB 

I 60 63 dB 
IV 55 58 dB 
I 60 62 dB 

IV 55 57 dB 
I 57 59 dB 

IV 54 56 dB 
V 74 dB 
V 0.2 Degree 
V 0.7 % 

V 2.4 4.0 V 
V 0.8 V 
I 0 +5 +20 ~ 
I 0 +5 +20 IlA 

IV 30 ns 
IV 30 300 ns 

I 2.4 V 
I 0.6 V 

IV 4.75 5.0 5.25 V 
IV 4.75 5.0 5.25 V 
IV -4.95 -5.2 -5.45 V 
I 135 150 mA 

IV 40 55 mA 
I 45 70 mA 

VI 1.1 1.3 W 
V 1.0 LSB 
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Figure 1 A: Timing Diagram 

N N+1 ------
I N+2 

tpwH tpwl· 1 
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! ~! 

O~;;~T __ N_-2_--,X,-____ N_-_1 ___ .....I~'-___ D_A_TA..:.NV.:..A_l_ID __ ...JX DAT~~ALlD 
Figure 1 B: Single Event Clock 

ClK 

OUTPUT 
DATA 

Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION 

f,j ClK to Data Valid Prop Delay 

tpwH ClK High Pulse Width 

tpwL ClK low Pulse Width 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific dev.ice testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A. 
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II 

III 

IV 

v 

VI 

DATA VALID 

MIN TYP MAX UNITS 

- 14 18 ns 

30 - 300 ns 

30 - - ns 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested al T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 

The SPT7920 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7920 in 
normal circuit operation. The following section provides a 
description of the pin functions and outlines critical perfor
mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7920 requires -5.2 V and +5 V analog supply 
voltages. The +5 V supply is common to analog Vee and 
digital DVee. A ferrite bead in series with each supply line is 
intended to reduce the transient noise injected into the 
analog Vee. These beads should be connected as closely as 
possible to the device. The connection between the beads 
and the SPT7920 should not be shared with any other 
device. Each power supply pin should be bypassed as 
closely as possible to the device. Use 0.1 j.!F for VEE and 
Vee, and 0.01 j.!F for DVee (chip caps are preferred): 

AGND and DGND are the two grounds available on the 
SPT7920. These two internal grounds are isolated on the 
device. The use of ground planes is recommended to achieve 
optimum device performance. DGND is needed for the DVee 
return path (40 mA typical) and forthe return path for all digital 
output logic interfaces. AGND and DGND should be sepa
rated from each other and connected together only at the 
device through a ferrite bead. 

Figure 2 - Typical Interface Circuit 
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A Schottky or hot carrier diode connected between AGND 
and VEE is required. The use of separate power supplies 
between Vee and DVee is not recommended due to potential 
power supply sequencing latch-Up conditions. Using the 
recommended interface circuit shown in figure 2 will provide 
optimum device performance for the SPT7920. 

VOLTAGE REFERENCE 

The SPT7920 requires the use of two voltage references: VFT 
and VFB. VFT is the force for the top of the voltage reference 
ladder (+2.5 Vtyp), VFB (-2.5 Vtyp) is the force forthe bottom 
of the voltage reference ladder. Both voltages are applied 
across an internal reference ladder resistance of 800 ohms. 
The +2.5 V voltage source for reference VFT must be current 
limited to 20 mA maximum if a different driving circuit is used 
in place ofthe recommended reference circuit shown in figures 
2 and 3. In addition, there are five reference ladder taps (VST, 
VRT1, VRT2, VRT3, and VSB). VST is the sense for the top of 
the reference ladder (+2.0 V), VRT2 is the midpoint of the 
ladder (0.0 V typ) and VSB is the sense for the bottom of the 
reference ladder (-2.0 V). VRT1 and VRT3 are quarter point 
ladder taps (+1.0 and -1.0 V typical, respectively). The 
voltages seen at VST and VSB are the true full scale input 
voltages of the device when VFT and VFB are driven to the 
recommended voltages (+2.5 V and -2.5 V typical respec
tively). VSTand VSB should be used to monitor the actual full 
scale input voltage of the device. VRT1, VRT2 and VRT3 
should not be driven to the expected ideal values as is 
commonly done with standard flash converters. When not 
being used, a decoupling capacitor of .01 j.!F connected to 
AGND from each tap is recommended to minimize high 
frequency noise injection. 

012 14 

01012 
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Figure 3 - Analog Equivalent Input Circuit 

vee 

VIN -~>---+--t 1--..- VFT 

VEE 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy of the device will 
degrade if operated beyond a ± 2% range. 

An example of a recommended reference driver circuit is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 
tolerance of 0.6% or +/- 0.Q15 V. The potentiometer R1 is 10 
ill and supports a minimum adjustable range of up to 
150 mV. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
VFB. If 0.1% matching is not met, then potentiometer R4 can 
be used to adjust the VFB voltage to the desired level. R1 and 
R4 should be adjusted such that VST and VSB are exactly 
+2.0 V and -2.0 V respectively. 

The following errors are defined: 
+FS error = top of ladder offset voltage = M+FS -VST) 
-FS error = bottom of ladder offset voltage = t.(-FS -VSB) 

Where the +FS (full scale) input voltage is defined as the 
output 1 LSB above the transition of 1-1 0 and 1-11 and the 
-FS input voltage is defined as the output 1 lSB below the 
transition of 0-00 and 0-01. 

ANALOG INPUT 

VIN is the analog input. The full scale input range will be 80% 
of the reference voltage or ±2 volts with VFB=-2.5 V and 
VFr-+2.5 V. 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due to the 
SPT7920's extremely low input capacitance of only 5 pF and 
very high input impedance of 300 kQ. For example, for an 
input signal of ± 2 V pop with an input frequency of 10 MHz, 
the peak output current required for the driving circuit is only 
628 J.IA. 

CLOCK INPUT 

The SPT7920 is driven from a single-ended TTL input (ClK). 
For optimal noise performance, the clock input slew rate 

o 
C\J 
Ol 

~ 
en 

should be a minimum of 6 ns. Because of this, the use of fast 3 
logic is recommended. The clock input duty cycle should be 
50% where possible, but performance will not be degraded if 
kept within the range of 40-60%. However, in any case the 
clock pulse width (tpwH) must be kept at 300 ns maximum to 
ensure proper operation of the internal track and hold ampli-
fier (see timing diagram). The analog input signal is latched on 
the rising edge of the ClK. 

The clock input must be driven from fast TTL logic (VIH :54.5 
V, TRISE <6 ns). In the event the clock is driven from a high 
current source, use a 100 Q resistor in series to current limit 
to approximately 45 mAo 

DIGITAL OUTPUTS 

The format of the output data (DO-D11) is straight binary. 
(See table 2.) The outputs are latched on the rising edge of 
ClK with a propagation delay of 14 ns (typ). There is a one 
clock cycle latency between ClK and the valid output data. 
(See timing diagram.) 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUTCOOE 
012 011-00 

>+2.0 V + 1/2 LSB 1 1111 1111 1111 

+2.0 V -1 LSB 0 1111 1111 111 eJ 

o.OV 0 eJeJeJeJ eJeJeJeJ eJeJeJeJ 

-2.0 V +1 LSB 0 00000000 0000 

<2.0 V 0 000000000000 

(0 indicates the flickering bit between logiC 0 and 1). 

The rise times and fall times of the digital outputs are not 
symmetrical. The propagation delay of the rise time is typi
cally 14 ns and the fall time is typically 6 ns. (See figure 4.) 
The nonsymmetrical rise and fall times create approximately 
8 ns of invalid data. 
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Figure 4 • Digital Output Characteristics 
N 

elK IN 2.4V-+-------I~-----....,~""<:::-------

6ns 

typo 
3.5V_+_~ 

DATAOUT 2.4V_+_---l 
(Actual) 

DATA OUT 
(Equivalent) 

(N-2) 

OVER RANGE OUTPUT 

The OVERRANGE OUTPUT (012) is an indication that the 
analog input signal has exceeded the full scale input voltage 
by 1 LSB. When this condition occurs, the outputs will switch 
to logic 1 s. All other data outputs are unaffected by this 
operation. This feature makes it possible to include the 
SPT7920 into higher resolution systems. 
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(N-1) 

(N-1) 

EVALUATION BOARD 

Rise 11me 
6ns 

(N) 

(N-1) 

The EB7920 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7920. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note (AN7920) describing the operation 
of this board as well as information on the testing of the 
SPT7920 is also available. Contact the factory for price and 
availability. 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

NAME FUNCTION 
0 

DGND Digital Ground C\I 
Ol 

AGND Analog Ground 
j::: 
D.. 
en 

DO-D11 TIL Outputs (DO=LSB) 

D12 TIL Output Overrange 

CLK Clock Input 

VEE -5.2 V Supply 

E Vee +5.0 V supply 

VRT1-VRT3 Voltage Reference Taps 

VIN Analog Input 

DVee Digital +5.0 V Supply (TIL Outputs) 

VFT Force for Top of Reference Ladder 

VST Sense for Top of Reference Ladder 

VFB Force for Bottom of Reference Ladder 

VSB Sense for Bottom of Reference Ladder 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Monolithic 
• 12-Bit 20 MSPS Converter 
• 66 dB SNR @ 1 MHz Input 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• Low Power (1.1 W Typical) 
• 5 pF input Capacitance 
• TTL Outputs 

GENERAL DESCRIPTION 
The SPT7921 AID converter is the industry's first 12-bit 
monolithic A-to-D converter capable of sample rates 
greater than 20 MSPS. On board input buffer and track/ 
hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance 
of only 5 pF. 

Logic inputs and outputs are TTL. An overrange output signal 
is provided to indicate overflow conditions. Output data 

BLOCK DIAGRAM 

SPI' 

Analog Gain 
CompreSSion 

Processor 

4-Bit Flash 
Converter 

Track-and-Hold 
Amplifiers 
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spr792I 
12-BIT, 20 MSPS, TTL, AID CONVERTER 

APPLICATIONS 

• Radar Receivers 
• Professional Video 
• Instrumentation 
• Medical Imaging 
• Electronic Warfare 
• Digital Communications 
• Digital Spectrum Analyzers 
• Electro-optics 

format is straight binary. Power dissipation is very low at only 
1.1 watts with power supply voltages of +5.0 and -5.2 volts. 
The SPT7921 also provides a wide input voltage range of 
±2.0volts. 

The SPT7921 is available in a small 32-lead ceramic side
brazed DIP package and a 44-lead cerquad package for 
surface-mount applications. A commercial temperature range 
of 0 to +70 °C is currently offered. Consult the factory for 
military temperature availability. 

4 

Asynchronous 
SAR 

Error 
Correction, 
Decoding 

and 
Output TTL 

Drivers 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
VCC .......................................................................... +6V Digital Outputs ............................................... 0 to -30 mA 
VEE ............................................................................ -6V 

Temperature 

§i 
~ en Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input ................................................ VFB~VIN~VFT Junction Temperature ........................................... 175 °C 
VFT, VFB ..................................................... +3.0 V, -3.0 V lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference ladder Current .................................... 12 mA Storage Temperature ............................... -65 to + 150°C 
ClK IN ...................................................................... VCC 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=TMIN to TMAX, Vcc=+5.0 V, VEE=-5.2 V, DVcc=+5.0 V, V1N=±2.0 V, VsB=-2.0 V, VST=+2.0 V, /clock=20 MHz, 50% clock duty cycle, 
unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Resolution 
DC Accuracy (+25 0C) 

Integral Nonlinearity ± Full Scale 
Differential Nonlinearity 250 kHz Sample Rate 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Bias Current +25°C 
Input Resistance V1N=0 V, +25 °C 
Input Capacitance 
Input Bandwidth 3 dB Small Signal 
+FS Error 
-FS Error 

Reference Input 
Reference Ladder Resistance 
Reference Ladder Tempco 

Timing Characteristics 
Maximum Conversion Rate 
Overvoltage Recovery Time 
Pipeline Delay (Latency) 
Output Delay TA=+25°C 
Aperture Delay Time TA=+25°C 
Aperture Jitter Time TA=+25°C 

uynamlc ... enormance 
Effective Number of Bits 

fin=500 kHz 
fin=1.0 MHz 
fin=3.58 MHz 

Signal-To-Noise Ratio 
(without Harmonics) 

fin=500 kHz +25°C 
TMIN to TMAX 

fin=1 MHz +25°C 
TMIN to TMAX 

fin=3.58 MHz +25°C 
TMIN to T~AX 
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TEST SPT7921 
LEVEL MIN TYP MAX UNITS 

12 Bits 

IV ±2.0 LSB 
IV ±0.8 LSB 
I Guaranteed 

VI ±2.0 V 
I 30 60 !LA 
I 100 300 kn 
V 5 pF 
V 120 MHz 
V ±5.0 LSB 
V ±5.0 LSB 

VI 500 800 n 
V 0.8 nl°C 

VI 20 MHz 
V 20 ns 
VI 1 Clock Cycle 

V 14 18 ns 
V 1 ns 
V 5 ps-RMS 

10.2 Bits 
10.0 Bits 
9.5 Bits 

I 64 67 dB 
IV 58 61 dB 
I 64 66 dB 

IV 58 60 dB 
I 62 64 dB 

IV 58 60 dB 

4755 Forge Road, Co. Springs, CO 80907 S'&.
PH: (719) 528-2300; Fax: (719) 528-2370 r_ 



ELECTRICAL SPECIFICATIONS 

TA= T MIN to T MAX, Vee=+5.0 V, VEE=-5.2 V, DVee=+5.0 V, VIN=±2.0 V, Vss=-2.0 V, Vsr=+2.0 V, f clock=20 MHz, 50% clock duty cycle, 
unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

uynamlc t'enormance 
Harmonic Distortion 

fin=500 kHz +25°C 
TMINtoTMAX 

fin=1.0 MHz +25°C 
TMINtoTMAX 

fin=3.58 MHz +25°C 
TMINtoTMAX 

Signal-to-Noise and Distortion 
fin=500 kHz +25°C 

TMIN toTMAX 
fin=1.0 MHz +25°e 

TMIN toTMAX 
fin=3.58 MHz +25°C 

TMIN toTMAX 
Spurious Free Dynamic Range2 +25°C 
Differential Phase3 +25°C 
Differential Gain3 +25°C 

Digital Inputs 
logic "1" Voltage 
logic "0" Voltage 
Maximum Input Current low +25°C 
Maximum Input Current High +25°e 
Pulse Width low (ClK) 
Pulse Width High (ClK) 

uigital uutputs 
logic "1" Voltage +25°C 
logic "0" Voltage +25°C 

Power supply ReqUirements 
Voltages Vee 

DVee 
-VEE 

Currents Icc +25°C 
Dice 
-lEE +25°e 

Power Dissipation 
Power Supply Rejection (5 v ±O.25 V, -5.2 ±O.25 V) 

1 Typical thermal impedances (unsoldered, in free air): 
32l sidebrazed DIP: 

Sja = 50 °CIW 
44l cerquad: 

Sja = 78 °CIW 
Sja at 1 MIs airflow = 58 °eIW 
Sjc = 3.3 °CIW 

2 fin = 1 MHz. 
3 fin = 3.58 and 4.35 MHz. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST SPT7921 
lEVEL MIN TYP MAX UNITS 

I 63 66 dB 
IV 59 62 dB 
I 63 65 dB 

IV 59 61 dB 
I 59 61 dB 

IV 57 59 dB 

I 60 63 dB 
IV 55 58 dB 
I 60 62 dB 

IV 55 57 dB 
I 57 59 dB 

IV 54 56 dB 
V 74 dB 
V 0.2 Degree 
V 0.7 % 

V 2.4 4.0 V 
V 0.8 V 
I 0 +5 +20 !lA 
I 0 +5 +20 !lA 

IV 20 ns 
IV 20 300 ns 

I 2.4 V 
I 0.6 V 

IV 4.75 5.0 5.25 V 
IV 4.75 5.0 5.25 V 
IV -4.95 -5.2 -5.45 V 
I 135 150 mA 

IV 40 55 mA 
I 45 70 mA 

VI 1.1 1.3 W 
V 1.0 lSB 
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Figure 1A: Timing Diagram 
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Figure 1 B: Single Event Clock 

elK 
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Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION 

I(l elK to Data Valid Prop Delay 

tpwH elK High Pulse Width 

tpwL elK low Pulse Width 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max· specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA• 
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II 

III 

IV 

V 

VI 

DATA VALID 

MIN TYP MAX UNITS 

- 14 18 ns 

20 - 300 ns 

20 - - ns 

TEST PROCEDURE 

100% production tes~ed at the specified temperature. 

100% production tested at T A=25 oC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 °C. Parameter is 
guaranteed over specified temperature range. 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 
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PERFORMANCE CHARACTERISTICS 

SNR vs Input Frequency 
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TYPICAL INTERFACE CIRCUIT 

The SPT7921 requires few external components to achieve 
~ the stated operation and performance. Figure 2 l:\hows the 
Si typical interface requirements when using the SPT7921 in 
~ normal circuit operation. The following section provides a 
u.. description of the pin functions and outlines critical perfor
(/) mance criteria to consider for achieving the optimal device 

performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7921 requires -5.2 V and +5 V analog supply 
voltages. The +5 V supply is common to analog Vee and 
digital DVee. A ferrite bead in series with each supply line is 
intended to reduce the transient noise injected into the 
analog Vee. These beads should be connected as closely as 
possible to the device. The connection between the beads 
and the SPT7921 should not be shared with any other 
device. Each power supply pin should be bypassed as 
closely as possible to the device. Use 0.1 ~F for VEE and 
Vee, and 0.01 ~F for DVee (chip caps are preferred). 

AGND and DGND are the two grounds available on the 
SPT7921. These two internal grounds are isolated on the 
device. The use of ground planes is recommended to achieve 
optimum device perforrnance. DGND is needed for the 
DVee return path (40 mA typical) and for the return path for 
all digital output logic interfaces. AGND and DGND should 
be separated from each other and connected together only 
at the device through a ferrite bead. 

Figure 2 - Typical Interface Circuit 

CCK 
{TTL) 

V,N 
(0t2V) 

NOTES; 

1) Dl=SChottkyorhotcamerdlOde 

2) FB=FemtelJead,FalrRrtePIN2743001111 

to be mounted ascioselytolhe deVIce as poSSIble. The femte 
bead toADC connection should not be shared wiIh any other devICe 

3) Cl.c13= Chip CAP (recommended)mountedasdosely 
to dev.ce's pin as possible 

4) Use 01 a separate supply for Vee and DVcc is not recommended 

5) Rlprovidescurrentllrnllingto45mA. 

17 elK 

A Schottky or hot carrier diode connected between AGND 
and VEE is required. The use of separate power supplies 
between Vee and DVee is not recommended due to poten
tial power supply sequencing latch-Up conditions. Using the 
recommended interface circuit shown in figure 2 will provide 
optimum device performance for the SPT7921. 

VOLTAGE REFERENCE 

The SPT7921 requires the use of two voltage references: 
VFT and VFB. VFT is the force for the top of the voltage 
reference ladder (+2.5 V typ), VFB (-2.5 V typ) is the force for 
the bottom of the voltage reference ladder. Both voltages are 
applied across an internal reference ladder resistance of 800 
ohms. The +2.5 V voltage source for reference V FT must be 
current limited to 20 mA maximum if a different driving circuit 
is used in place of the recommended reference circuit shown 
in figures 2 and 3. In addition, there are five reference ladder 
taps (VST, VRT1, VRT2, VRT3, and VSB)' VST is the sense for 
the top of the reference ladder (+2.0 V), VRT2 is the midpoint 
of the ladder (0.0 V typ) and VSB is the sense for the bottom 
of the reference ladder (-2.0 V). VRT1 and VRT3 are quarter 
point ladder taps (+ 1.0and -1.0 Vtypical, respectively). The 
voltages seen at VST and VSB are the true full scale input 
voltages of the device when VFT and VFB are driven to the 
recommended voltages (+2.5 V and -2.5 V typical respec
tively). VST and VSB should be used to monitor the actual 
full scale input voltage of the device. V RT1, V RT2 and V RT3 

should not be driven to the expected ideal values as is 
commonly done with standard flash converters. When not 
being used, a decoupling capacitor of .01 ~F connected to 
AGND from each tap is recommended to minimize high 
frequency noise injection. 

D12 14 OVERR 
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Figure 3 - Analog Equivalent Input Circuit 
vee 
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The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFS' How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy of the device will 
degrade if operated beyond a ± 2% range. 

An example of a recommended reference driver circuit is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with a 
tolerance of 0.6% or +/- 0.015 V. The potentiometer R1 is 10 
kQ and supports a minimum adjustable range of up to 
150 mV. IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
V FB. If 0.1 % matching is not met, then potentiometer R4 can 
be used to adjust the VFB voltage to the desired level. R1 and 
R4 should be adjusted such that V STand V SB are exactly +2.0 
V and -2.0 V respectively. 

The following errors are defined: 
+FS error = top of ladder offset voltage = &(+FS -VsT) 
-FS error = bottom of ladder offset voltage = &(-FS -VSB) 

Where the +FS (full scale) input voltage is defined as the 
output 1 lSB above the transition of 1-1 0 and 1-11 and the 
-FS input voltage is defined as the output 1 lSB below the 
transition of 0-00 and 0-01. 

ANALOG INPUT 
V ,N is the analog input. The full scale input range will be 80% 
of the reference voltage or ±2 volts with VFs=-2.5 V and 
VFT=+2.5 V. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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The drive requirements for the analog inputs are minimal 
when compared to conventional Flash converters due to the 
SPT7921 's extremely low input capacitance of only 5 pF and 
very high input impedance of 300 kQ. For example, for an 
input signal of ± 2 V pop with an input frequency of 10 MHz, 
the peak output current required for the driving circuit is only 
6281J.A. 

CLOCK INPUT 
The SPT7921 is driven from a single-ended TTL input (ClK). 
For optimal noise performance, the clock input slew rate 
should be a minimum of 6 ns. Because of this, the use of fast 
logic is recommended. The clock input duty cycle should be E 
50% where possible, but performance will not be degraded if 
kept within the range of 40-60%. However, in any case the 
clock pulse width (tpwH) must be kept at 300 ns maximum to 
ensure proper operation of the internal track and hold ampli-
fier (see timing diagram). The analog input signal is latched on 
the rising edge of the ClK. 

The clock input must be driven from fast TTL logic (V'H ::::4.5 
V, T RISE <6 ns). In the event the clock is driven from a high 
current source, use a 100 Q resistor in series to current limit 
to approximately 45 mA. 

DIGITAL OUTPUTS 
The format of the output data (00-011) is straight binary. 
(See table 2.) The outputs are latched on the rising edge of 
ClK with a propagation delay of 14 ns (typ). There is a one 
clock cycle latency between ClK and the valid output data. 
(See timing diagram.) 

Table 2 - Output Data Information 

ANALOG INPUT OVERRANGE OUTPUTCOOE 
012 011-00 

>+2.0 V + 1/2 LSB 1 1111 1111 1111 

+2.0 V -1 LSB 0 1111 1111 1110 

O.OV 0 000000000000 

-2.0 V +1 LSB 0 00000000 0000 

<2.0 V 0 0000 0000 0000 

(0 indicates the flickering bit between logic 0 and 1). 

The rise times and fall times of the digital outputs are not 
symmetrical. The propagation delay of the rise time is typi
cally 14 ns and the fall time is typically 6 ns. (See figure 4.) 
The nonsymmetrical rise and fall times create approximately 
8 ns of invalid data. 

3-279 



Figure 4 • Digital Output Characteristics 

elKIN 

3.5V 

DATA OUT 2.4 v 
(Actual) 
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OVERRANGE OUTPUT 
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(14 ns typ.) 
--+--... 

(N-2) Invalid 
Data 

The overrange output (D12) is an indication that the analog 
input signal has exceeded the full scale input voltage by 
1 LSB. When this condition occurs, the outputs will switch to 
logic 1 s. All other data outputs are unaffected by this opera
tion. This feature makes it possible to include the SPT7921 
into higher resolution systems. 
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EVALUATION BOARD 

Risellme 
6ns 

Invalid 
Data 

(N) 

(N-1) 

The EB7921 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7921. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction of the digital 
data. An application note (AN7921 ) describing the operation 
of this board as well as information on the testing of the 
SPT7921 is also available. Contact the factory for price and 
availability. 
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PIN ASSIGNMENTS 
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VIN 

V AT3 

vee 

44L Cerquad 
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PIN FUNCTIONS 

NAME FUNCTION C\i 
CJ) 

DGND Digital Ground ..... 
I-
0.. 

AGND Analog Ground en 

00-011 TTL Outputs (DO=LSB) 

012 TTL Output Overrange 

CLK Clock Input 

VEE -5.2 V Supply 

Vee +5.0 V supply 

VRT1-VRT3 Voltage Reference Taps 

V1N Analog Input 

DVee Digital +5.0 V Supply (TTL Outputs) 

VFT Force for Top of Reference Ladder 

VST Sense for Top of Reference Ladder 

VFB Force for Bottom of Reference Ladder 

VSB Sense for Bottom of Reference Ladder 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Monolithic 
• 12-Bit 30 MSPS Converter 
• 64 dB SNR @ 3.58 MHz Input 
• On-Chip Track/Hold 
• Bipolar ±2.0 V Analog Input 
• Low Power (1.1 W Typical) 
• 5 pF Input Capacitance 
• TTL Outputs 

GENERAL DESCRIPTION 

The SPT7922 AID converter is the industry's first 12-bit 
monolithic A-to-D converter capable of sample rates of 
greater than 30 MSPS. On board input buffer and track/ 
hold function assures excellent dynamic performance 
without the need for external components. Drive require
ment problems are minimized with an input capacitance 
of only 5 pF. 

Logic inputs and outputs are TTL. An overrange output 
signal is provided to indicate overflow conditions. Output 

BLOCK DIAGRAM 

SPF 

Analog Gain 
Compression 

Processor 

4-Bt Flash 
Converter 

Track-and-t-bld 
Amplifiers 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPI'7922 
12-BIT, 30 MSPS, TTL, AID CONVERTER 

APPLICATIONS 

• Radar Receivers 
• Professional Video 
• Instrumentation 
• Medical Imaging 
• Electronic Warfare 
• Digital Communications 
• Digital Spectrum Analyzers 
• Electro-Optics 

data format is straight binary. Power dissipation is very low 
at only 1.1 watts with power supply voltages of +5.0 and -5.2 
volts. The SPT7922 also provides a wide input voltage range 
of ±2.0 volts. 

The SPT7922 is available in a small 32-lead ceramic 
sidebrazed DI P and a 44-lead cerquad package for surface 
-mount applications. A commercial temperature range of 
o to +70 DC is currently offered. Consult the factory for 
military temperature availability. 

Asynchronous 
SAR 

Error 
Correc1ion, 
Decoding 

and 
OutputnL 

Drivers 

Digital 
Output 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25 °C 

Supply Volfages Output 
vee ............................................................... : .......... +6V Digital Outputs .............................................. 0 to -30 mA 
VEE ........................................................................... -6 V 

Temperature 
Input Voltages Operating Temperature ................................ 0 to +70 °C 

Analog Input ............................................... VFB:O;VIN:O;VFT Junction Temperature ........................................... 175°C 
VFT, VFB ................................................. : .. +3.0 V, -3.0 V lead Temperature, (soldering 10 seconds) ......... 300°C 
Reference ladder Current ....................................... 12 m Storage Temperature ............................... -65 to + 150°C 
ClK IN ...................................................................... Vee 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= TMIN to TMAX, Vcc=+5.0 V, VEE=-5.2 V, DVcc=+5.0 v, VIN=:t2.0 V, VSB=-2.0 V, VST=+2.0 V, fclock=30 MHz, 50% clock duty 
cycle, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 
Resolution 
DC Accuracy (+25 °C) 

Integral Nonlinearity ± Full Scale 
Differential Nonlinearity 250 kHz Sample Rate 
No Missing Codes 

Analog Input 
Input Voltage Range 
Input Bias Current +25°e 
Input Resistance VIN=O V, +25 °C 
Input Capacitance 
Input Bandwidth 3 dB Small Signal 
+FS Error 
-FS Error 

Reference Input 
Reference Ladder Resistance 
Reference Ladder Tempco 

Timing Characteristics 
Maximum Conversion Rate 
Overvoltage Recovery Time 
Pipeline Delay (Latency) 
Output Delay TA=+25°C 
Aperture Delay Time TA=+25°C 
Aperture Jitter Time TA=+25°C 

uynamlc I"'enormance 
Effective Number of Bits 

fin=500 kHz 
fin=1 MHz 
fin=3.58 MHz 

Signal-To-Noise Ratio 
(without Harmonics) 

fin=500 kHz +25°C 
TMINtoTMAX 

fin=1 MHz +25°C 
TMINtoTMAX 

fin=3.58 MHz +25°e 
TMINtoTMAX 

3-284 

TEST SP17922 
LEVEL MIN TYP MAX UNITS 

12 Bits 

IV ±2.0 LSB 
IV ±0.8 LSB 
I Guaranteed 

VI ±2.0 V 
I 30 60 ~A 
I 100 300 kn 
V 5 pF 
V 120 MHz 
V ±5.0 LSB 
V ±5.0 LSB 

VI 500 800 n 
V 0.8 OJoe 

VI 30 40 MHz 
V 20 ns 
VI 1 Clock Cycle 
V 14 18 ns 
V 1 ns 
V 5 ps-RMS 

10.0 Bits 
9.8 Bits 
9.5 Bits 

I 63 66 dB 
IV 58 61 dB 
I 63 65 dB 

IV 58 60 dB 
I 62 64 dB 

IV 58 60 dB 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 
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ELECTRICAL SPECIFICATIONS 

TA=TMIN to TMAX, Vee=+5.0 v, VEE=-5.2 V, DVee=+5.0 V, VIN=:t2.0 V, VSB=-2.0 V, VST=+2.0 V, !clock=30 MHz, 50% clock duty 
cycle, unless otherwise specified. ~ 

TEST 
PARAMETERS CONDITIONS 

Dynamic Performance 
Harmonic Distortion 

fin=500 kHz +25°C 
TMINtoTMAX 

fin=1.0 MHz +25°C 
TMINtoTMAX 

fin=3.58 MHz +25°C 
TMINtoTMAX 

Signal-to-Noise and Distortion 
(SINAD) 

fin=500 kHz +25°C 
TMINtoTMAX 

fin=1.0 MHz +25°C 
TMINtoTMAX 

fin=3.58 MHz +25°C 
TMINtoTMAX 

Spurious Free Dynamic Range2 +25°C 
Differential Phase3 +25°C 
Differential Gain3 +25°C 

Digital Inputs 
Logic "1 " Voltage 
Logic "0" Voltage 
Maximum Input Current Low +25°C 
Maximum Input Current High +25°C 
Pulse Width Low (CLK) 
Pulse Width High (CLK) 

uigltal uutputs 
Logic "1" Voltage +25°C 
Logic "0" Voltage +25°C 

Power Supply Requirements 
Voltages Vee 

DVee 
-VEE 

Currents Icc +25°C 
Dice 
-lEE +25°C 

Power Dissipation 
Power Supply Rejection (5 V ±O.25 V, -5.2 ±O.25 V) 

1 Typical thermal impedances (unsoldered, in free air): 
32L sidebrazed DIP: 

aja= 50 °CIW 
44L cerquad: 

aja= 78 °CIW 
aja at 1 MIs airflow = 58 °CIW 
aje = 3.3 °CIW 

2 fin = 1 MHz. 
3 fin = 3.58 and 4.35 MHz. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

CD 

~ 
en TEST SPT7922 

LEVEL MIN TYP MAX UNITS 

I 63 65 dB 
IV 59 61 dB 
I 62 64 dB 

IV 58 60 dB 
I 59 61 dB 

IV 57 59 dB E 
I 60 62 dB 

IV 55 57 dB 
I 59 61 dB 

IV 55 57 dB 
I 57 59 dB 

IV 54 56 dB 
V 74 dB 
V 0.2 Degree 
V 0.7 % 

V 2.4 4.0 V 
V 0.8 V 
I 0 +5 +20 !lA 
I 0 +5 +20 !lA 

IV 15 ns 
IV 15 300 ns 

I 2.4 V 
I 0.6 V 

IV 4.75 5.0 5.25 V 
IV 4.75 5.0 5.25 V 
IV -4.95 -5.2 -5.45 V 
I 135 150 rnA 

IV 40 55 rnA 
I 45 70 rnA 

VI 1.1 1.3 W 
V 1.0 LSB 
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Figure 1A: Timing Diagram 
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Figure 1 B: Single Event Clock 

elK 

OUTPUT 
DATA 

Table 1 - Timing Parameters 

PARAMETERS DESCRIPTION 

td CLK to Data Valid Prop Delay 

tpwH CLK High Pulse Width 

tPWL CLK Low Pulse Width 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

3-286 

TEST LEVEL 

II 

III 

IV 

V 

VI 

MIN TYP MAX UNITS 

- 14 18 ns 

15 - 300 ns 

15 - - ns 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 °C. Parameter is 
guaranteed over specified temperature range. 

4755 Forge Road, Co. Springs, CO 80907 SP'I' 
PH: (719) 528-2300; Fax: (719) 528-2370 



PERFORMANCE CHARACTERISTICS 
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TYPICAL INTERFACE CIRCUIT 
The SPT7922 requires few external components to achieve 
the stated operation and performance. Figure 2 shows the 
typical interface requirements when using the SPT7922 in 
normal circuit operation. The following section provides a 
description of the pin functions and outlines critical perfor
mance criteria to consider for achieving the optimal device 
performance. 

POWER SUPPLIES AND GROUNDING 

The SPT7922 requires -5.2 V and +5 V analog supply 
voltages. The +5 V supply is common to analog Vee and 
digital DVee. A ferrite bead in series with each supply line is 
intended to reduce the transient noise injected into the analog 
Vee. These beads should be connected as closely as pos
sible to the device. The connection between the beads and 
the SPT7922 should not be shared with any other device. 
Each power supply pin should be bypassed as closely as 
possible to the device. Use 0.1 IlF for VEE and Vee. and 
0.01 IlF for DVee (chip caps are preferred). 

AGND and DGND are the two grounds available on the 
SPT7922. These two internal grounds are isolated on the 
device. The use of ground planes is recommended to achieve 
optimum device performance. DGND is needed for the DVee 
return path (40 mA typical) and for the return path for all digital 
output logic interfaces. AGND and DGND should be sepa
rated from each other and connected together only at the 
device through a ferrite bead. 

Figure 2 - Typical Interface Circuit 
A1 

eLK 
'"" 1000 

Y,N ±2.5VMax 

"'~ 

.5V 

1) D1=SchotIkyortacanierdiode 

2) F8=Ferrltebead,FairRleP..tll2740001111 
IDbemotnledasdoselytl1had8vloeaspossible. Thefenite 
beBdIDAOOcomectklnstJxJkjootbesharadwllhany~rdlMce. 

3) Cl-C13=ChipCAP (recommended) mounledascklgely 
ndsvlce'spinaspclSl!til. 

4) Useofaseparal8supplyforVccandOVcclsnotrecommended 

5) Rlprovidescurrentllm~lD4SmA. 

17ClK 

24 v~ 

A Schottky or hot carrier diode connected between AGND 
and VEE is required. The use of separate power supplies 
between Vee and DVee is not recommended due to poten
tial power supply sequencing latch-up conditions. Using the 
recommended interface circuit shown in figure 2 will provide 
optimum device performance for the SPT7922. 

VOLTAGE REFERENCE 

The SPT7922 requires the use of two voltage references: 
VFT and VFB. VFT is the force for the top of the voltage 
reference ladder (+2.5 Vtyp). VFB (-2.5 Vtyp) is the force for 
the bottom of the voltage reference ladder. Both voltages 
are applied across an internal reference ladder resistance of 
800 ohms. The +2.5 V voltage source for reference VFT 
must be current limited to 20 mA maximum if a different 
driving circuit is used in place of the recommended reference 
circuit shown in figures 2 and 3. In addition. there are five 
reference ladder taps (VST. VRT1. VRT2. VRT3. and VSB). 
VST is the sense forthe top ofthe reference ladder (+2.0 V). 
VRT2 is the midpoint of the ladder (0.0 V typ) and VSB is the 
sense for the bottom of the reference ladder (-2.0 V). VRT1 
and VRT3 are quarter point ladder taps (+1.0 and -1.0 V 
typical, respectively). The voltages seen at VST and VSB are 
the true full scale input voltages of the device when VFT and 
VFB are driven to the recommended voltages (+2.5 V and 
-2.5 V typical respectively). VST and VSB should be used to 
monitor the actual full, scale input voltage of the device. 
VRT1. VRT2 and VRT3 should not be driven to the expected 
ideal values as is commonly done with standard flash 
converters. When nol being used, a decoupling capacitor of 
.01 IlF connected to AGND from each tap is recommended 
to minimize high frequency noise injection. 

'" 14 

'" 13 MS. 

,m 12 

DO 11 

DO 10 

" • 
'" 7 .. • 

'" 4 

" 3 

00 2 

-6.2V AGM) .5V 
1An_ DOND 

(Anolog) 
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Figure 3 - Analog Equivalent Input Circuit 

vee 

VIN --+--+--1 

VEE 

The analog input range will scale proportionally with respect 
to the reference voltage if a different input range is required. 
The maximum scaling factor for device operation is ± 20% of 
the recommended reference voltages of VFT and VFB. How
ever, because the device is laser trimmed to optimize perfor
mance with ± 2.5 V references, the accuracy of the device 
will degrade if operated beyond a ± 2% range. 

An example of a recommended reference driver circuit is 
shown in figure 2. IC1 is REF-03, the +2.5 V reference with 
a tolerance of 0.6% or +/- 0.015 V. The potentiometer R1 is 
10 kil and supports a minimum adjustable range of up to 
150 mV.IC2 is recommended to be an OP-07 or equivalent 
device. R2 and R3 must be matched to within 0.1 % with good 
TC tracking to maintain a 0.3 lSB matching between VFT and 
VFB. If 0.1 % matching is not met, then potentiometer R4 can be 
used to adjust the VFB voltage to the desired level. R1 and R4 
should be adjusted such that VST and VSB are exactly +2.0 V 
and -2.0 V respectively. 

The following errors are defined: 

+FS error = top of ladder offset voltage = L\(+FS -VST) 
-FS error = bottom of ladder offset voltage = L\(-FS -VSB) 

Where the +FS (full scale) input voltage is defined as the 
output 1 lSB above the transition of 1-10 and 1-11 and 
the -FS input voltage is defined as the output 1 lSB below the 
transition of 0-00 and 0-01. 

ANALOG INPUT 

VIN is the analog input. The full scale input range will be 80% 
of the reference voltage or ±2 volts with VFB=-2.5 V and 
VFT=+2.5 V. 

The drive requirements for the analog inputs are minimal when 
compared to conventional Flash converters due to the 
SPT7922's extremely low input capacitance of only 5 pF and 
very high input impedance of 300 kil. For example, for an input 
signal of ± 2 V p-p with an input frequency of 10 MHz, the peak 
output current required for the driving circuit is only 628 jJA. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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CLOCK INPUT 

The SPT7922 is driven from a single-ended TTL input (ClK). 
The ClK pulse width (tpwH) must be kept between 15 ns and 
300 ns to ensure proper operation of the internal track-and
hold amplifier. (See timing diagram.) When operating the 
SPT7922 at sampling rates above 3 MSPS, it is recom
mended that the clock input duty cycle be kept at 50% to 
optimize performance. (See figure 4.) The analog input 
signal is latched on the rising edge of the ClK. 

The clock input must be driven from fast TTL logic (VIH :S;4.5 
V, TRISE <6 ns). In the event the clock is driven from a high 
current source, use a 100 n resistor in series to current limit 
to approximately 45 mAo 

Figure 4 - SNR vs Clock Duty Cycle 
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DIGITAL OUTPUTS 

The format of the output data (DO-D11) is straight binary. 
(See table 2.) The outputs are latched on the rising edge of 
ClK with a propagation delay of 14 ns (typ). There is a one 
clock cycle latency between ClK and the valid output data. 
(See timing diagram.) 

Table 2 - Output Data Information 

ANALOG INPUT OVER RANGE OUTPUTCOOE 
012 011-00 

>+2.0 V + 1/2 LSB 1 1111 1111 1111 

+2.0 V -1 LSB 0 1111 1111 1110 

O.OV 0 000000000000 

-2.0 V +1 LSB 0 000000000000 

<2.0 V 0 000000000000 

(0 indicates the flickering bit between logic 0 and 1). 

The rise times and fall times of the digital outputs are not 
symmetrical. The propagation delay of the rise time is 
typically 14 ns and the fall time is typically 6 ns. (See figure 
5.) The nonsymmetrical rise and fall times create approxi-· 
mately 8 ns of invalid data. 

3-289 



Figure 5 - Digital Output Characteristics 

N N+1 

ClKIN 2.4V---+----------------~----------------~~~-----------------

6 ns 

typo 
3.5 v_-+ __ __ 

DATA OUT 2.4 v 
(Actual) 

DATA OUT 
(Equivalent) 

OVERRANGE OUTPUT 

The overrange output (012) is an indication that the analog 
input signal has exceeded the full scale input voltage by 1 
LSB. When this condition occurs, the outputs will switch to 
logic 1 s. All other data outputs are unaffected by this opera
tion. This feature makes it possible to include the SPT7922 
into higher resolution systems. 
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EVALUATION BOARD 

RiseTlme 
6ns 

(N) 

(N-1) 

The EB7922 evaluation board is available to aid designers in 
demonstrating the full performance of the SPT7922. This 
board includes a reference circuit, clock driver circuit, output 
data latches and an on-board reconstruction, of the digital 
data. An application note (AN7922) describing the operation 
of this board as well as information on the testing of the 
SPT7922 is also available. Contact the factory for price and 
availability. 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

NAME FUNCTION 
C\I 

DGND Digital Ground C\I 
0> 

AGND Analog Ground r::: a. 
DO-D11 TTL Outputs (DO=lSB) en 

D12 TTL Output Overrange 

ClK Clock Input 

VEE -5.2 V Supply 

Vee +5.0 V supply 

El VRn-VRT3 Voltage Reference Taps 

VIN Analog Input 

DVee Digital +5.0 V Supply (TTL Outputs) 

VFT Force for Top of Reference Ladder 

VST Sense for Top of Reference Ladder 

VFB Force for Bottom of Reference Ladder 

VSB Sense for Bottom of Reference Ladder 
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spr7930 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 12-8IT, 5 MSPS, 450 mW AID CONVERTER 

FEATURES 

• 12-BiV5 MSPS Analog-to-Digital Converter 
• Monolithic CMOS 
• Internal Track-and-Hold 
• Internal Voltage Reference 
• Low Power Dissipation: 450 mW 
• 2 Vp-p DifferentiaVSingle-ended Analog Input Range 
• Single +5 Volt Power Supply 

with option for 3.3 V Digital Outputs 
• Tri-Stable, TTL-Compatible Outputs 

GENERAL DESCRIPTION 

The SPT7930 12-bit, 5 MSPS analog-to-digital converter is 
a mUlti-stage pipelined converter architecture built in a mono-

. lithic CMOS process. It delivers excellent low noise perfor
mance with a typical power dissipation of only 450 mW. It is 
ideal for CCD image sensing and scanning applications. The 
internal track-and-hold, internal voltage reference and the 
single +5 V supply voltage make interfacing this device a very 
simple task. 

BLOCK DIAGRAM 
Analog Digital 

Analog 
Input 

Reference 
Inputs 

2 

VH -

Ve-

VL -

+VDD +VDD 

t t 

AID 

Internal 
Voltage 

Reference 

• • • 

ADVANCED INFORMATION 

APPLICATIONS 

• CCD Imaging Sensors 
• Document and Film Scanners 
• Medical Imaging 
• Electro-Optics 
• Transient Signal Analysis 

The SPT7930 has a differential analog input that can be 
configured to run in a single-ended mode with minimal 
effort. It is available in 28L DIP and SOIC packages and 
in a 44L cerquad package for the commercial temperature 
range. Contact the factory for availability of military 
and 1883 versions. 

'13 

Enable 
Output 

Output 
Buffering 

t 

t 

I 

'12 

t 
-

Overrange 

Digital 
Output 

Data Available 

MSB Invert 

Clock 

VREFH VREFC VREFL 

Reference Outputs 

Analog Digital 
Ground Ground 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages Output 
AVDD ........................................................................ +6V Digital Outputs.............. ......................................... 10 mA 
DVDD ......................................... , ............................... +6V 

Temperature 
Input Voltages Operating Temperature .................................... 0 to 70°C 

Analog Input .................................. -0.5 V to AVDD +0.5 V Junction Temperature ........................................... 175 °C 
VRef .............................................................................. 0 to AVDD Lead Temperature, (soldering 10 seconds) ......... 300°C 
CLK Input .................................................................. VDD Storage Temperature ............................... -65 to +150 °C 
AVDD - DVDD ............................................................. ±100 mV 
AGND - DGND ................................................. ±100 mV 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA=25 °C, AVoo = DVoo = +5.0 V, VIN = 1.25 to 3.25 V, fs = 5 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

DC Performance 

Resolution 

Differential Linearity 
Integral Linearity 

No Missing Codes 

Analog Input 
Input Voltage Range DC Offset of +2.25 V 
Input Resistance 

FulfTemp. 
Input Capacitance 

Input Bandwidth Full Power 

Offset 
Gain Error 

Timing Characteristics 
Conversion Rate 

Pipeline Delay (Latency) 

Transient Response 

(0.01% Settling) 
Over Voltage Recovery Time 
Aperture Delay Time 

Aperture Jitter Time 

Dynamic Performance 

Effective Number of Bit 

fiN = 1.0 MHz 

fiN =2.0 MHz 
Signal-To·Noise Ratio 

flN= 1.0 MHz 

fiN = 2.0 MHz 

3·294 

TEST 

LEVEL MIN TYP MAX UNITS 

12 Bits 

±0.5 LSB 
±1.0 LSB 

Guaranteed 

2 V pop 

250 kn 
TBD kn 

10 pF 
TBD MHz 
TBD LSB 

10 20 LSB 

5 MSPS 

6 ClkCycles 

18 ns 

TBD ns 
1 ns 
4 psRMS 

11 Bits 
11 Bits 

69 dB 

68 dB 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



ELECTRICAL SPECIFICATIONS 

TA=25 °C, AVDD = DVDD = +5.0 V, VIN = 1.25 to 3.25 V, fS = 5 MSPS, VRHS = 4.0 V, VRLS = 0.0 V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 
Dynamic Performance 

Harmonic Distortion 
fiN = 1.0 MHz 68 dBc 
fIN=2.0 MHz 67 dBc 

Spurious Free Dynamic Range TBD dB 
Two-Tone Intermodulation TBD dBc 

Distortion Rejection 

Power Supply Requirements 
+Vs Supply Voltage 4.75 5.0 5.25 V 
+Vs Supply Current 90 100 rnA 
Power Dissipation 450 500 mW 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: All parameters having mini 
max specifications are guaranteed. The Test 
Level column indicates the specific device test
ing actually performed during production and 
Quality Assurance inspection. Any blank section 
in the data column indicates that the specifica
tion is not tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

II 

III 

IV 

V 

VI 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 oC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION '1 
ANALOG-TO-DIGITAL CONVERTERS E' 

COMPARATORS I 
PIN DRIVERS 't 

SAMPLE-AND-HOLD AMPLIFIERS '1 
EVALUATION BOARDS ':1 
APPLICATION NOTES I 
QUALITY ASSURANCE 1[1 

PACKAGE OUTLINES II 
SALES OFFICES If 
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Section 4 Digital-to-Analog Converters 

SP'I 

SPT5100 

SPT5110 

SPT1018 

SPT1019 

SPT5140 

SPT5220 

SPT5230 

SPT9712 

SPT9713 

SPT5216 

8-Bit, 20 MWPS, Dual Channel Video ........................................... 4-5 

8-Bit, 30 MWPS, Triple Channel Video ........................................ 4-11 
8-Bit, 275/165 MWPS, Video ........................................................ 4-17 

8-Bit, 275/165 MWPS, Video, with Reference ............................. 4-29 

8-Bit, 400 MWPS, Video, with Reference .................................... 4-41 

10-Bit, 80 MWPS, Video .............................................................. .4-53 

10-Bit, 50 MWPS Triple Channel Video ....................................... 4-61 

12-Bit, 100 MWPS ECl ............................................................... .4-65 

12-Bit, 100 MWPS TTL ................................................................. 4-71 

16-Bit, Ultrahigh Speed ............................................................... .4-77 
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SPI'5100 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES 8-BIT, 20 MWPS DUAL CHANNEL VIDEO DAC 

FEATURES 

• 8-Bit Dual Channel Video Digital-to-Analog Converter 
• 20 MWPS Operation 
• Low Power: 70 mW 
• Operating Temperature Range: 0 to +70 °C 
• 5 V Monolithic CMOS 
• 32-pin QFP Package (7 mm by 7 mm, 0.8 mm pitch) 

GENERAL DESCRIPTION 

The SPT51 00 is a 8-bit, 20 MWPS, dual channel video digital
to-analog converter specifically designed for video process
ing applications including digital TV decoders and digital 
VCRs. A single external resistor controls the full-scale output 

BLOCK DIAGRAM 

SPr 

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

(MSB) Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

(LSB) Yel 

CLKC 0---.-----......, 

(MSB)C7 

C6 

C5 
C4 

C3 

C2 
C1 

(LSB) Cel 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PRELIMINARY INFORMATION 

APPLICATIONS 

• High-Speed Digital-to-Analog Conversion 
• YI C, S-Video Processing 
• Desktop Video Processing 
• Digtial TV 
• Satellite TV Decoders 
• Digital VCRs 

current. The differential linearity errors of the DACs are 
guaranteed to be a maximum of ±0.5 LSB over the full 
temperature range. The device is available in a 32-pin QFP 
package in a commercial temperature range. 

Current 
Switch Cell 

Array (Cell 63) 

Current 
Switch Cell 

Array (Cell 63) 

AVoo 

lOY 

AVss 

AVoo 

loc 

AVss 

YOUT 

COUT 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 
Supply Voltages Output Current 

AVDD (measured to GNO) .......................... ,. -0.3 to 7.0 V lOUT .............................................................................. 0 to 8 mA 

Input Voltage Temperature 
Clock and Data .........................................•. GNO to AVDD Operating, ambient .................................... 0 to +70 °C 

Storage .................................................... -55 to + 125°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
fCLK = 20 MHz, AVDD = 5.0 V, Output Pull-Up Load =; 240 Q, TA = 25°C 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

DC Performance 
Resolution 
Differential Linearity TA = TMIN to TMAX 
I ntegral Linearity 

Analog Outputs 
Output Full Scale Voltage 
Compliance Voltage 

Dynamic Performance 
Conversion Rate 
Propagation Delay 
Crosstalk 

Digital Inputs and Timing 
Input Current, Logic High . VIH=5V 

Logic Low VIL= 0 V 
Set-Up Time, Data and Controls (Is) 
Hold Time, Data and Controls (th) 
Clock Pulse Width (Low) (tpwo) 
Clock Pulse Width (High) (tPW1) 

Power Supply Requirements 
Supply Voltage 
Supply Current 
Power Dissipation 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T c = TA• 
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I 

II 

III 
IV 

V 

VI 

I 
I 

I 
I 

I 
V 
V 

I 
I 
I 
I 
I 
I 

I 
V 
V 

MIN TVP MAX UNITS 

8.0 Bits 
±0.25 ±D.5 LSB 

±D.5 ±1.0 LSB 

0.85 1.0 1.15 V 
0.5 1.0 1.2 V 

20 MWPS 
12 ns 

-47 dB 

5 J.IA 
-5 J.IA 
5 ns 

10 ns 
25 ns 
25 ns 

4.75 5.25 V 
14 mA 
70 mW 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA =25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Paramefer is 
guaranteed over specified temperature range. 

4755 Forge Road, Co. Springs, CO 80907 SPJ' 
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INTERFACE CONSIDERATIONS 
Figure 2 shows a typical interface circuit of the SPT5100 in 
normal circuit operation. 

SUPPLY AND GROUND CONSIDERATIONS 
SPT suggests that all power supply pins (AVoo) be tied 
together and decoupled using a 0.1 IlF ceramic capacitor in 
parallel with a 10 IlF tantalum capacitor. These decoupling 
capacitors should be tied between the power supply line and 
ground. 

INTRNAL REFERENCE VOLTAGE (VREF) 
Voltage reference is internally generated. Connect a 0.1 IlF 
bypass capacitor with the shortest possible lead length 
between VREF and AVss. 

FULL-SCALE ADJUST CONTROL (Ves) 
Connect a 0.1 IlF bypass capacitor with the shortest possible 
lead length between Ves and AVss. A resistor connected 
between this pin and AVee controls the magnitude of the full
scale video signal. 
The output full-scale voltage of the SPT511 0 can be kept 
constant and stable by keeping the value of Ves to ground 
constant. The full-scale voltage changes from 0.5 V to 1.5 V 
according to Ves changing from approximately 1.0 to 1.4 V. 

Figure 1 - Typical Interface Circuit 

AVDD 

1000 
eLKY 

.J1..f1.... 
Clock CLKY 

1000 

CURRENT OUTPUTS 
The Y channel and C channel current outputs should have a 
load resistor connected to AVoo. The resistors are typically 
240 n and should be kept in the 150 n to 250 n range. 

LATCH-UP CONSIDERATIONS 
In order to prevent a possible latch-up condition, SPT sug
gests that a 100 n resistor be placed in series with each clock 
input pin. 

Table 1 - Binary Code Table 
1 LSB = 3.91 mV 

Digital Input 
Step A7 A6 A5 A4 A3 A2 A1 

(MSB) 

0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 1 
3 0 0 0 0 0 0 1 

254 1 1 1 1 1 1 1 
255 1 1 1 1 1 1 1 

AVoo 

O.IIlF~ ~101lF 

AVDD 
VREF 

10kn 

ves 5kn 

2kn 

Analog 
AO Out (V) 

(LSB) 

0 4.0000 
1 4.0039 
0 4.0078 
1 4.0117 

0 4.9922 
1 4.9961 

SPT5100 

BPI' 

Y0-7 
Data 

Inputs 
C0-7 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

YOUT 

COUT 

AVoo 
2400 

* 
* 

NOTE 
* Emitter-follower transistors should 

be used to drive the next circuits. 
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Figure 2 - Typical Performance Characteristics 
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Figure 3 - Timing Diagram 
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PIN ASSIGNMENTS 

(MSB)Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

(LSB) YO 

o 
AVoo 

AVoo 

AVSS 

SPT5100 COUT 

AVSS 

YOUT 

AVoo 

AVSS 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

NAME FUNCTION 

COUT C Channel Analog Current Output 

YOUT Y Channel Analog Current Output 

C7- CO C Channel Data Inputs 

Y7-YO Y Channel Data Inputs 

CLKY Y Channel Clock Input 

CLKC C Channel Clock Input 

VREF Voltage Reference 
(A 0.1 /IF ceramic capacitor should be used) 

Ves Full-Scale Adjust Control Voltage 1 to 1.4 V 

AVss Ground 

AVoo Power Supply Voltage 
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SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 8-Bit Triple Video Digital-to-Analog Converter 
• 30 MWPS Operation (typ) 
• Low Power: 135 mW 
• Operating Temperature Range: 0 to +70 cC 
• 5 V Monolithic CMOS 
• 48-pinVQFP Package 

GENERAL DESCRIPTION 

The SPT511 0 is a 8-bit, 30 MWPS triple video digital-to
analog converter specifically designed for high performance, 
high resolution color graphics monitor and video processing 
applications. A single external resistor controls the full-

BLOCK DIAGRAM 

AVoo 

AVoo 

Vcs 

AVoo 

AVoo 

AVoo 

AVss AVoo 

Current 
Switch Cell 

Array (Cell 63) 

SPI'5110 
a-BIT, 30 MWPS TRIPLE VIDEO PAC 

PRELIMINARY INFORMATION 

APPLICATIONS 

• High-speed Digital-to-Analog Conversion 
• High Performance, High Resolution Color Graphics 
• Desktop Video Processing 
• Digital Television 

scale output current. The differential linearity errors of the 
DACs are guaranteed to be a maximum of±0.5 LSB overthe 
full temperature range. The device is available in a 48-pin 
VQFP package in a temperature range from 0 cC to +70 cC. 

AVoo 

100 AVss AVoo 

Current 
Switch Cell 

Array (Cell 63) 

BoUT 

lOB AVss 

Current 
Switch Cell 

Array (Cell 63) 

a: 
~~~~~~~~ ~ 88888888 '" ~~~~~~~~ l< l< 

-' -' -' 
0 0 0 

SPJ' 

as as en 
~ e 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur}1 
Supply Voltages Output Current 

AVDD (measured to GNO) ............................ -0.3 to 7.0 V lOUT .............................................................................. 0 to 7 rnA 

Input Voltage Temperature 
Clock and Data ........................................... GNO to AVDD Operating, ambient... ...................................... 0 to +70 °C 

Storage .................................................... -55 to + 125°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
fCLK = 20 MHz, AVoo = 5.0 V, Output Pull-Up Load = 240 n, TA = 25 'C 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

DC Performance 
Resolution 
Differential Linearity 
Differential Linearity TA=TMINtoTMAX 
Integral Linearity 

Analog Outputs 
Output Full Scale Voltage 
Compliance Voltage 

Dynamic Performance 
Conversion Rate 
Propagation Delay 
Crosstalk 

Digital Inputs and Timing 
Input Current, Logic High VIH=5V 

Logic Low VIL= OV 
Set-Up Time, Data and Controls (Is) 
Hold Time, Data and Controls (th) 
Clock Pulse Width (Low) (tpwo) 
Clock Pulse Width (High) (tpW1) 

Power Supply Requirements 
Supply Voltage 
Supply Current 
Power Dissipation 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA• 
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III 
IV 

V 

VI 

I 
I 
I 

I 
I 

I 
V 
V 

I 
I 
I 
I 
I 
I 

I 
V 
V 

MIN TYP MAX UNITS 

8.0 Bits 
±O.25 ±O.3 LSB 

±O.5 LSB 
±a.5 ±1.0 LSB 

1.23 1.4 1.57 V 
0.5 1.4 V 

27 30 MWPS 
12 ns 

-47 dB 

5 IIA 
-5 IIA 
5 ns 

10 ns 
18.5 ns 
18.5 ns 

4.75 5.25 V 
27 rnA 

135 mW 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA =25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 

4755 Forge Road, Co. Springs, CO 80907 S· ... 
PH: (719) 528-2300; Fax: (719) 528-2370 r. 



INTERFACE CONSIDERATIONS 
Figure 2 shows a typical interface circuit of the SPT511 0 in 
normal circuit operation. 

SUPPLY AND GROUND CONSIDERATIONS 
SPT suggests that all power supply pins (AVoo) be tied 
together and decoupled using a 0.1 J.lF ceramic capacitor in 
parallel with a 10 J.lF tantalum capacitor. These decoupling 
capacitors should be tied between the power supply line and 
ground. 

INTERNAL REFERENCE VOLTAGE (VREF) 
Voltage reference is internally generated. Connect a 0.1 J.lF 
bypass capacitor with the shortest possible lead length 
between VREF and AVss. 

FULL-SCALE ADJUST CONTROL (Ves) 
Connect a 0.1 J.lF bypass capacitor with the shortest possible 
lead length between Ves and AVss. A resistor connected 
between this pin and AVee controls the magnitude of the full
scale video signal. 
The output full-scale voltage of the SPT5110 can be kept 
constant and stable by keeping the value of Ves to ground 
constant. The full-scale voltage changes from 0.5 V to 1 .5 V 
according to Ves changing from approximately 1.0 to 1.4 V. 

Figure 1 - Typical Interface Circuit 

CURRENT OUTPUTS 
Each red, green and blue current output should have a load 
resistor connected to AVoo. The resistors are typically 240 n 
and should be kept in the 150 n to 250 n range. 

Table 1 - Binary Code Table 
1 LSB = 5.49 mV 

Digital Input 
Step A7 A6 A5 A4 A3 A2 

(MSB) 

0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 

254 1 1 1 1 1 1 
255 1 1 1 1 1 1 

Analog 
A1 AO Out (V) 

(LSB) 

0 0 3.6000 
0 1 3.6055 
1 0 3.6110 
1 1 3.6165 

1 0 4.9890 
1 1 4.9945 

r-~--~~--~------~----~-----AVDD 

SPI' 

ClKR 
.Jl.J"L --+---1 ClKG 

Clock ClKB 

Data 
Inputs 

DRO-7 

DGO-7 

DBO-7 

AVDD 

SPT5110 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

O.l~F~ 

20k.Q 

vcsl-~_------~ 10 k.Q 

~~>---- AVDD 
2400 

ROUT I-----<.....,I--I-----C) * 
GOUT J-----....... +-------c:> * 
BOUTI---_~--D * 

NOTE 
* Emitter-follower transistors should 

be used to drive the next circuits. 
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PIN ASSIGNMENTS 

AVss 
N/C 

(MSB) R7 
R6 
R5 
R4 

AVSS 
R3 
R2 

R1 
(lSB) R0 

N/C 

SPJ' 

vcs 
AVss 
AVoo 
AVoo 
AVss 

SPT5110 ClKR 
ClKG 
ClKB 
B0 (lSB) 
B1 
B2 
B3 

Gl '" '" '" ~ C51 
..., 

'" '" ? ~ 
en en 
$ $ 

4755 Forge Road, Co. Springs, CO 80907 
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PIN FUNCTIONS 

NAME FUNCTION 
0 

ROUT Red Analog Current Output LO 
GOUT Green Analog Current Output ~ a.. en 
BOUT Blue Analog Current Output 

R7- RO Red Data Inputs 

G7-GO Green Data Inputs 

B7 - BO Blue Data Inputs 

ClKR Red Clock Input 

ClKG Green Clock Input 

ClKB Blue Clock Input 

VREF Voltage Reference (A 0.1 ~F ceramic capacitor I should be used.) 

Vcs Full-Scale Adjust Control Voltage 1 to 1.4 V. 

AVss Ground 

AVDD Analog Power 

N/C No Connection 
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SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 275 MWPS Conversion Rate - Version A 
• 165 MWPS Conversion Rate - Version B 
• Compatible with TDC1018 and HDAC10180 

with Improved Performance 
• RS-343-A Compatible 
• Complete Video Controls: Sync, Blank, Bright 

and Reference White (Force High) 
• 1 OKH, 1 OOK ECl Compatible 
• Single Power Supply 
• Registered Data and Video Controls 
• Differential Current Outputs 
• ESD Protected Data and Control Inputs 

GENERAL DESCRIPTION 

The SPT1 018 is a monolithic 8-bit digital-to-analog converter 
capable of accepting video data at a 165 or 275 MWPS rate. 
Complete with video controls (Sync, Blank, Reference White 
[Force High], Bright), the SPT1018 directly drives doubly
terminated 50 or 75 ohm loads to standard composite video 
levels. The standard set-up level is 7.5 IRE. The SPT1018 is 
pin-compatible with the HDAC1 0180 and the TDC1 018, with 

BLOCK DIAGRAM 

Sync, Blank, Bright, Ref - High 
Video Controls In 

DO-D3 4 

Video Data In 
4 ----4 To 15 · · D4-D7 4 V Decode · Video Data In 

(MSBs) --
Feedthrough 

Convert 
2 

SprlGI8 
8-BIT, HIGH SPEED D/A CONVERTER 

APPLICATIONS 

• High Resolution Color or Monochrome Raster 
Graphics Displays 

• Medical Electronics: CAT, PET, MR Imaging Displays 
• CAD/CAE Workstations 
• Solids Modeling 
• General Purpose High-Speed D/A Conversion 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

improved performance. The SPT1018 contains data and 
control input registers, video control logic, reference buffer, 
and current switches. 

The SPT1018 is available in a 24-lead PDIP package in the 
industrial temperature range of -25 to +85 ac. Contact the 
factory for military temperature and /883 versions. 

4 V 

4 V 
Output 

,...-- Out + 

Register Current 
Switches · · · I----- Out-

t 1f 
Ref+ 1 ~ 

SPI' 

Buffer ./" 
Ref-

,/ 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Input Voltages 
VEEO (measured to Vcco) ........................... -7.0 to 0.5 V Ref+ (measured to VCCA) .......................... VEEA to 0.5 V 
VEEA (measured to VCCA) ........................... -7.0 to 0.5 V Ref- (measured to VCCA) ........................... VEEA to 0.5 V 
VCCA (measured to Vcco) ........................... -0.5 to 0.5 V 

Temperature 
Input Voltages Operating, ambient.. ............................. -25 to + 85°C 

CONV, Data, and Controls ......................... VEEO to 0.5 V junction ........................................ + 175°C 
(measured to Vcco) Lead, Soldering (10 seconds) ............................ + 300°C 

Storage .................................................... -60 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

VCCD = VCCA =ground, VEEA = VEED = -5.2 V ±0.3 v, TA = TMIN to TMAX, Cc = 0 pF, ISel = 1.105 mA 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Integral Linearity Error 1.0 mA<1 Sel<I.3 mA VI 

Differential Linearity Error 1.0 mA<ISet<I.3 mA VI 

Gain Error VI 

Gain Error Tempco V 

Input Capacitance, REF +, REF - V 

Compliance Voltage, + Output VI 

Compliance Voltage, - Output VI 

Equivalent Output Resistance VI 

Output Capacitance V 

Maximum Current, + Output IV 

Maximum Current, - Output IV 

Output Offset Current VI 

Input Voltage, Logic HIGH VI 

Input Voltage, Logic LOW VI 

Convert Voltage, IV 
Common Mode Range 

Convert Voltage, Differential IV 

Input Current, Logic LOW, VI 
Data and Controls 

Input Current, Logic HIGH, VI 
Data and Controls 

Input Current, Convert VI 

4-18 

MIN TYP MAX UNITS 

-.37 +.37 % Full Scale 
-.95 +.95 LSB 

-0.2 +0.2 % Full Scale 
-0.5 +0.5 LSB 

-6.5 +6.5 % Full Scale 

150 PPMrC 

5 pF 

-1.2 1.5 V 

-1.2 1.5 V 

20 kQ 

12 pF 

45 mA 

45 mA 

0.05 0.5 LSB 

-1.0 V 

-1.5 V 

-0.5 -2.5 V 

0.4 1.2 V 

35 120 IlA 

40 120 IlA 

2 60 IlA 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 
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ELECTRICAL SPECIFICATIONS 

VCCD = VCCA =ground, VEEA = VEED = -5.2 V to.3 V, TA = TMIN to TMAX, Cc = 0 pF, ISet = 1.105 rnA 

TEST 
PARAMETERS CONDITIONS MIN TYP MAX UNITS 

DC ELECTRICAL CHARACTERISTICS 
Input Capacitance, V 3.0 pF 
Data and Controls 
Power Supply Sensitivity VI -120 20 +120 IlAN 
Supply Current VI 155 220 rnA 

DYNAMIC CHARACTERISTICS(RL = 37.5 ohms, CL= 5pF, TA=25 'C, Iset= 1.105 rnA) 
Maximum Conversion Rate BGrade 

A Grade 

Rise Time 10% to 90% G.S. 

TA = TMIN to TMAX 
Rise Time 10% to 90% G.S. 

RL= 25 ohms 
Current Settling Time, Clocked Mode To 0.2% G.S. 
Current Settling Time, Clocked Mode To 0.8% G.S. 
Current Settling Time, Clocked Mode To 0.2% G.S. 

tSI RL=25Q 
Clock to Output Delay, Clocked Mode 

tDSC TA = TMIN to TMAX 
Data to Output Delay, 

Transparent Mode tDST TA = TMIN to TMAX 
Convert Pulse Width, ( LOW or HIGH) B Grade 

tpWL, tPWH A Grade 
Glitch Energy Area = 1/2 VT 

Reference Bandwidth, -3 dB 
Set-up Time, Data and Controls 

ts TA = TMIN to TMAX 
Hold Time, Data and Controls 

tH TA = TMIN to TMAX 
Slew Rate 20% to 80% G.S. 

TA = TMIN to TMAX 
Clock Feedthrough 

TA = TMIN to TMAX 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA· 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

III 
III 

III 
IV 
V 

V 
V 

V 

III 
IV 
III 
IV 

III 
III 
V 

V 
III 
IV 

III 
IV 
III 
IV 
III 
IV 

165 MWPS 
275 MWPS 

1.6 ns 

2.0 ns 
1.0 ns 

7.0 ns 
5.5 ns 
4.5 ns 

2.2 4.0 ns 
4.5 ns 

3.2 6.0 ns 
6.0 ns 

3.0 ns 
1.8 ns 

4 pV-s 
1.0 MHz 

1.0 ns 
1.0 ns 
0.5 ns 

0.5 ns 
390 V/IlS 
325 V/IlS 

-48 dB 
-48 dB 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 cC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Functional Diagram 

DO-D7 
S Decoding 

Composite 
logic 

Video Controls 
4 

CONV 

CONV 2 

Feedthrough 

APPLICATION INFORMATION 

The SPT1018 is a high speed video digital-to-analog con
verter capable of conversion rates of up to 275 MWPS. This 
makes the device suitable for driving 1500 X 1800 pixel 
displays at 70 to 90 Hz update rates. 

The SPT1018 is separated into different conversion rate 
categories as shown in table I. 

The SPT1018 has 10 KH and 100K ECl logic level compat
ible video controls and data inputs. The complementary 
analog output currents produced by the devices are propor
tional to the product of the digital control and data inputs in 
conjunction with the analog reference current. The SPT1 018 
is segmented so that the four MSBs of the input data are 
separated into a parallel thermometer code. From here, 

Table I - The SPT1 018 Family and Speed Designations 

PART NUMBER UPDATE 

SPT1018A 275 MWPS 

SPT1018B 165 MWPS 

4-20 

Out + 

Out-

Data 
Registers 

Current 
Source 
Biasing 

Ref+ Ref-

fifteen identical current sinks are driven to fabricate sixteen 
coarse output levels. The remaining four lSBs drive four 
binary weighted current switches. 

The MSB currents are then summed with the lSBs, which 
provide a one-sixteenth of full scale contribution, to provide 
the 256 distinct analog output levels. 

The video control inputs drive weighted current sinks that are 
added to the output current to produce composite video 
output levels. These controls, Sync, Blank, Reference White 
(Force High), and Bright are needed in video applications. 

Another feature that similar video Df A converters do not have 
is the Feedthrough Control. This pin allows registered or 
unregistered operation of the video control and data inputs. 
In the registered mode, the composite functions are latched 
to the pixel data to prevent screen-edge distortions generally 
found on unregistered video DACs. 

COMMENTS 

Suitable for 1200 X 1500 to 1500 X 1800 
displays at 60 to 90 Hz update rate. 

Suitable for 1024 X 1280 to 1200 X 1500 
displays at 60 to 90 Hz update rate. 

4755 Forge Road, Co. Springs, CO 80907 SPJ' 
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Figure 2 - Typical Interface Circuit 

{ ~ Video B .. k 
Control BRT Inputs 

Syoo 

00 (LSB) 

0' 
0' 
0' 

Video 
Data 
Inputs 0' 

05 

06 
07 (MSB) 

Clock 
{ CONY 

CONV 

R, R, 
500a 7500 

V+ (ISet·) "". 
LM1131313 

Rof· 

-S.2V 

-S.2V 

TYPICAL INTERFACE CIRCUIT 

GENERAL 

A typical interface circuit using the SPT1 018 in a color raster 
application is shown in figure 2. The SPT1018 requires few 
external components and is extremely easy to use. The very 
high operating speeds of the SPT1018 require good circuit 
layout, decoupling of supplies, and proper design of trans
mission lines. The following considerations should be noted 
to achieve best performance. 

INPUT CONSIDERATIONS 

Video input data and controls may be directly connected to 
the SPT1018. Note that all ECl inputs are terminated as 
closely to the device as possible to reduce ringing, crosstalk 
and reflections. A convenient and commonly used microstrip 
impedance is about 130 ohms, which is easily terminated 
using a 330 ohm resistor to VEE and a 220 ohm resistor to 
Ground. This arrangement gives a Thevenin equivalent ter
mination of 130 ohms to -2 volts without the need for a 
-2 volt supply. Standard SIP (Single Inline Package) 220/330 
resistor networks are available for this purpose. 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528c2370 

Video Monitor 
r----------, 

Out. .---.,.-_-,I~ : 
r-+--~"""f-El 'I : 

R, 
50/750 

Out+ 
VCo. 

NOTES: 

R4 : 
50175Q I 

I 
I 
I 
I 

~ __________ l 

1. V- = ·1.2 V (typical) lor LM113. 

2, V+=·1,2V 

V+ 
3, ISet = UT(R,+R2) 

4, RL =R3I1R4 

5. Vout_ = K[255-Digilah~~pul Code x I Set ]RL + [K1 X I Set X Rl(Bright)] 

6, VSync = (K X ISet X Rd + (K, X Is• t X Rd 

K= 15,8069 

K, = 1,7617 

K2 = 10.0392 

7, L = Ferrite bead inductor Fair·rite PIN 217430011 or equivalent. 

8. All reference resistors 1/8 W 1% metal film 

power supply decoupling 50 V ceramic disc, 

9. ~ = Eel Termination 

10, -b = VCCD = DGND 
-

11. ~ =VccA=AGND 

12, See ligure 8 lor detail on 
Rei Buffer, 

It is recommended that stripline or microstrip techniques be 
used for all ECl interface. Printed circuit wiring of known 
impedance over a solid ground plane is recommended. The 
ground plane should be constructed such that analog and 
digital ground currents are isolated as much as possible. The 
SPT1018 provides separate digital and analog ground con
nections to simplify ground layout. 

OUTPUT CONSIDERATIONS 

The analog outputs are designed to directly drive a dual 50 or 
75 ohm load transmission system as shown. The source 
impedances of the SPT1018 outputs are high impedance 
current sinks. The load impedance (RL) must be 25 
or 37.5 ohms to attain standard RS-343-A video levels. Any 
deviation from this impedance will affect the resulting video 
output levels proportionally. As with the data interface, it is 
important that the analog transmission lines have matched 
impedance throughout, including connectors and transitions 
between printed wiring and coaxial cable. The combination of 
matched source termination resistor Rs and load terminator 
RL minimizes reflections of both forward and reverse travel
ing waves in the analog transmission system. The return path 
for analog output current is VCCA which is connected to the 
source termination resistor Rs. 
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POWER CONSIDERATIONS 

The SPT1018 operates from a single standard -5.2 volt 
supply. Proper bypassing of the supplies will augment the 
SPT1018's inherent supply noise rejection characteristics. 
As shown in figure 2, a large tantalum capacitor in parallel 
with smaller ceramic capacitors is recommended for best 
performance. The small-valued capacitors should be con
nected as closely to the device package as possible, whereas 
the tantalum capacitor may be placed up to a few inches away. 

The SPT1018 operates with separate analog (VEEA) and 
digital (VEEO) power supplies to establish high noise immu
nity. Both supplies should eventually be connected to the 
same power source, but they should be individually de
coupled as mentioned previously. The digital supply has a 
separate ground return which is Vcco. The analog ground 
return is VCCA. All power and ground pins must be connected 
in any application. If a +5 V power source is required, the 
ground pins V cco and V CCA become the positive supply pins 
while VEEO and VEEA become the ground returns. The 
relative polarities of the other voltages on inputs and outputs 
must be maintained. 

REFERENCE CONSIDERATIONS 

The SPT1 018 has two reference inputs: Ref+ and Ref-. These 
pins are connected to the inverting and noninverting inputs of 
an internal amplifier that serves as a reference buffer amplifier. 

The output of the buffer amplifier is the reference for the 
current sinks. The amplifier feedback loop is connected 
around one of the current sinks to achieve better accuracy. 
(See figure 8.) 

Figure 3 - Timing Diagram 

CONV 

-1.3V ---------

OUT-

OUT + 

4-22 

Since the analog output currents are proportional to the digital 
input data and the reference current (lSet) , the full-scale 
output may be adjusted by varying the reference current. ISet 
is controlled through the Ref+ input on the SPT1018. A 
method and equations to set Iset is shown in figure 2. The 
SPT1018 uses an external negative voltage reference. The 
external reference must be stable to achieve a satisfactory 
output and the Ref- pin should be driven through a resistor to 
minimize offsets caused by bias current. The value for ISet 
can be varied with the 500 ohm trimmer to change the full 
scale output. A double 50 ohm load (25 ohm) can be driven 
if ISet is increased 50% more than ISet for doubly terminated 
75 ohm video applications. 

COMPENSATION 

The SPT1018 provides an external compensation input 
(COMP) for the reference buffer amplifier. In order to use this 
pin correctly, a capacitor should be connected between 
COMP and VEEA as shown in figure 2. Keep the lead lengths 
as short as possible. If the reference is to be kept as a 
constant, use a large capacitor (.01 IlF). The value of the 
capacitor determines the bandwidth of the amplifier. If modu
lation of the reference is required, smaller values of capaci
tance can be used to achieve up to a 1 MHz bandwidth. 

DATA INPUTS AND VIDEO CONTROLS 

The SPT1 018 has standard single-ended data inputs. The 
inputs are registered to produce the lowest differential data 
propagation delay (skew) to minimize glitching. There are 
also four video control inputs to generate composite video 
outputs. These are Sync, Blank, Bright and Reference White 
or Force High. Also provided is the Feedthrough control as 

112 LSB 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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Table" - Video Control Operation (Output values for set-up = 10 IRE and 75 ohm standard load) 

ReI Data 
Sync Blank Whlla Bright Input 

1 X X X X 

0 1 X X X 

0 0 1 1 X 

0 0 1 0 X 

0 0 0 0 000 ... 

0 0 0 0 111 ... 

0 0 0 1 000 ... 

0 0 0 1 111... 

mentioned earlier. The controls and data inputs are all 1 0 KH 
and 100K ECl compatible. In addition, all have internal 
pulldown resistors to leave them at a logic low so the pins are 
inactive when not used. This is useful if the devices are 
applied as standard OACs without the need for video controls 
or if less than eight bits are used. 

The SPT1018 is usually configured in the synchronous 
mode. In this mode, the controls and data are synchronized 
to prevent pixel dropout. This reduces screen-edge distor
tions and provides the lowest output noise while maintaining 
the highest conversion rate. By leaving the Feedthrough (FT) 
control open (low), each rising edge of the convert (CONV) 
clock latches decoded data and control values into aD-type 
internal register. The registered data is then converted into 
the appropriate analog output by the switched current sinks. 
When FT is tied high, the control inputs and data are not 
registered. The analog output asynchronously tracks the 
input data and video controls. Feedthrough itself is asynchro
nous and usually used as a DC control. 

The controls and data have to be present at the input pins for 
a set-up time of ts before, and a hold time of th after, the rising 
edge of the clock (CONV) in order to be synchronously 
registered. The set-up and hold times are not important in the 
asynchronous mode. The minimum pulse widths high (tPWH) 
and low (tpwL) as well as settling time become the limiting 
factors. (See figure 3.) 

The video controls produce the output levels needed for 
horizontal blanking, frame synchronization, etc., to be com
patible with video system standards as described in 
RS-343-A. Table II shows the video control effects on the 
analog output. Internal logic governs Blank, Sync, and Force 
High so that they override the data inputs as needed in video 
applications. Sync overrides both the data and other controls 
to produce full negative video output (figure 9). 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

Out-(mA) Out -(V) Out-~RE) Description 

28.57 -1.071 -40 Sync level 

20.83 -0.781 0 Blank Level 

0.00 0.000 110 Enhanced High Level 

1.95 ...0.073 100 Normal High Level 

19.40 -0.728 7.5 Normal Low Level 

1.95 -0.073 100 Normal High Level 

17.44 -0.654 17.5 Enhanced Low level 

0.00 0.000 110 Enhanced High Level 

Reference White video level output is provided by Force 
High, which drives the internal digital data to full scale output 
or 100 IRE units. Bright gives an additional 10% of full scale 
value to the output level. This function can be used in graphic 
displays for highlighting menus, cursors or warning mes
sages. Again, if the devices are used in non-video applica
tions, the video controls can be left open. 

CONVERT CLOCK 

For best performance, the clock should be ECl driven, 
differentially, by utilizing CONY and CONY (figure 4). By 
driving the clock this way, clock noise and power supply/ 
output intermodulation will be minimized. The rising edge of 
the clock synchronizes the data and control inputs to the 
SPT1018. Since the actual switching threshold of CONY is 
determined by CONY, the clock can be driven single-ended 
by connecting a bias voltage to C5W. The switching thresh
old of CONY is set by this bias voltage. 

ANALOG OUTPUTS 

The SPT1018 has two analog outputs that are high imped
ance, complementary current sinks. The outputs vary in 
proportion to the input data, controls and reference current 
values so that the full scale output can be changed by setting 
ISet as mentioned earlier. 

In video applications, the outputs can drive a doubly termi
nated 50 or 75 ohm load to standard video levels. In the 
standard configuration of figure 5, the output voltage is the 
product of the output current and load impedance and is 
between 0 and -1.07 V. The Out- output (figure 9) will provide 
a video output waveform with the Sync pulse bottom at the 
-1.07 V level. The Out+ is inverted with Sync up. 
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Figure 4 - CONVert, CONVert Switching Levels 
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Figure 5A - Standard Load 
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TYPICAL RGB GRAPHICS SYSTEM 

In an RGB graphics system, the color displayed is determined 
by the combined intensities of the red, green and blue (RGB) 
Of A converter outputs. A change in gain or offset in any of the 
RGB outputs will affect the apparent hue displayed on the 
CRT screen. 

Thus, it is very important that the outputs of the Of A convert
ers track each other over a wide range of operating condi
tions. Since the Of A output is proportional to the product of the 
reference and digital input code, a common reference should 
be used to drive all three Of As in an RGB system to minimize 
RGB OAC-to-OAC mismatch and improve TC tracking. 

The SPT1019 contains an intemal precision bandgap refer
ence which completely eliminates the need for an extemal 
reference. The reference can supply up to 50 j.tA to an 

4-24 

external load, such as two other OAC reference inputs. (See 
the SPT1019 data sheet). 

The circuits shown in figure 6 illustrate how a single SPT1 019 
may be used as a master reference in a system with multiple 
OACs (such as RGB). The other OACs are simply slaved from 
the SPT1019's reference output. The SPT1018s shown are 
especially well-suited to be slaved to a SPT1 019 for a better 
TC tracking from OAC-to-OAC, since they are essentially 
SPT1019s without the reference. The SPT1018 is pin-com
patible with the TOC1018, that does not have an internal 
reference. Although either the TOC1 018 orthe SPT1 018 may 
be slaved from an SPT1019, the higher performance 
SPT1018 and the above mentioned OAC-to-OAC TC track
ing is the best choice for new designs. 

No external reference is required for operation of the 
SPT1 019, as this function is provided internally. The internal 
reference is a bandgap type and is suitable for operation over 
extended temperature ranges. The SPT1 018 must use an 
external reference. 

Figure 6 - Typical RGB Graphics System 
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Figure 7 - Burn-In Circuit 
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Figure 9 • Video Output Waveform for Standard Load 
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PIN ASSIGNMENTS 
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en 

02 05 

06 

07 
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CONV Out + 
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FT VCCA 

Camp 

FH Ref+ 

Blank Ref-
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PIN FUNCTIONS 

NAME FUNCTION 

D3 Data Bit 3 

D2 Data Bit 2 

D1 Data Bit 1 

DO Data Bit 0 (LSB) 

VEED Digital Negative Supply 

CONV Convert Clock Input 

CONV Convert Clock Input Complement 

FT Register Feedthrough Control 

VCCD Digital Positive Supply 

FH Data Force High Control 

Blank Video Blank Input 

BRT Video Bright Input 

Sync Video Sync Input 

Ref- Reference Current- Input 

Ref+ Reference Current + Input 

COMP Compensation Input 

VCCA Analog Positive Supply 

Out- Output Current Negative 

Out+ Output Current Positive 

VEEA Analog Negative Supply 

D7 Data Bit 7 (MSB) 

D6 Data Bit 6 

D5 Data Bit 5 

D4 Data Bit 4 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 
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@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 275 MWPS Conversion Rate - Version A 
• 165 MWPS Conversion Rate - Version B 
• Compatible with the HDAC10181 

with Improved Performance 
• RS-343-A Compatible 
• Complete Video Controls: Sync, Blank, Bright 

and Reference White (Force High) 
• 10KH, 100K ECl Compatible 
• Single Power Supply 
• Registered Data and Video Controls 
• Differential Current Outputs 
• Stable On-Chip Bandgap Reference 
• ESD Protected Data and Control Inputs 

GENERAL DESCRIPTION 
The SPT1 019 is a monolithic 8-bit digital-to-analog converter 
capable of accepting video data at a 165 or 275 MWPS rate. 
Complete with video controls (Sync, Blank, Reference White 
[Force High], Bright), the SPT1 019 directly drives doubly
terminated 50 or 75 ohm loads to standard composite video 
levels. The standard setup level is 7.5 IRE. The SPT1019 is 

BLOCK DIAGRAM 

Sync, Blank, Bright, Ref - High 
Video Controls In 

DO· D3 
4 

Video Data In 

4 

SP"'O'9 
8-BIT, HIGH SPEED D/A CONVERTER 

APPLICATIONS 

• High Resolution Color or Monochrome Raster 
Graphics Displays 

• Medical Electronics: CAT, PET, MR Imaging Displays 
• CAD/CAE Workstations 
• Solids Modeling 
• General Purpose High-Speed D/A Conversion 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

pin-compatible with the HDAC10181 with improved perfor
mance. The SPT1 019 contains data and control input regis
ters, video control logic, reference buffer, and current 
switches. 

The SPT1019 is available in a 24-lead PDIP package in the 
industrial temperature range of -25 to +85 ac. Contact the 
factory for military temperature and /883 versions. 

4 

V V 
-

4 
Qut+ 

r----- Output 
Register Current 

SPI' 

~ 
/ ~ 4 To 15 · Decode · D4·D7 4 · (MSBs) ~ 

Video Data In 

t 1f Feedthrough 

Convert 
2 

ISet 
I ~ 

Buffer ../' 

4 1/ Bandgap 
Reference 

Ref Out 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Input Voltages 
VEEO (measured to Vcco) ........................... -7.0 to 0.5 V Ref+ (measured to VCCA) .......................... VEEA to 0.5 V 
VEEA (measured to VCCA) ........................... -7.0 to 0.5 V Ref- (measured to VCCA) ........................... VEEA to 0.5 V 
VCCA (measured to Vcco) ........................... -0.5 to 0.5 V 

Temperature 
Input Voltages Operating. ambient ............................... -25 to + 85°C 

CONY. Data. and Controls ......................... VEEO to 0.5 V junction .................... : ................... + 175°C 
(measured to VCCO) Lead. Soldering (10 seconds) ............................ + 300°C 

Storage .................................................... -60 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

VCCD = vccA=ground, VEEA = VEED = -5.2 V ±O.3 V, TA =TMIN to TMAX, Cc = 0 pF, Iset = 1.105 rnA 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTISTICS 

Integral Linearity Error 1.0 mA<1 S91<1.3 mA VI 

Differential Linearity Error 1.0 mA<ls91<1.3 mA VI 

Gain Error VI 

Gain Error Tempco V 

Input Capacitance. Ref Out, ISet V 

Compliance Voltage. + Output VI 

Compliance Voltage. - Output VI 

Equivalent Output Resistance VI 

Output Capacitance V 

Maximum Current, + Output IV 

Maximum Current, - Output IV 

Output Offset Current VI 

Input Voltage. Logic HIGH VI 

Input Voltage. Logic LOW VI 

Convert Voltage, IV 
Common Mode Range 

Convert Voltage. Differential IV 

Input Current. Logic LOW, VI 
Data and Controls 

Input Current, Logic HIGH. VI 
Data and Controls 

Input Current. Convert VI 

Bandgap Tempco V 

4-30 

MIN TYP MAX UNITS 

-.37 +.37 % Full Scale 
-.95 +.95 LSB 

-0.2 +0.2 % Full Scale 
-0.5 +0.5 LSB 

-19 +19 % Full Scale 

150 PPM/oC 

5 pF 

-1.2 1.5 V 

-1.2 1.5 V 

20 kn 

12 pF 

45 mA 

45 mA 

0.05 0.5 LSB 

-1.0 V 

-1.5 V 

-0.5 -2.5 V 

0.4 1.2 V 

35 120 jJA 

40 120 jJA 

2 60 jJA 

100 PPM/oC 

4755 Forge Road, Co. Springs. CO 80907 S· .... 
PH: (719) 528-2300; Fax: (719) 528-2370 r. 



ELECTRICAL SPECIFICATIONS 
VCCD = VCCA =ground, VEEA = VEED = -5.2 V ±0.3 V, TA =TMIN 10 TMAX, Cc = 0 pF, ISet = 1.105 mA 

TEST 

PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 
Reference Voltage 

Measured to VCCA VI 1.3 -1.2 1.0 V 

Input Capacitance, V 3.0 pF 

Data and Controls 

Power Supply Sensitivity VI -120 20 +120 IlAIV 
Supply Current VI 155 220 mA 

DYNAMIC CHARACTERISTICS (RL = 37 5 ohms CL = 5 pF TA = 25°C ISet = 1 105 mAl 

Maximum Conversion Rate B Grade 

A Grade 

Rise Time 10% to 90% G.S. 

TA = TMIN to TMAX 

Rise Time 10% to 90% G.S. 

RL = 25 ohms 

Current Settling Time, Clocked Mode To 0.2% G.S. 

Current Settling Time, Clocked Mode To 0.8% G.S. 

Current Settling Time, Clocked Mode To 0.2% G.S. 

lSI RL = 25 Q 

Clock to Output Delay, Clocked Mode 

tose TA = TMIN 10 TMAX 
Data to Output Delay, 

Transparent Mode tOST 

Convert Pulse Width, ( LOW or HIGH) B Grade 

tPWL, tPWH A Grade 

Glitch Energy Area = 1/2 VT 

Reference Bandwidth, -3 dB 

Setup Time, Data and Controls 

ts TA = TMIN to TMAX 
Hold Time, Data and Controls 

tH TA = TMIN to TMAX 
Slew Rate 20% to 80% G.S. 

TA = TMIN to TMAX 
Clock Feedthrough 

TA = TMIN to TMAX 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA· 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

III 

III 

III 

IV 

V 

V 

V 

V 

III 

IV 

III 

IV 

III 

III 

V 

V 

III 

IV 

III 

IV 

III 

IV 

III 

IV 

165 MWPS 

275 MWPS 

1.6 ns 

2.0 ns 

1.0 ns 

7.0 ns 

5.5 ns 

4.5 ns 

2.2 4.0 ns 

4.5 ns 

3.2 6.0 ns 

6.0 ns 

3.0 ns 

1.8 ns 

4 pV-s 

1.0 MHz 

1.0 ns 

1.0 ns 

0.5 ns 

0.5 ns 

390 V/IlS 

325 V/IlS 
-48 dB 

-48 dB 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA =25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Functional Diagram 
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Video Controls 
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CONV 

CONV 2 

Feedthrough 

APPLICATION INFORMATION 

The SPT1019 is a high speed video digital-to-analog con
verter capable of conversion rates of up to 275 MWPS. This 
makes the device suitable for driving 1500 X 1800 pixel 
displays at 70 to 90 Hz update rates. 

The SPT1019 is separated into different conversion rate 
categories as shown in table I. 

The SPT1 019 has 10 KH and 100K ECl logic level compat
ible video controls and data inputs. The complementary 
analog output currents produced by the devices are propor
tional to the product of the digital control and data inputs in 
conjunction with the analog reference current. The SPT1 019 
is segmented so that the four MSBs of the input data are 
separated into a parallel thermometer code. From here, 
fifteen identical current sinks are driven to fabricate sixteen 

Table I - The SPT1 019 Family and Speed Designations 

PART NUMBER UPDATE 

SPT1019A 275 MWPS 

SPT1019B 165 MWPS 

4-32 

Out + 

Out-

Data 
' Registers 

Current 
Source 
Biasing 

ISet Ref Out 

coarse output levels. The remaining four lSBs drive four 
binary weighted current switches. . 

The MSB currents are then summed with the lSBs, which 
provide a one-sixteenth of full scale contribution, to provide 
the 256 distinct analog output levels. 

The video control inputs drive weighted current sinks that are 
added to the output current to produce composite video 
output levels. These controls, Sync, Blank, Reference White 
(Force High), and Bright are needed in video applications. 

Another feature that similar video 01 A converters do not have 
is the Feedthrough Control. This pin allows registered or 
unregistered operation of the video control and data inputs. 
In the registered mode, the composite functions are latched 
to the pixel data to prevent screen-edge distortions generally 
found on unregistered video OACs. 

COMMENTS 

Suitable for 1200 X 1500 to 1500 X 1800 
displays at 60 to 90 Hz update rate. 

Suitable for 1024 X 1280 to 1200 X 1500 
displays at 60 to 90 Hz update rate. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



Figure 2 • Typical Interface Circuit 
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TYPICAL INTERFACE CIRCUIT 

GENERAL 

A typical interface circuit using the SPT1 019 in a color raster 
application is shown in figure 2. The SPT1019 requires few 
external components and is extremely easy to use. The very 
high operating speeds of the SPT1019 require good circuit 
layout, decoupling of supplies, and proper design of trans
mission lines. The following considerations should be noted 
to achieve best performance. 

INPUT CONSIDERATIONS 

Video input data and controls may be directly connected to 
the SPT1019. Note that all ECl inputs are terminated as 
closely to the device as possible to reduce ringing, crosstalk 
and reflections. A convenient and commonly used microstrip 
impedance is about 130 ohms, which is easily terminated 
using a 330 ohm resistor to VEE and a 220 ohm resistor to 
Ground. This arrangement gives a Thevenin equivalent ter
mination of 130 ohms to -2 volts without the need for a 
-2 volt supply. Standard SIP (Single Inline Package) 220/330 
resistor networks are available for this purpose. 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

Video Monitor 

r----------, 

L-t-~~--~~~~'~ , I Out- 'I : 
~ ~ : 

50/75 n 50/75 Q I 

OUI+ 

, , , , 
veCA ! ___________ l 

NOTES: 

1. v· = ·1.2 V (typical) for lM113. 

2. V+ = -1.2 V 
V+ 

3. ISet = "T(R, +Ro) 

4. RL = R311 R4 

5. VOut_ =K[255-Dlgitak~lutCode xlSet ]RL+[K1xISet xRL(Bright)] 

6. Vsync = (K x Is .. x RJ + (K2 X ISet x RL) 

K= 15.8069 

K, = 1.7617 

K2 = 10.0392 

7. l = Ferrite bead inductor Fair-rite PIN 217430011 or equivalent. 

8. All reference resistors 118 W 1 % metal film power. 

supply decoupling 50 V ceramic disc. 

9. .............. = ECl termination. 

10. ~ = VecD = DGND 

11. ~ =VccA=AGND 

12. See figure 8 for detail on Ref Buffer. 

13. Ref Out on the SPTI 019 can be used to drive up to 
two SPTI 018 reference inputs. 

It is recommended that strip line or microstrip techniques be 
used for all ECl interface. Printed circuit wiring of known 
impedance over a solid ground plane is recommended. The 
ground plane should be constructed such that analog and 
digital ground currents are isolated as much as possible. The 
SPT1 019 provides separate digital and analog ground con
nections to simplify ground layout. 

OUTPUT CONSIDERATIONS 

The analog outputs are designed to directly drive a dual 50 or 
75 ohm load transmission system as shown. The source 
impedances of the SPT1019 outputs are high impedance 
current sinks. The load impedance (RLl must be 25 
or 37.5 ohms to attain standard RS-343-A video levels. Any 
deviation from this impedance will affect the resulting video 
output levels proportionally. As with the data interface, it is 
important that the analog transmission lines have matched 
impedance throughout, including connectors and transitions 
between printed wiring and coaxial cable. The combination of 
matched source termination resistor Rs and load terminator 
RL minimizes reflections of both forward and reverse travel
ing waves in the analog transmission system. The return path 
for analog output current is VCCA which is connected to the 
source termination resistor Rs. 
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POWER CONSIDERATIONS 

The SPT1019 operates from a single standard -5.2 volt 
supply. Proper bypassing of the supplies will augment the 
SPT1 019's inherent supply noise rejection characteristics. 
As shown in figure 2, a large tantalum capacitor in parallel 
with smaller ceramic capacitors is recommended for best 
performance. The small-valued capacitors should be con
nected as closely to the device package as possible, whereas 
the tantalum capacitor may be placed up to a few inches away. 

The SPT1019 operates with separate analog (VEEA) and 
digital (VEEO) power supplies to establish high noise immu
nity. Both supplies should eventually be connected to the 
same power source, but they should be individually de
coupled as mentioned previously. The digital supply has a 
separate ground return which is Vcco. The analog ground 
return is V CCA. All power and ground pins must be connected 
in any application. If a +5 V power source is required, the 
ground pins V CCo and V CCA become the positive supply pins 
while VEEO and VEEA become the ground returns. The 
relative polarities of the other voltages on inputs and outputs 
must be maintained. 

REFERENCE CONSIDERATIONS 

The SPT1019 has one refer,ence input (ISet) and one refer
ence output (Ref Out). These pins are connected to the 
inverting and non inverting inputs of an internal amplifier that 
serves as a reference buffer amplifier. The SPT1 019 has a 
bandgap reference connected internally to the inverting input 
of the buffer amplifier and Ref Out. 

Figure 3 - Timing Diagram 

CONY 

·'.3V ---------

OUT· 

OUT + 

4-34 

The output of the buffer amplifier is the reference for the 
current sinks. The amplifier feedback loop is connected 
around one of the current sinks to achieve better accuracy. 
(See Figure 8.) 

Since the analog output currents are proportional to the digital 
input data and the reference current (lSet) , the full-scale 
output may be adjusted byvarying the reference current.ISET 
is controlled through the ISet input on the SPT1 019. A method 
and equations to set ISet is shown in Figure 2. The SPT1019 
uses its own reference voltage for setting up ISet as shown in 
Figure 2. the value for ISet can be varied with the 500 Ohm 
trimmer to change the full scale output. A double 50 Ohm load 
(25 Ohm) can be driven if ISet is increased 50% more than ISet 
for doubly terminated 75 Ohm video applications. 

COMPENSATION 

The SPT1019 provides an external compensation input 
(COMP) for the reference buffer amplifier. In order to use this 
pin correctly, a capacitor should be connected between 
COMP and VEEA as shown in figure 2. Keep the lead lengths 
as short as possible. If the reference is to be kept as a 
constant, use a large capacitor (.01 I!F). The value of the 
capacitor determines the bandwidth of the amplifier. If modu
lation of the reference is required, smaller values of capaci
tance can be used to achieve up to a 1 MHz bandwidth. 

112LSB 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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Table 11- Video Control Operation (Output values for setup = 10 IRE and 75 ohm standard load) 

Ref Data 
Sync Blank White Bright Input 

1 X X X X 

0 1 X X X 

0 0 1 1 X 

0 0 1 0 X 

0 0 0 0 000 ... 

0 0 0 0 111 ... 

0 0 0 1 000 ... 

0 0 0 1 111 ... 

DATA INPUTS AND VIDEO CONTROLS 

The SPT1 019 has standard single-ended data inputs. The 
inputs are registered to produce the lowest differential data 
propagation delay (skew) to minimize glitching. There are 
also four video control inputs to generate composite video 
outputs. These are Sync, Blank, Bright and Reference White 
or Force High. Also provided is the Feedthrough control as 
mentioned earlier. The controls and data inputs are all 1 0 KH 
and 100K ECl compatible. In addition, all have internal 
pulldown resistors to leave them at a logic low so the pins are 
inactive when not used. This is useful if the devices are 
applied as standard DACs without the need for video controls 
or if less than eight bits are used. 

The SPT1019 is usually configured in the synchronous 
mode. In this mode, the controls and data are synchronized 
to prevent pixel dropout. This reduces screen-edge distor
tions and provides the lowest output noise while maintaining 
the highest conversion rate. By leaving the Feedthrough (FT) 
control open (low), each rising edge of the convert (CONV) 
clock latches decoded data and control values into aD-type 
internal register. The registered data is then converted into 
the appropriate analog output by the switched current sinks. 
When FT is tied high, the control inputs and data are not 
registered. The analog output asynchronously tracks the 
input data and video controls. Feedthrough itself is asynchro
nous and usually used as a DC control. 

The controls and data have to be present at the input pins for 
a setup time of ts before, and a hold time of th after, the rising 
edge of the clock (CON V) in order to be synchronously 
registered. The setup and hold times are not important in the 
asynchronous mode. The minimum pulse widths high (tPWH) 
and low (tPWL) as well as settling time become the limiting 
factors. (See figure 3.) 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

Out-(mA) Out-IV) . Out-(IRE) Description 

28.57 -1.071 -40 Sync Level 

20.83 -0.781 0 Blank Level 

0.00 0.000 110 Enhanced High level 

1.95 -0.073 100 Normal High Level 

19.40 -0.728 7.5 Normal Low Level 

1.95 -0.073 100 Normal High Level 

17.44 -0.654 17.5 Enhanced Low Level 

0.00 0.000 110 Enhanced High Level 

The video controls produce the output levels needed for 
horizontal blanking, frame synchronization, etc., to be com
patible with video system standards as described in 
RS-343-A. Table II shows the video control effects on the 
analog output. Internal logic governs Blank, Sync, and Force 
High so that they override the data inputs as needed in video 
applications. Sync overrides both the data and other controls 
to produce full negative video output (figure 9). 

Reference White video level output is provided by Force 
High, which drives the internal digital data to full scale output 
or 100 IRE units. Bright gives an additional 1 0% of full scale 
value to the output level. This function can be used in graphic 
displays for highlighting menus, cursors or warning mes
sages. Again, if the devices are used in non-video applica
tions, the video controls can be left open. 

CONVERT CLOCK 

For best performance, the clock should be ECl driven, 

differentially, by utilizing CONV and CONY (figure 4). By 
driving the clock this way, clock noise and power supplyl 
output intermodulation will be minimized. The rising edge of 
the clock synchronizes the data and control inputs to the 

SPT1019. Since the actual switching threshold of CONY is 
determined by CONV, the clock can be driven single-ended 

by connecting a bias voltage to CONV. The switching thresh
old of CONY is set by this bias voltage. 

ANALOG OUTPUTS 

The SPT1019 has two analog outputs that are high imped
ance, complementary current sinks. The outputs vary in 
proportion to the input data, controls and reference current 
values so that the full scale output can be changed by setting 
ISet as mentioned earlier. 
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In video applications, the outputs can drive a doubly termi
nated 50 or 75 ohm load to standard video levels. In the 
standard configuration of figure 5, the output voltage is the 

~ product of the output current and load impedance and is 
o between 0 and -1.07 V. The Out-output (figure 9) will provide 
~ . a video output waveform with the Sync pulse bottom at the 
fJ) -1.07 V level. The Out+ is inverted with Sync up. 

Figure 4 - CONVert, CONVert Switching Levels 

V1DF 

----------- O.ov 

Figure 5A - Standard Load 
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Figure 58 -Test Load 
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TYPICAL RGB GRAPHICS SYSTEM· 

In an RGB graphics system, the color displayed is determined 
by the combined intensities of the red, green and blue (RGB) 
Df A converter outputs. A change in gain or offset in any of the 
RGB outputs will affect the apparent hue displayed on the 
CRT screen. 

Thus, it is very important that the outputs of the DfA convert
ers track each other over a wide range of operating condi
tions. Since the Df A output is proportional to the product of the 
reference and digital input code, a common reference should 
be used to drive all three DfAs in an RGB system to minimize 
RGB DAC-to-DAC mismatch and improve TC tracking. 

The SPT1019 contains an internal precision bandgap refer
ence which completely eliminates the need for an external 
reference. The reference can supply up to 50 I1A to an 
external load, such as two other DAC reference inputs. 

The circuits shown in figure 6 illustrate how a single SPT1 019 
may be used as a master reference in a system with multiple 
DACs (such as RGB). The other DACs are simply slaved from 
the SPT1019's reference output. The SPT1018s shown are 
especially well-suited to be slaved to a SPT1 019 for a better 
TC tracking from DAC-to-DAC, since they are essentially 
SPT1 019s without the reference. The SPT1 018 is pin-com
patible with the TDC1018, that does not have an internal 
reference. Although either the TDC1 018 orthe SPT1 018 may 
be slaved from an SPT1019, the higher performance 
SPT1018 and the above mentioned DAC-to-DAC TC track
ing is the best choice for new designs. 

No external reference is required for operation of the 
SPT1 019, as this function is provided internally. The internal 
reference is a bandgap type and is suitable for operation over 
extended temperature ranges. The SPT1018 must use an 
external reference. 

4755 Forge Road, Co. Springs, CO 80907 SPI' .. 
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Figure 6 - Typical RGB Graphics System 

Figure 7 - Burn-In Circuit 

Figure 8 - DAC Output Circuit 
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Figure 9 - Video Output Waveform for Standard Load 
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Figure 10- Equivalent Input Circuit - Data, Clock, Controls and Reference 
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PIN ASSIGNMENTS 

SPI' 

04 

05 

06 

07 

VEEA 

Out + 

Out -

VCCA 

Comp 

'Set 

Ref Out 

Sync 
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PIN FUNCTIONS 

NAME FUNCTION 

D3 Data Bit 3 

D2 Data Bit 2 

D1 Data Bit 1 

DO Data Bit 0 (LSB) 

VEED Digital Negative Supply 

CONV Convert Clock Input 

CONV Convert Clock Input Complement 

FT Register Feedthrough Control 

VCCD Digital Positive Supply 

FH Data Force High Control 

Blank Video Blank Input 

BRT Video Bright Input 

Sync Video Sync Input 

Ref Out Reference Output 

I Set Reference Current + Input 

COMP Compensation Input 

VCCA Analog Positive Supply 

Out- Output Current Negative 

Out+ Output Current Positive 

VEEA Analog Negative Supply 

D7 Data Bit 7 (MSB) 

D6 Data Bit6 

D5 Data Bit 5 

D4 Data Bit 4 

----"-

(J) 

0 
~ 
0.. en 

I 
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spr5140 @..SPT 
SIGNAL PROCESSING TECHNOLOGIES a-BIT, ULTRAHIGH SPEED D/A CONVERTER 

FEATURES 

• 400 MWPS Nominal Conversion Rate 
• RS-343-A Compatible 
• Complete Video Controls: Sync, Blank, Bright 

and Reference White (Force High) 
• 10 KH, 100K ECl Compatible 
• Single Power Supply 
• Registered Data and Video Controls 
• Differential Current Outputs 
• Stable On-Chip Bandgap Reference 
• 50 and 75 Ohm Output Drive 
• ESD Protected Data and Control Inputs 

GENERAL DESCRIPTION 
The SPT5140 is a monolithic 8-bit digital-to-analog converter 
capable of accepting video data at 400 MWPS. Complete 
with video controls (Sync, Blank, Reference White [Force 
High], Bright), the SPT5140 directly drives doubly-terminated 
50 or 75 ohm loads to standard composite video levels. 
Standard set-up level is 7.5 IRE. The SPT5140 includes an 

BLOCK DIAGRAM 

Sync, Blank. Bright, Ref - White 
Video Controls In 

4 

Video Data In 
00-03 4 

APPLICATIONS 

• Raster Graphics 
• High Resolution Color or Monochrome Displays 

to 2k x 2k Pixels 
• Medical Electronics: CAT, PET, MR Imaging Displays 
• CAD/CAE Workstations 
• Solids Modeling 
• General Purpose High-Speed D/A Conversion 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

internal precision bandgap reference which can drive two 
other SPT5140s in an RGB graphics system. 

The SPT5140 is available in a 24-lead PDIP package in the 
industrial temperature range of -25 to +85 °C. Contact the 
factory for military temperature and /883 versions. 

4 

4 t-- Out + 

~ 
Output 

Register Current 

SPI' 

4To15 
Decode 

04-07 4 
Video Data In 

(MSBs) 

Feedthrough 

Convert 

ISet 1 
Ref In 

Ref Out 
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ABSOLUTE MAXIMUM RATING (Beyond which the useful life will be impaired)1 

Supply Voltages Ref+ (measured to VCCA) .......................... VEEA to 0.5 V 
VEED (measured to VCCD) ........................... -7.0 to 0.5 V Ref- (measured to VCCA) .......................... VEEA to 0.5 V 
VEEA (measured to VCCA) ........................... -7.0 to 0.5 V 
VCCA (measured to VCCD) ........................... -0.5 to 0.5 V Temperature 

Operating, ambient ............................... -25 to + 85°C 
Input Voltages junction ........................................ + 175°C 

CONV, Data, and Controls ......................... VEED to 0.5 V Lead, Soldering (10 seconds) ............................ + 300°C 
(measured to VCCD) Storage .................................................... -60 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conpitions in typical applications. 

ELECTRICAL SPECIFICATIONS 

VCCO=VCCA = ground. VEEA = VEEO = -5.2 V ±0.3 V, TA = T MIN to T MAX, Cc = 0 pF, Iset = 1.105 rnA 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Integral Linearity Error 1.0 mA<1 Set<1.3 mA VI 

Differential Linearity Error 1.0 mA<ISet<1.3 mA VI 

Gain Error VI 

Gain Error Tempco V 

Bandgap Tempco V 

Input Capacitance, ISet, Ref Out V 

Compliance Voltage, + Output VI 

Compliance Voltage, - Output VI 

Equivalent Output Resistance VI 

Output Capacitance V 

Maximum Current, + Output IV 

Maximum Current, - Output IV 

Output Offset Current VI 

Input Voltage, Logic High VI 

Input Voltage, Logic Low VI 

Convert Voltage, IV 
Common Mode Range 

Convert Voltage, Differential IV 

Input Current, Logic Low, VI 

Data and Controls 

Input Current, Logic High, VI 
Data and Controls 

Input Current, Convert VI 

4-42 

MIN TYP MAX UNITS 

-.37 +.37 % Full Scale 
-.95 +.95 LSB 

-0.2 +0.2 % Full Scale 
-0.5 +0.5 LSB 

-6.5 +6.5 % Full Scale 

150 PPM/DC 

100 PPM/DC 

5 pF 

-1.2 1.5 V 

-1.2 1.5 V 

20 kQ 

9 pF 

45 mA 

45 rnA 

0.05 0.5 LSB 

-1.0 V 

-1.5 V 

-0.5 -2.5 V 

0.4 1.2 V 

35 120 ItA 

40 120 ItA 

2 60 I1A 

4755 Forge Road, Co. Springs, CO 80907 S'" 
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ELECTRICAL SPECIFICATIONS 

VCCO=VCCA = ground, VEEA = VEEO = -5.2 V±O.3 V, TA = TMIN to TMAX, Cc = 0 pF, ISet = 1.105 mA 

TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 
Reference Voltage 

Measured to VCCA VI -1.3 -1.2 -1.0 V 

Reference Output Current VI -50 ~ 

Input Capacitance, V 3 pF 
Data and Controls 

Power Supply Sensitivity VI -120 +20 +120 j!AN 

Supply Current VI 155 220 rnA 

DYNAMIC CHARACTERISTICS (RL = 37.5 ohms, CL = 5 pF, TA=+25 DC, ISar-1.105 mAl 

Maximum Conversion Rate 
Rise Time 10% to 90% G.S. 

Rise Time 10% to 90% G.S. 
RL=25 ohms 

Current Settling Time, Clocked Mode To 0.2% G.S. 
tSI 

Current Settling Time, Clocked Mode To 0.2% G.S. 
tSI RL=25Q 

Clock to Output Delay, Clocked Mode 
tDSC TA = TMIN to TMAX 

Data to Output Delay, 
Transparent Mode tDST TA = TMIN to TMAX 

Glitch Energy Area = 1/2VT 

Convert Pulse Width IpWH, tPWL 
Reference Bandwidth, -3 dB 

Set-up Time, Data and Controls IS 

Hold Time, Data and Controls tH 

Slew Rate 20% to 80% G.S. 

Clock Feedthrough 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA • 

II 

III 

IV 

V 

VI 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

IV 
IV 

IV 

V 

V 

III 
IV 

III 
IV 

V 

III 
V 

III 

III 

V 

III 

385 400 MWPS 
900 ps 

600 ps 

4 ns 

3 ns 

2.2 4 ns 
4.5 ns 

3.2 6 ns 
6 ns 

4 pV-s 

1.3 ns 
1.25 MHz 

1.0 ns 

0.5 ns 

700 V/j!S 

-48 dB 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T.=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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, Figure 1 - Functional Diagram 
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APPLICATION INFORMATION 

The SPT5140 is a high speed video digital-to-analog con
verter capable of up to 400 MWPS conversion rates. This 
makes the devices suitable for driving 2048 X 2048 pixel 
displays at update rates of 60 to 90 Hz. 

In addition, the SPT5140 includes an internal bandgap refer
ence which may be used to drive two other SPT5140s if 
desired. 

The SPT5140 has 10KH and 100K ECl logic level compat
ible video control and data inputs. The complementary ana
log output currents produced by the devices are proportional 
to the product ofthe digital control and data inputs in conjunc
tion with the analog reference current. The SPT5140 is 
segmented so that the four MSBs of the input data are 
separated into a parallel "thermometer" code. From here, 
fifteen current sinks, which are identical, are driven to fabri
cate sixteen coarse output levels. The remaining four lSBs 
drive four binary weighted current switches. 

MSB currents are then summed with the lSBs that provide a 
one-sixteenth of full scale contribution to provide the 256 
distinct analog output levels. 

The video control inputs drive weighted current sinks which 
are added to the output current to produce composite video 
output levels. These controls, Sync, Blank, Reference White 
(Force High), and Bright are needed in video applications. 

Another feature that similar video DI A converters do not have 
is the Feedthrough Control. This pin allows registered or 
unregistered operation of the video control and data inputs. 
In the registered mode, the composite functions are latched 
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Data 
Registers + 

v Current 

r-+ Source 
Biasing 

A Bandgap 
Reference 

I Y I 
Ref Out ISet Ref In 

to the pixel data to prevent screen-edge distortions generally 
found on unregistered video DACs. 

TYPICAL INTERFACE CIRCUIT 

GENERAL 

A typical interface circuit using the SPT5140 in a color raster 
application is shown in figure 2. The SPT5140 requires few 
external components and is extremely easy to use. The very 
high operating speeds of the SPT5140 require good circuit 
layout, decoupling of supplies, and proper design of trans
mission lines. The following considerations should be noted 
to achieve best performance. 

INPUT CONSIDERATIONS 

Video input data and controls may be directly connected to 
the SPT5140. Note that all ECl inputs are terminated as 
closely to the device as possible to reduce ringing, crosstalk 
and reflections. A convenient and commonly used microstrip 
impedance is about 130 ohms, which is easily terminated 
using a 330 ohm resistor to VEE and a 220 ohm resistor to 
ground. This arrangement gives a Thevenin equivalent termi
nation of 130 ohms to -2 volts without the need for a 
-2 volt supply. Standard SIP (Single Inline Package) 220/330 
resistor networks are available for this purpose. 

It is recommended that stripline or microstrip techniques be 
used for all ECl interface. Printed circuit wiring of 'known 
impedance over a solid ground plane is recommended. The 
ground plane should be constructed such that analog and 
digital ground currents are isolated as much as possible. The 
SPT5140 provides separate digital and analog ground con
nections to simplify ground layout. 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 .. 
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Figure 2 - Typical Interface Circuit 
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-5.2 V 

*An external reference can be used or the reference from 
Ref Out can drive three SPT5140s. 

OUTPUT CONSIDERATIONS 

-5.2 V 

The analog outputs are designed to directly drive a doubly 
terminated 50 or 75 ohm load transmission system as shown. 
The source impedances of the SPT5140 outputs are high 
impedance current sinks. The load impedance (Rd must be 
25 or 37.5 ohms to attain standard RS-343-A video levels. 
Any deviation from this impedance will affect the resulting 
video output levels proportionally. As with the data interface, 
it is important that the analog transmission lines have 
matched impedance throughout, including connectors and 
transitions between printed wiring and coaxial cable. The 
combination of matched source termination resistor Rs and 
load terminator RL minimizes reflections of both forward and 
reverse traveling waves in the analog transmission system. 
The return path for analog output current is VCCA which is 
connected to the source termination resistor Rs. 

POWER CONSIDERATIONS 

The SPT5140 operates from a single standard -5.2 volt 
supply. Proper bypassing of the supplies will augment the 
SPT5140 inherent supply noise rejection characteristics. As 
shown in figure 2, a large tantalum capacitor in parallel with 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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Video Monitor 
r----------l 
I I 

~t__:"~~~·I-Ei~~~~ ". i 
50175 Q 50175Q I 

Out+ 
VCCA 

NOTES: 

I 
I 
I 
I l.... __________ ! 

1. V- = -1.2 V (typical) for lMl13 orVBG' 

2. V+=-1.2V 
V+ 

3. ISet =UT(R,+R2);typ=1.105mA 

4. RL=R31IR4 

5. VOuT= K[255-D~t"nputCode x,se,]RL+[K,xISet xRL(Bright)] 

6. VSync = (K X ISe• x RL) + (K, x ISet x RJ 

K = 15.8069 

K, = 1.7617 

K, = 10.0392 

7. l = Ferrite bead inductor Fair-rne pin 217430011 or equivalent. 

8. All reference resistors 1/8 W 1 % metal film power 

supply decoupling 50 V ceramic disc. 

9. ___ = ECl Termination 

10. ~ =VccD=DGND 

11 . .& =VccA=AGND 

12. See figure 8 for detail on 
Ref Buffer. 

smaller ceramic capacitors is recommended for best perfor
mance. The small-valued capacitors should be connected 
as close to the device package as possible, whereas the 
tantalum capacitor may be placed up to a few inches away. 

The SPT5140 operates with separate analog (VEEA) and 
digital (VEEO) power supplies to establish high noise immu
nity. Both supplies should eventually be connected to the 
same power source, but they should be individually de
coupled as mentioned previously. The digital supply has a 
separate ground return which is Vcco. The analog ground 
return is V CCA. All power and ground pins must be connected 
in any application. If a +5 V power source is required, the 
ground pins V cco and V CCA become the positive supply pins 
while VEEO and VEEA become the ground returns. The 
relative polarities of the other voltages on inputs and outputs 
must be maintained. 

REFERENCE CONSIDERATIONS 

The SPT5140 has two reference inputs (Ref In and ISet) and 
one reference output (Ref Out). The input pins are connected 
tothe inverting and noninverting inputs of an internal amplifier 
that serves as a reference buffer. 
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The output of the buffer amplifier is the reference for the 
current sinks. The amplifier feedback loop is connected 
around one of the current sinks to achieve better accuracy. 
(See figure 8.) 

Since the analog output currents are proportional to the digital 
input data and the reference current (ISet), the full-scale 
output may be adjusted by varying the reference current. ISet 
is controlled through the (ISet) input on theSPT5140. A 
method and equations to set ISet are shown in figure 2. The 
SPT5140 can use an external negative voltage reference. 
The external reference must be stable to achieve a satisfac
tory output and the Ref Inshould be driven through a resistor 
to minimize offsets caused by bias current. The value for ISet 
can be varied with the 500 to 1 kQ trimmer to change the full 
scale output. A double 50 ohm load (25 ohm) can be driven 
if ISet is increased by 50% above for doubly-terminated 
75 ohm video applications. 

DATA INPUTS AND VIDEO CONTROLS 

The SPT5140 has standard single-ended data inputs. The 
inputs are registered to produce the lowest differential data 
propagation delay (skew) to, minimize glitching. There are 
also four video control inputs to generate composite video 
outputs. These are Sync, Blank, Bright and Reference White 
or Force High. Also provided is the Feedthrough control as 
mentioned earlier. The controls and data inputs are all 1 0 KH 

Figure 3 - Timing Diagram 

CONY ----------\ 
\ 

CONY 

and 100K ECl compatible. In addition, all have internal 
pulldown resistors to leave them at a logic low so the pins are 
inactive when not used. This is useful if the devices are 
applied as standard OACs without the need for video controls 
or if less than eight bits are used. 

The SPT5140 is usually configured in the synchronous 
mode. In this mode, the controls and data are synchronized 
to prevent pixel dropout. This reduces screen-edge distor
tions and provides the lowest output noise while maintaining 
the highest conversion rate. By leaving the Feedthrough (FT) 
control open (low), each rising edge of the convert (CONV) 
clock latches decoded data and control values into aD-type 
internal register. The registered data is then converted into 
the appropriate analog output by the switched current sinks. 
When FT is tied high, the control inputs and data are not 
registered. The analog output asynchronously tracks the 
input data and video controls. Feedthrough itself is asynchro
nous and usually used as a DC control. 

The controls and data have to be present at the input pins for 
a set-up time of ts before, and a hold time oftH after, the rising 
edge of the clock (CONV) in order to be synchronously 
registered. The set-up and hold times are not important in the 
asynchronous mode. The minimum pulse widths high (tpWH) 
and low (tpwL) as well as settling time become the limiting 
factors. (See figure 3.) 

-1.3V --------- -------
Data Control 

Inputs 

OUT-

OUT + 
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Table I - Video Control Operation (Output values for setup = 10 IR.E and 75 ohm standard load) 

Ref Data 
~nc: Blank While Bright Input 

1 X X X X 

0 1 X X X 

0 0 1 1 X 

0 0 1 0 X 

0 0 0 0 000" 

0 0 0 0 111.. 

0 0 0 1 000" 

0 0 0 1 111.. 

The video controls produce the output levels needed for 
horizontal blanking, frame synchronization, etc., to be com
patible with video system standards as described in 
RS-343-A. Table I shows the video control effects on the 
analog output. Internal logic governs Blank, Sync and Force 
High so that they override the data inputs as needed in video 
applications. Sync overrides both the data and other controls 
to produce full negative video output (figure 9). 

Reference White video level output is provided by Force 
High, which drives the internal digital data to full scale output 
or 100 IRE units. Bright gives an additional 1 0% of full scale 
value to the output level. This function can be used in graphic 
displays for highlighting menus, cursors or warning mes
sages. Again, if the devices are used in non-video applica
tions, the video controls can be left open. 

CONVERT CLOCK 

For best performance, the clock should be ECl driven, differ
entially, by utilizing CONV and CONV (figure 4). By driving 
the clock this way, clock noise and power supply/output 
intermodulation will be minimized. The rising edge of the 
clock synchronizes the data and control inputs to the 
SPT5140. Since the actual switching threshold of CONY is 
determined by CONY , the clock can be driven single-ended 
by connecting a bias voltage to CONY . The switching thresh
old of CON V is set by this bias voltage. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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Out- (mA) Out - (V) Out- .RE) ilesaiption 

2857 -1.071 -40 Sync Level 

al83 .0.781 0 Blanklevel 

000 0000 110 Entanced High Level 

l.fli .0.073 100 Norrral High Level 

19<10 .0.728 7.5 Norrrallow Level 

l.fli .0.073 100 Norrral High Level 

17.44 .0.654 175 Entanced low level 

000 0000 110 Entanced High Level 

ANALOG OUTPUTS 

The SPT5140 has two analog outputs that are high imped
ance, complementary current sinks. The outputs vary in 
proportion to the input data, controls and reference current 
values so that the full scales output can be changed by setting 
ISet as mentioned earlier. 

In video applications, the outputs can drive a doubly termi
nated 50 or 75 ohm load to standard video levels. In the 
standard configuration of figure 5, the output voltage is the 
product of the output current and load impedance and is 
between 0 and -1.07 V. The Out- output (figure 9) will provide 
a video output waveform with the Sync pulse bottom at 
the -1.07 V level. The Out+ is inverted with Sync up. 

Figure 4 - CONVert, CONVert Switching Levels 

VIDF 

--- .:::---------.--- ... ------------------.. ------- .... --- VICM MIN ~ 
0.0 V 

,,,".:::::,;;:=~::x :: 
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Figure 5A - Standard Load 

Video Monitor 
r---------------I , , , , 

L-~OO~T~·_r-~~=7~5~Q~ro~A~X:J Ij 
'\ " , 

RL 
75C 

SPT5140 

----------------
!-~~_r-~~=7~5~Q~CO~AX~~-r--o Inverse 

'--__ --.J Video 

Figure 5B - Test Load 
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TYPICAL RGB GRAPHICS SYSTEM 

In an RGB graphics system, the color displayed is determined 
by the combined intensities of the red, green and blue (RGB) 
Of A converter outputs. A change in gain or offset in any of the 
RGB outputs will affect the apparent hue displayed on the 
CRT screen. 

Thus, it is very important that the outputs of the Of A convert
ers track each other over a wide range of operating condi
tions. Since the Of A output is proportional to the product of the 
reference and digital input code, a common reference should 
be used to drive all three Of As in an RGB system to minimize 
RGB OAC-to-OAC mismatch and improve TC tracking. 

The SPT5140 contains an internal precision bandgap refer
ence which completely eliminates the need for an external 
reference. The reference can supply up to 50 !1A to an 
external load, such as two other OAC reference inputs. 

The circuits shown in figure 6 illustrate how a single SPT5140 
may be used as a master reference in a system with multiple 
OACs (such as RGB). The other OACs are simply slaved from 
the SPT5140's reference output. , 
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Figure 6 - Typical RGB Graphics System 

Figure 7 - Burn-In Circuit 
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Figure 8 - DAC Output Circuit 
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Figure 9 - Video Output Waveform for Standard Load 
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Figure 10 - Equivalent Input Circuits - Data, Clock, Controls and Reference 
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PIN ASSIGNMENTS 

0 
~ .... 
LCl 
I- 04 c-en 

02 05 

01 06 

07 

V EEO VEEA 

Out + 

CONV 7 Out -

VCCA 

ISet 

FH Ref In 

Blank Ref Out 

BRT Sync 
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PIN FUNCTIONS 

NAME FUNCTION 

D3 Data Bit 3 

D2 Data Bit 2 

D1 Data Bit 1 

DO Data Bit 0 (LSB) 

VEEO Digital Negative Supply 

CONV Convert Clock Input 

CONY Convert Clock Input Complement 

FT Register Feedthrough Control 

Vcco Digital Positive Supply 

FH Data Force High Control 

Blank Video Blank Input 

BRT Video Bright Input 

Sync Video Sycn Input 

Ref Out Reference Output 

Ref In Reference Input 

ISet Reference Current 

VCCA Analog Positive Supply 

Out - Output Current Negative 

Out + Output Current Positive 

VEEA Analog Negative Supply 

D7 Data Bit 7 (MSB) 

D6 Data Bit 6 

D5 Data Bit 5 

D4 Data Bit 4 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 80 MHz Pipelined Operation 
• +5 V CMOS Monolithic Construction 
• ±O.4 LSB Differential Linearity Error 
• ±0.6 LSB Integral Linearity Error 

TTL-Compatible Inputs 
RS-343A1RS-170 Compatible Outputs 
Binary or Two's Complement Input Data Format 

• Low Power Dissipation of 260 mW 
Internal/External Voltage Reference 

GENERAL DESCRIPTION 

The SPT5220 is a monolithic 10-bit, 80 MWPS CMOS D/A 
converter for high-resolution color graphics and video sys
tem applications. The device operates from a single +5 V 
power supply and all digital inputs are TTUCMOS compat
ible. 

The SPT5220 generates RS343A-compatible video outputs 
(capable of driving a doubly-terminated 75 Q load) and 

BLOCK DIAGRAM 

SPI' 

Sync 
Blank 
Bright 

00-09 Digital 
Input 
Buffer 

5 

N2C 

Inverse 

Clock Clock 
Generator 

DVDD DVSS VBB AVDD AVSS 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

3 

5 

SPI'5220 
10-BIT, 80 MWPS VIDEO DAC 

APPLICATIONS 

• High Resolution Color Graphics 
• Medical Electronics: CAT, PET, MR Imaging Displays 
• CAD/CAE Workstations 
• General Purpose High-Speed D/A Conversion 
• Direct Digital Synthesis (DDS) 
• Digital Radio Transmitters/Modulators 
• High Definition Television (HDTV) 

RS170-compatible video outputs (capable of driving a singly
terminated 75 Q load) without the need for external buffers. 
The data latches minimize the data time skew and reduce the 
glitches that can adversely affect many applications. 

The device is available in a 28-lead plastic DIP package with 
performance guaranteed over a commercial temperature 
range. 

Second DAC lOUT 
Latch 

31 
Decoder 

Comp 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1,2,3 

Supply Voltages ESD Susceptibility .............................................. ±2,000 V 
AVoo .......................................................... -0.5 to +7.0 V 
DVoo .......................................................... -0.5 to +7.0 V Temperature 

Operating Temperature Range (Ambient) ..... 0 to +70 °C 
Input Voltages Storage Temperature ............................... -55 to +150 °C 

Any Digital Pin ..................... DVss-3.0 V to DVoo+3.0 V 

Notes: 1. Operation at any absolute maximum rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

2. Absolute maximum ratings are limiting values applied individually while all other parameters are within 
specified operating conditions. Functional operation under any of these conditions is not implied. 

3. Applied voltage must be current limited to the specified range. 

ELECTRICAL SPECIFICATIONS4 
TA=TMIN to TMAX' AVoo=ovoo=Vss=+5.0 V, AVss=DVss=o.o V, VREF"'1.235 V, RSE"F165 n, unless otherwise specified. 

PARAMETERS 
DC CHARACTERISTICS 
Resolution 
Differential Linearity Error 
Integral Linearity Error 
Gray Scale Error 
Monotonicity 
Digital Input High Current 
Digital Input Low Current 
Digitial Input Capacitance 

Analog Outputs 
Gray Scale Current 
Output Current 

Output Compliance 
Output Impedence 
Output Capacitance 

Internal Reference Voltage 

Power Supply Rejection Ratio 

Operating Supply Voltage 

Digital Input Voltage 

Effective Output Load 

Data Input Setup Time 
Data Input Hold Time 

Clock Cycle Time 
Clock Pulse Width High 
Clock Pulse Width Low 

TEST 
CONDITIONS 

V1N=2.4 V 
V1N=0.4 V 
f1N=1 MHz 

Bright to White 
White to Black 
Black to Blank 
Blank to Sync 
Sync Level 
LSB Size 

f1N=1 MHz 

f1N=1 kHz, comp=O.1 IlF 

High 

Low 

VI 
VI 
VI 
VI 
VI 
VI 
IV 

VI 

VI 
VI 
VI 
VI 
VI 
V 
VI 
V 
IV 

VI 

V 

VI 

VI 

VI 

V 

IV 
IV 

IV 
IV 
IV 

MIN 

10 

-1.0 

1.0 
18.1 
0.5 
6.5 

0 

-1.0 

1.16 

4.75 

2.0 

Vss·0.3 

2.0 
2.0 

12.5 
5 
5 

SPT5220 
TYP 

±D.4 
±D.6 

Guaranteed 

20 

1.90 
19.05 

1.43 
7.62 

5 
18.62 

11 
14 

1.235 

-30 

5.00 

37.5 

MAX UNITS 

Bits 
±1.0 LSB 
±1.0 LSB 
±5.0 % Gray 

1.0 IJA 
IJA 

40 pF 

22 mA 

3.0 mA 
20.0 mA 

2.5 mA 
8.5 mA 
50 IJA 

IJA 
+1.5 V 

kn 
30 pF 

1.36 V 

dB 

5.25 V 

Voo+0.3 V 

0.8 V 

n 
ns 
ns 

ns 
ns 
ns 

Note: 4. To avoid power latch-up, drive all supply pins (AVoo, DVOD, and VBB) from the same source. 
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ELECTRICAL SPECIFICATIONS 

TA= T MIN to T MAX' AVOO=DVOO=VBB=+5.0 V, AVSS=DVSS=O.O V, VREF=1.235 V, RSET=165 n, unless otherwise specified. 

PARAMETERS 
AC CHARACTERISTICS 
Clock Rate 
Analog Output Delay 
Analog Output Rise Time 
Analog Output Fall Time 
Analog Output Settling TimeS 

to±1 LSB 
to±2 LSB 

Clock and Data FeedthroughS 

Glitch ImpulseS 

Differential Gain Error 
Differential Phase Error 

Pipeline Delay 

Voo Supply CurrentO 

TEST 
CONDITIONS 

V 
V 
V 

IV 
IV 
V 
IV 

V 
V 

VI 

VI 

MIN 

80 

SPT5220 
TVP 

7 
4 
4 

100 
70 

-34 
30 

0.8 
0.9 

50 

MAX 

150 
100 

2 

70 

UNITS 

MHz 
ns 
ns 
ns 

ns 
ns 
dB 
pv-sec 

% 
Degree 

Clock Cycles 

mA 

Note: 5. Clock and data feedthrough are functions of the amount of overshoot and undershoot on the digital inputs. 
For this test, the digital inputs have a 1 kQ resistor to ground driven by 74HC logic. Settling time does not 
include clock and data feedthrough. Glitch impulse includes clock and data feedthrough. 

6. At fMAX' 100 (typ) at AVoo=OVoo=5.25 V, CLK=O V to 3 V (80 MHz), NC2=High, Oata (00-09)=0 V to 3 V 
(40 MHz), Inverse=Sync=Blank=Bright=Low. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, T J = T C = T A' 

TEST LEVEL 

II 

III 

IV 

V 

VI 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25°C. Parameter is 
guaranteed over specified temperature range. 

4-55 

o 
C\I 
C\I 

~ 
(f) 



o 
C\I 

~ 
en 

. CIRCUIT DESCRIPTION AND OPERATION 

The SPT5220 contains a 10-bit OAC, input buffers and 
latches, internally or externally generated voltage refer
ence and complete video controls. The following describes 
the main operation of the device and outlines several 
considerations that should be noted to achieve the best 
performance. 

Figure 1: Timing Waveform7,8,9 

J+---tCLK 

CLK 

CLOCK INPUT 

ClK is the device clock input and is typically the pixel clock rate 
of the system. It is TTL compatible. The digital {jata 00-09 and 
all video controls (SYNC, BLANK, BRIGHT) are all latched on 
the rising edge of CLK. See figure 1. 

o0-o9 ______ -/ '-__ ~O~a~ta~ __ ~ 

~ _____ -=2~p~iP~e~li~ne~0~e~la~y~s_·_k= __ t_h ______ ~. ~ 
1/0 

Note: 7. Output delay (td) is measured from the 50% point of the rising edge of ClK to the full scale transition. 
8. Settling time (tset) is measured from the 50% point of full scale transition to the output remaining within ±1, ±2 

LSB. 
9. Output rise/fall time (tr, t,) is measured between the 10% and 90% points of full scale transition. 

DIGITAL INPUTS AND VIDEO CONTROLS 

All ten bits of data (00-09, 00 is the LSB) are latched into 
the device on the rising edge of each clock cycle. There are 
also three video control inputs to generate composite 
video outputs. They are SYNC, BLANK and BRIGHT. A 
logic "1" on the SYNC input generates the sync level. A 

Table 1 - Video Output Truth TabletO 

DESCRIPTION lOUT (mA) SYNC 

White + Bright 30.00 0 

White 28.10 0 

Data + Bright Data + 10.95 0 

Data Data + 9.05 0 

Black 9.05 0 

logic "1" on the BLANK input generates the pedestal level. 
BRIGHT is the bright signal input. These inputs are pipelined to 
maintain synchronization with the digital input data. These video 
controls produce the output levels needed to be compatible with 
video system standards. Table 1 shows the video control effects 
on the analog output. 

BLANK BRIGHT DATA (D9-DO) 

0 1 3FFH 

0 0 3FFH 

0 t Data 

0 0 Data 

0 0 OOOH 

Note: 10. Oouble-terminated load of 75 Q. VRJ::F=1.235 V RSET=165 Q. 
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There are two different input data formats available: binary 
and two's complement. In addition, these formats can be 

Table 2 - Video Control Truth Table 11 

N2C INVERSE DATA (09-00) 

1 0 0000000000 
1111111111 

1 1 0000000000 
1111111111 

0 0 1000000000 
0111111111 

0 1 1000000000 
0111111111 

either normal or inverted. The video control truth table for 
these options are given in table 2. 

OUTPUT (1/0) DESCRIPTION 

Black Level Binary 
White Level 

White Level Inverse Binary 
Black Level 

Black Level Two's Complement 
White Level 

White Level Inverse Two's Complement 
Black Level 

Note: 11. Doubly-terminated load of 75 n, Sync=Blank=Bright=Low 

REFERENCE 

The SPT5220 can be used with either an internal or external 
voltage reference. The typical interface circuits are shown in 
figures 2 and 3. When using an external reference (figure 2), 
the input voltage supplied must be 1.235 volt (typ). When 
using the internal reference (figure 3), the VREF pin should 
not drive any external circuitry except for the decoupling 
capacitor. A bypass capacitor of 0.1 iJ,F with the shortest 
possible lead lengths should be connected between VREF 
and Vss' With either configuration, the COMP pin (compen
sation capacitor) should be connected to V DD through the 

Figure 2 - Typical Interface Circuit (External Reference) 

Sync 

Blank 

Bright 

DO - D9 
(LSB) (MSB) 

N2C 

Inverse 

CLK 

.... 

:-

SP'I 

L1 
~ 

e'l ~t ~ C2111 
p~~ 

DVoo vee AVoo 

VREF 
lOUT 

COMP 
SPT5220 

Roel 

DVss AVss 
Rsel 

L2 
~ 

-:-

4755 Forge Road, Co. Springs, CO 80907 
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C6 

R1 

bypass capacitor. The COMP capacitor should be kept as 
close as possible to the device to keep the lead lengths to an 
absolute minimum. 

Rset is the full scale adjust control. A resistor (Rset) con
nected between this pin and ground controls the magnitude 
of the full-scale video signal. The value for Rset is determined 
by the relationship: 

Rset=3.754 x 1000 x V REPlout. 
The electrical specifications are given with an Rset value of 
165 ohms. 

~ 

R2 

~ 

'" 

~Z1 

-0 

voo 

To Video 
Connector 

Vss 

Component 

C1, C2 

C3-C6 

L1, L2 

R1 

R2 

RSET 

Z1 

Description 

10 IlF Capacitor 

0.1 iJ,F Ceramic 
Capacitor 

Ferrite Bead 

75 n 1% Metal 
Film Resistor 

1 kn 5% Resistor 

165 n 1 % Film Resistor 
(180 QJ/2 kil) 

1.235 V Voltage Reference 
(ICL8069CCSQ2) 
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Figure 3 • Typical Interface Circuit (Internal Reference) 

L1 

Sync 

Blank 

Bright 

DO- D9 
(LSB) (MSB) 

N2C 

Inverse 

ClK 

Cl 

.... ... .... 

... .... 

.-----. t,t 
DVoo VBB 

SPT5220 

DVss 

-:!:-
~ 
~ 

c21+ 1 1 
p~~ 

AVoo 

VREF 

lout 

CaMP 

Rse! 

AVss 

RSET 

'¢7 

,.... 
~ 

C6 

Rl 

f"> 
~ 

Voo 

To Video 
Connector 

Vss 

Component Description 

C1,C2 10 J.1F Capacitor 

C3- C6 0.1 J.1F Ceramic 
Capacitor 

L1, L2 Ferrite Bead 

R1 75 n 1% Metal 
Film Resistor 

RSET 165 n 1% Film 
Resistor (180 QJ/2 kn) 

NOTE: AVDD. DVDD and VRB must be supplied from the same source (Analog +5 V) 
to prevent a latch-up condition due to power supply sequencing. 

ANALOG OUTPUT 
The SPT5220 generates RS-343A compatible video outputs 
capable of directly driving a doubly-terminated 75 ohm load, 
and RS-170 compatible video outputs capable of directly 

Figure 4 • Composite Video Output Wave Form12 

LEVEL rnA V 
Bright 30.00 1.125 10 IRE 
White 28.10 1.054 

100 IRE 

Black 9.05 0.340 
Blank 7.62 0.286 

7.5 IRE 

40 IRE 

Sync 0.00 0.00 

driving a singly-terminated 75 ohm load without the need for 
external buffers. Figure 4 shows the video waveforms asso
ciated with the output driving the doubly-terminated 75 ohm 
load. 

Note: 12. Doubly-terminated load of 75 n, V REF=1.235 V, RSET=165 n. RS-343 levels and tolerances are assumed on all levels. 
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PC BOARD CONSIDERATIONS 

LAYOUT CONSIDERATIONS 

To minimize noise on the power lines and ground lines, shield 
and decouple the digital inputs. Keep the trace length be
tween groups of VDD (AVDO' DVoo) and VSS (AVss, DVsS) 
as short as possible to minimize inductive ringing. 

SUPPLY AND GROUND CONSIDERATIONS 

Use a 0.1 IlF ceramic capacitor in parallel with a 10 IlF 
tantalum capacitor for decoupling between the power line 
and the ground line. The digital power plane (DV 00) and the 
analog power plane (AVoo) are connected through a ferrite 
bead. The digital ground plane (DVss) and the analog 
ground plane (AVss) are also connected through a ferrite 
bead. (See figures 3 and 4). Locate these ferrite beads within 
three inches of the SPT5220. 

PIN ASSIGNMENTS 

AVoo 

N/C 

Vee 

AVoo 

AVss 

(MSB) D9 

D8 

07 

D6 

D5 

04 

D3 

D2 

D1 

CaMP 

RSET 

VREF 

N2C 

lOUT 

AVss 

INVERSE 

CLK 

DVss 

DVoo 

BRIGHT 

BLANK 

SYNC 

.00 (lSB) 

4755 Forge Road, Co. Springs, CO 80907 
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DIGITAL SIGNAL INTERCONNECT 

The PCB line between the TTL driver (that drives the SPT5220) 
and the input to the SPT5220 will have a low impedance ~ 
source and be terminated with a high impedance. It behaves ~ 
like a low impedance transmission line so signal transitions b: 
will be reflected from the high impedance input ofthe SPT5220. en 
To reduce ringing caused by transmission line mismatch, 
shorten the line length or terminate the line. Both serial and 
parallel termination methods will work, but serial is preferred. 
Serial termination is achieved by installing a resistor of 
approximately 50 n between the TTL driver output and the 
SPT5220 digital input. 

ANALOG SIGNAL INTERCONNECT 

To minimize noise pickup and reflections due to impedance 4 
mismatch, locate the SPT5220 as closely as possible to the 
output connector. The line between the DAC output and the 
monitor input should be regarded as a transmission line since 
it can cause problems in transmission line mismatch. Use the 
double-termination method to avoid these problems. By 
using the double terminated method, the transmission lines 
are matched, providing an ideal, nonreflective system. 

PIN FUNCTIONS 

NAME FUNCTION 

AV!;lQ Analog Power 
N/C No Connection 

Vee Substrate Power (Connected to AVQo) 
AVoo Analog Power 

AVSS Analog Ground 
D9-DO Digital Inputs (D9=MSB, DO=lSB) 

SYNC Sync Signal Input (logic 1 Generates level) 

BLANK Blank Signal Input (logic 1 Generates level) 
BRIGHT Bright Signal Input 

DVQQ Digital Power 

DVSS Digital Ground 

ClK Clock Input (TTL-Compatible) 
INVERSE Inverse Signal Input 

AVSS Analog Ground 
IQyt Analog Current Output 
N2C Two's Complement Signal Input (Active low) 

VB!;E Voltage Reference (Extemally Driven) 

R§!l1 Full-Scale Adjust Control 

COMP Compensation Capacitor 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 10-Bit Triple Video Digital-to-Analog Converter 
• 50 MWPS Operation (typ) 
• Low Power: 280 mW 
• Operating Temperature Range: 0 to +70 °C 
• 5 V Monolithic CMOS 
• 52-pin SQFP Package (10 mm x 10 mm, 0.65 mm pitch) 

GENERAL DESCRIPTION 

The SPT5230 is a 10-bit, 50 MWPS triple video digital-to
analog converter specifically designed for high performance, 
high resolution color graphics monitor applications and video 
processing applications. A single external resistor controls 

BLOCK DIAGRAM 

SPr 

ROUT 

AVDD 

Current 
Switch Cell 

Array (Cell 255) 

4755 Forge Road, Co. Springs, CO 80907 
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SPI'5230 
10-BIT, 50 MWPS TRIPLE VIDEO DAC 

ADVANCED INFORMATION 

APPLICATIONS 

• High-Speed Digital-to-Analog Conversion 
• High Performance, High Resolution Color Graphics 
• Desktop Video Processing 
• Digital TV 

the full-scale output current. The differential linearity errors of 
the DACs are guaranteed to be a maximum of ±0.5 LSB over 
the full temperature range. The device is available in a 52-pin 
SQFP package. 

GOUT 

Current 
Switch Cell 

Array (Cell 255) 

BOUT 
AVDD 

lOB VSSA 

Current 
Switch Cell 

Array (Cell 255) 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Output Current 
AVDD (measured to GND) ................ : ........... -0.3 to 7.0 V lOUT ........................................................................... 0 to 30 mA 

Input Voltage Temperature 
Clock and Data ........................................... GND to AVDD Operating, ambient ......................................... 0 to +70 °C 

Storage ...................................... .' ............. -55 to + 125°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
fCLK = 36 MHz, AVoo = 5.0 V, Output Pull-Up Load = 75 n, T A = 25°C 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

DC Performance 
Resolution 
Differential Linearity TA = TMIN to TMAX 
Integral Linearity 

Analog Outputs 
Output Full Scale Voltage 
Compliance Voltage 

Dynamic Performance 
Conversion Rate 
Propagation Delay 
Crosstalk 

Digital Inputs and Timing 
Input Current, Logic High VIH=5V 

Logic Low VIL=OV 
Set-Up Time, Data and Controls (ts) 
Hold Time, Data and Controls (th) 
Clock Pulse Width (Low) (tPWO) 
Clock Pulse Width (High) (tPW1) 

Power Supply Requirements 
Supply Voltage 
Supply Current 
Power Dissipation 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA· 
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IV 

V 

VI 

I 
I 

I 
I 

I 
V 
V 

I 
I 
I 
I 
I 
I 

I 
V 
V 

MIN TYP MAX UNITS 

10.0 Bits 
±1.0 LSB 
±2.0 LSB 

0.85 1.0 1.15 V 
0.5 1.0 1.25 V 

36 50 MWPS 
10 ns 

-49 dB 

5 itA 
-5 !1A 
5 ns 
5 ns 

14.0 ns 
14.0 ns 

4.75 5.25 V 
56 mA 

280 mW 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
~ested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 

elK 

Data In 

Data Out 
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E JI I; JI 

PIN ASSIGNMENTS 

VCS2 

VCS1 

AVOO 

VREF1 
AVSS 

BOUT 

AVSS 

GOUT 
AVSS 

ROUT 

AVSS 

AVOO 

AVOO 

SPJ' 

B7 

41 B6 

42 B9 (MSB) 

43 AVSS 
44 N/C 

45 G0(LSB) 

46 SPT5230 G1 

47 G2 

46 G3 

49 G4 

50 G5 

51 0 52 

G6 

G7 
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100% 

________ 50% 

0% 

PIN FUNCTIONS 

NAME FUNCTION 

ROUT Red Analog Current Output 

GOUT Green Analog Current Output 

BOUT Blue Analog Current Output 

RO- R9 Red Data Inputs 

GO -G9 Green Data Inputs 

BO - B9 Blue Data Inputs 

ClKR Red Clock Input 

ClKG Green Clock Input 

ClKB Blue Clock Input 

VREFI Voltage Reference Decoupling 
(A 0.1 ILF ceramic capacitor should be used.) 

VREF2 Voltage Reference Input 
(A 0.1 ILF ceramic capacitor should be used.) 

VeS1 Control Voltage Decoupling 
(A 0.1 ILF ceramic capacitor should be used.) 

VeS2 Full-Scale Adjust Control Voltage 
(A 0.1 ILF ceramic capacitor should be used.) 

AVSS Analog Ground 

AVDD Analog Power Supply 

N/C No Connection 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 12-Bit, 100 MWPS Digital to Analog Converter 
• ECl Compatibility 
• low Power: 600 mW 
• 1/2 lSB DNl 
• 40 MHz Multiplying Bandwidth 
• Industrial Temperature Range 
• Superior Performance over AD9712 

- Improved Settling Time of 8 ns 
- Improved Glitch Energy 5 pV-s 

GENERAL DESCRIPTION 

The SPT9712 is a 12-bit, 100 MWPS digital-to-analog con
verter designed for direct digital synthesis, high resolution 
imaging and arbitrary waveform generation applications. 
This device is pin-for-pin compatible with the AD9712 with 
significantly improved performance. The SPT9712 is an 

BLOCK DIAGRAM 
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ADVANCED INFORMATION 

APPLICATIONS 

• Fast Frequency Hopping Spread Spectrum Radios 
• Direct Sequence Spread Spectrum Radios 
• Microwave and Satellite Modems 
• Test & Measurement Instrumentation 
• Military Applications 

ECl-compatible device. It features a fast settling time of 8 ns 
and low glitch impulse energy of 5 pV-s, which results in 
excellent spurious free dynamic range characteristics. 

The SPT9712 is available in 28-lead plastic DIPs and 28-lead 
PlCCs. Contact the factory for military and 1883 package 
options. 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Output Currents 
Negative Supply Voltage (VEE) ................................ -7 V Internal Reference Output Current ...................... 500 IJ.A 
AID Ground Voltage Differential ............................. 0.5 V Control Amplifier Output Current ....................... ±2.5 mA 

Input Voltages Temperature 
Digital Input Voltage (01-012, Latch Enable) ................ . Operating Temperature" ............................ -25 to + 85°C 
....................................................................... 0 Vto VEE Junction Temperature .................................. ; ..... + 150°C 

Control Amp Input Voltage Range .................. 0 V to -4 V Lead, Soldering (10 seconds) ............................ + 300°C 
Reference Input Voltage Range (VREF) .... -3.7 V to VEE Storage .................................................... -65 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min - T max. VEE=-5 2 V fclock=100 MHz 50% clock duty cycle unless otherwise specified 

TEST TEST 

PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

DC Performance 

Resolution 12 Bits 
Differential Linearity ±D.5 ±O.75 LSB 
Differential Linearity Max at Full Temp. ±1.5 LSB 
Integral Linearity Best Fit ±0.75 ±1.0 LSB 
Integral Linearity Max at Full Temp. ±1.75 LSB 

Output Capacitance 10 pF 
Gain Error +25°C 1.0 5.0 'YoF.S. 
Gain Error Tempco 150 PPM/oC 

Zero-Scale Offset Error +25°C 0.5 2.5 IiA 
Offset Drift Coefficient 0.01 lJAIoC 
Compliance Voltage -1.2 +2.0 V 
Equivalent Output Resistance 1.0 kn 
Input Voltage, Logic -4.0 0.0 V 

Dynamic Performance 

Conversion Rate (Settling to 0.1 'Yo) 100 MWPS 

Current Settling Time1 tST 8 ns 
Delay Time to 1 ns 
Glitch Energy 5 pV-s 
Full Scale Output Current 20.48 mA 
Spurious-Free Dynamic Range +25°C 

1.23 MHz; 10 MWPS 2 MHz Span 70 dBc 
5.055 MHz; 20 MWPS 2 MHz Span 72 dBc 
10.1 MHz; 50 MWPS 2 MHz Span 68 dBc 
16 MHz; 40 MWPS 10 MHz Span 68 dBc 

Rise Time / Fall Time RL=50n 2 ns 

Power Supply Requirements 

Negative Supply Current (-5.2 V) +25°C 115 mA 

Nominal Power Dissipation 600 mW 
Power Supply Rejection Ratio 30 100 IJAIV 

1 Measured as voltage settling at mid-scale transition to ±O.024%; RL = 50 Q. 
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ELECTRICAL SPECIFICATIONS 

TA=T min- Tmax, VEE=-S.2 v, fclock=100 MHz, SO% clock duty cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Voltage Input and Control 
Reference Input Impedance +25°C 3 kn 
Ref. Multiplying Bandwidth +25°C 40 MHz 
Internal Reference Voltage +25°C -1.15 -1.20 -1.25 V 
Internal Reference Voltage Drift Full 50 ppm/DC 
Amplifier Input Impedance 50 kn 
Amplifier Input Bandwidth 1 MHz 

Digital Inputs 
Logic 1 Voltage Full Temp. -1.0 -0.8 V 
Logic 0 Voltage Full Temp. -1.7 -1.5 V 
Logic 1 Current Full Temp. 20 !lA 
Logic 0 Current Full Temp. 10 IlA 
Input Capacitance +25°C 3 pF 
Input Setup Time - Is +25°C 0.5 -0.3 ns 
Input Setup Time - Is Full Temp. 0.8 ns 
Input Hold Time - tH +25°C 1.8 1.2 ns 
Input Hold Time -tH Full Temp. 2.0 ns 
Latch Pulse Width - IpWL, IpWH +25°C 4.0 ns 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA • 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T,=25 ac, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T, = 25 ac. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

Out+ Analog Current Output 

Out- Complementary Analog Current Output 

Dl-DI2 Digital Input Bits (D12 is the LSB) 
Latch Enable Latch Control Line C\I 

Ref In Voltage Reference Input r::: 
Ref Out Internal Voltage Reference Output ~ a.. 

Normally Connected to Control Amp In 
U) 

RefGND Ground Return For Internal Voltage Reference 

and Amplifier 
Control Amp In Normally Connected to Ref Out If Not 

Connected to External Reference 

Control Amp Out Output of Internal Control Amplifier 
Normally Connected to Ref In 

I RSetl Connection for External Resistance Reference 

When Using Internal Amplifier. 
Nominally 7.5 k.Q 

Analog Return Analog Return Ground 

Analog VEE Analog Negative Supply (-5.2 V) 

Digital VEE Digital Negative Supply (-5.2 V) 

DGND Digital Ground Return 

N/C Not Connected 

1 Full-Scale Current Out=128(VReI/RSet) 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 12-Bit, 100 MWPS Digital to Analog Converter 
• TTL Compatibility 
• Low Power: 640 mW 
• 1/2 LSB DNL 
• 40 MHz Multiplying Bandwidth 
• Industrial Temperature Range 
• Superior Performance over AD9713 

- Improved Settling Time of 8 ns 
- Improved Glitch Energy 5 pV-s 

GENERAL DESCRIPTION 

The SPT9713 is a 12-bit, 100 MWPS digital-to-analog 
converter designed for direct digital synthesis, high reso
lution imaging and arbitrary waveform generation applica
tions. This device is pin-for-pin compatible with the AD9713 
with significantly improved performance. The SPT9713 is 
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ADVANCED INFORMATION 

APPLICATIONS 

• Fast Frequency Hopping Spread Spectrum Radios 
• Direct Sequence Spread Spectrum Radios 
• Microwave and Satellite Modems 
• Test & Measurement Instrumentation 
• Military Applications 

a TTL-compatible device. It features a fast settling time of 
8 ns and low glitch impulse energy of 5 pV-s, which results 
in excellent spurious free dynamic range characteristics. 

The SPT9713 is available in 28-lead plastic DIPs and 28-
lead PLCCs. Contact the factory for military and /883 
package options. 

Internal 
Voltage 

Reference 

~ I 

oo 
Q) 

Switch .c 
~ Network 
--I 

-

Control 
Amp Out 

Ref Out 

Ref In 

lOut 

lOut 

4-71 



ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Output Currents 
Positive Supply Voltage ...................... : .................... +7 V Internal Reference Output Current ...................... 500 ~ 
Negative Supply Voltage (VEE) ................................ -7 V 
AID Ground Voltage Differential .............. : .............. 0.5 V 

Control Amplifier Output Current ....................... ±2.5 rnA 

Temperature 
Input Voltages Operating Temperature ............................. -25 to + 85°C 

Digital Input Voltage (01-012, Latch Enable) ... 0 V to Vee Junction Temperature ........................................ + 150°C 
Control Amp Input Voltage Range .................. 0 V to -4 V Lead, Soldering (10 seconds) .......................... :.+ 300°C 
Reference Input Voltage Range (VREF) .... -3.7 V to VEE Storage .................................................... -65 to + 150°C 

Note: 1. Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA= T min - T max, VCC=+S.O V, VEE=-S.2 V fclock=100 MHz SO% clock duty cycle unless otherwise specified 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

DC Performance 
Resolution 12 Bits 
Differential Linearity ±0.5 ±0.75 LSB 
Differential Linearity Max at Full Temp. ±1.5 LSB 
Integral Linearity Best Fit ±0.75 ±1.0 LSB 
Integral Linearity Max at Full Temp. ±1.75 LSB 
Output Capacitance 10 pF 
Gain Error +25°C 1.0 5.0 %F.S. 
Gain Error Tempco 150 PPM/oC 
Zero-Scale Offset Error +25°C 0.5 2.5 ~ 
Offset Drift Coefficient 0.01 ~oC 

Compliance Voltage -1.2 +2.0 V 
Equivalent Output Resistance 1.0 k.Q 
Input Voltage, Logic 0 Vee V 

Dynamic Performance 
Conversion Rate (Settling to 0.1%) 100 MWPS 
Current Settling Time tSTl 8 ns 
Delay Time to 2 ns 
Glitch Energy 5 pV-s 
Full Scale Output Current 20.48 mA 
Spurious-Free Dynamic Range +25°C 

1.23 MHz; 10 MWPS 2 MHz Span 70 dBc 
5.055 MHz; 20 MWPS 2 MHz Span 72 dBc 
10.1 MHz; 50 MWPS 2 MHz Span 68 dBc 
16 MHz; 40 MWPS 10 MHz Span 68 dBc 

Rise Time I Fall Time RL=50n 2 ns 

Power Supply Requirements 
Positive Supply Current (+5.0 V) 8 mA 
Negative Supply Current (-5.2 V) +25°C 115 mA 
Nominal Power Dissipation 640 mW 
Power Supply Rejection Ratio 30 100 ~ 

1 Measured as voltage settling at mid-scale transition to ±0.024%; RL = 50 n. 
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ELECTRICAL SPECIFICATIONS 

TA= T min - T max. VCC=+5.0 V. VEE~5.2 V. fclock=100 MHz. 50% clock duty cycle. unless otherwise specified. 

TEST TEST 

PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Voltage Input and Control 
Referenc~ Input Impedance +25°C 3 kn 
Ref. Multiplying Bandwidth +25°C 40 MHz 
Intemal Reference Voltage +25°C -1.15 -1.20 -1.25 V 
Intemal Reference Voltage Drift Full 50 ppm/oC 
Amplifier Input Impedance 50 kn 
Amplifier Input Bandwidth 1 MHz 

Digital Inputs 
Logic 1 Voltage Full Temp. 2.0 V 
Logic 0 Voltage Full Temp. 0.8 V 
Logic 1 Current Full Temp. 20 ~ 
Logic 0 Current Full Temp. 600 I-lA 
Input Capacitance +25°C 3 pF 
Input Setup Time - ts +25°C 0.5 -0.3 ns 
Input Setup Time - ts Full Temp. 0.8 ns 
Input Hold Time - tH +25°C 1.8 1.2 ns 
Input Hold Time - tH Full Temp. 2.0 ns 
Latch Pulse Width - tPWL. tPWH +25°C 4.0 ns 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA • 

II 

III 

IV 

V 

VI 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25°C. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 
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PIN ASSIGNMENTS 
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PIN FUNCTIONS 

Out+ Analog Current Output 
t') 

Out- Complementary Analog Current Output ;:::: 
Dl-DI2 Digital Input Bits (D12 is the LSB) 

OJ 
I-
el. 

Latch Enable Latch Control Line en 
Ref In Voltage Reference Input 

Ref Out Internal Voltage Reference Output 

Normally Connected to Control Amp In 

RefGND Ground Return For Internal Voltage Reference 

and Amplifier 

Control Amp In Normally Connected to Ref Out If Not 

Connected to External Reference 

Control Amp Out Output of Internal Control Amplifier 

Normally Connected to Ref In 

I RSet1 Connection for External Resistance Reference 

When Using Internal Amplifier. 

Nominally 7.5 kQ 

Analog Return Analog Return Ground 

Analog VEE Analog Negative Supply (-5.2 V) 

Digital VEE Digital Negative Supply (-5.2 V) 

DigitalVcc Digital Positive Supply (+5.0 V) 

DGND Digital Ground Return 

N/C Not Connected 

1 Full-Scale Current Out=128 (VRel/RSet) 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

Fast Settling Time - 150 nsec 
• Excellent Linearity T. C. 1.5 ppm/DC 

On-Chip Band-Gap Voltage Reference 
• On-Chip Application Resistors for Gain Selection 

TIL Compatible Inputs 

GENERAL DESCRIPTION 

The SPT5216 is a monolithic, high-performance, 16-bit digi
tal-to-analog converter with unmatched speed and accuracy. 
With its 150 nanosecond settling time, it is the highest speed 
16-bit DAC in the industry. Unique features include the band
gap voltage reference and precision application resistors 
which greatly simplify device application. Unlike other high 
speed DACs, the SPT5216 can be used in either a current
output or voltage-output mode. 

The internal application resistors support output range selec
tionsofOto+ 10, Oto+5, -5to +5, and -2.5 to +2.5volts. These 
internal reSistors, used in conjunction with an external op 
amp, provide current-to-voltage conversion. Because of the 

BLOCK DIAGRAM 

SPI'5216 
16-BIT ULTRAHIGH SPEED DAC 

ADVANCED INFORMATION 

APPLICATIONS 

High Speed Analog-to-Digital Converters 
Automatic Test Equipment 
Digital Attenuators 
Digital Communication Equipment 
Waveform Generators 

high compliance voltage of the DAC output (± 2.5 volts), the 
SPT5216 can also provide a direct voltage drive into a high 
impedance load without an external op amp. 

The SPT5216 operates with ±15 volt analog supplies, a 
separate +5 V digital supply and separate analog and digital 
grounds to provide maximum noise immunity. All logic input 
levels are TIL and 5 volt CMOS compatible. Laser-trimmed 
thin film technology ensures accuracy over time and environ
mental changes. 

The device is offered in a 32L 01 P package and a 44L cerquad 
surface-mount package over the commercial temperature 
range of 0 to 70°C. 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur) 25 °C (1) 

Supply Voltages Temperature 
Vee to AGND ......................................................... +18 V Temperature, Ambient ..................................... 0 to 70°C 
VEE to AGND .......................................................... -18 V case ................................... -60 to +140 °C 
VDD to DGND ........................................................... +6 V junction ......................................... + 150°C 
AGND to DGND Differential .................................. +0.5 V Lead Temperature (soldering 10 seconds) ........ +300°C 

Storage Temperature .................. ' ............. -65 to +100 °C 
Input Voltages 

All Digital Inputs to DGND ............ -0.3 V to (VDD +0.3 V) 
REF IN toAGND ............................................. 0 to +10 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

TA = 0 to +70 °e, Vee = 15 V, VDD = 5 V. VEE = -15 V. unless otherwise specified. Minimum airflow is 50 LFPM. 

TEST SPT5216B SPT5216C 
PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX UNIT 

ACCURACY SPECIFICATIONS 

Integral Linearity Error TA=25°C I ±.0015 ±.003 ±.0015 ±.003 "IoFSR 

Integral Linearity Error TA=O to 70°C I ±.0045 ±.OOB ±.OOB ±.012 "IoFSR 

Integral Linearity Drift Drift IV ±1.5 ±2.0 PPM/oC 

Differential Linearity Error TA=25°C I ±.003 ±.OOB ±.003 ±.OOB "IoFSR 

Differential Linearity Error TA=O to 70 °C I ±.OOg ±.012 ±.012 ±.024 "IoFSR 

Differential Linearity Drift Drift IV ±2.5 ±4.0 PPM/oC 

Gain Error TA=25°C I ±.03 ±.15 ±.03 ±.15 "IoFSR 

Gain Error I ±.08 ±.25 ±.08 ±.25 "IoFSR 

Gain Error Drift IV ±20 ±20 PPM/oC 

Unipolar Offset Error TA=25°C I ±.02 ±.1 ±.02 ±.1 "IoFSR 

Unipolar Offset Error I ±.02 ±.3 ±.02 ±.3 "IoFSR 

Bipolar Offset Error TA=25°C I ±2.5 ±10 ±2.5 ±10 rnV 

Bipolar Offset Error I ±5 ±15 ±5 ±15 rnV 

DAC OUTPUT SPECIFICATIONS 

lOUT V 5 5 rnA 

ROUT V 1 1 kQ 

COUT See Figure 1 V 12 12 pF 

Output Cornplianee2 V ±2.5 ±2.5 V 

Output Noi~e BW= 1 MHz V 40 40 ~VRMS 

Note 1: Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

Note 2: Accuracy is not guaranteed beyond this limit. 
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ELECTRICAL SPECIFICATIONS 

TA = 0 to +70 oe, Vee = 15 V, VDD = 5 V, VEE = -15 V, unless otherwise specified. Minimum air flow is 50 lFPM. 

TEST SPT5216B SPT5216C 
PARAMETER CONDITIONS MIN 

DYNAMIC SPECIFICATIONS 

Settling Time I to .0015% V 

LOGIC SPECIFICATIONS 

VIH2 I 3.75 

VIl2 I 

IIH I 

III I 

REFERENCE 

Reference Output Voltage TA=25°C I 4.99 

Reference Output Voltage I 4.98 

Max. Reference Output Load3 Total Current V 

Output Noise4 BW= 1 MHz V 

POWER SUPPLIES 

Vee Supply I 14.25 

VEE Supply I -14.25 

VDD Supply I 4.75 

Vee Supply Current I 

VEE Supply Current I 

VDD Supply Current I 

Power Dissipation I 

PSRR, Vee +15 V±5% V 

PSRR, VEE -15 V±5% V 

PSRR, VDD +5 V±50/0 V 

Note 3: Reference Load: REF IN = 1 mA BPO = 2.5 mA 
Note 4: Reference decoupled as shown in figure 6. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Te = TA. 

TEST LEVEL 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TYP MAX MIN TYP MAX UNIT 

150 150 ns 

3.75 V 

1.5 1.5 V 

2 20 2 20 ~ 
1 10 1 10 ~ 

5 5.01 4.99 5 5.01 V 

5 5.02 4.98 5 5.02 V 

8 8 mA 

40 40 !LV RMS 

15.00 15.75 14.25 15.00 15.75 V 

-15.00 -15.75 -14.25 -15.00 -15.75 V 

5.00 5.25 4.75 5.00 5.25 V 

4 6 4 6 mA 

20 35 20 35 mA 

6 9 6 9 mA 

450 660 450 660 mW 

.001 .001 %G/%PS 

.01 .01 %Gl"loPS 

.001 .001 %Gl"loPS 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25°C. Parameter is 
guaranteed over specified temperature range. 
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GENERAL CIRCUIT DESCRIPTION 

The SPT5216 uses a unique design approach to set a new 
standard in monolithic DAC performance. It delivers excep
tional 16-bit accuracy and stability over temperature and, at 
the same time, exhibits an extremely fast 150 ns settling time. 
On chip support functions include a stable band-gap voltage 
reference and application resistors for output scaling. Inclu
sion of these functions reduces the external analog compo
nent requirements and further increases accuracy. Digital 
circuitry on the chip is kept to a minimum (limited to the digital 
inputs), thus minimizing internal noise generation and provid
ing interface flexibility. 

DAC CIRCUITRY 

The SPT5216 uses current source segmentation for the most 
significant bits and an R-2R ladder for the least significant 
bits. The ladder, which consists of a resistor network, succes
sively divides the (remaining) reference current to produce a 
binary weighted current division. In other words, in moving 
down the ladder, each 2R resistor leg' has half the current flow 
of the previous leg. Each 2R resistor leg is connected to a 
current source that is trimmed during manufacturing to pro
vide the 16-bit accuracy. Bipolar switches within each leg are 
controlled by the respective data bits (pins DO through D15). 
When the controlling data bit is low, the 2R resistor leg current 
is steered to pin DAC OUT. When the data bit is high, the leg 
current is steered to the DAC RTN pins (DAC RTN 1, and 
DAC RTN 2), which are externally connected to analog 
ground. 

Figure 1 illustrates the equivalent output circuit ofthe SPT5216 
showing on-Chip application resistors and parasitic capaci
tances. 

Figure 1 - Equivalent SPT5216 Output Circuit 
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APPLICATION INFORMATION 

ACTIVE CURRENT-TO-VOLTAGE CONVERSION 

In many DAC applications the output current needs to be 
converted into a usable voltage signal. The most common 
current-to-voltage configuration for the SPT5216 output is 
shown in figure 2. Here, an external op amp in conjunction 
with the internal feedback resistor(s) are used for current-to
voltage (I-to-V) conversion. The op amp provides both a 
buffered VOUT and maintains DAC OUT at a virtual ground. 
This way, VOUT can provide up to a 10 volt output swing 
(using internal feedback resistors) and the output compliance 
specification (±2.5 volts maximum) is met. 

VOUT swing is determined by the feedback resistance. For a 
5 volt VOUT swing, the op amp's output is connected to 
pin 5 V FSR (Full Scale Range) which provides an internal 
1 kQ feedback resistance. A 10 volt VOUT swing is derived by 
connecting the op amp outputto pin 10 V FSR. This feedback 
connection option is illustrated by the dotted line in figure 2. 
Properly trimmed (as discussed later), the connections of 
figure 2 as indicated, would result in the ideal output values 
as listed in table I. 

Figure 2 - Connection of External OP AMP for Active 
Current-to-Voltage Conversion 
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Table I - Normalized Voltage Values for Programmable 
Output Ranges (Using Figure 6) 

OUTPUT VOLTAGE RANGES 

INPUT CODE 
UNIPOLAR BIPOLAR 

5 VOLT 10 VOLT 5 VOLT 10 VOLT 

1111111111111111 0.00 V 0.00 V -2.S0V -S.OOV 
1111 1111 1111 1110 + 76.3 ~V + 152.6 ~V - 2.499924 V - 4.999846 V 
0111 1111 1111 1111 +2.SOOV + 5.00 V 0.00 V 0.00 V 
0000 0000 0000 0000 +4.999924 V + 9.999846 V +2.499924 V + 4.999846 V 

To configure the bipolar output range as indicated in table I, 
connect the BPO pin to DAC OUT. This connection option is 
illustrated in figure 2; this offsets the output range by half of 
the full scale range so that a half-scale digital input value 
results in a output current value of zero. 

The pin connections for the active I-to-V ranges supported by 
the internal application resistors are summarized in table II. 

OPERATIONAL AMPLIFIER SELECTION 

Selection of the external op amp involves understanding the 
final system performance requirements in terms of both 
speed and accuracy. To maintain the 16-bit accuracy pro
vided by DAC OUT at VOUT shown in figure 2, the op amp 
open loop gain (Avol) must be 96 dB minimum. Any gain 
lower than this will contribute an error in the I-to-V conver
sion circuit. To maintain the 150 ns settling time capability 
provided by DAC OUT at VOUT, the op amp must have a 
minimum gain bandwidth of 50 MHz and settling time of 
less than 100 ns to 0.0015% of full scale. 

Table II - Device Pin Connection Summary for Output 
Range Programming 

DEVICE PINS 

BPO 

SVFSR 

10VFSR 

SPr 

(Active I-to-V Conversion Only) 

OUTPUT VOLTAGE RANGES 

UNIPOLAR BIPOLAR 

5 Volt lOValt 5 Volt 10Valt 

Not Connected Not Connected Connected Connected 
ToDACOut ToDACOut 

Connected To Not Connected Connected To Not Connected Op Amp Output Op Amp Output 

Not Connected Connected To Not Connected Connected To 
Op Amp Output Op Amp Output 

4755 Forge Road, Co. Springs, CO 80907 
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PASSIVE CURRENT-TO-VOLTAGE CONVERSION 

Because of the SPT5216's high voltage compliance, a volt
age output can be derived directly at DAC OUT in a method 
suitable for some applications. By driving a load resistor 
directly with the currentfrom DAC OUT, a voltage drop results 
producing VOUT. An example of this implementation is shown 
in figure 3, where an internal feedback resistor is used as the 
load 10 V FSR is grounded to optimize settling time. By 
utilizing all internal resistors, this circuit offers optimized 
stability and matching. 

Output current from the DAC ranges between 0 and 5 mA, 
which corresponds to an input code of all 1 s and all Os, 
respectively. For unipolar mode, the net 500 Q load of figure 
3 results in a -2.5 to 0 volt output range. For bipolar mode, the 4 
output voltage range is from + 1.67 V to -1.67 V (typical). Both 
output ranges are within the specified output compliance 
limits. An external load resistor could also be used with this 
circuit, however, there are difficulties with this arrangement: 
thermal tracking is not optimum, and the gain adjustment 
required to overcome the absolute internal resistance and 
DAC output current errors is beyond the correction range 
provided by the trim circuit. This is described later. 

Note thatthe input resistance ofthe circuit driven by VOUTwili 
be placed in parallel with the load resistor. This limits the 
application of figure 3 to high impedance loads. Also note that 
if a buffer (or other active circuit) is used at VOUT in figure 3, 
that circuit's CMRR must be at least 100 dB to maintain the 
DAC's accuracy. This is an advantage of the active current
to-voltage configuration shown in figure 2, where the input of 
the op amp is always at virtual ground. 

Figure 3 - Connection of Inlemal Load Resistors for Passive 
UnipolarlBipoiar Current-to-Voltage Conversion 

For Bipolar Mode Only 
,---------------------- ----------------------------, 
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1 kG 
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'VFSR : J : 
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OUTPUT OFFSET COMPENSATION 

Although the zero offset error of the SPT5216 is within ±0.1 % 
of the full scale range, some applications require better 
accuracy. The offset trim network of figure 4 shown con
nected to DAC OUT allows offset adjustment in excess of 
±O.2%. This trim network can be used for the active I-to-V 
conversion network of figure 2 or the passive circuit of 
figure 3. When using an external op amp as in figure 2, 
optimum offset stability may be achieved by using the nulling 
network recommended by the op amp's manufacturer. 

Although accuracy of the offset network components is not 
important, temperature tracking of the resistor and potenti
ometer values will affect offset trim stability. The resistors and 
potentiometer should have a low temperature coefficient and 
the potentiometer should be a high quality, multi-turn compo
nent to ensure minute adjustability and stability over time and 
temperature. The 0.1 IlF capacitors shown (typically ce
ramic) are used to decouple power supply noise from the 
DAC output circuit. 

Figure 4 - Offset Compensation 

10VF R 

5VFSR 

DAC VOUT 

470k<l 

+15 V o>--1-0·W,~b-I'---10'W,'~n-I-'--,---\o'IIr'~-O -15 V 

O.'~F~ ~O.'~F 

AGND AGND 

LOGIC INTERFACE 

Because ofthe low logic input current specification, most TTL 
families will adequately drive the SPT5216, even though 
minimum VIH is specified at 3.75 volts, a figure relatively high 
by TTL standards. Nonadherence to the VIH specification can 
result in a less than specified DAC accuracy. High-speed 
CMOS logic (HC) or High-speed CMOS logic with TTL 
compatible inputs (HCT) are directly compatible with the 
SPT5216 logic inputs. 
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GAIN ADJUSTMENT 

With the gain error of the SPT5216 pre-trimmed to within . 
±O.15% of full scale accuracy, many applications require 
external gain adjustments. Configuration ofthe external gain 
adjustment network is shown is figure 5. The adjustment 
potentiometer is connected between two low noise voltage 
sources, REF OUT and AGND, as shown. The two bypass 
capacitors shown further help to eliminate noise. Because of 
the voltage source asymmetry in relationship to the potenti
ometer wiper, the adjustment range is an asymmetric -0.6% 
to + 1 %. This adjustment range does sufficiently compensate 
for the error of the device, and the network will work for any 
type of output configuration. The adjustment range can be 
made larger and symmetrical by using a circuit similar to the 
offset compensation network as shown in figure 4, but with 
the consequence of introducing power supply noise (and 
power supply variations) into the vital voltage reference 
circuit. 

The selection criteria for the gain adjustment network compo
nents is similar to those described for the offset compensa
tion network. Accuracy is not as important as temperature 
stability. 

Figure 5 - Gain Trim Network Suitable for All Output 
Configurations 

Ret Out 
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Bandgap 
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- -------~-- ------------- ----------~---- -~---~ --------------

Figure 6 - Typical SPT5216 Application Circuit 

Optional Gain Trim Networ!< r---- ------- -----------R2 ---- --: 
: 10kn : 

l + i 
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DAC DAC 
RTN 1 :~se ~~ 2 OP AMP >----4~+ REF GAIN REF 

OUT ADJ IN 

lkCl 
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DACOUT 
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VOD 015 014 DO 

~ (MSB) (LSB) ) 
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Data Input 

VEE AGND Vee DGND 

OFFSET AND GAIN CALIBRATION PROCEDURE 

This calibration procedure is only applied to the I-to-V appli
cations as shown in figure 6. 

The calibration consists of adjusting the VOUT most negative 
voltage to its ideal value for the offset adjustment and 
adjusting the most positive VOUT to its ideal value for gain 
adjustment. The offset and gain errors listed in the specifica
tions for both unipolar and bipolar operation may be adjusted 
to zero using R1 and R2 (see figure 6) respectively. All 
components in the optional offset trim network and optional 
gain trim network shown in figure 6 should have a low 
temperature coefficient. The potentiometers (R1 and R2) 
should be multi-turn components to ensure minute 
adjustability. 

If the adjustment is not needed, remove the optional offset 
trim network from the circuit. 

SPJ' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

, , 
I 470kn I , , , , , , 
:+15V~~15V I 
I 10kn 10k.O: 101<.0: : 
I R1 I 

: O.1IJF~ TO.1IJF : 
L ____________________ '?.. _____________ ! 

Optional Offset Trim Network 

Unipolar 

The first step is offset adjustment. Set the input code to 1111 
111111111111 andadjustR1 until Vourreadszero volts for 
either 5 V FSR operation or 10 V FSR operation. 

Next is the gain adjustment. Set the input code to 0000 0000 
0000 0000 and adjust R2 until VOUT reads +4.999924 volts 
for 5 V FSR operation or +9.999846 volts for 10 V FSR 
operation. 

Bipolar 

For the Bipolar mode of operation, start the calibration by 
adjusting the offset. Set the input code to 1111 1111 1111 
1111 and adjust R1 until VOUT reads -2.50000 volts for 5 V 
FSR or -5.00000 volts for 1 a V FSR operation. The gain error 
calibration is done by setting the input code to 0000 0000 
0000 0000 and adjusting R2 until VOUT reads +2.499924 V 
for 5 V FSR operation or +4.999848 volts for 10 V FSR 
operation. 
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CIRCUIT LAYOUT CONSIDERATIONS 

In any analog system design, care must be taken in the 
circuit layout process. The design of a high-speed, 16-bit 
analog system offers an exceptional challenge. The integrity 
of the system's power supply and grounding is critical and, 
as with any precision analog component, good decoupling is 
needed directly at the device. Analog signal traces must be 
routed in a manner to minimize coupling from potential noise 
sources. With a 5 volt full-scale output voltage range, a mere 
38 fl Vp-p noise level is equivalent to 112 LSB. Low amplitude 
noise such as this is virtually impossible to eliminate without 
totally shielding the analog circuit portion. 

The power supply must be a well-regulated, noise-free ana
log voltage source. As with any analog device, the PSRR 
performance of the SPT5216 degrades with higher frequency 
components. Logic noise in the supply or ground line contains 
high frequency components, so separate supplies and ground 
returns are recommended for the analog and logic portions of 
the system. Radiated noise from digital signal traces and 
power supply traces must also be avoided. Completely shield 
the analog circuit portion from digital circuitry and digital 
power supplies and ground. A separate analog ground plane 
near the device should be used to shield the digital data lines 
going into the device; this plane should have a trace that 
completely surrounds the digital inputs, if possible. If an 
analog ground plane is used with the device for shielding, 
keep the space between the digital ground plane and analog 
ground plane wide to prevent capacitive coupling. The best 
analog ground plane is one with the least resistance, i.e., the 
minimum total "squares" of surface area, regardless of size. 
All device grounding should be to the analog ground plane, 
except for the GNO RTN pins which should be tied to the 
plane at one connection point only. 

Figure 6 shows the implementation of decoupling devices 
(0.01 flF and 15 flF in parallel) at pin REF OUT. These 
devices should be connected to the analog ground and their 
incorporation will minimize the overall O/A conversion noise. 

Since virtually all the interfacing to the SPT5216 is analog in 
nature (the logic inputs are actually analog current switches), 
OGNO and AGNO should be tied together at the device and 
treated as an analog ground. This analog ground and the 
system's digital ground should be inter-tied only at a single 
point which has a low impedance path back to the system's 
power supplies. This will prevent modulation of the analog 
ground by digital power supply currents as well as digital 
noise injection. 
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The external components should be connected to the 
SPT5216 with minimum length leads to help prevent noise 
coupling. The inputs of the external op amp are especially 
sensitive, so they should have short traces and be well 
shielded. 

To the circuit driven by the SPT5216, a voltage drop in the 
common analog ground will appear as a voltage offset. To 
avoid this, the SPT5216 includes a OAC SENSE pin which 
can be used for remote ground potential sensing. 

LONG-TERM STABILITY VERSUS TEMPERATURE 

As with all high speed, high resolution digital-to-analog 
converters, the initial accuracy of the device will degrade 
with both time and temperature. The graph shown in figure 
7 can be used to determine the expected change in linearity 
performance over time when the device is operated at 
various ambient temperatures. This graph shows how long 
it will take for the SPT5216 linearity to change by 8 ppm (or 
1/2 LSB) at any operating temperature. The curve shown is 
valid for both integral nonlinearity (ILE) and differential 
nonlinearity (OLE) changes. 

Figure 7 - Linearity Performance over Time 
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PIN ASSIGNMENTS 

D4 

SP'I 

5VFSR 1 

10VFSR 2 

DGND 4 

DACOUT • 

DAC RTN 1 7 

DACRTN2 15 

DACATN 16 
SENSE 

TOP 
VIEW 

N/c 

Ref Out 

Ref In 
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PIN FUNCTIONS 

NAME FUNCTION (0 

5V FSR Output range scaling application resistor C\j 

10 V FSR Output range scaling application resistor ~ a. 
Voo +5 volt power supply connection 

en 

DGND Digital ground connection 

Vee + 15 volt power supply connection 

DACOUT Analog current output of DAC 

DAC RTN 1 DAC ground current return path 

VEE -15 volt power supply connection 

AGND Analog ground connection 

Gain ADJ Input reference trim adjustment 

REFIN Input for internal or external reference II REF OUT Output of internal reference 

BPO Output offsetting application resistor 

VEE -15 volt power supply connection 

DAC RTN 2 DAC ground current return path 

DAC RTN 
Sense DAC ground current sense connection 

DO Input data bit 0 (LSB) 

01-14 Input data bit 1-14 

015 Input data bit 15 (MSB) 
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SPT9691 Wide Input Voltage, JFET Input.. .................................................. 5-31 
SPT9693 1 ns, JFET Input ........................................................................... 5-41 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 5-3 



5-4 
4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



----------------~---. ----- -----_._--------

HCMP96850 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES SINGLE ULTRA FAST VOLTAGE COMPARATOR 

FEATURES 

Propagation Delay of 2.4 ns (typ) 
Propagation Delay Skew <300 ps 
Low Offset ±3 mV 
Latch Control 

GENERAL DESCRIPTION 

The HCMP96850 is a single, very high speed monolithic 
comparator. It is pin-compatible with and has improved 
performance over the AD9685 and the AM6685. The 
HCMP96850 is designed for use in Automatic Test Equip
ment (ATE), high speed instrumentation, and other high 
speed comparator applications. 

BLOCK DIAGRAM 

SPI' 

NONINVERTING 
INPUT 

INVERTING 
. INPUT 

Vcc 
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APPLICATIONS 

• High Speed Instrumentation, ATE 
High Speed Timing 
Window Comparators 
Line Receivers 
AiD Conversion 
Threshold Detection 

Improvements over other sources include reduced power 5 
consumption, reduced propagation delays, and higher input 
impedance. 

The HCMP96850 is available in a 16 lead cerdip and in die 
form. 

LATCH ENABLE 

QOUTPUT 

QOUTPUT 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25 DC 

Supply Voltages Output 
Positive Supply Voltage (Vcc to GND) ..... -0.5 to +6.0 V Output Current ...................................................... 30 rnA 
Negative Supply Voltage (VEE to GND) ... -6.0 to +0.5 V 
Ground Voltage Differential ...................... -0.5 to +0.5 V Temperature 

Operating Temperature, ambient ............. -25 to +85 °C 
Input Voltages junction ...................... + 150 °C 

Input Voltage ............................................. -4.0 to +4.0 V Lead Temperature, (soldering 60 seconds) ...... +300 °C ' 
Differential Input Voltage .......................... -5.0 to +5.0 V Storage Temperature .............................. -65 to + 150 °C 
Input Voltage, Latch Controls ..................... VEE to 0.5 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 

T A = +25 °e, Vee = +5.0 V ±.25 V, VEE = -5.2 V ±.3 V, RL = 50 Ohms, unless otherwise specified. 

PARAMETERS 
TEST 
CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Input Offset Voltage Rs =OOhms 

Input Offset Voltage (Vas) Rs=OOhms, 
TMIN <TA<TMAX 

(Vas) Tempco 

Input Bias Current 

Input Bias Current TMIN <TA<TMAX 

Input Offset Current 

Input Offset Current TMIN <TA<TMAX 

Positive Supply Current 

Negative Supply Current 

Common Mode Range 

Open Loop Gain 

Input Resistance 

Input CapaCitance 

Input Capacitance (LCC Package) 

Power Supply Sensitivity Vee and VEE 

Common Mode Rejection Ratio 

Power Dissipation I OUTPUT = 0 rnA 
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IV 

IV 

V 

I 

IV 

I 

IV 

I 

I 

I 

V 

V 

V 

V 

V 

V 

IV 

MIN TYP MAX UNITS 

-3 +3 mV 

-3.5 +3.5 mV 

4 JlV/oC 

4 ±20 JlA 

7 JlA 

-1.0 +1.0 JlA 

-1.5 +1.5 JlA 

3.3 5 mA 

13.5 18 mA 

-2.5 +2.5 V 

4000 V/V 

60 kn 

3 pF 

1 pF 

70 dB 

80 dB 

90 120 mW 
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ELECTRICAL SPECIFICATIONS 

T A = +25 °C, Vee = +5.0 V ±.25 V, VEE = -5.2 V ±.3 V, RL = 50 Ohms, unless otherwise specified. 

PARAMETERS 
TEST 
CONDITIONS 

OUTPUT lOGIC LEVELS (ECl 10 KH Compatible) 

Output High 50 Ohms to -2 V 

Output Low 50 Ohms to -2 V 

AC ELECTRICAL CHARACTERISTICS1 

Propagation Delay 10 mV 0.0. 

Latch Set-up Time 

Latch to Output Delay 50 mV 0.0. 

Latch Pulse Width 

Latch Hold Time 

Rise Time 20% to 80% 

Fall Time 20% to 80% 

Note 1: 100 mV input step 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minImax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = TA· 

II 

III 

IV 

V 

VI 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

I 

I 

III 

IV 

IV 

V 

IV 

V 

V 

MIN TVP MAX UNITS 

-.98 -.81 V 

-1.95 -1.63 V 

2.4 3.0 ns 

0.6 1 ns 

3 ns 

2 ns 

0.5 ns 

1.76 ns 

1.76 ns 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA =25 cc, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at TA = 25 cC. Parameter is 
guaranteed over specified temperature range. 
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Figure 1 - Timing Diagram 

50"10 
LATCH ENABLE __ -J 

NONINVERTED ___ "'\1 
INPUT VOLTAGE 

OUTPUTQ ----+-"'"'"'\1 50"10 

OUTPUTQ ___ -+_~ 50% 

VIN+=100 mV (p·P), VOD =10 mV 

The set-up and hold times are a measure of the time required for an input signal to 
propagate through the first stage of the comparator to reach the latching circuitry. Input 
signal changes occurring before ts will be detected and held; those occurring after tH 
will not be detected. Changes between ts and tH mayor may not be detected. 

SWITCHING TERMS (Refer to figure 1) 

tpdH 

tpdL 

tpLOH 

VOD 
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INPUT TO OUTPUT HIGH DELAY - The propa- tpLOL LATCH ENABLE TO OUTPUT LOW DELAY -The 
propagation delay measured from the 50% point 
ofthe Latch Enable Signal LOW to HIGH transition 
to the 50% point of an output HIGH to LOW 
transition. 

gation delay measured from the time the input 
signal crosses the input reference voltage (± the 
input offset voltage) to the 50% point of an output 
LOW to HIGH transition. 

INPUTTO OUTPUT LOW DELAY - The propaga- tH MINIMUM HOLD TIME - The minimum time after 
the negative transition of the Latch Enable Signal 
that the input signal must remain unchanged in 
order to be acquired and held at the outputs. 

tion delay measured from the time the input signal 
crosses the input reference voltage (± the input 
offset voltage) to the 50% point of an output HIGH 
to LOW transition. 

LATCH ENABLE TO OUTPUT HIGH DELAY -
The propagation delay measured from the 50% 
point of the Latch Enable signal LOW to HIGH 
transition to 50% point of an output LOW to HIGH 

tpL MINIMUM LATCH ENABLE PULSE WIDTH - The 
minimum time that the Latch Enable signal must 
be HIGH in order to acquire an input signal 
change. 

transition. ts MINIMUM SET-UP TIME - The minimum time 
before the negative transition of the Latch Enable 
signal that an input signal change must be present 
in order to be acquired and held at the outputs. 

VOLTAGE OVERDRIVE - The difference be
tween the input and reference ,input voltages. 
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Figure 2 • Internal Function Diagram 

GENERAL INFORMATION 

The HCMP96850 is an ultra high speed single voltage 
comparator. It offers tight absolute characteristics which 
guarantee matching from package to package. The device 
has differential analog inputs and complementary logic out
puts compatible with ECl systems. The output stage is 
adequate for driving terminated 50 Ohm transmission lines. 

The HCMP96850 has one latch enable control and can be 
driven by standard ECl logic. It also has two separate 
ground pins, one for the output to accommodate large 
ground currents without affecting the rest of the circuit, while 
the other is for the small Signal intermediate stages. The 
input stage is referenced to Vee and VEE. 

This comparator offers the following improvements over 
existing devices: 

Short propagation delays 
low offset voltage and temperature coefficient 
low power 
Minimal thermal tails 
Does not oscillate 

All of these features combined produce high performance 
products with timing stability and repeatability for large 
system precision. 

TYPICAL INTERFACE CIRCUIT 

A typical interface circuit using the comparator is shown in· 
figure 3. Although it needs few external components and is 
easy to apply, there are several considerations that should 
be noted to achieve optimal performance. The very high 
operating speeds of the comparator require careful layout, 
decoupling of supplies, and proper design of transmission 
lines. 

Since the HCMP96850 comparator is a very high frequency 
and high gain device, certain layout rules must be followed 
to avoid spurious oscillations. The comparator should be 

BPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

soldered to the board with component lead lengths kept as 
short as possible. A ground plane should be used, while the 
input impedance to the part is kept as low as possible, to 
decrease parasitic feedback. If the output board traces are 
longer than approximately one-half inch, microstripline tech
niques must be employed to prevent ringing on the output 
waveform. Also, the microstriplines must be terminated at 
the far end of the characteristic impedance of the line to 
prevent reflections. The HCMP96850 is capable of driving 
50 Ohm terminated lines. The termination can be directly tied 
to -2.0 V or a Thevenin equivalent terminated to the negative 
supply if a -2.0 V supply is not available. Both supply voltage 
pins should be decoupled with high frequency capacitors as 
close to the device as possible. 

All pins designated N/C should be soldered to ground for 
additional noise immunity and interelectrode shielding. All 
ground pins should be connected to the same ground plane. 

The timing diagram for the comparator is shown in figure 1. 

o 
LCl 

ffi 
C1l a.. 
:2: 
() 
:r: 

The latch enable (lE) pulse is shown at the top. If lE is high 5 
in the HCMP96850, the comparator tracks the input differ-
ence voltage. When lE is driven low, the comparator outputs 
are latched into their existing logic states. 

The leading edge of the input signal (which consists of 1 0 mV 
overdrive) changes the comparator output after a time of tpdL 

or tpdH (0 or Q). The input signal must be maintained for a 
time ts (set-up time) before the latch enable falling edge and 
held for time tH after the falling edge for the comparator to 
accept data. After tH, the output ignores the input status until 
the latch is strobed again. A minimum latch pulse width of tpL 
is needed for strobe operation, and the output transitions 
occur after a time of tpLOH or tpLOL. 

Unused outputs must be terminated with 50 Ohms to ground 
while unused latch enable pins should be connected directly 
to ground. 

Figure 3 • Typical Interface Circuit 
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Figure 4 - Equivalent Input Circuit 
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Figure 7 - AC Test Fixture 
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Figure 5 - Output Circuit 

o Output 

Input 1 

", 
2400: 

"s 
240D 

Input 2 
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Figure 6 - Test Load 
Rz 

100 

V rD 

(-4.0 V) 

O.1IlF 

j---------, , , 

son 
SAMPUNG 

SCOPE 

- - - - - - - - __ I 

50n 

NOTES: 1. ALL BNC & SEMIRIGID COAX SHIELD ARE 
GROUNDED. 

2. ALL RESISTORS 1 % (10 0 = 49.9 0). 
3. KEEP ALL LEADS AS SHORT AS POSSIBLE 

WITH ELECTRICAL LENGTHS L 1 = L2 + L3. 
4. D.U.T. PLUGS INTO A 16 PIN HIGH 

FREQUENCY PIN SOCKET. 
5. MONITOR INPUT IMPEDANCE 50 0 TO GND. 

Va;: Vrn 
(·52V) (-4.OV) 

6. SEMIRIGID COAX SHIELD SHOULD BE 
CONNECTED AS CLOSE TO THE DEVICE AS 
POSSIBLE. 
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Figure 8 - HCMP96850 with Hysteresis 
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PIN ASSIGNMENTS 

GND 1 

Vee 

+IN 

-IN 

N/C 

LE 

N/C 

VEE 

SPI' 

GND 2 

N/C 

3 N/C 

N/C 

Q OUT 

Q OUT 

N/C 

9 N/C 

16 LEAD DIP 
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QOUTPUT 
RS 

QOUTPUT RS 

GND2 
RL RL 

(100n) 

V L ~.1~F 

0.1 50n 

0 50n 

--& 

",ct 
~N V 

RT RT 

0--
(50n) 

Hysteresis is obtained by applying a DC bias to the LE pin. 

VH =-5.2 V 
VLE =-1.3V±100mV 
VL=-4V 

PIN FUNCTIONS 

NAME FUNCTION 

GND1 Circuit Ground 

Vee Positive Supply Voltage 

+IN Noninverting Input 

-IN Inverting Input 

N/C No Connection 

LE Latch Enable 

VEE Negative Supply Voltage 

QOUT Output 

QOUT Inverted Output 

GND2 Output Ground 
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spr9687 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES DUAL ULTRA FAST VOLTAGE COMPARATOR 

FEATURES 

Propagation Delay <2.3 ns 
Propagation Delay Skew <300 ps 
300 MHz Minimum Tracking Bandwidth 

• Low Offset ±3 m V 
• Low Feedthrough and Crosstalk 

Differential Latch Control 

GENERAL DESCRIPTION 

The SPT9687 is a dual, very high speed monolithic com
parator. It is pin compatible with, and has improved perfor
mance over AM D's AM6687 and Analog Device's AD9687. 
The SPT9687 is designed for use in Automatic Test Equip
ment (ATE), high speed instrumentation, and other high 
speed comparator applications. 

BLOCK DIAGRAM 

APPLICATIONS 

High Speed Instrumentation, ATE 
High Speed Timing 
Window Comparators 
Line Receivers 
AID Conversion 
Threshold Detection 

Improvements over other sources include reduced power 5 
consumption, reduced propagation delays, and higher input 
impedance. 

The SPT9687 is available in an industrial temperature range 
in a 16-lead cerdip, 16-lead PDIP, 20-contact lead less chip 
carrier (LCC), 20-lead PLCC, 16-lead sidebrazed, and die 
form. 

Inverting Input 0-+======::::;---;:::======+---0 Noninverting Input 

SPI' 

Latch Enable 0-+-----0.. 

Q Output 0--1-----+---' 

GNDA 0--1-----' 
Q Output 0--1------...., 

Latch Enable 0-+-----9' 

Inverting Input 0--1-------' 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

Latch Enable 

QOutput 

GNDB 

QOutput 

Latch Enable 

Noninverting Input 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25 °C 
Supply Voltages Output 

Positive Supply (Vee to GND) .................. -0.5 to +6.0 V Output Current ...................................................... 30 mA 
Negative Supply (VEE to GND) ................. -6.0 to +0.5 V 
Ground Voltage Differential ...................... -0.5 to +0.5 V . Temperature 

Operating Temperature, ambient .............. -25 to +85 °C 
Input Voltages junction ....................... + 150 °C 

Input Voltage ............................................. -4.0 to +4.0 V lead Temperature, (soldering 60 seconds) ...... +300°C 
Differential Input Voltage .......................... -5.0 to +5.0 V Storage Temperature .............................. -65 to + 150 °C 
Input Voltage, latch Controls ..................... VEE to 0.5 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
T A = +25 'C, vcc = +5.0 v, VEE = -5.20 v, RL = 50 Ohm, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS 

DC ELECTRICAL CHARACTERISTICS 

Input Offset Voltage Rs = 0 Ohms III 

Input Offset Voltage Rs= 0 Ohms, 

TMIN <TA<TMAX IV 

Offset Voltage Tempco V 

Input Bias Current I 

Input Bias Current TMIN <TA<TMAX IV 

Input Offset Current I 

Input Offset Current TMIN <TA<TMAX IV 

Common Mode Range I 

Open Loop Gain V 

Input Resistance V 

Input Capacitance V 

Input Capacitance (LCC Package) V 

Power Supply Sensitivity Vee and VEE IV 

Common Mode Rejection Ratio IV 

Positive Supply Current I 

Negative Supply Current I 

Positive Supply Voltage I 

Negative Supply Voltage I 

Power Dissipation I OUTPUT = 0 mA I 

OUTPUT lOGIC lEVELS (ECl 10 KH Compatible) 

Output High 50 Ohms to -2 V 

Output Low 50 Ohms to -2 V 

5-14 

MIN TYP MAX UNITS 

-3 ±.5 +3 mV 

-3.5 +3.5 mV 

4 I1vrc 
6 ±20 I1A 

7 ±38 I-tA 

-1.0 +1.0 I1A 

-1.5 +1.5 I1A 

-2.5 +2.5 V 

4000 VN 

60 kQ 

3 pF 

1 pF 

50 100 dB 

50 85 dB 

7 11 mA 

27 37 mA 

4.75 5.0 5.25 V 

-4.95 -5.2 -5.45 V 

185 250 mW 

-.98 -.81 V 

-1.95 -1.63 V 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



ELECTRICAL SPECIFICATIONS 
T A = +25 ce, Vee = +5.0 V, VEE = -5.20 V, RL = 50 Ohm, unless otherwise specified. 

PARAMETERS 
TEST 
CONDITIONS 

AC ELECTRICAL CHARACTERISTlCS1 

Propagation Delay 10 mV OD 

Lateh Set-up Time 

Latch to Output Delay 50mVOD 

Latch Pulse Width 

Latch Hold Time 

Rise Time 20% to 80% 

Fall Time 20% to 80% 

Min Clock Rate 

Note 1. 100 mV input step. 

III 

IV 

IV 

V 

IV 

V 

V 

V 

MIN 

TEST LEVEL CODES TEST LEVEL 

All electrical characteristics are subject to the following 
conditions: 

All parameters having Min.lMax. specifications are guaran
teed. The Test Level column indicates the specific device 

II 

testing actually performed during production and Quality III 
Assurance inspection. Any blank section in the data column 
indicates that the specification is not tested at the specified IV 
condition. 

Unless otherwise noted, all tests are pulsed tests, therefore V 
Tj =Te =TA. 

$PI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TYP MAX UNITS 

2.0 2.3 ns 

0.6 1 ns 

3 ns 

2 ns 

0.5 ns 

1.2 ns 

1.2 ns 

300 MHz 

TEST PROCEDURE 

100% production tested at the specified 
temperature. 
100% production tested at T A = 25 cC, 
and sample tested at the specified 
temperatures. 
QA sample tested only at the specified 
temperatures. 
Parameter is guaranteed (but not 
tested) by design and characterization 
data. 
Parameter is a typical value for infor
mation purposes only. 
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50% 
OUTPUTQ 

VIN+~100 mV (p-p), Voo ~10 mV 

The set-up and hold times are a measure of the time required for an input signal to propagate through the 
first stage of the comparator to reach the latching circuitry, Input signals occurring before ts will be detected 
and held; those occurring after tH will not be detected. Changes between ts and tH may not be detected. 

SWITCHING TERMS (Refer to figure 1) 

tpdH INPUT TO OUTPUT HIGH DELAY - The propaga-
tion delay measured from the time the input signal 
crosses the reference voltage (± the input offset 
voltage) to the 50% point of an output LOW to HIGH 
transition. 

tpdL INPUT TO OUTPUT LOW DELAY - The propaga-
tion delay measured from the time the input Signal 
crosses the reference voltage (± the input offset 
voltage) to the 50% point of an output HIGH to LOW 
transition. 

tpLOH LATCH ENABLE TO OUTPUT HIGH DELAY - The 
propagation delay measured from the 50% point of 
the Latch I;nable signal LOWto HIGH transition to 
50% point of an output LOW to HIGH transition. 

VOD VOLTAGE OVERDRIVE - The difference between 
the input and the reference voltages. 

5-16 

tpLOL LATCH ENABLE TO OUTPUT LOW DELAY - The 

tH 

tpL 

ts 

propagation delay measured from the 50% point of 
the Latch Enable signal LOW to HIGH transition to 
the 50% point of an output HIGH to LOW transition. 

MINIMUM HOLDTIME- The minimum time after the 
negative transition of the Latch Enable Signal that 
the input signal must remain unchanged in order to 
be acquired and held at the outputs. 

MINIMUM LATCH ENABLE PULSE WIDTH - The 
minimum time that the Latch Enable signal must be 
HIGH in order to acquire an input signal change. 

MiNIMUM SET-UP TIME - The minimum time be-
fore the negative transition of the Latch Enable 
signal that an input signal change must be present 
in order to be acquired and held at the outputs. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



Figure 2 - Internal Functional Diagram 

V'N 

~clJ 
666 
VEE Vee GND1 

GENERAL INFORMATION 

The SPT9687 is an ultra high speed dual voltage compara
tor. It offers tight absolute characteristics. The device has 
differential analog inputs and complementary logic outputs 
compatible with ECL systems. The output stage is adequate 
for driving terminated 50 ohm transmission lines. 

The SPT9687 has a complementary latch enable control for 
each comparator. Both can be driven by standard ECL logic. 

The dual comparator shares the same Vee and VEE connec
tions but have separate grounds for each comparator to 
achieve high crosstalk rejection. 

This comparator offers the following improvements over 
existing devices: 

• 
• 

• 

Shorter propagation delays 
Lower offset voltage and temperature coefficient 
Lower overall system power 
Better rejection between comparator channels 
Minimal thermal tails 
Does not oscillate 

All of these features combined produce high performance 
products with timing stability and repeatability for large 
system precision. 

TYPICAL INTERFACE CIRCUIT 

The typical interface circuit using the comparator is shown in 
figure 3. Although it needs few external components and is 
easy to apply, there are several conditions that should be 
m~t to achieve optimal performance. The very high oper
ating .speeds of th.e comparator require careful layout, de
coupling of supplies, and proper design of transmission 
lines. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

S.ince th.e SPT.9687 comparator is a very high frequency and 
high gain deVice, certain layout rules must be followed to 
avoid spurious oscillations. The comparator should be sol
dered to the board with component lead lengths kept as short ,.... 
~s possible. A ground plane should be used, and the input ffi 
Impedance to the part should be kept as low as possible to ~ 
decrease paraSitic feedback. If the output board traces are ~ 
I~nger than approximately one-half inch, microstripline tech
niques must be employed to prevent ringing on the output 
waveform. Also, the microstriplines must be terminated at 
the far end with the characteristic impedance of the line to 
prevent reflections. The SPT9687 is capable of driving 50 
ohm terminated lines. The termination can be directly tied to 
-2.0 V ?r a Thevenin equivalent terminated to the negative 
s~pply If a -2.0 V supply is not available. Both supply voltage 
pins should be decoupled with high frequency capacitors as 
close to the device as possible. 

All pins designated "N/C" should be soldered to ground for 
additional noise immunity and interelectrode shielding. All 
ground pins should be connected to the same ground plane. 

The timing diagram for the comparator is shown in figure 1. n 
The latch enable (LE) pulse is shown at the top. If LE is high iii 
a~d LE low in the SPT9687, the comparator tracks the input 
difference voltage. When LE is driven low and LE high, the 
comparator outputs are latched into their existing logic 
states. Please note that the Latch Enable and Latch Enable 
notations are not consistent with the industry standard; these 
names have always been opposite to the pins' functional 
descriptions. Please see the timing diagram in figure 1 for 
absolute clarification. 

The leading edge of the input signal (which consists of 10 mV 
overdrive) ch~ges the comparator output after a time of tpdL 
or tpdH (Q or Q). The input signal must be maintained for a 
time.t~ (set-up time) before the latch enable falling edge and 
LE rising edge and held for time tH after the falling edge for 
the comparator to accept data. After tH, the output ignores 
the input status until the latch is strobed again. A minimum 
latch pulse width of tpL is needed for strobe operation, and 
the output transitions occur after a time of tpLOH or tpLOL. 

Un~sed outputs must be terminated with 50 ohms to ground 
while unused latch enable pins should be connected to the 
appropriate supplies: ground or VEE. 
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Figure 7 - AC Test Fixture 
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NOTES: 1. ALL BNC & SEMI RIGID COAX SHIELD ARE 
GROUNDED_ 

2. ALL RESISTORS 1% (SO Q = 49_9 Q). 
3_ KEEP ALL LEADS AS SHORT AS POSSIBLE 

WITH ELECTRICAL LENGTHS L 1 = L2 + L3_ 
4. OUT PLUGS INTO A 16 PIN HIGH 

FREOUENCY PIN SOCKET_ 
s. MONITOR INPUT IMPEDANCE 50 Q TO GND. 
6_ SEMI RIGID COAX SHIELD SHOULD BE 

CONNECTED AS CLOSE TO THE DEVICE AS 
POSSIBLE_ 

Figure 8 - SPT9687 with Hysteresis 
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300n 

100n 

VH 
FIXED 

HYSTERESIS IS OBTAINED BY 
APPLYING A DC BIAS TO THE LE PIN 

VH =-5.2V 
VLE =-1.3V±100mV, VLE =-1_3V 
VL =-4.0V 
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PIN ASSIGNMENTS 

TOP VIEW 

16 LEAD DIP 

TOP VIEW 

N/C 

-IN A +IN A N/C +IN B -IN B 

GNDB 

LEB 

LEB 

Vee 

-INB 

+IN B 

GNDB 

LE B 

N/C 

LEB 

20 CONTACT CERAMIC LCC/PLCC 
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PIN FUNCTIONS 

NAME FUNCTION 

OA Output A 

OA Inverted Output A 

GNDA Ground A 

LEA Latch Enable A 

LEA Inverted Latch Enable A 

VEE Negative Supply Voltage 

-INA Inverting Input A 

+INA Non-Inverting Input A 

+INs Non-Inverting Input B 

-INs Inverting Input B 

Vee Positive Supply Voltage 

LEs Latch Enabled B 

LEs Inverted Latch Enable B 

GNDs Ground B 

Os Output B 

Os Inverted Output B 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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spr9689 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES DUAL ULTRA-FAST VOLTAGE COMPARATOR 

FEATURES 

650 ps Propagation Delay 
100 ps Propagation Delay Variation 
900 MHz Tracking Bandwidth 
70 dBCMRR 
low Feedthrough and Crosstalk 
Differential latch Control 
ECl Compatible 

GENERAL DESCRIPTION 

The SPT9689 is a Sub-nanosecond monolithic dual com
parator. The propagation delay variation is less than 100 ps 
from 5 mV to 50 mV input overdrive voltage. The input slew 
rate is 10 Vlns. The device utilizes a high precision differ
ential input stage with a common-mode range of -2.5 V to 
+4.0V. 

BLOCK DIAGRAM 

SPI' 

INVERTING 
INPUT 

LATCH ENABLE 

a OUTPUT 

a OUTPUT 

LATCH ENABLE 

INVERTING 
INPUT 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

Automated Test Equipment 
High Speed Instrumentation 
Window Comparators 
High Speed Timing 
Line Receivers 
High Speed Triggers 
Threshold Detection 
Peak Detection 

ECl compatible complimentary digital outputs are capable ~ 
of driving 50 Q terminated transmission lines and providing & 
30 mA output drive. The SPT9689 is pin-compatible with the 
HCMP96870. It is available in the industrial temperature 
range in 20-lead lCC and PlCC packages, a 16-lead 
ceramic sidebrazed DIP, and die form. 

NONINVERTING 
INPUT 

LATCH ENABLE 

QOUTPUT 

QOUTPUT 

LATCH ENABLE 

NONINVERTING 
INPUT 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25 DC 
Supply Voltages Output 

Positive Supply Voltage (Vee to GND) ..... -0.5 to +6.0 V Output Current ...................................................... 30 mA 
Negative Supply Voltage (VEE to GND) ... -6.0 to +0.5 V 
Ground Voltage Differential ...................... -0.5 to +0.5 V Temperature 

Operating Temperature,ambient.. ........... -55 to +125 °C 
Input Voltages junction ........................ + 150°C 

Input Common Mode Voltage ................... -4.0 to +5.0 V Lead Temperature, (soldering 60 seconds) ...... +300 °C 
Differential Input Voltage .......................... -3.0 to +3.0 V Storage Temperature .............................. -65 to + 150°C 
Input Voltage, Latch Controls ..................... VEE to 0.5 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical applications. 

ELECTRICAL SPECIFICATIONS 
T A = +25 °e vee = +5.0 V ±.25 v, VEE =-5.20 v, RL = 50 Ohm to -2 V, unless otherwise specified. 

PARAMETERS 

DC CHARACTERISTICS 

Input Offset Voltage 

Input Offset Voltage 

Offset Voltage Tempco 

Input Bias Current 

Input Bias Current 

Input Offset Current 

Input Offset Current 

Positive Supply Current 

Negative Supply Current 

Common Mode Range 

Open Loop Gain 

Differential Input Resistance 

Input Capacitance 

Input Capacitance 

Power Supply Sensitivity 

Common Mode Rejection Ratio 

Power Dissipation 

Power Dissipation 

Output High Level 

Output Low Level 

AC CHARACTERISTICS 

Propagation Delay 

Latch Set-up Time 

Lateh to Output Delay 

Latch Pulse Width 

Latch Hold Time 

Rise Time 

Fall Time 

Slew Rate 

Bandwidth 

TEST 
CONDITIONS 

VIN,CM=O 

VIN,CM=O 

TMIN <TA<TMAX 

TMIN <TA<TMAX 

TMIN <TA<TMAX 

Dual 

Dual 

Cerdip Package 

LCC Package 

Vcmv=-2.5 to +4.0 

Dual, Without Load 

Dual, With Load 

ECL 50 Ohms to -2 V 

ECL 50 Ohms to -2 V 

20mVO.D. 

50 mV O.D. 

20% to 80% 

20% to 80% 

-3dB 

CAUTION: ESD SENSITIVE DEVICE 
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I 
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III 
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V 
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SPT9689A SPT9689B 
MIN TYP MAX MIN TYP MAX UNITS 

-10 ±3.0 10 -25 ±12 25 mV 

-15 ±4.5 15 -30 ±15 30 mV 

10 40 !LV/oC 

±8 ±20 ±8 ±20 !LA 

±12 ±30 ±12 ±30 !LA 

±1.0 ±3.0 ±2.0 ±5.0 !LA 

±2.0 ±5.0 ±4.0 ±7.0 !LA 

18 30 18 35 mA 

40 55 40 60 mA 

-2.5 +4.0 -2.5 +4.0 V 

66 66 dB 

500 500 kn 

2.0 2.0 pF 

0.6 0.6 pF 

70 70 dB 

70 70 dB 

350 425 350 475 mW 

400 550 400 550 mW 

-1.00 -.81 -1.00 -.81 V 

-1.95 -1.54 -1.95 -1.54 V 

650 850 750 950 ps ' 

450 600 450 600 ps 

350 500 350 500 ps 

500 500 ps 

30 30 ps 

180 180 ps 

80 80 ps 

10 10 V/ns 

900 900 MHz 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = Tc = TA. 

TIMING INFORMATION 

II 

III 

IV 

V 

VI 

The timing diagram for the comparator is shown in figure 1. 
The latch enable (LE) pulse is shown at the top. If LE is high 
and LE low in the SPT9689, the comparator tracks the input 
difference voltage. When LE is driven low and LE high, the 
comparator outputs are latched into their existing logic 
states. 

The leading edge of the input signal (which consists of 
10 mV overdrive) changes the comparator output after a 

Figure 1 - Timing Diagram 

LATCH ENABLE -----. 

LATCH ENABLE __ -.J 

NONINVERTED ___ ----j 
INPUT VOLTAGE --- - ----

OUTPUTQ 

OUTPUTQ ____ I-_~ 

100% production tested at the specified temperature. 

100% production tested at TA=25 DC, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 DC. Parameter is 
guaranteed over specified temperature range. 

time of tpdL or tpdH (Q or Q). The input signal must be 
maintained for a time ts (set-up time) before the latch enable 
falling edge and LE rising edge and held for time tH after the 
falling edge for the comparator to accept data. After tH , the 
output ignores the input status until the latch is strobed 
again. A minimum latch pulse width of tpL is needed for 
strobe operation, and the output transitions occur after a time 
of tpLOH or tpLOL. 

Unused outputs must be terminated with 50 ohms to ground 
while unused latch enable pins should be connected directly 
to ground. 

50% 

--- - - - ---- --- - - - VREF ± vos 

__________ 50% 

50% 

V1N+=100 mV (p.p). VOD =10 mV 

The set-up and hold times are a measure of the time required for an input signal to propagate through the 
first stage of the comparator to reach the latching circuitry. Input signals occurring before ts will be detected 
and held; those occurring after tH will not be detected. Changes between ts and tH may not be detected. 

SPr 4755 Forge Road, Co. Springs, CO 80907 
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SWITCHING TERMS (Refer to figure 1) 

tpdH INPUTTO OUTPUT HIGH DELAY - The propagation 
delay measured from the time the input signal crosses 
the reference (± the input offset voltage) to the 50% 
point of an output LOW to HIGH transition 

tpdL INPUT TO OUTPUT LOW DELAY - The propagation 
delay measured from the time the input signal crosses 
the reference (± the input offset voltage) to the 50% 
point of an output HIGH to LOW transition 

tpLOHLATCH ENABLE TO OUTPUT HIGH DELAY - The 
propagation delay measured from the 50% point ofthe 
Latch Enable signal LOW to HIGH transition tb 50% 
point of an output LOW to HIGH transition 

VOD VOLTAGE OVERDRIVE - The difference between the 
input and reference input voltages. 

GENERAL INFORMATION 

The SPT9689 is an ultra high speed dual voltage compara
tor. It offers tight absolute characteristics. The device has 
differential analog inputs and complementary logic outputs 
compatible with ECL systems. The output stage is adequate 
for driving terminated 50 ohm transmission lines. 

The SPT9689 has a complementary latch enable control for 
each comparator. Both can be driven by standard ECL logic. 

The negative common mode voltage is -2.5 V. The 
positive common mode voltage is +4.0 V. 

The dual comparators share the same Vcc and VEE con
nections but have separate grounds for each comparator to 
achieve high crosstalk rejection. 

Figure 2 - Internal Function Diagram 

5-26 
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V EE V c:c GND 

LATCH 

tpLOL LATCH ENABLE TO OUTPUT LOW DELAY - The 
propagation delay measured from the 50% point of the 
Latch Enable signal LOW to HIGH transition to the 
50% point of an output HIGH to LOW transition 

tH MINIMUM HOLD TIME - The minimum time after the 
negative transition of the Latch Enable signal that the 
input signal must remain unchanged in order to be 
acquired and held at the outputs 

tpL 

ts 

MINIMUM LATCH ENABLE PULSE WIDTH - The 
minimum time that the Latch Enable signal must be 
HIGH in order to acquire an input signal change 

MINIMUM SET-UP TIME - The minimum time before 
the negative transition of the Latch Enable signal that 
an input signal change must be present in order to be 
acquired and held at the outputs 

This comparator offers the following improvements over 
existing devices: 

Proprietary design techniques such as precision clamp
ing of the gain stages result in well behaved and stable 
output transient response 
Ultra-fast propagation delay time of 650 ps 
Very low propagation delay skew of less than 100 ps in 
response to input overdrive of +5 to +50 mV 
Excellent input and output rejection between compara
tor channels 

HystereSis can be programmed by using LE and LE 
pins to stabilize the output 
Low offset voltage, temp. coefficient and thermal tails 

All of these combined features produce high performance 
products with timing stability and repeatability for large 
system precision. 

Q 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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TYPICAL PERFORMANCE CHARACTERISTICS 

PROPAGATION DELAY VS OVERDRIVE VOLTAGE 
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TYPICAL INTERFACE CIRCUIT 

The typical interface circuit using the comparator is shown in 
figure 3. Although it needs few external components and is 
easy to apply, there are several conditions that should be 
noted to achieve optimal performance. The very high oper
ating speeds of the comparator require careful layout, de
coupling of supplies, and proper design of transmission 
lines. 

Since the SPT9689 comparator is a very high frequency and 
high gain device, certain layout rules must be followed to 
avoid oscillations. The comparator should be soldered to the 
board with component lead lengths kept as short as pos
sible. A ground plane should be used, while the input 
impedance to the part is kept as low as possible, to decrease 

Figure 3 - SPT9689 Typical Interface Circuit 

NOTES: 

V Denotes ground plane 

rrm Fair-rite bead 
Part # 2643001501 

All resistors are chip type 1 % 

> 
o 

~ 

parasitic feedback. If the output board traces are longer than 
approximately half an inch, microstripline techniques must 
be employed to prevent ringing on the output waveform. 
Also, the microstriplines must be terminated at the far end 
with the characteristic impedance of the line to prevent 
reflections. The SPT9689 is capable of driving 50 ohm 
terminated lines. The termination can be directly tied to -2.0 
V or a Thevenin equivalent terminated to the negative supply 
if a -2.0 V supply is not available. Both supply voltage pins 
should be decoupled with high frequency capacitors as close 
to the device as possible. 

All pins designated N/C should be soldered to ground for 
additional noise immunity and interelectrode shielding. All 
ground pins should be connected to the same ground plane. 

> 
~ 

> 
00 

9 

LE~----------~--------Q 

50 

50 

Ch.4 

·5.2V -2.0V 

o. 1 ~F and 100 pF capacitors are chip type mounted as close to pins as possible 
1 0 ~F tant capacitors have lead lengths < 0.25" long 
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PIN ASSIGNMENTS 

QA Qs 

Q~ aS 
GNDA GNDs 

LEA LEs 

LEA LEs 

VEE Vcc 

-INA -INs 

+INA +INs 

16 LEAD DIP 

N/C OS 

SPI 4755 Forge Road, Co. Springs, CO 80907 
PH.: (719) 528-2300; Fax: (719) 528-2370 

--- -------_. -.-----~-- ---

PIN FUNCTIONS 
NAME FUNCTION 

OA Output A m 
co 

OA Inverted Output A (0 
m 
I-

GNDA Ground A a. 
en 

LEA Latch Enable A 

LEA Inverted Latch Enable A 

VEE Negative Supply Voltage 

-INA Inverting Input A 

+INA Noninverting Input A 

+INs Noninverting Input B 

-INs Inverting Input B 

Vee Positive Supply Voltage 

LEs Latch Enabled B 

LEs Inverted Latch Enable B 

GNDs Ground B 

Os Output B 

Os Inverted Output B 

5-29 
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AND 
SIGNAL PROCESSING 
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SPI'969I 
SIGNAL PROCESSING TECHNOLOGIES WIDE INPUT VOLTAGE, JFET COMPARATOR 

FEATURES 

Common Mode Range -4.0 to +8.0 V 
low Input Bias Current <100 pA 
Propagation Delay 2.5 ns (max) 
300 MHz Minimum Tracking Bandwidth 
low Offset ±25 mV 
low Feedthrough and Crosstalk 
Differential latch Control 

GENERAL DESCRIPTION 

The SPT9691 is a high speed, wide common mode voltage, 
JFET input, dual comparator. It is designed for applications 
that measure critical timing parameters in which wide com
mon mode input voltages of -4.0 to +8.0 V are required. 
Propagation delays are constant for overdrives greater than 
200 mV. 

JFET inputs reduce the input bias currents to the nanoamp 
level, eliminating the need for input drivers and buffers in 

BLOCK DIAGRAM 

SPJ' 

°A 
°A 

GNDA 

LEA 

LEA 

DVEE(A) 

AVEE(A) 

Vee(A) 

-INA 

+INA 

-

-

-

-

-

-

/\ 
!A~ 
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APPLICATIONS 

Automated Test Equipment 
High Speed Instrumentation 
Window Comparators 
High Speed Timing 
Line Receivers 
High Speed Triggers 
Threshold Detection 
Peak Detection 

most applications. The device has differential analog inputs 5 
and complementary logic outputs compatible with ECl sys-
tems. Each comparator has a complementary latch enable 
control that can be driven by standard ECl logic. 

The SPT9691 is available in the commercial temperature 
range in 20-lead lCC (Ieadless chip carrier), PlCC, side
brazed ceramic dip and plastic DIP packages as well as in 
die form. 

r--

r--

/\ r--

LB~ r--

I---

I---

°B 
°B 
GNDB 

LEB 

LEB 

DVEE(8) 

AVEE(8) 

Vee (8) 

-INB 

+INB 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 
Supply Voltages (Measured to GND) Output 

Positive Supply Voltage (AVec) ............. -0.5 to + 11.0 V Output Current ...................................................... 30 mA 
. Negative Supply Voltage (AVEE) ............ -11.0 to +0.5 V 
Negative Supply Voltage (DVEE) ..•..•.•...... -6.0 to +0.5 V Temperature 

Operating Temperature, ambient ................. 0 to +70 °C 
Input Voltages junction ...................... +150 °C 

Input Common Mode Voltage ........ DVEE-1 to +AVee+1 Lead Temperature, (soldering 60 seconds) ....... +300°C 
Differential Input Voltage ...................... -12.0 to +12.0 V Storage Temperature ............................... -65 to +150 °C 
Input Voltage, Latch Controls ................... DVEE to 0.5 V 
VIN to AVec Differential Voltage ................ -16 to +1.0 V 
VIN to AVEE Differential Voltage ............... +4 to +21.0 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. Application of multiple maximum rating conditions at the same time may damage 
the device. 

ELECTRICAL SPECIFICATIONS 

T A = +25 °e, vcc = +10 v, AVEE=-10.0 V, DVEE=-5.2 V, Rl = 50 Ohm to -2V, unless otherwise specified. 

PARAMETERS 

DC ELECTRICAL CHARACTERISTICS 

Input Offset Voltage 

Offset Voltage Tempco 

Input Bias Current 

Input Bias Current 

Input Offset Current 

Input Offset Current 

Positive Supply Current (Dual) 

Negative Supply Current (Dual) 

Negative Supply Current (Dual) 

Common Mode Range 

Differential Voltage Range 

Open loop Gain 

Differential Input Resistance 

Input Capacitance 

Power Supply Sensitivity 

Common Mode Rejection Ratio 

Power Dissipation 

Output High level 

Output low level 

5-32 

TEST 
CONDITIONS 

VIN,CM=O 

TMIN <TA<TMAX 

TMIN <TA<TMAX 

TMIN <TA<TMAX 

Vcc=10V 

V AEE=-1 0.0 V 

VDEE=-5.2 V 

Sidebrazed Package 
lCC Package 
PlCC Package 

PDIP 

TMIN<TA<TMAX 

Dual 

ECl 50 Ohms to -2V 

Eel 50 Ohms to -2V 

I 

IV 

V 

I 

IV 

V 

V 

I 

I 

I 

I 

I 

V 

V 

V 

V 

I 

IV 

I 

I 

I 

MIN TYP MAX UNITS 

-25 0.0 +25 mV 

-25 0.0 +25 mV 

50 flV/oC 

±0.1 ±10 nA 

±2.0 ±100 nA 

±1.0 nA 

±10 nA 

25 33 rnA 

15 20 rnA 

55 70 rnA 

-4.0 +8.0 V 

±10 V 

60 dB 

2 GO 

2.9 pF 
1.0 pF 
1.0 pF 

2.9 pF 

60 dB 

50 60 dB 

45 55 dB 

700 800 mW 

-.98 -.70 V 

-1.95 -1.65 V 

4755 Forge Road, Co. Springs, CO 80907 SPJ' 
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ELECTRICAL SPECIFICATIONS 
T A = +25 'C, Vcc = +10 V, AVEE=-10.0 V, DVEE=-5.2 V, RL = 50 Ohm to -2V, unless otherwise specified. 

TEST 
PARAMETERS CONDITIONS MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS 

Propagation Delay1 150mVO.D. III 1.5 2.0 2.5 ns 

Propagation Delay TEMPCO V 2 ps/oC 

Propagation Delay Skew (A vs B) V 100 ps 

Propagation Delay Dispersion2 150 mV Overdrive Min. V 200 ps 

Latch Set-up Time V 1.7 ns 

Latch to Output Delay 150mVO.D. V 0.8 ns 

Latch Pulse Width V 2 ns 

Latch Hold Time V -1.9 ns 

Rise Time 20% to 80% V 0.4 ns 

Fall Time 20% to 80% V 0.4 ns 

Slew Rate V 3 V/ns 

Bandwidth -3 dB V 300 MHz 

NOTES: 
1Valid for both high-to-Iow and low-to-high transitions 
2Dispersion is the change in propagation delay due to changes in slew rate, overdrive, and common mode level. 

TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

TEST LEVEL 

II 

. III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at TA=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25°C. Parameter is 
guaranteed over specified temperature range. 
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TIMING INFORMATION 

The timing diagram for the comparator is shown in figure 1. 
m If LE is high and LE low in the SPT9691, the comparator 
(0 tracks the input difference voltage. When LE is driven low 
~ and LE high, the comparator outputs are latched into their 
en existing logic states. 

The leading edge of the input signal (which consists of the 
overdrive voltage) changes the comparator output after a 
time of tpdL or tp'dH (0 or Q). The input signal must be 
maintained for a time ts (set-up time) before the LE falling 

Figure 1 - Timing Diagram 

edge and LE rising edge and held for time tH after the falling 
edge for the comparator to accept data. After tH , the output 
ignores the input status until the latch is strobed again. A 
minimum latch pulse width of tpL is needed for strobe opera
tion, and the output transitions occur after a time of tpLOH or 
tpLOL' 

Unused outputs must be terminated with 50 ohms to ground 
while unused LE pins should be connected directly. to 
ground. 

Latch Enable -----,Ir--------.I 
, ....... _._,~.~u ...... _.. 50% .-::w::o==:;:: ...........•....•.....•.. -. 

Latch Enable ___ ~_..JI'-_____ ----'I 

-~ 
Differential 

Input Voltage 

ts 

Output Q ___ ---+_---, tpdl 

50% 

.~_+_~_v_~---.----

Output Q -----+-----'1 
I>LOL 

The set-up and hold times are a measure of the time required for an input signal to propagate through the 
first stage of the comparator to reach the latching circuitry. Input signals occurring before ts will be detected 
and held; those occurring after tH will not be detected. Changes between t8 and tH may not be detected. 

SWITCHING TERMS (Refer to figure 1) 

INPUT TO OUTPUT HIGH DELAY - The propagation 
delay measured from the time the input Signal crosses 
the reference voltage (± the input offset voltage) to the 
50% point of an output LOW to HIGH transition. 

INPUT TO OUTPUT LOW DELAY - The propagation 
delay measured from the time the input signal crosses 
the reference voltage (± the input offset voltage) to the 
50% point of an output HIGH to LOW transition. 

tpLOH LATCH ENABLE TO OUTPUT HIGH DELAY - The 
propagation delay measured from the 50% point of the 
Latch Enable signal LOW to HIGH transition to 50% 
point of an output LOW to HIGH transition. 

tpLOL LATCH ENABLE TO OUTPUT LOW DELAY - The 
propagation delay measured from the 50% point of the 
Latch Enable signal LOW to H IG H transition to the 50% 
point of an output HIGH to LOW transition. 

5-34 

MINIMUM HOLD TIME - The minimum time after the 
negative transition of the Latch Enable signal that the 
input signal must remain unchanged in order to be 
acquired and held at the outputs. 

MINIMUM LATCH ENABLE PULSE WIDTH - The 
minimum time that the Latch Enable signal must be 
HIGH in order to acquire an input signal change. 

MINIMUM SET-UP TIME - The minimum time before 
the negative transition of the Latch Enable signal that 
an input signal change must be present in order to be 
acquired and held at the outputs. 

Voo VOLTAGE OVERDRIVE - The difference between the 
input and reference input voltages. 

4755 Forge Road, Co. Springs, CO 80907 SPJ' 
PH: (719) 528-2300; Fax: (719) 528-2370 
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INPUT BIAS CURRENT VS COMMON MODE VOLTAGE 
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GENERAL INFORMATION 

The SPT9691 is an ultra high speed dual voltage compara
tor. It offers tight absolute characteristics. The device has 
differential analog inputs and complementary logic outputs 
compatible with ECl systems. The output stage is adequate 
for driving terminated 50 ohm transmission lines. 

The SPT9691 has a complementary latch enable control for 
each comparator. Both can be driven by standard ECl logiC. 

A common mode voltage rang~ of -4 V to +8 V is achieved by 
a proprietary JFET input design which requires a separate 
negative power supply (AVEE). 

The dual comparators have separate Vee, AVEE, DVEE, and 
grounds for each comparator to achieve high crosstalk 
rejection. Single channel operation can be accomplished by 

Figure 2 - Internal Function Diagram 

+IN 

lATCH 

·IN 

AV EE DV EE vee GND 
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floating all pins (including the ground and supply pins) of the 
unused comparator. Power dissipation during single mode 
operation will be reduced to 1/2 of the dual mode operation. 

This comparator offers the following improvements over exist
ing devices: 

Ultra low input bias current and input current offset 
Common mode voltage of -4 to +8 V 
Short propagation delays 
Excellent input and output rejection between comparator 
channels 
Improved input protection reliability due to JFET input 
stage design 

All of these combined features produce high performance 
products with timing stability and repeatability for large sys
tem preCision. 

Q 

Q 
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TYPICAL INTERFACE CIRCUIT 

The typical interface circuit using the comparator is shown in 
figure 3. Although it needs few external components and is 
easy to apply, there are several conditions that should be 
noted to achieve optimal performance. The very high operat
ing speeds of the comparator require careful layout, decou
piing of supplies, and proper design of transmission lines. 

Since the SPT9691 comparator is a very high frequency and 
high gain device, certain layout rules must be followed to 
avoid oscillations. The comparator should be soldered to the 
board with component lead lengths kept as short as possible. 
A ground plane should be used, while the input impedance to 
the part is kept as low as possible, to decrease parasitic 
feedback. If the output board traces are longer than approxi
mately half an inch, microstripline techniques must be em
ployed to prevent ringing on the output waveform. Also, the 
microstriplines must be terminated at the far end with the 
characteristic impedance of the line to prevent reflections. 
The SPT9691 is capable of driving 50 ohm terminated lines. 
The termination can be directly tied to -2.0 V or a Thevenin 
equivalent terminated to the negative supply if a -2.0 V supply 
is not available. All supply voltage pins should be decoupled 
with high frequency capacitors as close to the device as 
possible. 

Figure 3 - SPT9691 Typical Interface Circuit 
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Diode 01 connected between Vee and GNO is recom
mended to prevent possible damage to the device in case 
the Vee supply is disconnected. The diode should be a 
1 N914 or equivalerlt. If Vee is disconnected with this diode 0; 
in place, there will be approximately a 6 mA current draw ~ 
from both AVEE and OVEE. Diode 02 connected between !i: 
AVEE and OVEE is necessary to avoid power supply se- C/) 

quence latCh-Up. This diode keeps AVEE (also the substrate) 
less than a silicon diode drop away from the most negative 
circuit potential if OVEE is powered up first. This diode should 
be a 1 N5817 (Schottky) or equivalent. 

Note: At no time should both inputs be allowed to float with 
power applied to the device. At least one of the inputs should 
be tied to a voltage within the common mode range (-4.0 to 
+8.0 V) to prevent possible damage to the device. To prevent 
possible latch-up during initial power up, the input voltages 
should not exceed ±1 V. Additional protection diodes 03-06 
should be used on the inputs if there is the possibility of 
exceeding the absolute maximum ratings of the inputs with 
respectto AV cc and OV EE (1 N914 or equivalent). NOTE: For 5 
ease of implementation, all diodes (01 - 06) can be 1 N5817 
(Schottky) or equivalent. 

All ground pins should be connected to the same ground 
plane to further improve noise immunity and shielding. 
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PIN ASSIGNMENTS 

Oi 
<0 as Ol 
I-
0... GNDA GNDs en 

LEs 

LEA 20 LEAD LEs 
DIP/PDIP 

DVEE(A) DVEE(B) 

AVEE(A) 7 AVEE(B) 
Vcc(A) 

Vee (B) 

-INA -INs 

+INs 

lEB 
TOP VIEW 

20 CONTACT DVEE(8) 
CERAMIC lCC/PlCC 

DVEE(A) 7 AVEE(8) 

Vcc(s) 

Vcc(A) -INA +INA +INB -INB 
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PIN FUNCTIONS 
NAME FUNCTION 

QA Output A 

QA Inverted Output A 

GNDA Ground A 

LEA Inverted Latch Enable A 

LEA Latch Enable A 

Vcc(A) Positive Supply Voltage (+10 V) 

AVEE(A) Negative Supply Voltage (-10 V) 

DVEE(A) Negative Supply Voltage (-5.2 V) 

Vcc(B) Positive Supply Voltage (+10 V) 

AVEE(B) Negative Supply Voltage (-10 V) 

DVEE(B) Negative Supply Voltage (-5.2 V) 

-INA Inverting Input A 

+INA Noninverting Input A 

+INs Noninverting Input B 

-INs Inverting Input B 

LEs Inverted Latch Enabled B 

LEB Latch Enable B 

GNDs Ground B 

OS Inverted Output B 

Qs Output B 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 
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SPI'9693 ~SPT 
SIGNAL PROCESSING TECHNOLOGIES WIDE INPUT VOLTAGE, JFET COMPARATOR 

FEATURES 

Common Mode Range -3.0 to +8.0 V 
low Input Bias Current <100 pA 

• Propagation Delay 1.5 ns (max) 
low Offset ±25 mV 
low Feedthrough and Crosstalk 
Differential latch Control 

GENERAL DESCRIPTION 

The SPT9693 is a high speed, wide common mode voltage, 
JFET input, dual comparator. It is designed for applications 
that measure critical timing parameters in which wide com
mon mode input voltages of -3.0 to +8.0 V are required. 
Propagation delays are constant for overdrives greater than 
50mV. 

JFET inputs reduce the input bias currents to the nanoamp 
level, eliminating the need for input drivers and buffers in 

BLOCK DIAGRAM 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

APPLICATIONS 

Automated Test Equipment 
High Speed Instrumentation 
Window Comparators 
High Speed Timing 
Line Receivers 
High Speed Triggers 
Threshold Detection 
Peak Detection 

most applications. The device has differential analog inputs n 
and complementary logic outputs compatible with ECl sys- iii 
tems. Each comparator has a complementary latch enable 
control that can be driven by standard ECl logic. 

The SPT9693 is available in the commercial temperature 
range in 20-lead lCC (Ieadless chip carrier), PlCC, and 
sidebrazed ceramic dip packages as well as in die form. 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Supply Voltages (Measured to GND) Output 
Positive Supply Voltage (AVcc) .............. -0.5 to +11.0 V Output Current ...................................................... 30 mA 
Negative Supply Voltage (AVEE) ............ -11.0 to +0.5 V 

Temperature 
Input Voltages Operating Temperature, ambient ................. 0 to +70 °C 
Input Common Mode Voltage ................. -6 to +AV cc+ 1 junction ....................... +150 °C 
Differential Input Voltage ...................... -12.0 to +12.0 V Lead Temperature, (soldering 60 seconds) ....... +300 °C 
Input Voltage, Latch Controls ........................ -6 to 0.5 V Storage Temperature ............................... -65 to +150 °C 
VIN to AVcc Differential Voltage ................ -16 to +1.0 V 
VIN to AVEE Differential Voltage ............... +4 to +21.0 V 

Note: 1. Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. Application of multiple maximum rating conditions at the same time may damage 
the device. 

ELECTRICAL SPECIFICATIONS 

T A = +25 °C, vee = +10 V, AVEE=-10.0 V, RL = 50 Ohm to -2V, unless otherwise specified. 

PARAMETERS 

DC CHARACTERISTICS 

Input Offset Voltage 

Offset Voltage Tempeo 

Input Bias Current 

Input Bias Current 

Input Offset Current 

Input Offset Current 

Positive Supply Current (Dual) 

Negative Supply Current (Dual) 

Common Mode Range 

Differential Voltage Range 

Open Loop Gain 

Differential Input Resistance 

Input Capacitance 

Power Supply Sensitivity 
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TEST 
CONDITIONS 

VIN (Common Mode) = 0 

T MIN < TA<T MAX 

TMIN< TA<TMAX 

V1N(Common Mode) =-3 to +7 V 

TMIN<TA<TMAX 

V1N(Common Mode) =+7 to +8 V 

TMIN<TA<TMAX 

Vcc=10V 

AVEE=-10.0 V 

LCC Package 

PLCC Package 

Sidebrazed DIP 

I 

IV 

V 

I 

I 

V 

V 

I 

I 

I 

I 

V 

V 

V 

MIN TYP MAX UNITS 

-25 0.0 +25 mV 

-25 0.0 +25 mV 

50 llV/oC 

±10 ±100 nA 

±50 ±150 nA 

±1.0 nA 

±10 nA 

3 6 mA 

40 55 mA 

-3.0 +8.0 V 

±10 V 

52 dB 

2 Gil 

1.0 pF 

1.0 pF 

2.9 pF 

60 dB 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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ELECTRICAL SPECIFICATIONS 

T A = +25 'C, VCC = +10 V, AVEE=-10.0 V, RL = 50 Ohm to -2V, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 
Common Mode Rejection Ratio I 50 60' dB 

TMIN<TA<TMAX IV 45 55 dB 

Power Dissipation Dual I 430 610 mW 

Output High Level ECL 50 Ohms to -2V I -.98 -.70 V 

Output Low Level ECL 50 Ohms to -2V I -1.95 -1.65 V 

AC ELECTRICAL PARAMETERS 

Propagation Delayl 50 mVO.D. III .75 1.25 1.50 ns 

Slew.10V/ns 

Propagation Delay TEMPCO V 2 ps/oC 

Propagation Delay Skew (A vs B) V 100 ps 

Delay Dispersion from V 50 ps 

Input Direction 

Delay Dispersion from V 60 ps 

Input Common Mode 

Latch Set-up Time V 500 ps 

Latch to Output Delay 50 mVO.D. V 500 ps 

Latch Pulse Width V 500 ps 

Latch Hold Time V 0 ps 

Rise Time 20% to 80% V 0.45 ns 

Fall Time 20% to 80% V 0.45 ns 

Slew Rate V 5 V/ns 

NOTES: 

1Valid for both high-to-Iow and low-to-high transitions 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = TC = TA. 

I 

II 

III 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 °C. Parameter is 
guaranteed over specified temperature range. 
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TYPICAL PERFORMANCE CURVES 
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GENERAL INFORMATION 

The SPT9693 is an ultra high speed dual voltage compara
('/) tor. It offers tight absolute characteristics. The device has 
ffi differential analog inputs and complementary logic outputs 
~ compatible with ECL systems. The output stage is adequate 
g, for driving terminated 50 ohm transmission lines. 

The SPT9693 has a complementary latch enable control for 
each comparator. Both can be driven by standard ECL logic. 

A common mode voltage range of -3 V to +B V is achieved by 
a proprietary JFET input design which requires a separate 
negative power supply (AVEE). 

The dual comparators have separate Vee, AVEE, and 
grounds for each comparator to achieve high crosstalk 
rejection. 

Figure 1 - Internal Function Diagram 

+IN 

LATCH 

-IN 
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This comparator offers the following improvements over exist
ing devices: 

Ultra low input bias current and input current offset 

• Common mode voltage of -3 to +B V 

Short propagation delays 

• 

Excellent input and output rejection between comparator 
channels 

Improved input protection reliability due to JFET input 
stage design ' 

All of these combined features produce high performance 
products with timing stability and repeatability for large sys
tem precision. 

Q 

Q 

4755 Forge Road, Co. Springs, CO B0907 SP'I 
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TYPICAL INTERFACE CIRCUIT 

The typical interface circuit using the comparator is shown in 
figure 2. Although it needs few external components and is 
easy to apply, there are several conditions that should be 
noted to achieve optimal performance. The very high operat
ing speeds of the comparator require careful layout, decou
piing of supplies, and proper design of transmission lines. 

Since the SPT9693 comparator is a very high frequency and 
high gain device, certain layout rules must be followed to 
avoid oscillations. The comparator should be soldered to the 
board with component lead lengths kept as short as possible. 
A ground plane should be used, while the input impedance to 
the part is kept as low as possible, to decrease parasitic 

Figure 2 - SPT9693 Typical Interface Circuit 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2310 

feedback. If the output board traces are longer than approxi
mately half an inch, microstripline techniques must be em
ployed to prevent ringing on the output waveform. Also, the 
microstriplines must be terminated at the far end with the ~ 
characteristic impedance of the line to prevent reflections. CD 

The SPT9693 is capable of driving 50 ohm terminated lines. ~ 
The termination can be directly tied to -2.0 V or a Thevenin (/) 
equivalentterminated to the negative supply if a -2.0 V supply 
is not available. All supply voltage pins should be decoupled 
with high frequency capacitors as close to the device as 
possible. 

All ground pins should be connected to the same ground 
plane to further improve noise immunity and shielding. 

-2 V 

D1 = 1N5231Bor 1N751 or equivalent. 
D2 = 1 N914 or equivalent. . 
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TIMING INFORMATION 

The timing diagram for the comparator is shown in figure 3. 
If LE is high' and LE low in the SPT9693,the comparator 
tracks the input difference voltage. When LE is driven low 
and LE high, the comparator outputs are latched into their 
existing logic states. 

The leading edge of the input signal (which consists of the 
overdrive voltage) changes the comparator output after a 
time of tpdL or tpdH (Q or 0). The input signal must be 

Figure 3 - Timing Diagram 

maintained for a time ts (set-up time) before t,he LEfalling 
edge and LE rising edge and held for time tH after the falling 
edge for the comparator to accept data. After tH , the output 
ignores the input status until the latch is strobed again. A 
minimum latch pulse width of tpL is needed for strobe opera
tion, and the output transitions occur after a time of tpLOH or 
tpLOL. 

Unused outputs must be terminated with 50 ohms to 
ground while unused LE pins should be connected directly to 
ground. 

Latch Enable -------.�~-----__ I/~Ir_-----
50% 

LaochEnable _____ -JI~~----~I'7.7I~----~ 
tH tpL 

..... +-
Is 

Differential ___ ~I 
Input Voltage 

Output Q ----i-..;:.-~I 

---------- 50% 

__________ 50% 

Output a ----i--.....Jj 
~ tpLDL 

The set-up and hold times are a measure of the time required for an input signal to propagate through the 
firststage of the comparator to reach the latching circuitry. Input signals occurring before ts will be detected 
and held; those occurring after tH will not be detected. Changes between ts and tH may not be detected. 

SWITCHING TERMS (Refer to figure 3) 

tpdH 

tpdL 

INPUTTO OUTPUT HIGH DELAY - The propagation 
delay measured from the time the input Signal reaches 
the input overdrive voltage to the 50% pbint of an 
output LOW to HIGH transition. 

INPUT TO OUTPUT LOW DELAY - The propagation 
delay measured from the time the input signal reaches 
the input overdrive voltage to the 50% point of an 
output HIGH to LOW transition. 

tpL 

MINIMUM HOLD TIME - The minimum time after the 
negative transition of the Latch Enable signal that the 
input signal must remain unchanged in order to be 
acquired and held at the outputs. ' 

MINIMUM LATCH ENABLE PULSE WIDTH - The 
minimum time that the Latch Enable signal must be 
HIGH in order to acquire an input Signal change. 

tpLOH LATCH ENABLE TO OUTPUT HIGH DELAY - The ts MINIMUM SET-UP TIME - The minimum time before 
the negative transition of the Latch Enable signal that ' 
an input signal change must be present in order to be 
acquired and held at the outputs. 

propagation delay measured from the 50% point of the 
Latch Enable signal LOW to HIGH transition to 50% 
point of an output LOW to HIGH transition. 

tpLOL LATCH ENABLE TO OUTPUT LOW DELAY - The 
propagation delay measured from the 50% point of the 
Latch Enable signal LOW to HIGH transition to the 50% 
point of an output HIGH to LOW transition. 
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VOD VOLTAGE OVERDRIVE - The difference between the 
input and reference input voltages. 
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PINASSIGNMENTS 

.Pr 

TOP VIEW 

20 LEAD DIP 

Vcc(A) -INA +INA +INe -INe 

LEB 

NC 

AVee(B) 

Vee (B) 

LEe 

LEe 

N/C 

AVee(B) 

Vec(8) 

20 CONTACT CERAMIC LCC/PLCC 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528·2370 

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

PIN FUNCTIONS 

NAME FUNCTION 

QA Output A ('I) 
OJ 

QA Inverted Output A <0 

~ 
GNDA Ground A 0-

f/) 

ITA Inverted Latch Enable A 

LEA Latch Enable A 

Vec(A) Positive Supply Voltage (+10 V) 

AVEE(A) Negative Supply Voltage (-10 V) 

Vec(B) Positive Supply Voltage (+10 V) 

AVEE(B) Negative Supply Voltage (-10 V) 

-INA Inyerting Input A 

+INA Noninverting Input A 

+INs Noninverting Input B 

-INs Inverting Input B 

LEs Inverted Latch Enabled B 

LEs Latch Enable B 

GNDs Ground B 

Qs Inverted Output B 

Qs Output B 

N/C Not Connected 

5-49 



5-50 

~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONYERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528·2300; Fax: (719) 528-2370 

GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION '1 
ANALOG·TO·DIGITAL CONVERTERS Ii 
DIGITAL·TO·ANALOG CONVERTERS 

COMPARATORS if 1 

SAMPLE·AND·HOLD AMPLIFIERS E 
EVALUATION BOARDS E 
APPLICATION NOTES Ii 

QUALITY ASSURANCE Q 
PACKAGE OUTLINES Q 

SALES OFFICES P 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 300 MHz Driver Operation 
• Driver Inhibit Function 
• 100 ps Edge Matching 
• Guaranteed Industry Specifications 

50 Q Output Impedance 
3 V/ns Slew Rate 
Variable Output Voltages for ECl, TTL, and CMOS 

GENERAL DESCRIPTION 
The SPT9500 is a complete, high-speed pin driver designed 
for use in digital or mixed signal test systems. Itfeatures unity 
gain programmable output levels of -3 V to + 10 V with output 
swing capability of less than 200 mV to 8 V. The SPT9500 is 
designed to stimulate ECl, TTL and CMOS logic families. 
The 300 MHz data rate capacity and matched output imped
ance allow for real-time stimulation of these digital logic 
families. To test 1/0 devices, the pin driver can be switched 
into a high impedance state (inhibit mode) electrically remov
ing the driver from the path through the inhibit mode feature. 
The pin driver leakage current in inhibit mode is typically 
100~, and output capacitance is 5 pF (typ). 

BLOCK DIAGRAM 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPI'95 0 0 
HIGH-SPEED PIN DRIVER 

ADVANCED INFORMATION 

APPLICATIONS 

• Automated Test Equipment 
Semiconductor Test Systems 
Board Test Systems 

• Instrumentation and Characterization Equipment 

The SPT9500 transition from Hi/lo or to inhibit is controlled 
through the data and inhibit inputs. The input circuitry is 
implemented using high-speed differential inputs with a 
common mode range of 5 volts. This allows for direct 
interface to the precision of differential ECl timing or the 
simplicity of stimulating the pin driver from a single ended 
TTL or CMOS logiC source. The analog logic Hi/lo inputs are 
equally easy to interface. The SPT9500 typically requires 
50 ~ of reference bias current. 

The SPT9500 is available in a 28-lead PlCC package over 
the commercial temperature range of 0 to +70 °C. 

VOUT 
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ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)1 25°C 

Power Supply Voltage Driver Output 
Vee to Gnd ............................................................ +13 V Voltage ........................................ Vee - 16 V, VEE + 15 V 
VEE to Gnd ............................................................... -7 V Short Circuit to GND ......................................... Indefinite 
Difference from Vee to VEE ........................................... +19 V 

Temperature Ranges 
Inputs Operating ....................................................... 0 to +70 °C 

Difference from 0 to 5 ............................................ TBD Storage Temperature ............................... -65 to +125 °C 

Difference from INH to INA ..................................... TBD Lead Temperature, (soldering 20 seconds) ....... +300 °C 

0,5, INH, INA ... , .................................................... TBD 
VH tOVL ...................................................................... -1V,+11V 
VH, VL ................................................... Vee -16 V, VEE + 15 V 

Note 1: Operation at any Absolute Maximum Rating is not implied. See Electrical Specifications for proper nominal applied 
conditions in typical applications. Application of multiple maximum rating conditions at the same time may damage the device. 

ELECTRICAL SPECIFICATIONS 

T A = +25 oe, vcc = +12 V, VEE=-6.0 V, Output Load = 2 pF, unless otherwise specified. 

PARAMETERS 

DC CHARACTERISTICS 
Differential Input Characteristics 

o to 5, INH to INA 
Input Voltage, Any Input 
Diffentiallnput Range 
Bias Current 

Reference Inputs 
VHIGH Range (VH) 
VLOW Range (VL) 

Bias Currents 
Output Characteristics 

logic High Range 
logic low Range 
Amplitude (VH - VJ 
Accuracy 

Initial Offset 
Gain Error 

Current Drive 
Static 
Dynamic 
Current Limit 

Output Resistance 
leakage Current in Inhibit Mode 

-3 Vto +10 V 

AC CHARACTERISTICS 
Dynamic Performance 

Driver Mode 
Delay Time 
Prop Delay TC 

Delay Time Matching Edge to Edge 
Rise and Fall Times 

1 V Swing 
3V Swing 
5VSwing 
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TEST 
CONDITIONS 

20 to 80% 
20 to 80% 
201080% 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

I 
IV 
V 
I 

I 

III 
V 
V 

III 
III 
III 

MIN TYP MAX UNITS 

TBD ECl TBD V 
0.4 ECl 3.0 V 

TBD +50 TBD ItA 

-3.0 +8.0 V 
-3.0 +8.0 V 

TBD ±50 TBD ItA 

-3.0 +8.0 V 
-3.0 +8.0 V 
0.1 +10.0 V 

TBD 50 TBD mV 
TBD -1.0 TBD %ofVSET 

-35 +35 rnA 
-100 +100 rnA 

40 rnA 
48 50 52 Q 

-1 +1 ItA 

TBD 1.2 TBD ns 
2 psf'C 

0 70 TBD ps 

1.0 ns 
1.2 1.0 ns 
2.0 ns 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
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ELECTRICAL SPECIFICATIONS 

T A = +25 °e, Vee = +12 V, VEE=-5.2 V, Output Load = 2 pF, unless otherwise specified. 

PARAMETERS 

AC CHARACTERISTICS 
Dynamic Performance 

Toggle Rate 
Minimum Pulse Width, VOUT = 3 V 
Overshoot, Undershoot, Preshoot 
Settling Time 
Delay Time versus PW 
Input Mode Delay Time RL = 50 n 

Drive-to-Inhibit 
Inhibit-to-Drive 
Output Capacitance 

Power Supplies 
V cc to VEE Range 
Supply Range 

Positive Supply 
Negative Supply 

Current 
Positive Supply 
Negative Supply 
Power Dissipation 

TEST 
CONDITIONS 

ECLOutput IV 
IV 
IV 
IV 
V 

III 
III 
IV 

I 

I 
I 

I 
I 
I 

MIN TYP MAX UNITS 

300 MHz 
1.5 TBD ns 

-(3% Vo)-50 +(3% Vo)+50 mV 
TBD ns 

70 TBD ps 

2 ns 
2 ns 
5 pF 

18.0 18.2 V 

+12.0 V 
-6.0 V 

TBD TBD mA 
TBD TBD mA 

1.2 W 

TEST LEVEL CODES TEST LEVEL TEST PROCEDURE 

All electrical characteristics are subject to the 
following conditions: 

All parameters having minimax specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T e = T A-

PIN ASSIGNMENTS 
TBD 

1/ 

1/1 

IV 

V 

VI 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

100% production tested at the specified temperature. 

100% production tested at T A=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T A = 25 cC. Parameter is 
guaranteed over specified temperature range. 

PIN FUNCTIONS 
NAME FUNCTION 
GND Circuit Ground 

VOUT Driver Output 

CI+ Positive Decouple 
CI_ Negative Decouple 
VL Voltage Logic Low 
VH Voltage Logic High 

D Driver I np..rt 
D Driver Input 

INA Inhibit Input 

VEE Negative Supply 

Vee Positive Supply 

6-5 

o 
o 
to 

~ en 



6-6 

@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONYERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 S'''''' 
PH: (719) 528-2300; Fax: (719) 528-2370 r. 



SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION 

ANALOG-TO-DIGITAL CONVERTERS 

DIGITAL-TO-ANALOG CONVERTERS 

COMPARATORS 

PIN DRIVERS 

EVALUATION BOARDS 

APPLICATION NOTES 

QUALITY ASSURANCE 

PACKAGE OUTLINES 

SALES OFFICES 

II 

'1 
Ii 

If 

E 
E 

P 
P 
11 
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@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• Second Source of AD9101 
• 350 MHz Sampling Bandwidth 
• 125 MHz Sampling Rate 
• Excellent Hold Mode Distortion 

-75 dB at 50 MSPS (25 MHz VIN) 
-66 dB at 100 MSPS (50 MHz VIN) 

• 7 ns Acquisition Time to 0.1% 
• <1 ps Aperture Jitter 
• 66 dB Feedthrough Rejection at 50 MHz 
• low Spectral Noise Density 

GENERAL DESCRIPTION 

The SPT9101 is a high speed track-and-hold amplifier de
signed for a wide range of use. The SPT 9101 is capable of 
sampling at speeds up to 125 MSPS with resolutions ranging 
from 8 to 12 bits. Trim programmable internal hold and 
compensation capacitors provide for optimized input band
width and slew rate versus noise performance. 

BLOCK DIAGRAM 

SPJ' 

ClK NClK 

4755 ForgeRoad, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

R 

SPI'9101 
125 MSPS SAMPLING AMPLIFIER 

ADVANCED INFORMATION 

APPLICATIONS 

• Test Instrumentation Equipment 
• RF Demodulation Systems 
• High Performance CCD Capture 
• Digital Sampling Oscilloscopes 
• Commercial and Military Radar 
• High Speed DAC Deglitching 

The performance of this device makes it an excellent front 
end driver for a wide range of ADCs on the market today. 
Significant improvements in dynamic performance can be 
achieved by using this device ahead of virtually all ADCs that 
do not have an internal track-and-hold. 

The SPT9101 is offered in a 20l SOIC package and a 20l 
lCC package in the industrial temperature range. Contact ~ 
the factory for military and /833 package options. .. 

3R 

RTN 
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ABSOLUTE MAXIMUM RATING (Beyond which damage may occur)1 

Supply Voltages Output Currents 
(; Supply Voltage (+Vs) ................................ -0.5 V to +6 V Continuous Output Current .................................. 70 mA 
~ Supply Voltage (-Vs) ................................. -6 V to +0.5 V 
a. AID Ground Voltage Differential ............................. 0.5 V Temperature en Operating Temperature ............................. -25 to + 85°C 

Input Voltages Junction Temperature ........................................ + 150·C 
Analog Input Voltage ................................................ ±5 V lead, Soldering (10 seconds) ............................ + 220°C 
ClK, NClK Input.. ...................................... -5 V to +0.5 V Storage .................................................... -65 to + 150°C 

Note 1: Operation at any Absolute Maximum Ratings is not implied. See Electrical Specifications for proper nominal 
applied conditions in typical application. 

ELECTRICAL SPECIFICATIONS 

TA=TMIN-TMAX Vcc=+50V VEE=-52V V,N=±1 OV VRB=-1 OV VRT=+1 OV fclock=100MHz 50% clock duty cycle, unless otherwise specified. 

TEST TEST 
PARAMETERS CONDITIONS LEVEL 
DC Performance 

Gain tNIN = 0.5 V +25°C 
Full Temp. 

Offset AVIN = 0 V +25°C 
Full Temp. 

Output Resistance +25°C 
Output Drive Capacity Full Temp. 

PSRR AVs = 0.5 V pop +25°C 
Pedestal Sensitivity to Pos. Supply 

AVs = 0.5 V pop Full Temp. 
Pedestal Sensitivity to Neg. Supply 

AVs = 0.5 V POp Full Temp. 

Analog Input/Output 

Output Voltage Range Full Temp. 
Input Bias Current +25°C 
Input Capacitance +25°C 
Input Resistance +25 °C to T MAX 

TMIN 

Clock Inputs 
Input Bias Current +25°C 
Input Low Voltage 

AVs = 0.5 V pop Full Temp. 
Input High Voltage 

AVs = 0.5 V pop Full Temp. 

Track Mode Dynamics 
Bandwidth (-3 dB) Vout", 1.0 V pop Full Temp. 
Slew Rate 4 V Output Step Full Temp. 
Overdrive Recovery Time1 ToO.1% 
Integrated Output Noise BW = 5 to 200 MHz 
Input RMS Spectral Noise 10 MHz 

7-4 

MIN TYP MAX UNITS 

3.93 4.0 4.07 VN 
3.9 4.1 VN 

f3 ±10 mV 

±15 mV 

0.4 G 
cWO ±70 mA 

37 43 dB 
4 mVN 

8 mVN 

±2.4 ±2.7 V 

·50 ~A 

2 pF 

30 125 kG 
25 kg 

25 ~ 
-1.8 -1.5 V 

-1.0 -0.8 V 

160 250 MHz 

1300 1800 V/~s 
55 ns 

270 ~V 
4.3 n'Vv'Hi 

4755 Forge Road, Co. Springs, CO 80907 SPJ' 
PH: (719) 528·2300; Fax: (719) 526·2370 



ELECTRICAL SPECIFICATIONS 

TA= T m;n - T max, Vcc=+S.O v, VEE=-S.2 v, V'N=+1.0 v, VRs=-1.0 v, VRT=+1.0 v, Ic10Ck=100 MHz, SO% clock duty cycle, unless otherwise specified. -

TEST TEST 
PARAMETERS CONDITIONS LEVEL MIN TYP MAX UNITS 

Hold Mode Dynamics 
Worst Harmonic 23 MHz, 50 MSPS -75 dBFS 

VOut=2Vp-p +25°C 
Worst Harmonic 48 MHz, 100 MSPS -66 -60 dBFS 

VOut = 2 V pop +25°C 
Worst Harmonic 48 MHz, 100 MSPS -57 dBFS 

VOut =2 V pop Full Temp. 
Worst Harmonic 48 MHz, 125 MSPS -60 dBFS 

VOut =2 V pop +25°C 
Sampling Bandwidth2 -3 dB, +25'C 350 MHz 

VIN = 0.5 V pop 
Hold Noise3 (RMS) +25°C 450 x tH mV/s 

Full Temp. 
Droop Rate (RMS) +25°C ±20 mV/~s 

At 50 MHz and 4 V pop Full Temp. 

Feedthrough Rejection (50 MHz) -66 dB 
Vout= 2 V pop Full Temp. 

Track-and-Hold Switching 

Aperture Delay +25 DC -250 ps 

Aperture Jitter +25 DC <1 ps rms 

Pedestal Offset +25 DC ±10 mV 
Transient Amplitude VIN =0 V 16 mV 

Full Temp. 
Settling Time to 3 mV Full Temp. 4 ns 
Glitch Product4 +25 DC 40 pV-s 

VIN = 0 V 

Hold-to-Track Switching 

Acquisition Time to 0.1 % +25 DC 7 ns 
2 V Output Step 

Acquisition Time to 0.01% +25 DC 11 14 ns 
2 V Output Step Full Temp. 16 ns 

Power Supply 

+Vs Current Full Temp. 52 70 mA 
-Vs Current Full Temp. 58 72 mA 

Power Dissipation Full Temp. 550 710 mW 

1 Time to recover within rated error band from 160% overdrive. 
2Sampling bandwidth is defined as the -3 dB frequency response of the input sampler to the hold capacitor when operating in the 
sampling mode. It is greater than tracking bandwidth because it does not include the bandwidth of the output amplifier. 

3Hold 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 3 ~V (150 mVis x 20 ns). This value must be combined with the track mode noise to obtain total noise. 

4Total energy of worst case track-to-hold or hold-to-track glitch. 

SP'I 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 7-5 



TEST LEVEL CODES 

All electrical characteristics are subject to the 
following conditions: 

All parameters having min/max specifications 
are guaranteed. The Test Level column indi
cates the specific device testing actually per
formed during production and Quality Assur
ance inspection. Any blank section in the data 
column indicates that the specification is not 
tested at the specified condition. 

Unless otherwise noted, all tests are pulsed 
tests; therefore, TJ = T c = T •. 

Figure 1 - Timing Diagram 

Input 

ClK 

NClK 

TEST LEVEL 

II 

III 
IV 

v 

VI 

ACqUisition., 

Time I 

TIMING SPECIFICATION DEFINITIONS 

ACQUISITION TIME 

This is the time it takes the SPT9101 to acquire the analog 
signal when it makes a transition from hold mode to track 
mode. It is measured from the 50% input clock transition point 
to the point when the signal is within a specified error band at 
the hold capacitor. 

TRACK-TO-HOLD SETTLING TIME 

The time required for the output to settle to within 4 mV of its 
final value. 

7-6 

TEST PROCEDURE 

100% production tested at the specified temperature. 

100% production tested at T.=25 °C, and sample 
tested at the specified temperatures. 

QA sample tested only at the specified temperatures. 

Parameter is guaranteed (but not tested) by design 
and characterization data. 

Parameter is a typical value for information purposes 
only. 

100% production tested at T. = 25°C. Parameter is 
guaranteed over specified temperature range. 

Aperature 
Delay 

~--?~ Track-to-Hold 
Settling 

APERTURE DELAY 

The aperture delay time is the interval between the leading 
edge transition of the clock input and the instant when the 
input signal was equal to the held value. It is the difference 
in time between the digital hold switch delay and the analog 
signal propagation time. Because the analog propagation 
time is longer than the digital delay in the SPT9101, the 
aperture delay is a negative value. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



PIN ASSIGNMENTS 

RTN 1 VOut 

N/C 

-AVS 

+AVS 4 -AVS 

GND 
SOIC 

Vln 

GND 7 N/C 

-DVS 

-DVS 

ClK 

z < JJ JJ Z 
0 

0 -l -l 0 S. z z 

-AVS +AVS 

-AVS +AVS 

GND GND 

VIN GND 

N/C +DVS 

6 6 z 0 + 
0 r 0 < < r A < (fJ (fJ A (fJ 

SPr 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

PIN FUNCTIONS 

RTN Gain Set Resister Return ~ 

0 
+AVs +5 V Power Supply (Analog) ~ 

Ol 

GND Hold Capacitor Ground I-
0.. 
(fJ 

+DVs +5 V Power Supply (Digital) 

ClK True ECl T/H Clock 

NClK Complement ECl T/H Clock 

-DVs -5.2 V Power Supply (Digital) 

N/C No Connection 

VIN Analog Signal Input 

GND Ground (Signal Return) 

-AVs -5.2 V Power Supply (Analog) 

VOUT Analog Signal Output 

7-7 
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GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION '4 
ANALOG-TO-DIGITAL CONVERTERS E) 
DIGITAL-TO-ANALOG CONVERTERS 

COMPARATORS III; 
PIN DRIVERS I 

SAMPLE-AND-HOLD AMPLIFIERS '1 

APPLICATION NOTES I 
QUALITY ASSURANCE 1[1 

PACKAGE OUTLINES II 
SALES OFFICES If 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

E8104 
EVALUATION BOARD 

FEATURES 

• Provides Operating Environment for 
HADC574Z, HADC674Z, or SPT774 Devices 

• Fully Demonstrates Device Function and Resolution 
• Eliminates Noisy Breadboard Evaluation Circuitry 
• Buffered AID and D/A Conversion Data Buses 
• Includes Sample/Hold-Amp and Output Op Amp ICs 
• Unipolar or Bipolar Operation 

GENERAL DESCRIPTION 

The EB104 evaluation board fully demonstrates the 
capabilities ofthe HADC57 4/67 4Z and SPT774 12-bit analog
to-digital converters. All of the basic power supply 
connections, control lines, and external components are 
included. Unlike most laboratory breadboarding, the ground
planed PC board provides the necessary low-noise 
environment essential for 12-bit resolution. The board makes 
full use of connectors to allow easy hookup and operation. 

BLOCK DIAGRAM 

Analog 
Input 

~Ple& ~ H~:BypaSS 

D/A Input Word 

12 

APPLICATIONS 

• Evaluation/Comparison of HADC574, HADC674Z and 
SPT774 Converters 

• System Development 
• Data Acquisition Systems 
• Bus Structured Instumentation 
• Process Control Systems 

Other support provided on the EB104 includes an input 
sample/hold amplifier, output operational amplifiers and 
potentiometers for offset and gain adjustments. Customization 
and function selections are performed by jumper pins. 

The EB 104 is supplied with an HADC574ZBCJ device. It will 
support all 574/6741774 type devices. 

AID Output Word 

12-BitDAC Buffer 

Analog 
Output 

Digital Control And Status Lines ... - - - - - - - -

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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~$PT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 
• 30 MSPS Conversion Rate 
• On-Board Reference Circuit 
• Analog Input Buffer 
• Clock InpuVClock Divider Circuit 
• On-Board Reconstruction DAC 

GENERAL DESCRIPTION 

The EB 1175 is intended to be used as a tool for evaluation 
and characterization of the SPT1175, monolithic 8-bit 30 
MSPS ADC. This application note is a supplement to the data 
sheet, including more detailed technical information of the 

BLOCK DIAGRAM 
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Analog 
Input 

elKin 

'" 
I 

V+ 

r--- r Ext 
C'l;D 
cr e. 
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~ 
V 

I 
V-

VRTS 

VRT (J) 
"tl 
--l 

VRB 
...... ...... 

" VRBS 
01 

VIN 

£81175 
EVALUATION BOARD 

APPLICATIONS 
• Evaluation of the SPT1175, 8-bit 30 MSPS ADC 
• Engineering System Prototype Aide 
• Incoming Inspection Tool 
• AC and DC Accuracy Testing 
• Guide for System Layout 

interfacing circuits required. The evaluation board is de
signed to cover a wide variety of applications, but can also be 
greatly simplified to suit a specific application. Contact the 
SPT Applications Engineering department if assistance is 
needed. 

r-
8 ~ 8 
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CD 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• up to 80 MWPS Conversion Rate 
• Manual Format and Video Controls Available 
• Internal Feference Provided 

GENERAL DESCRIPTION 

The EB5220 evaluation board is intended to be used as a tool 
for device characterization and to demonstrate the perfor
mance of the SPT5220. The SPT5220 is a monolithic 10-bit, 
80 MWPS CMOS DAC for high-resolution color graphics and 

BLOCK DIAGRAM 

L..J :._ .. J L.J L.J L.J 
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£85220 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT5220 
• Engineering Prototype Aid 
• Incoming Inspection Tool 
• Guide for System Layout 

video system applications. It generates RS-343A and RS-
170 video outputs capable of driving a singly-terminated 75 Q 
load without the need for external buffers. A 10-bit word is 
applied to P1, video controls are applied to P3 and power is 
applied to P2. The analog output can then be observed at J1. 

J1 
Vout 

I·RN3 10k 

-----EL 
TP 

1 2 
C1 

3 • . 111f 

26 5 6 

+ C 7 8 

10", n • 10 

11 12 

24 + 10jJf 13 14-

R1 ~ 15 16-

2 75 r-- 17 18-
C2 +5 

1 • 20-.1lJf /'t C3 't C7 
FB1 

I 
-21 22-

V .1" V.1" 23 24-

1. FB2 25 26-
/ t~, -
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 1 GSPS Conversion Rate 
• On-Board Reference Driver 
• Differential Clock Driver 
• On-Board Reconstruction DAC 
• Full Speed Digital Output Through 

High Speed Connector 
• Decimated Digital Data Output 

Through 37 D-Connector 
• Selectable Decimation Divide by 16/32/64/128 
• Programmable Clock Delay Line 

GENERAL DESCRIPTION 

The EB7610 is intended to be used as a tool for evaluation 
and characterization of the SPT761 0, 6-bit 1 GSPS ADC. At 
such a high sampling rate, a printed circuit board is essential 
for proper evaluation. This application note is a supplement 

BLOCK DIAGRAM 
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£87610 
EVALUATION BOARD 

ADVANCE INFORMATION 

APPLICATIONS 

• Evaluation of SPT761 0 
• Engineering System Prototype 
• Guide for Design of SPT7610 Interface Circuitry 
• Guide for Design of SPT761 0 PCB Layout 

to the data sheet, including more detailed technical informa
tion of the interfacing circuits required. The evaluation board 
is designed to cover a wide variety of applications, but can 
also be greatly simplified to suit a specific application. Con
tact the SPT Applications Engineering department if assis~ 
tance is needed. 

4755 Forge Road, Co. Springs, CO 80907 BPI' 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 
• 150/300 MHz Conversion Rate 
• On Board Reference Circuit 
• AC or DC Coupled Input 
• Clock InpuVClock Divider Circuit 
• On Board Reconstruction DAC 

GENERAL DESCRIPTION 
The EB771 0/25 is a tool for the evaluation and characteriza
tion of the SPT7710 (150 MHz) or SPT7725 (300 MHz) 
ADCs in the PGA package. This application note is an 
addendum to the product data sheets and provides a more 
detailed description ofthe device and the interfacing circuits. 

The evaluation board is designed to cover a wide variety of 
applications. It can also be simplified to suit a specific 
application. Contact the SPT applications engineering de
partment for assistance. 

BLOCK DIAGRAM 

SPI' 

DC Coup ..... _____ --, 
I Jt2 

ACln. __ II~ ~ 

-1V 

Ladder 
Reference t----t 

Circuit 

\ I 

Analog Input 

SPT77tO/25 
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£87710/25 
EVALUATION BOARD 

APPLICATIONS 
• Evaluation of the SPT771 0/25 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• AC and DC Accuracy Testing 
• Guide for System Layout 

The dimensions of the EB771 0/25 are 5.25 by 7.43 inches. 
Electrically it consists of several sections, each of which is 
explained in the application note. 

8 

- Power connections 
- Reference circuit 
- Analog input circuit 
- SPT771 0/25 AID converter 
- Clock driverldivider circuit 
- Digital output latches 

8 
Data 

Latches ,...,...._...,...,... 
Reconstruction 

DAC 

2 

t t 
+5 VA -5.2 VA -5.2 VD 

DACOut+ 

DACOut-

Logic Pull Downs 

-2V 
Supply 
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~SPT £87750/55/60 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 1 GSPS Conversion Rate 
• On-Board Reconstruction DAC 
• On-Board Reference Circuit ' 
• Full Speed Digital Output Through a High Speed Connector 
• Decimated Digital Data Output 
• Selectable Decimation Divide by 16/32/64/128 Options 
• On-Board Gray-to-Binary Conversion 
• Available in Two Versions: Fully & Partially Loaded 

GENERAL DESCRIPTION 
The EB7750/55/60-1 evaluation board is intended to be used 
as a tool for device characterization and demonstration of the 
performance of the SPT7750, SPT7755 and SPT7760 AID 
converters. The parts have guaranteed minimum sample rates 
as follows: 500 MSPS for the SPT7750, 750 MSPS for the 
SPT7755, and 1 GSPS for the SPT7760. At these high 
conversion speeds a printed circuit board is a must. Hand
crafted bread boards simply will not work effectively at these 
speeds. ' 

BLOCK DIAGRAM 

+ASV -AS.2V -02V -04.SV 
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EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7750, SPT7755, or SPT7760 8-bit 
ADCs 

• Engineering System Prototype Aid 
• Guide for D~sign of SPT7750/55/60 Interface Circuitry 
• Guide for Design of SPT7750/55/60 PCB Layout 

SPECIAL REQUIREMENTS 

The SPT7750155/60 devices require adequate heat sink
ing and air flow for optimum performance_ 

The EB7750/55-1 comes with the SPT7750AIK, SPT7755AIK 
or SPT7760AIK in an 80-lead MQUAD surface mount pack
age directly soldered to the board for optimum performance. 
The EB7750/55/60-1 is capable of operating at clock rates up 
to 1 GSPS (clock rates higher than 1 GSPS are possible but 
not guaranteed). The block diagram overview of the board is 
shown in the block diagram. Note that adequate air flow and 
a heat sink are necessary for optimum performance of the 
ADC. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 
• 20 and 40 MSPS Conversion Rates 
• On-Board Reconstruction DAC 
• Data Output and Strobe Signal - ECl 
• Data Output and Strobe Signal - TTL 
• User Selectable Capture Clock 
• On Board Reference Drivers 
• On Board Power Supplies to SPT781 0/14 

GENERAL DESCRIPTION 

The EB781 0/14 Evaluation Board is intended to demonstrate 
the performance of the SPT781 0 and SPT7814, monolithic 
high speed analog-to-digital converters (ADC). Both the 
SPT7810 and SPT7814 have an analog input range of±2 V. 

BLOCK DIAGRAM 
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£87810/14 
EVALUATION BOARD 

APPLICATIONS 
• Evaluation of SPT781 0 and SPT7814 
• Engineering System Prototype Aid 
• Differential Clock Driver 
• Incoming Inspection Tool 
• Differential Linearity Error (OLE) Testing 
• Integral Linearity Error (llE) Testing 
• AC Accuracy Testing: SNR, THO 
• Power Supply Sensitivity Testing 
• Guide for the System layout 

The SPT781 0 is capable of digitizing an analog input signal 
up to 10 MHz into 10-bit words at a minimum of 20 MSPS 
update rate, while the SPT7814 is capable of digitizing an 
analog input signal up to 20 MHz into 10-bit words at a 
minimum of 40 MSPS update rate. They are pin compatible. 

10 11 10 i--->"'T--_.-t 10125 

ECUTTl 

g 
:l HDAC52160 

'" a o 
iii 

CAPTURE AID OUT AID OUT DAC 

SPJ' 

CLOCK (ECl) 

The EB7810/14 consists of seven separate sections: 
- Reference circuits 
- Power Supply circuits 
- SPT7810 or SPT7814, 10-bit ADC 
- Clock driver circuit 

(TTL) OUT 

- Output ECl data latches available through 26-pin female ribbon connector 
- ECl-to-TTL output translators available through 26-pin female ribbon connector 

4755 Forge Road, Co. Springs, CO 80907 
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~$PT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 20 and 40 MSPS Conversion Rate 
• On-Board Clock Drivers 
• Data Output and Strobe Signal 
• User Selectable Capture Clock 
• On-Board Reference Drivers 
• Dimension: '" 4.0" X 7.5" 

GENERAL DESCRIPTION 

The EB7820/24 evaluation board demonstrates the perfor
mance of the SPT7820 and SPT7824, monolithic high speed 
analog-to-digital converters (ADCs). This document can 
used as an application note and as supplemental information 
to the existing data sheets (SPT7820 or SPT7824). Both the 
SPT7820 and SPT7824 have analog input ranges of ±2 V. 

BLOCK DIAGRAM 

AGND 

·A5.2V +A5, -D5.2V 

187820/24 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7820 and SPT7824 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Differential Linearity Error (DLE) Testing 
• Integral Linearity Error (ILE) Testing 
• AC Accuracy Testing: SNR, THD 
• Guide for System Layout 

The SPT7820 is capable of digitizing an analog input signal 
into 1 O-bitwords at a minimum update rate of 20 MSPS, while 
the SPT7824 is capable of digitizing an analog input signal 
into 1 O-bit words at a minimum update rate of 40 MSPS. Both 
devices are pin-compatible. All inpuVoutput logic is TTL
compatible. 

-DGND 

10 

10 

+DSV ADC OUT (TTL) 

EB7820124 
REVB 

The EB7820/24 ('" 4" X 7.5") consists of five separate sections: 
- Reference circuits 

8-12 

- Clock circuits 
- SPT7820 or SPT7824, 10-bit ADC (not included with the board) 
- Output latches available through 26-pin female ribbon connector 
- The DB792 DAC reconstruction board is a separate daughter 

board ('" 2.5" X 3.0") that directly interfaces with the EB7820/24 
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~$PT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 100 kSPS to 2.5 MSPS Conversion Rate 
• On-Board Reference Driver 
• Clock Driver 
• Analog Input Driver/Level Shift 
• On-Board Serial to Parallel Converter 
• 3 V Logic Digital Output Connector 
• 5 V Logic Digital Output Connector 
• 3 V to 5 V Logic Operation 
• Clock Generation for Self Start 

GENERAL DESCRIPTION 

The EB7830 is intended to be used as a tool for evaluation 
and characterization of the SPT7830, serial 1 O-bit 2.5 MSPS 
ADC. This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-

BLOCK DIAGRAM 
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£87830 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7830 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Guide for Design of SPT7830 Interface Circuitry 
• Guide for DeSign of SPT7850 PCB Layout 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 

so 

cs 

Clock Generation Circuit 

+3.3 VI +5 V 

3.3 V or 5 V logics 
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~SPT £87835/40/50 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 5, 10 and 20 MSPS Conversion Rates 
• Data Output Latch 
• On-Board Reference Circuits 
• Analog Input Buffer 
• Regulated Power Supplies 

GENERAL DESCRIPTION 

The EB7835/40/50 evaluation board is intended to be used 
as a tool for device characterization and to demonstrate the 
performance of the SPT7835/40/50 family of AID convert-

BLOCK DIAGRAM 
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EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7835/40/50 1 O-bit ADCs 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Guide for System Layout 

ers. With an appropriate external clock frequency adjust
ment, the board can be used with each member of the family. 
This evaluation board can also be used with SPT7855 and 
SPT7860. Refer to EB7855/60. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 25 and 40 MSPS Conversion Rates 
• Data Output Latch 
• On-Board Reference Circuits 
• Analog Input Buffer 
• Regulated Power Supplies 

GENERAL DESCRIPTION 

The EB7855/S0 evaluation board is intended to be used as a 
tool for device characterization and to demonstrate the 
performance of the SPT7855/S0 family of AID converters. 
With an appropriate external clock frequency adjustment, 
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£87855/60 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7855/S0 10-bit ADCs 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Guide for System Layout 

the board can be used with each member of the family. This 
evaluation board can also be used with SPT7835, SPT7840 
and SPT7850. Refer to EB7835/40/50. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 100 MSPS Conversion Rate 
• Differential Clock Driver 
• Digital Output Connector 

GENERAL DESCRIPTION 

The EB7870 is intended to be used as a tool for evaluation 
and characterization ofthe SPT7870, 1 O-bit 100 MSPS ADC. 
This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-

BLOCK DIAGRAM 
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£87870 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7870 
• Engineering System Prototype Aid 
• Guide to Design of SPT7870 Interface Circuit 
• Guide for Design of SPT7870 PCB Layout 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 
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~$pr 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 100 MSPS Conversion Rate 
• Differential Clock Driver 
• Digital Output Connector 

GENERAL DESCRIPTION 

The EB7871 is intended to be used as a tool for evaluation 
and characterization ofthe SPT7871, 1 0-bit1 00 MSPS ADC. 
This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-

BLOCK DIAGRAM 
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£87871 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7871 
• Engineering System Prototype Aid 
• Guide to Design of SPT7870 Interface Circuit 
• Guide for Design of SPT7870 PCB Layout 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 
• 30 MSPS Conversion Rate 
• On-Board Reconstruction DAC 
• Differential Clock Driver 
• Data Output and Strobe Signal - ECl 
• Data Output and Strobe Signal - TTL 
• User Selectable Capture Clock 
• On Board Reference Drivers 
• On Board Power Supplies for SPT791 0/12 

GENERAL DESCRIPTION 

The EB791 0/12 evaluation board is intended to demonstrate 
the performance of the SPT7910 and SPT7912, monolithic 
high speed analog-to-digital converters (ADC). Both the 
SPT791 0 and SPT7912 have an analog input range of ±2 V. 
The SPT7910 is capable of digitizing an analog input signal 

BLOCK DIAGRAM 

Analog Input-----, 

£87910/12 
EVALUATION BOARD 

APPLICATIONS 
• Evaluation of SPT7910 and SPT7912 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Differential Linearity Error (DlE) Testing 
• Integral Linearity Error (llE) Testing 
• AC Accuracy Testing: SNR, THD 
• Power Supply Sensitivity Testing 
• Guide for System layout 

up to 5 MHz into 12-bit words at a minimum update rate of 10 
MSPS,' while the SPT7912 is capable of digitizing an analog 
input signal up to 10 MHz into 12-bit words at a minimum 
update rate of 30 MSPS. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• up to 30 MSPS Conversion Rate 
• On-Board Clock Drivers 
• Data Output and Strobe Signal 
• User Selectable Capture Clock 
• On-Board Reference Drivers 
• Dimension: '" 4.0" X 7.5" 

GENERAL DESCRIPTION 

The EB7920/22 evaluation board demonstrates the perfor
mance of the SPT7920 and SPT7922, monolithic high speed 
analog-to-digital converters (ADCs). This document can also 
be used as an application note or as supplemental information 
to the existing data sheet (SPT7920 or SPT7922). 

BLOCK DIAGRAM 

£87920/22 
EVALUATION BOARD 

APPLICATIONS 

• Evaluation of SPT7920 and SPT7922 
• Engineering System Prototype Aid 
• Incoming Inspection Tool 
• Differential Linearity Error (OLE) Testing 
• Integral Linearity Error (ILE) Testing 
• AC Accuracy Testing: SNR, THO 
• Guide for System Layout 

Both the SPT7920 and SPT7922 have analog input ranges of 
±2 V. The SPT7920 is capable of digitizing an analog input 
signal into 12-bit words at a minimum update rate of 10 MSPS, 
while the SPT7922 is capable of digitizing an analog input signal 
into 12-bit words at an update rate of a minimum of 30 MSPS. 
Both devices are pin-compatible. The input/output logic is TTL
compatible. 

ES7920122 
CCLK REVS 

: .... --~~~~ .. ~;~~;;;----. 
(DAUGHTER BOARD) 

The EB7920/22 ('" 4" X 7.5") consists of five separate sections: 
- Reference circuits 
- Clock circuits 
- SPT7920 or SPT7922, 12-bit ADC 
- Output latches available through 26-pin female ribbon connector 
- DAC reconstruction board, DB792, is a separate daughter board (",2.5" X 3.0") 

which directly interfaces with the EB7920/22 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 125 MHz Sampling Rate 
• Differential Clock Driver 

GENERAL DESCRIPTION 
The EB9101 is intended to be used as a tool for evaluation 
and characterization of the SPT91 01, track-and-hold ampli
fier. This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-

BLOCK DIAGRAM 
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£89101 
EVALUATION BOARD 

ADVANCE INFORMATION 

APPLICATIONS 

• Evaluation of SPT91 01 
• Engineering System Prototype Aid 
• Guide to Design of SPT91 01 Interface Circuit 
• Guide for Design of SPT9101 PCB Layout 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 100 MWPS Conversion Rate 
• ECl Digital Input Connector 
• On-Board latches 

GENERAL DESCRIPTION 

The EB9712 is intended to be used as a tool for evaluation 
and characterization of the SPT9712, 12-bit 100 MWPS DAC. 
This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-

BLOCK DIAGRAM 
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£89712 
EVALUATION BOARD 

ADVANCE INFORMATION 

APPLICATIONS 

• Evaluation of SPT9712 
• Engineering System Prototype Aid 
• Guide to Design of SPT9712 Interface Circuitry 
• Guide for Design of SPT9712 PCB layout 
• Reconstruction DAC for other SPT, ADC Devices-ECl 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

FEATURES 

• 100 MWPS Update Rate 
• TTL Digital Input Connector 
• On-Board Latches 

GENERAL DESCRIPTION 

The EB9713 is intended to be used as a tool for evaluation 
and characterization of the SPT9713, 12-bit 100 MWPS 
DAC. This application note is a supplement to the data sheet, 
including more detailed technical information of the interfac-
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£89713 
EVALUATION BOARD 

ADVANCE INFORMATION 

APPLICATIONS 

• Evaluation of SPT9713 
• Engineering System Prototype Aid 
• Guide to Design of SPT9713 Interface Circuitry 
• Guide for Design of SPT9713 PCB Layout 
• Reconstruction DAC for other SPT, ADC Devices-TTL 

ing circuits required. The evaluation board is designed to 
cover a wide variety of applications, but can also be greatly 
simplified to suit a specific application. Contact the SPT 
Applications Engineering department if assistance is needed. 
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~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

APP"CAT'ON 
NOTES & BRIEFS 

CONTACT SPT FOR COMPLETE COPIES OF THE FOLLOWING APPLICATION NOTES. 

AN1175 
EB1175 EVALUATION BOARD 

The EB1175 evaluation board is used to demonstrate the 
performance of the SPT1175, 8-bit, 30 MSPS AID converter. 
Features include 30 MSPS conversion rate, on-board refer
ence driver circuits, and a reconstruction DAC. Detailed 
discussions on grounding, references, timing, and product 
characterization are included. The board is shipped cali
brated and tested. The ADC device is not included with the 
board. 

AN5220 
EB5220 EVALUATION BOARD 

The EB5220 evaluation board is used to demonstrate the 
performance of the SPT5220, 10-bit 80 MWPS video D/A 
converter. Features include on-board reference circuit, digi
tal input connector, on-board pull-up resistors, manual for
mat and video controls and conversion rates up to 80 MSPS. 
It includes discussions of power supplies; grounding, video 
controls, timing. It also includes discussions on design of PC 
board layout. 

AN7610 
EB7610 EVALUATION BOARD 

The EB7610 evaluation board is used to demonstrate the 
performance of the SPT7610, 6-bit 1 GSPS AID converter. 
Features include on-board reference driver, differential clock 
input, selectable data output decimation for divide by 16/32/ 
64/128, programmable clock delay line, on-board recon
struction DAC and conversion sampling rates up to 1 GSPS. 
It includes detailed discussions of power supplies, ground
ing, voltage references, clock driver, timing and product 
characterization. Board calibration and dynamic testing are 
explained in detail. It also includes discussions on design of 
PC board layout. 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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AN771 0/25 
EB771 0125 EVALUATION BOARD 

The EB771 0/25 evaluation board is used to demonstrate the 
performance of the SPT771 0 and SPT7725, 8-bit 150 and 
300 MSPS AID converters. Features include 150 and 300 
MSPS conversion rates, on-board reference driver circuits, 
and a reconstruction DAC. Detailed discussions on timing 
and product characterization are included. The board is 
shipped calibrated and tested. The ADC device is not in
cluded with the board. 

AN7750155/60 
EB7750155/60 EVALUATION BOARD 

The EB7750/55/60 evaluation board is used to demonstrate 
the performance of the SPT7750, SPT7755, and SPT7760 
8-bit AID converters. Features include 500, 750, and 1,000 
MSPS conversion rates, on-board reference driver circuits, 
timing circuits and two latches to capture each ofthe demuxed 
outputs. Discussions on timing and product characterization 
are included along with high performance PC board design 
and layout guidelines. 

AN781 0/24 
EB781 0124 EVALUATION BOARD 

The EB781 0/24 evaluation board is used to demonstrate the 
performance of the SPT7810 and the SPT7814. Features 
include reference inputs, clock driver circuit, on-board recon
struction DAC, data output and strobe signals for ECl and 
TTL, user-selectable capture clock, and conversion rates up 
to 40 MSPS. It includes detailed discussions of power sup
plies, grounding, voltage references, clock driver, output data 
latches, timing, DAC reconstruction, selection of signal gen
erators, and product characterization. Board calibration, ac
curacy testing and dynamic testing are explained in detail. 
The board can be used for system prototypes, incoming 
inspection, testing of Il and Dl, AC accuracy testing, and 
power supply sensitivity testing. The board is calibrated and 
tested before shipment. The ADC device is not included with 
the board. 
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AN7820/24 
EB7820124 EVALUATION BOARD 

The EB7820/24 evaluation board is used to demonstrate the 
performance of the SPT7820 and the SPT7824. Features 
include reference inputs, clock driver circuit, on-board recon
struction DAC, data output and strobe signals for ECl and 
TTL, user-selectable capture clock, and conversion rates up 
to 40 MSPS. It includes detailed discussions of power sup
plies, grounding, voltage references, clock driver, output data 
latches, timing, DAC reconstruction, selection of signal gen
erators, and product characterization. Board calibration, ac
curacy testing and dynamic testing are explained in detail. 
The board can be used for system prototypes, incoming 
inspection, testing of IL and DL, AC accuracy testing, and 
power supply sensitivity testing. The board is calibrated and 
tested before shipment. The ADC device is not included with 
the board. 

AN7830 
EB7830 EVALUATION BOARD 

The EB7830 evaluation board is used to demonstrate the 
performance of the SPT7830, 10-bit 2.5 MSPS Serial AID 
converter. Features include on-board reference driver, clock 
driver, analog input driver/level shifter, serial to parallel 
converter, 3 V and 5V logic digital output and conversion 
sampling rates up to 2.5 MSPS. It includes detailed discus
sions of power supplies, grounding, voltage references, clock 
driver, timing and product characterization. It also includes 
discussions on design of PC board layout. 

AN7835/40/50/55/60 
EB7835140/50/55160 EVALUATION BOARD 

The EB7835/40/50/55/60 evaluation board is used to demon
strate the performance of the SPT7835, SPT7840, SPT7850, 
SPT7855 and SPT7860, 10-bit ADCs. Features include 5, 
10,20,25, and 40 MSPS conversion rates, on-board refer
ence driver circuits, and a reconstruction DAC. Detailed 
discussions on grounding, references, timing, and product 
characterization are included. The board is shipped cali
brated and tested. The ADC device is not included with the 
board. 

AN7870 
EB7870 EVALUATION BOARD 

The EB7870 evaluation board is used to demonstrate the 
performance of the SPT7870, 10-bit 100 MSPS AID con
verter. Features include on-board reference driver, differen
tial clock input, on-board output buffers and conversion 
sampling rates up to 100 MSPS. It includes detailed discus
sions of power supplies, grounding, voltage references, clock 
driver, timing and product characterization. Board calibration 
and c;lynamic testing are explained in detail. It also includes 
discussions on design of PC board layout. 
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AN791 0/12 
EB791 0112 EVALUATION BOARD 

The EB791 0/12 evaluation board is used to demonstrate the 
performance of the SPT7910 and the SPT7912. Features 
include on-board reference drivers, on-board reconstruction 
DAC, data output and strobe signals for ECL and TTL, user 
selectable capture clock, and conversion rates up to 30 
MSPS. It includes detailed discussions of power supplies, 
grounding, voltage references, clock driver, output data 
latches, timing, DAC reconstruction, selection of signal gen
erators, and product characterization. Board calibration, ac
curacy testing and dynamic testing are explained in detail. 
The board can be used for system prototypes, incoming 
inspection, testing of IL and DL, AC accuracy testing, power 
supply sensitivity testing and as a guide for system layout. 
The board is calibrated and tested before shipment. The ADC 
device is not included with the board. 

AN7920/22 
EB7920122 EVALUATION BOARD 

The EB7920/22 evaluation board is used to demonstrate the 
performance of the SPT7920 and the SPT7922. Features 
include on-board reference drivers, on-board reconstruction 
DAC, data output and strobe signals for ECL and TTL, user 
selectable capture clock, and conversion rates up to 30 
MSPS. It includes detailed discussions of power supplies, 
grounding, voltage references, clock driver, output data 
latches, timing, DAC reconstruction, selection of signal gen
erators, and product characterization. Board calibration, ac
curacy testing and dynamic testing are explained in detail. 
The board can be used for system prototypes, incoming 
inspection, testing of IL and DL, AC accuracy testing, power 
supply sensitivity testing and as a guide for system layout. 
The board is calibrated and tested before shipment. The ADC 
device is not included with the board. 

AN91 01 
EB9101 EVALUATION BOARD 

The EB9101 evaluation board is used to demonstrate the 
performance of the SPT91 01, 125 MSPS sampling amplifier. 
Features include on-board differential clock input driver and 
conversion sampling rates up to 125 MSPS. It includes 
detailed discussions of power supplies, grounding, clock 
driver, timing and product characterization. It also includes 
discussions on design of PC board layout. 
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AN9712 
EB9712 EVALUATION BOARD 

The ES9712 evaluation board is used to demonstrate the 
performance of the SPT9712, 12-bit 100 MWPS DtA con
verter (ECl input). Features include on-board reference 
circuit, ECl digital input connector, on-board latches and 
conversion rates up to 100 MSPS. It includes detailed discus
sions of power supplies, grounding, timing and product 
characterization. It also includes discussions on design of PC 
board layout. 

AN9713 
EB9713 EVALUATION BOARD 

The ES9713 evaluation board is used to demonstrate the 
performance of the SPT9713, 12-bit 100 MWPS DtA con
verter (TTL input). Features include on-board reference 
circuit, TTL digital input connector, on-board latches and 
conversion rates up to 100 MSPS. It includes detailed discus
sions of power supplies, grounding, timing and product 
characterization. It also includes discussions on design of PC 
board layout. 

AN104 
VIDEO DACS AND RASTER GRAPHICS 

AN 1 04 explains high-speed DACs and how they are used in 
CRT designs and raster graphics systems. This application 
note describes video DAC performance parameters includ
ing speed, rise time, glitch energy, resolution, logic compat
ibility, and analog output drive. A block diagram and associ
ated graphs are included to clearly illustrate raster scan 
graphics systems. 

AN106 
EB104 EVALUATION BOARD 

The ES104 is used to demonstrate performance of the 
HADC574Z1674Z, and SPT774 12-bit ADC products. The 
low noise environment provided by the board makes 12-bit 
resolution easier to achieve compared to most lab bread
boarding. Features include buffered AID and DtA conversion 
data buses, StH amp and output op-amp ICs, and unipolar or 
bipolar operation. It is shipped fully assembled and tested. 

AN108 
THERMAL CONSIDERATIONS FOR HIGH
PERFORMANCE DEVICES 

AN 1 08 is a general overview of the integrated circuit package 
and its interface to the outside world. Information on system 
thermodynamics, calculating the operating die temperature, 
package thermal resistance, and heat sinking is included. 
Thermal resistances of concern to system designers are also 
discussed. 
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AB100 
USING ECl DACS WITH TTL lOGIC 

This application brief describes why most high-speed DACs 
are designed to perform in ECl systems due to the speed and 
low noise characteristics of this logic group. It gives specific 
information on methods for using SPT's ECl DACs in TTL 
systems. Solutions for overcoming incompatibility between -
5.2 V and +5 V systems are included. 

AB102 
CHARGE SCALING DATA CONVERTERS 

Current scaling versus charge scaling data conversion tech
niques are discussed in this application note. SPT's SiCMOS 
process used to manufacture the HADC574Z, HADC674Z, 
and SPT774 uses this technique to lower power consumption 
and provide an inherent StH function. A simple explanation of 
how this is performed is included. 

AB103 
HADC574Z1674Z AND SPT774 ANALOG INPUT 
STRUCTURE 

This application brief describes the SiCMOS process and 
design architecture of the input circuits of the HADC574Z1 
674Z and the SPT774 and how the architecture reduces the 
need for specific signal source characteristics and signal 
buffering. Included is a brief discussion of conversion events 
and DC dynamic input characteristics of the device and how 
the input structure improves the overall performance of the 
ADC. 

AB104 
TESTING THE HADC574Z1674Z AND THE SPT774 ON 
THE lTS2020 

This application brief provides technical information on the 
l TS2020 test system commonly used as an incoming inspec- . 
tion tool. Hardware and software modifications to achieve • 
accurate test results for the HADC574Z1674Z and SPT774 
are explained. 

AB105 
GLITCH ENERGY IN HIGH-SPEED D/A CONVERTERS 

This brief provides a brief explanation of how glitch energy 
affects some applications, how to overcome these problems, 
and why SPT's devices have superior glitch performance. 
Included is specific information on SPT's DAC designs and 
information on defining glitch energy. 
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SIGNAL PROCESSING TECHNOLOGIES 

QUA"" 
ASSURANCE 

INTRODUCTION 

Signal Processing Technologies, Inc. (SPT), is a manufac
turer of high performance integrated circuits. As detailed by 
the manufacturing flow charts in the subsequent pages, the 
products of SPT are developed and tested through precise 
and defined processes. 

SPT is registered through the British Standards Institution 
(BSI) for the assessment and audit process of its quality 
management system to the requirements of IS09000 series 
of standards. The assessment process was performed and 
SPT received its certification to IS09001 as of February 
1995. The IS09001 certification is a model for quality 
assurance at a system level for deSign/development, produc
tion, installation and servicing. 

MANUFACTURING AND TEST PROCESSES 

After manufacturing of the wafers, they are processed 
through the inspection and wafer probe functions. Upon 
completion of the assembly process, the packaged product 
undergoes a complete electrical test evaluation and marking. 
Once the production phase of electrical testing has been 
completed, the products are processed through Quality 
Conformance Inspection (QCI). 

Military products (Hi-Rei and Class B) are initially processed 
through a complete qualification process of MIL-I-38535 
utilizing MIL-STD-883, Method 5004 and 5005, Groups A, B, 
C, and D. A product qualification report is developed for each 
device type for internal reference and customer use. Once 
the initial Class B product qualification is complete, the 
product is released to production. At this point, periodic 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
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Quality Conformance Inspections (QCI) are performed on 
each production lot utilizing the requirements of MIL-STD-
883, Method 5005. (Refer to Military Product Flow section for 
the differences between Hi-Rei and Class B products.) 

The Quality Assurance department performs periodic audits 
of all SPT subcontracted vendors. To verify internal compli
ance, SPT also performs periodic audits of its own internal 
processes. Through these evaluations, SPT controls and 
assures the quality of products manufactured for its customers. 

Through the Class B qualification process, SPT has received 
qualification for specific products on the Defense Electronics 
Supply Center (DESC) Standardized Military Drawings (SMD) 
list. Specific products have been qualified to guidelines estab
lished by MIL-STD-883, Method 5004 and 5005. In the future, 
SPT plans to add additional products to this list as they 
become available. 

Customers are notified prior to implementation of any major 
change of product or product assurance program that may 
affect performance, quality, reliability, or interchangeability in 
accordance with MIL-I-38535, DESC and all applicable Class 
B requirements. 

SPT was audited by DESC to verify compliance of its self
certification program for its SMD/MIL-STD-883 products. All 1 
DESC audit corrective action items, completed by SPT, have I 
been reviewed and accepted by DESC. Through the comple-
tion of this audit process, SPT is considered to be compliant 
to the requirements of SMD and MIL-STD-883 guidelines by 
DESC. 
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QUALITY OBJECTIVE, POLICY, AND CONTROL SYSTEM 

CORPORATE OBJECTIVE 

SPY's commitment to quality is implicit in its corporate objec
tiv~ which is: 

"To provide products of the highest quality and 
greatest possible value to its customers, thereby 
gaining and maintaining their respect and loyalty." 

QUALITY PHILOSOPHY 

SPT defines quality as a set of product or process attributes 
that provide a value to customers that meet or exceed their 
expectations. 

Three fundamental beliefs form the basis for SPY's quality 
philosophy, the strategic management and operation of a 
quality system: 

1. Quality is paramount - All departments within SPT must 
keep quality of product as their number one objective. 

2. Quality is dynamic - Customers define quality. Where 
customers expectations change, SPT must respond 
quickly with innovative products and services. 

3-. Quality is pervasive - Quality applies to every aspect of a 
business relationship, not just product development and 
manufacturing. Moreover, quality is the responsibility of 
all individuals, not just select teams. 

QUALITY OBJECTIVE 

SPY's overall quality objective is to institutionalize Total 
Quality Control (TQC) throughout the company, thereby 
ensuring customer satisfaction. TQC is a management phi
losophy and operating methodology that results in continu
ous innovation in meeting customer needs. Attention to this 
objective contributes to increased profitability through the 
reduction of avoidable costs while meeting or exceeding 
customer expectations. 

QUALITY POLICY 

The SPT organization quality policy is to effectively imple
ment a quality system that achieves the quality objective 
mentioned above. As the Management Representative of the 
Quality System, the Quality Assurance manager establishes 
the Quality System, and ensures that the established require
ments are implemented and maintained. Proper procedures 
are established for internal and external quality audits to 
ensure the fulfillment of this system. The results of the audit 
are reported to the top management at SPT, and corrective/ 
prevention actions are taken by appropriate departments. 
The Quality Assurance manager sets annual goals for quality 
improvement. The activities with respect to the quality im
provement'goals are deployed into all management aspects 
in the quality system. The Quality Assurance manager takes 
responsibility for in-process quality control and outgoing 
quality of products and reports quality trends to the relevant 
departments. 
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TOTAL QUALITY CONTROL SYSTEM (TQCS) 

The quality system at SPT is composed of various levels of 
documentation including quality policy, information on the 
many processes utilized, and key work instructions neces
saryto complete assigned tasks. The aggregate combination 
of quality documentation, policy, responsibilities, processes, 
work instructions, technical manuals, and procedures form 
our documented Total Quality Control Systems (TQCS). 
Adherence tothis documented quality system is the means 
by which SPT strives to meet its quality objective. SPT places 
emphasis on five aspects of quality management: 

1. Customer focus - essential to understand our customers 
needs and levels of satisfaction. 

2. Planning - a vital element of our business that must 
clearly define the strategies, direction and goals for the 
organization to be successful. 

3. Process Management - recognizing that products are 
delivered through processes. The quality of these pro
cesses are monitored, improved and managed to ensure 
that customer needs and expectations are met. 

4. Process Improvement - emphasizing continuous innova
tion and improvement of products and processes to meet 
changing customer needs. 

5. Total Participation - recognizing that the commitment 
and direction for quality improvement is achieved through 
the involvement of employees and management sharing 
ideas, successes and contribution. 

TOTAL QUALITY MANAGEMENT SYSTEM (TQMS) 

TQMS is defined as total management understanding, in
volvement, and support for the implementation of a sound 
and practical quality system applicable to SPY's day-to-day 
operations. 

Practically, this system is practiced through comprehensive 
management training sessions held by the Quality Assur
ance/Reliability Engineering department and/or by commer
cial agencies found suitable for this purpose. The internal 
training conducted by the Quality Assurance/Reliability Engi
neering department covers: 

• SPT Quality Assurance Manual - its purpose and its impli
cations throughout SPY's operations. 

• SPT General Quality Specifications (GQS) - contents and 
specified responsibilities for each group or department. 

• SPT work instructions which procedurally define the day
to-day operations for applicable operators. 

• SPTforms and technical documents pertinent to the equip
ment in use. 

4755 Forge Road, Co. Springs, CO 80907 SPr 
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RESPONSIBILITIES OF THE QUALITY ASSURANCE DEPARTMENT 

PURPOSE 

The purpose of the Quality Assurance department and 
program is to assist in maintaining a high level of quality 
products manufactured by SPT. This quality can only be 
created and controlled at the point of manufacture. In
spection alone will never accomplish this task. This goal is 
achieved through efforts involving all phases of the com
pany: management, engineering, technical staff, admin
istrators, operators, and support staff. The Quality Assur
ance program prescribes the steps to be followed to 
maintain this quality and the means of Quality Conform
ance Inspection and record keeping to monitor perfor
mance and prevention plans. 

SCOPE OF RESPONSIBILITY 

The Quality Assurance/Reliability Engineering depart
ment's responsibility is to assure the quality of product 
produced by manufacturing or engineering which will 
ultimately be delivered to customers, extending through-
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out procurement, manufacturing, packaging, testing, and 
shipping processes. Therefore, the Quality Assurance/ 
Reliability Engineering department is SPT's customer 
representative for assuring and guaranteeing quality 
and long-term reliability of SPT products shipped to 
customers. 

QUALITY ASSURANCE PROGRAM 

This program is designed to manufacture quality products. 
In doing so, the program complies with the following 
specifications: MIL-I-45208, MIL-Q-9858, MIL-STD-45662, 
MIL-STD-883, and MIL-I-38535. An up-to-date copy of 
each specification is maintained in the SPT Document 
Control department, managed by the Quality Assurance 
department. Other related reference documents are also 
maintained within this department. Additionally, SPT op
erations are in compliance with General Quality Specifica
tion for Manufacturing Configuration that defines the Gen
eral Quality Specifications by which SPT governs itself with 
regard to compliance to customer technical specifications. 
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PRODUCT FLOW DESCRIPTlON 

I PRODUCT FLOW I 

I COMMERCIAL PRODUCTS I I MILITARY PRODUCTS I 
(MIL-Std-883) 

(1) 

Commercial Test Temp.' 
@O'C,+25'C,+70'C 
Test Grades S,A,B,C 

(2) (3) (1) 

Industrial Test Temp.' Military Test Temp.' High-Rei (/H)" 
@-25'C,+25'C,+85'C @-55'C,+25'C,+125'C @-55'C,+25'C,+125'C 
Test Grades S,A,B,C Test Grades S,A,B,C Test Grades S,A,B,C 

, The only difference between Commercial, Industrial, and Military is the Test 
temperature, although all three are considered commercial products. 

.. Differences between: IH and 

1) Mil+3B535 Certified No 
wafer FAB required. 

2) Lot traceability required Yes 

3) PDA Calculation required Yes 

4) Off-shore assembly permitted Yes 

5) Method 5004, Class B Yes 
screening procedures 

6) Method 5005, Class B Yes(1) 
initial product Qual. group 

A, B, C, & D required 

7) QCI Visual & Group A on Yes 
every inspection lot required 

8) QCI group B per Mil-Std-883 No 

9) QCI group C per Mil-Std-883 No 

10) QCI group D per Mil-Std-B83 No 

11) Certificate of Compliance Yes 
wlevery lot shipment required 

(1) This process is required for IH but product may 
be shipped to customers prior to completeion of 
qualification process. 

1883 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(2) 

Class B (/883)" 
@-55'C,+25'C,+125'C 
Test Grades S,A,B,C 
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COMMERCIAL PRODUCT FLOW (1) 

COMMERCIAL BUILD SUBCONTRACTOR 

AQL 0.65% Q.C.,SPT 

100% TEST,SPT 

100% SUBCONT JASSY. 

AQL 0.1% Q.C. SUBCONT JQ.C., SPT 

100% SUBCONTRACT 

100% SUBCONTRACT 

AQL 1.50% Q.C., SUBCONT. 

100% SUBCONTRACT 

100% SUBCONTRACT 

AQL 0.65% SUBCONTRACT 

100% SUBCONTRACT 

AQLO.10% Q.C.,SPT 

DCTEST @ ROOM*lOO% TEST,SPT 

100% ASSY.,SPT 

EXTERNAL VISUAL INSP.,AQL 0.10% 
ELECT. TEST @ +25C, AQL 0.10% Q.C.,SPT 

(1) INCLUDES COMMERCIAL, INDUSTRIAL & MILITARY TEST TEMPERATURE. THIS STANDARD FLOW IS 
SUBJECT TO CHANGE DUE TO PRODUCT SPECIFIC FLOW . 

• HOT AND/OR COLD TEST TEMPERATURES AND AC TEST ARE PERFORMED ONLY WHEN REQUIRED. 
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MILITARY PRODUCT FLOW (1) 

(MII-Std-883) 

MIl-sTD-883 Compllanco WAFER FABRICATION SUBCONTRACT 

AQL 0.40% WAFER INCOMING INSP. (1st Optical) Q.C., SPT 

100% WAFER PROBE, TRIM, BAKE, VISUAL TEST, SPT 

100% WAFER MOUNT, SAW, CLEAN, VISUAL SUBCONTRACT 

AQL 0.40% DIE VISUAL INSPECllON (2nd Optical) Q.C., SUBCONT ./Q.C. SPT 

100% DIE ATTACH SUBCONTRACT 

100% WIRE BOND, BOND PULL, DIE SHEAR, VISUAL SUBCONTRACT 

Method 2010, Condo B, AQL 0.65% PRECAP VISUAL INSP. (3rd Optical) Q.C., SUBCONTRACT 

100% 

Method 1010, Cond.C or 
Method 1011, Cond. A 

Method 2001, Cond. E 

100% 

Method 1014 

LTPD=2 

Subgroup 1 

Method 1015, 160 hrs. @125'C 

Method 5004 

100% 

External Visual Insp., Method 
2009 L TPD = 2 & Method 5005 

100% 

100% 

100% 

100% 

100% 

100% 

BAKE, SEAL SUBCONTRACT 

TEMP 
CYCLE OR THERM. SHOCK SUBCONTRACT 

SUBCONTRACT 

SUBCONTRACT 

FINE & GROSS LEAK,INSP. SUBCONTRACT 

PKGJlNCOMING INSP. (4th Optical) Q.C.,SPT 

PRE BII ELECT. TEST TEST,SPT 

BURN-IN SUBCONTRACT 

PKG., FINAL ELECT. TEST TEST,SPT 

PKG. MARKING ASSY.,SPT 

OCI Q.C.,SPT 

(1) INCLUDES HIGH-REL (IH) AND CLASS "B" (/883) PRODUCTS. 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



SPr 

THIS PAGE IS INTENTIONALLY LEFT BLANK 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 10-9 



10-10 

~SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONVERSION 

AND 
SIGNAL PROCESSING 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
PH: (719) 528-2300; Fax: (719) 528-2370 



SP'I 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION 

ANALOG· TO·DIGITAL CONVERTERS 

DIGITAL· TO·ANALOG CONVERTERS 

COMPARATORS 

PIN DRIVERS 

SAMPLE·AND·HOLD AMPLIFIERS 

EVALUATION BOARDS 

APPLICATION NOTES 

QUALITY ASSURANCE 

SALES OFFICES 

11-1 

'1 
II 

.. 1 
g 
Ii 
I:] 

I 
1[1 

If 



11-2 4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 



Package Outlines 

SP'I 

16-Lead Cerdip (C/D) ............................................................................................. 11-5 

2S-Lead Cerdip (C/D) ............................................................................................. 11-5 

2S-Lead Skinny (300 mil) Cerdip (C/O) .................................................................. 11-6 

44-Lead Cerquad (C/Q) ......................................................................................... 11-6 

20-Contact Leadless Chipp Carrier (LCC) .............................................................. 11-6 

2S-Contact Leadless Chipp Carrier (LCC) .............................................................. 11-7 

SO-Lead MQUAD .................................................................................................... 11-7 

46-Pin Grid Array (PGA) ......................................................................................... 11-7 

6S-Pin Grid Array (PGA) ......................................................................................... 11-S 

16-Lead Plastic Dip (PDIP) .................................................................................... 11-S 

20-Lead Plastic Dip (PDIP) .................................................................................... 11-S 

24-Lead Plastic Dip (PDIP) .................................................................................... 11-9 

2S-Lead Plastic Dip (PDIP) .................................................................................... 11-9 

2S-Lead Skinny (300 mil) Plastic Dip (PDI P) .......................................................... 11-9 

32-Lead Plastic Dip (PDIP) .................................................................................. 11-10 

20-Lead Plastic Leaded Chip Carrier (PLCC) ...................................................... 11-10 

2S-Lead Plastic Leaded Chip Carrier (PLCC) ...................................................... 11-10 

32-Lead Quad Flat Pack (QFP) ............................................................................ 11-11 

4S-Lead Quad Flat Pack (QFP) ............................................................................ 11-11 

52-Lead Quad Flat Pack (QFP) ............................................................................ 11-11 

16-Lead Sidebrazed (S/B) .................................................................................... 11-12 

20-Lead Sidebrazed (S/B) .................................................................................... 11-12 

2S-Lead Sidebrazed (S/B) .................................................................................... 11-12 

32-Lead Sidebrazed (S/B) .................................................................................... 11-13 

42-Lead Sidebrazed (S/B) .................................................................................... 11-13 

S-Lead Small Outline Integrated Circuit (SOIC) ................................................... 11-13 

20-Lead Small Outline Integrated Circuit (SOIC) ................................................. 11-14 

24-Lead Small Outline Integrated Circuit (SOIC) ................................................. 11-14 

2S-Lead Small Outline Integrated Circuit (SOIC) ................................................. 11-14 

4755 Forge Road, Co. Springs, CO S0907 
PH: (719) 52S-2300; Fax: (719) 52S-2370 

II 

11-3 



11-4 
4755 Forge Road, Co: Springs, CO 80907 $'.w. 
PH: (719) 528-2300; Fax: (719) 528-2370 .-. 



~SPT 
SIGNAL PROCESSING TECHNOLOGIES PACKAGE OU""NES 

SP'I 

16-LEAD CERDIP (c/O) 

..... , 

28-LEAD CERDIP (C/D) 
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SYMBOL 

A 

B 
C 
0 
E 
F 
G 

H 

I 
J 
K 
L 
M 
N 

SYMBOL 

A 
B 
C 
0 
E 

F 
G 

H 
I 
J 
K 

L 

M 
N 

INCHES 

MIN MAX 

0.005 
0.200 

0.125 0.150 
0.015 0.023 
0.090 0.110 
0.030 0.065 

00 150 

0.008 0.Q15 

0.290 0.320 
0.250 0.310 
0.140 0.200 
0.015 0.050 
0.745 0.785 
0.015 0.050 

INC 

MIN MAX 

0.005 
0.205 0.235 
0.120 0.200 
0.016 0.020 
0.090 0.110 
0.045 0.065 

00 150 

0.009 0.011 
0.590 0.610 
0.500 0.550 
0.160 0.260 
0.040 0.060 
1.430 1.490 
0.060 0.100 

MI LIMETERS 

MIN MAX 

0.13 
5.08 

3.18 3.81 
0.38 0.58 
2.29 2.79 
0.76 1.65 

00 150 

0.20 0.38 
7.37 8.13 
6.35 7.87 
3.56 5.08 
0.38 1.27 

18.92 19.94 
0.38 1.27 

I 1M R 
MIN MAX 

0.13 
5.21 5.97 
3.05 5.08 
0.41 0.51 
2.29 2.79 
1.14 1.65 

00 150 

0.23 0.28 
14.99 15.49 
12.70 13.97 

4.06 6.60 
1.02 1.52 

36.32 37.95 
1.52 2.54 

11-5 

II 



C 

D 

28-LEAD SKINNY (300 MIL) CERDIP (C/O) 

I H MI I E S 
SYMBOL MIN MAX MIN MAX 

A 0.005 0.13 
B 0.200 5.08 
C 0.125 0.200 3.18 5.08 
D 0.018 0.46 
E 0.100 2.54 
F 0.056 1.42 
G 0° 15° 0° 15° 
H 0.010 0.25 
I 0.311 0.317 7.90 8.05 
J 0.285 0.291 7.24 7.39 
K 0.150 3.81 
L 0.G15 0.060 0.38 1.52 

M 1.440 1.480 36.68 37.08 
N 0.098 2.49 

44-LEAD CERQUAD (C/Q) 

I CHES IL I ERS 
SYMBOL MIN MAX MIN MAX 

A O.548lVp 0.000 14.00TVp 
B 0.679 0.694 17.40 17.80 
C 0.038 0.040 0.98 1.02 
D 0.016Typ 0.000 0.40 Typ 
E 0.008 Typ 0.000 0.20Typ 

F 0.027 0.051 0.70 1.30 
G O.008Typ 0.000 0.15 Typ 
H 0.115 0.140 2.96 3.58 

'~.; 
~-------B--------~ F 

20-CONTACT LEADLESS CHIP CARRIER (LCC) 

--jH 

G INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A .040 tvc 1.02 

B .050 tvc 1.27 
C 0.045 0.055 1.14 1.40 

0 0.345 0.360 8.76 9.14 
E 0.054 0.066 1.37 1.68 
F .000typ 0.51 
G 0.022 0.028 0.56 0.71 
H 0.075 1.91 

IIHHHHH 111E 
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28-CONTACT LEADLESS CHIP CARRIER (LCC) 

.-L 
B 

T Pin 1 

I- -I 
I- F -I 

I IN N N H N H N ffio 
8O-LEAD MQUAD 

H 
F G 

T 

1 
=M 

K 

46-PIN GRID ARRAY (PGA) 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SYMBOL 

A 
B 
C 
0 
E 
F 

SYIIBOL 

A 
B 
C 
0 
E 

F 
G 

H 
I 
J 
K 

L 
M 

SYMBOL 

A 
B 
C 
0 
E 

F 
G 

IN( :Hes MIL IlITeRS 
MIN MAX MIN IIAX 

.040 x 450 

0.050 1.27 
0.442 0.458 11.23 11.63 
0.060 0.070 1.52 1.78 
0.022 0.028 0.58 0.71 
0.396 0.412 10.06 10.46 

IN H M U ERS 
IIIN MAX MIN MAX 

0.937 0.945 23.80 24.00 
0.777 0.785 19.72 19.93 

0.472TYP 12.0TYP 
0.541 0.549 13.73 13.94 
0.701 0.708 17.80 18.00 

O.032TYP O.80TYP 
0.014TYP O.38TYP 

0.114 0.122 2.90 3.10 
.000TYP 0.15TYP 
0.724 TYP 18.4TYP 

0.099 0.108 2.51 2.77 
7' 7' 
0.028 0.038 0.88 0.91 

IN( :HJ:5 MIL leTERS 
IIIN MAX MIN MAX 

0.890 0.910 22.61 23.11 
O.l001YP 2.54\Yp 

.045 dla .055 dla 1.14 1.40 
0.084 0.086 2.13 2.44 II 
0.169 0.193 4.29 4.90 

.000dla .000dla 0.51 0.76 
.050 IYP 1.271YP 
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68-PIN GRID ARRAY (PGA) 

INCHES MIL I ETERS 

SYMBOL MIN MAX MIN MAX 

A 1.089 1.111 27.65 28.22 
B 1.090 1.110 27.69 28.19 
C .100typ 2.54 
0 0.067 0.063 1.70 2.11 
E 0.150 0.170 3.81 4.32 
F .016 dia 0,02 dia 0.41 0.51 
G .050dia 1.27 
H 0.050 1.27 

16-LEAD PLASTIC DIP (PDIP) 

T IN( :HES L 
G SYMBOL MIN MAX MIN MAX 

~~1 
I. H .1 

A 0.300 7.62 
B 0.014 0.026 0.36 0.66 

C .100 typ 2.54 
0 .010tvD 0.25 
E 1.150 1.950 29.21 49.53 
F 0.290 0.330 7.37 8.38 ~ F====-\ .-L 

l~ -t \~ 
G 0.246 0.254 6.25 6.45 
H 0.740 0.760 18.80 19.30 

11-8 

--II- -I cI-
s 

20-LEAD PLASTIC DIP (PDIP) 

T I 
SYMIIOL MIN MAX MIN MAX 

A 0.300 7.62 
G B 0.014 0.026 0.36 0.66 

~~~.1 
I. H .1 

~F~ .-L 

l~ -t \~ 

C .100tvD 2.54 
0 .010typ 0.25 
E 1.20typ 30.48 
F 0.290 0.330 7.37 8.38 

G 0.246 0.254 6.25 6.45 
H 1.010 1.030 25.65 26.16 

I-c 
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24-LEAD PLASTIC DIP (PiliP) 

~ iK 
T 

1 

SYMBOL 

A 

B 
C 

,~~~1 
I. J .1 

0 
E 
F 

G 

H 

, ~ H=-:::::+I -.-L 

iwmmM -t \+ 
1 

J 
K 

28-LEAD PLASTIC DIP (PDIP) 

r: : : : : : : : : : : : :~ IT I. J .1 

SYMBOL 

A 

B 

C 

0 
E 

F 

G 

H 

~H~ -.-L 

iiKKKKKKfW -t \ + 
1 

J 
K 

28-LEAD SKINNY (300 MIL) PLASTIC DIP (PDIP) 

SPI' 4755 Forge Road; Co .. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528c2370 

SYMBOL 

A 

B 

C 

0 
E 

F 
G 

H 
1 

INCHES MILLIMET RS 

MIN MAX MIN MAX 

0.190 4.83 

0.125 0.135 3.18 3.43 
0.015 0.022 0.38 0.56 

0.1ootyp 25.4tyO 

0.055 0.065 1.40 1.65 

0.008 0.012 0.20 0.30 

0.150typ 3.81 typ 

0.600 0.625 15.24 15.88 
0.530 0.550 13.46 13.97 

1.245 1.255 31.62 31.88 
0.070 0.080 1.78 2.03 

INCHES MILLIMET RS 

MIN MAX MIN MAX 

0.200 5.08 
0.120 0.135 3.05 3.43 

0.020 0.51 

0.100 2.54 

0.087 1.70 

0.013 0.33 

0.170 0.180 4.32 4.57 

0.622 15.80 
0.555 14.10 

1.460 37.08 
0.085 2.16 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.288 typ 7.~typ_ 

1.386 typ 35.2typ 

0.130 typ 3.3typ 
0.060 tyO 1.5tyO 
0.100 tvD 2.5typ 
0.020 typ 0.5typ 

0.130~ 3.3 tvo 
0.310typ 7.9 typ 
0.345 tyo 8.8typ 
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32-LEAD PLASTIC DIP (PDIP) 

INCHES MIL .IMETERs 
SYMBOL MIN MAX MIN MAX 

A 0.200 5.08 

B 0.128 0.131 3.25 3.33 
C 0.017 0.018 0.43 0.48 
D .100typ 2.54 
E 0.059 0.060 1.50 1.52 
F 0.008 0.010 0.20 0.25 
G .0.149 0.150 3.78 3.81 
H .600tvo 15.24 
I 0.527 0.543 13.39 13.79 
J 1.640 1.660 41.66 42.16 

20-LEAD PLASTIC LEADED CHIP CARRIER (PLCC) 

INCHES M LLiMETERS 
SYMBOL MIN MAX MIN MAX 

A .045 tvo 1.14 
B 

C 0.350 0.356 8.89 9.04 
D 0.385 0.395 9.78 10.03 
E 0.350 0.356 8.89 9.04 
F 0.385 0.395 9.78 10.03 
G 0.042 0.056 1.07 1.42 
H 0.165 0.180 4.19 4.57 
I 0.085 0.110 2.16 2.79 
J 0.025 0.040 0.64 1.02 
K 0.015 0.025 0.38 0.64 
L 0.026 0.032 0.66 0.81 
M 0.013 0.021 0.33 0.53 

N 0.050 1.27 
0 0.290 0.330 7.37 8.38 

28-LEAD PLASTIC LEADED CHIP CARRIER (PLCC) 

<" ;;; 
A, .. 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.450 0.456 11.43 11.58 
B 0.485 0.495 12.32 12.57 
C 45" 45" 
D 0.165 0.175 4.19 4.45 
E 0.010 0.25 
F 0.022 typ .56 typ 0.00 

G 0.18 typ 4.57 typ 0.00 
H O.05tvo 1.27tvo 0.00 
I 0.039 0.430 0.99 10.92 

4755 Forge Road, Co. Springs, CO 80907 SPr 
PH: (719) 528-2300; Fax: (719) 528-2370 
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32-LEAD QUAD FLAT PACK (QFP) 

J 

@ 
48-LEAD QUAD FLAT PACK (QFP) 

G~~ J -+" H 

K 

52-LEAD QUAD FLAT PACK (QFP) 

~ 
F G 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SYMBOL 

A 
B 

C 

0 

E 
F 

G 

H 
I 

J 
K 
L 

SYMBOL 

A 

B 

C 
0 
E 

F 

G 

H 

I 

J 
K 
L 

SYMBOL 

A 

B 

C 
0 

E 
F 

G 

H 

I 
J 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.339 0.363 8.70 9.30 
0.261 0.285 6.70 7.30 

0.339 0.363 8.70 9.30 
0.261 0.285 6.70 7.30 

0.023 0.039 0.60 1.00 
0.012 0.020 0.30 0.50 

0.056 0.057 1,44 1,46 

0.002 0.006 0.05 0.15 
0.039 typ 1.00lyp 

0.004 0.008 0.09 0.20 

0' 7' 0' 7" 
0.016 tvP 0.4tvp 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.343 0.359 B.79 9.21 
0.269 0.277 6.B9 7.11 

0.269 0.277 6.89 7.11 

0.343 0.359 8.79 9.21 

0.016 0.023 0,41 0.59 
0.004 0.012 0.09 0.31 

0.052 0.067 1.34 1.71 

0.000 0.006 0.16 

0.003 0.007 0.074 0.176 

0.011 0.028 0.29 0.71 

0.0391YP 1.0typ 
0' 10' O' 10' 

IN HES MILLIME ER 

MIN MAX MIN MAX 

0.507 0.523 13.0 13,4 

0.386 0.394 9.9 10.1 
0.507 0.523 13.0 13.4 

0.386 0.394 9.9 10.1 

0.080 0.088 2.05 2.25 
0.025 tvo 0.65tvo 

0.008 0.Q16 0.2 0.4 
O.062typ 1.6typ 

0.004 0.008 0.1 0.2 
0.023 0.039 0.6 1.0 
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16-LEAD SIDEBRAZED (SIB) 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.070 0.090 1.78 2.29 
B 0.015 0.021 0.38 0.53 
C O.l00typ 2.54 typ 

0 0.049 0.059 1.24 1.50 
E - - - -
F - - - -
G 0.792 0.808 20.12 20.52 
H 0.287 0.303 7.29 7.70 
I 0.009 0.012 0.23 0.30 
J 0.290 0.310 7.37 7.87 

20-LEAD SIDEBRAZED (SIB) 

IN :HES IL MT S 
SYMBOL MIN MAX MIN MAX 

A 0.075 0.095 1.91 2.41 
B 0.014 0.023 0.36 0.58 
C 0.090 0.110 2.29 2.79 
0 0.030 0.070 0.76 1.78 
E 0.D15 0.060 0.38 1.52 
F 0.150 3.81 
G 1.060 26.92 
H 0.220 0.310 5.59 7.87 

I 0.008 0.D15 0.20 0.38 
J 0.290 0.320 7.37 8.13 

28-LEAD SIDEBRAZED (SIB) 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.077 0.093 1.96 2.36 
B 0.Q16 0.020 0.41 0.51 
C 0.095 0.105 2.41 2.67 
0 .000lI'l'- 1.27typ 
E 0.040 0.060 1.02 1.52 
F 0.215 0.235 5.46 5.97 
G 1.388 1.412 35.26 35.86 
H 0.585 0.605 14.86 15.37 
I 0.009 0.012 0.23 0.30 
J 0.600 0.620 15.24 15.75 

4755 Forge Road, Co. Springs, CO 80907 SPI' 
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SP'I 

32-LEAD SIDEBRAZED (SIB) 

INCHES 
SYMBOL MIN MAX 

A 0.081 0.099 
B 0.016 0.020 
C 0.095 0.105 
D .050 tvP 
E 0.040 
F 0.175 0.225 
G 1.580 1.620 
H 0.585 0.605 
I 0.009 0.012 
J 0.600 0.620 

42-LEAD SIDEBRAZED (SIB) 

INCHES 

SYMBOL MIN MAX 

A 0.081 0.099 

B 0.016 0.020 
C 0.095 0.105 
D .050tvo 
E .050tvo 
F 0.275 
G 2.080 2.120 
H 0.585 0.605 
I 0.008 0.015 
J 0.600 0.620 

8-LEAD SMALL OUTLINE INTEGRATED CIRCUIT (SOIC) 

INCHES 
SYMBOL MIN MAX 

A 0.187 0.194 
B 0.228 0.242 

C 0.050 typ 

4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528"2300; Fax: (719) 528-2370 

D 

E 

F 
G 

H 
I 
J 
K 

0.014 0.019 
0.005 0.010 
0.060 0.067 
0.055 0.060 

0.149 0.156 
0° 8° 

0.007 0.010 
0.016 0.035 

MILLIMETERS 

MIN MAX 

2.06 2.51 
0.41 0.51 
2.41 2.67 

1.27 

1.02 
4.45 5.72 

40.13 41.15 
14.86 15.37 
0.23 0.30 

15.24 15.75 

MILLIMETERS 

MIN MAX 

2.06 2.51 

0.41 0.51 
2.41 2.67 

1.27 
1.27 

6.99 
52.83 53.85 
14.86 15.37 
0.20 0.38 

15.24 15.75 

MILLIMETERS 
MIN MAX 

4.80 4.98 
5.84 6.20 

1.27 typ 

0.35 0.49 
0.13 0.25 
1.55 1.73 
1.40 1.55 

3.81 3.99 
0° 8° 

0.19 0.25 
0.41 0.89 
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20-LEAD SMALL OUTLINE INTEGRATED CIRCUIT (SOIC) 

II 
INCHE MIL ME S 

SYMBOL MIN MAX MIN MAX 

A 0.291 0.299 7.40 7.60 

A S B 0.394 0.419 10.00 10.65 

~:::;:;:::;:;::r 11 
C 0.496 0.512 12.60 13.00 
D O.050typ 1.27 typ 

E 0.014 0.019 0.35 0.49 
F 0.004 0.012 0.10 0.30 
G 0.093 0.104 2.35 2.65 
H 0.009 0.013 0.23 0.32 

I- c~-IT 
F -*--T(U U U U U U U U U u) 1. 

-./ ~ -,/1+ 

I 0.016. 0.050 0.40 1.27 

D E 

24-LEAD SMALL OUTLINE INTEGRATED CIRCUIT (SOIC) 

~~Ill IN HES MI LI ETERS 
SYMBOL MIN MAX MIN MAX 

A 0.581 0.601 14.90 15.40 
B 

C .050typ 1.27typ 

D 0.014 0.021 0.35 0.55 
E 0.006 0.012 0.15 0.30 
F 0.066 0.066 1.70 2.25 

I_ A -I 

S.=+{U u U U U U U U U U U U) 
T C-./ ~ 0-./ 1+ 

G 0.012 0.027 0.30 0.70 
H 0.293 0.324 7.50 8.30 
I 0.203 0.218 5.20 5.60 

28-LEAD SMALL OUTLINE INTEGRATED CIRCUIT (SOIC) 

C S MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.696 0.712 17.68 lB.08 
B 0.004 0.012 0.10 0.30 
C .050 \yO 0.00 1.27 
D 0.014 0.019 0.36 0.48 
E 0.009 0.012 0.23 0.30 
F 0.080 0.100 2.03 2.54 
G 0.016 0.050 0.41 1.27 
H 0.394 0.419 10.01 10.64 
I 0.291 0.299 7.39 7.59 

11-14 
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@..SPT 
SIGNAL PROCESSING TECHNOLOGIES 

LEADERSHIP IN 
DATA CONVERSION 

AND 
SIGNAL PROCESSING 
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GENERAL PRODUCT INFORMATION 

ORDERING INFORMATION 

ANALOG-TO-DIGITAL CONVERTERS 

DIGITAL-TO-ANALOG CONVERTERS 

COMPARATORS 

PIN DRIVERS 

SAMPLE-AND-HOLD AMPLIFIERS 

EVALUATION BOARDS 

APPLICATION NOTES 

QUALITY ASSURANCE 

PACKAGE OUTLINES 
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~SPT 
SIGNAL PROCESSING rECHNOI.OGIES 

EASTERN 
SPT 
6 Misty Ridge Circle 
Kinnelon, NJ 07405 
Ph: (201) 492-0113 
Fax: (201) 492-0210 

ARIZONA 
B.S.E., Inc. 
9832 N. Hayden Rd., #101 
Scottsdale, AZ 85258 
Ph: (602) 483-0373 
FAX: (602) 483-0383 

ALABAMA 
Over & Over, Inc. 
3311 Bob Wallace Dr., 
Ste202 
Huntsville, AL 35805 
Ph: (205) 518-2200 
FAX: (205) 518-2220 

CALIFORNIA 
CERCO 
10721 Treena St., #110 
San Diego, CA 92131-1038 
Ph: (619) 693-7500 
FAX: (619) 693-7600 

Select Electronics 
14730 Beach Boulevard 
Suite 106, Bldg F 
La Mirada, CA 90638 
Ph: (714) 739-8891 
FAX: (714) 739-1604 

W-J Electronics 
1590 Oakland Rd., 
Ste Bll0-2 
San Jose, CA 95131 
Ph: (408) 437-5600 
FAX: (408) 437-0889 

COLORADO 
W. Howard Associates 
P.O. Box 408 
Parker, CO 80134 
Ph: (303) 841-5755 
FAX: (303) 841-9272 

CONNECTICUT 
Kitchen & Kutchin, Inc. 
23 Peck Street 
North Haven, CT 06473 
Ph: (203) 239-0212 
FAX: (203) 234-9108 

WESTERN 
SPT 
248 North 1st Street, Ste. 260 
San Jose, CA 95131 
Ph: (408) 432-9210 
Fax: (408) 432-0545 

DELAWARE 
AdvanTech 
31 School Lane 
Cherry Hill, NJ 08002 
Ph: (609) 428-5700 
FAX: (609) 428-1044 

FLORIDA 
Perrott Associates, Inc. 
274 Wilshire Blvd, Ste 281 
Casselberry, FL 32707 
Ph: (407) 830-0094 
FAX: (407) 830-9188 

Perrott Associates, Inc. 
1308 Gangplank Dr. 
Valrico, FL 33594 
Ph: (813) 661-8139 
FAX: (813) 661-8139 

Perrott Associates, Inc. 
7251 W. Palmetto Pk. Rd. 
Suite 200 
Boca Raton, FL 33433 
Ph: (407) 362-0191 
FAX: (407) 362-0192 

GEORGIA 
Over & Over, Inc. 
7001 Peachtree Ind.Blvd 
Suite 202 
Norcross, GA 30092 
Ph: (404) 449-6205 
FAX: (404) 449-6177 

ILLINOIS 
Heartland Technical Sales 
1242 W. Northwest Hwy. 
Palatine, IL 60067 
Ph: (708) 358-6622 
FAX: (708) 358-7660 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

SPT REGIONAL OFFICES 

EUROPE 
SPT 
Walton Business Centre 
44146 Terrace Rd, 
WaRon-on-Thames 
Surrey KT12 2SD, U.K. 
Ph: 44-1932-254904 
Fax: 44-1932-254903 

FACTORY 
SPT 
4755 Forge Road 
Colorado Springs, CO 80907 
Ph: (719) 528-2300 
Fax: (719) 528-2370 

DOMESTIC REPRESENTATIVE OFFICES 

INDIANA NEW JERSEY - SOUTH 
TX Sales, Inc. AdvanTech 
P.O. Box 5298 31 School Lane 
Ft. Wayne, IN 46895 Cherry Hill, NJ 08002 
Ph: (219) 489-4447 Ph: (609) 428-5700 
FAX: (219) 489-6934 FAX: (609) 428-1044 

KENTUCKY NEW MEXICO 
TX Sales, Inc Reptronix, Ltd. 
P.O. Box 5298 237-C Eubank NE 
Ft. Wayne, IN 46895 Albuquerque, NM 87123 
Ph: (219) 489-4447 Ph: (505) 292-1718 
FAX: (219) 489-6934 FAX: (505) 299-1611 

MARYLANDID.C. NEW YORK - UPSTATE 
Rep-tron Inc. ENTEC Group, Inc. 
5710 Executive Dr., Ste 100 6037 Taft Road E., Ste 106 
Baltimore, MD 21228 North Syracuse, NY 13212 
Ph: (410) 788-5400 Ph: (315) 458-7936 
FAX: (410) 788-5444 FAX: (315) 452-5680 

MASSACHUSETTS NEW YORK - METRO 
MOL Associates, Inc. J-Square Marketing, Inc. 
25 Braintree Hill Pk, Ste 207 P.O. Box 103 
Braintree, MA 02184 Jericho, NY 11753-0103 
Ph: (617) 380-4140 Ph: (516) 935-3200 
FAX: (617) 380-3724 FAX: (516) 935-0029 

MICHIGAN NORTH CAROLINA 
Tech Rep, Inc. Over & Over, Inc. 
2200 N. Canton Ctr. Rd. 13530 South Ridge Drive 
Suite 110 Charlotte, NC 28273-6741 
Canton, MI 48187 Ph: (704) 583-9100 
Ph: (313) 981-1950 FAX: (704) 583-9109 
FAX: (313) 981-2006 

OHIO 
MINNESOTA TX Sales, Inc 
Cahill, Schmitz & Cahill P.O. Box 5298 
315 North Pierce Ft. Wayne, IN 46895 
St. Paul, MN 55104 Ph: (219) 489-4447 
Ph: (612) 646-7217 FAX: (219) 489-6934 
FAX: (612) 646-4484 

NEW JERSEY - NORTH 
OKLAHOMA 
M Rep, Inc. 

J-Square Marketing, Inc. 9787 E. 139th South 
P.O. Box 103 Bixby, OK 74008 
Jericho, NY 11753-0103 Ph: (918) 369-6425 
Ph: (516) 935-3200 FAX: (918) 369-5186 
FAX: (516) 935-0029 
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~SPT 
SIGNAL PROCESSING TECHNOlOGIES 

OREGON 
Electronic SolutionslE2 
10227 North West Alpenglow Way 
Portland, OR 97229 
Ph: (503) 292-8204 
FAX: (503) 292-8204 

PENNSYLVANIA - EAST 
AdvanTech 
31 School Lane 
Cherry Hill, NJ 08002 
Ph: (609) 428-5700 
FAX: (609) 428-1044 

PENNSYLVANIA - WEST 
TX Sales, Inc. 
P.O. Box 5298 
Ft. Wayne, IN 46895 
Ph: (219) 489-4447 
FAX: (219) 489-6934 

SOUTH CAROLINA 
Over & Over, Inc. 
10100 Park Cedar Dr., Suite 190 
Charlotte, NC 28210 
Ph: (704) 542-9111 
FAX: (704) 542-9937 

ARIZONA 
Jan Devices, Inc. 
1751 East Hatcher Road 
Phoenix, AZ 85020 
Ph: (602) 870-1190 
FAX: (602) 870-8873 

CALIFORNIA 
Jan Devices, Inc: 
6925 Canby Blvd., 109 
Reseda, CA 91335 
Ph: (818) 757-2000 
FAX: (818) 708-7436 

CONNECTICUT 
Cronin Electronic, Inc. 
6 Capital Drive 
Wallingford, CT 06492 
Ph: (203) 265-3134 
FAX: (203) 265-6765 

Sager 
108 No. Plains Industrial Rd. 
Wallingford, CT 06492 
Ph: (203) 265-4600" 
FAX: (203) 265-6865 

FLORIDA 
Sager 
7699 Commerce Center Drive 
Orlando, FL 32819 
Ph: (407) 354-1130** 
FAX: (407) 354-1137 

GEORGIA 
Sager 
3000 Northwoods Pkwy, #170 
Norcross, GA 30071 
Ph: (404) 446-0085** 
FAX: (404) 446-0430 
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DOMESTIC REPRESENTATIVE OFFICES·CONT. 
TENNESEE 
Over & Over, Inc. 
10100 Park Cedar Dr. 
Suite 190 
Charlotte, NC 28210 
Ph: (704) 542-9111 
FAX: (704) 542-9937 

TEXAS 
M Rep, Inc. 
12801 Stemmons Freeway 
Dallas, TX 75234 
Ph: (214) 484-5711 
FAX: (214) 484-0634 

VIRGINIA 
Rep-tron Inc. 
5710 Executive Drive 
Suite 100 
Baltimore, MD 21228 
Ph: (410) 788-5400 
FAX: (410) 788-5444 

ILLINOIS 
Sager 
1105 Remington Road 
Schaumburg, IL 60173 
Ph: (708) 882-9790** 
FAX: (708) 882-9776 

MARYLAND 
Jan Devices, Inc. 
833 Fairway Ave., Suite A 
Baltimore, MD 21228 
Ph: (410) 455-0988 
FAX: (410) 455-0791 

Sager 
9051 K Red Branch Road 
Columbia, MD 21045 
Ph: (410) 995-4900** 
FAX: (410) 381-9380 

MASSACHUSETTS 
Cronin Electronic, Inc: 
77 Fourth Avenue 
Needham, MA 02194 
Ph: (617) 449-5000 
FAX: (617) 444-8395 

Jan Devices, Inc. 
44 Cochrane Street 
Melrose, MA 02176 
Ph: (617) 662-3901 
FAX: (617) 662-0837 

Sager* 
60 Research Road 
Hingham, MA 02043 
Ph: (617) 740-2300** 
Ph: (617) 749-6700** 
FAX: (617) 740-2559 

Sager 
100 Research Drive 
Wilmington, MA 01887 
Ph: (508) 657-5155** 
FAX: (508) 657-6559 

WASHINGTON 
Electronic SolutionslE2 
13333 Bel-Red Road, Ste 239 
Bellevue, WA 98005 
Ph: (206) 637-0302 
FAX: (206) 646-8893 

WEST VIRGINIA 
TX Sales, Inc 
P.O. Box 5298 
Ft. Wayne, IN 46895 
Ph: (219) 489-4447 
FAX: (219) 489-6934 

WISCONSIN 
Heartland Technical Sales 
350 Bishops Way 
Brookfield, WI 53005 
Ph: (414) 789-6860 
FAX: (414) 789-6864 

CANADA - EAST 
ElectroniC sales Professionals 
215 Stafford Road, Unit 104 
Nepean, ant K2H 9Cl 
Ph: (613) 828-6881 
FAX: (613) 828-5725 

Electronic Sales Professionals 
10690 Peloquin 
Suite 210 
Montreal, Quebec H2C 2K3 
Ph: (514) 388-6596 
FAX: (514) 388-8402 

Electronic Sales Professionals 
60 Wildemess Drive 
Scarborough, ant M1V 3P6 
Ph: (416) 321-9693 
FAX: (416) 321-9794 

Electronic Sales Professionals 
86A Kennedy Road South 
Brampton, Ont L6W 3E7 
Ph: (905)453-6313 
FAX: (905)453-4655 

CANADA - WEST 
Electronic SolutionslE2 
13333 Bel-Red Road 
Suite 239 
Bellevue, WA 98005 
Ph: (206)637-0302 
FAX: (206)646-8893 
Fax: (514) 227-1519 

DOMESTIC DISTRIBUTOR OFFICES 
MINNESOTA 
Parts One 
1995 County Road, B2 
Roseville, MN 55113 
Ph: (612) 633-8079 
FAX: (612) 633-2310 

NEW HAMPSHIRE 
Cronin Electronic, Inc. 
360 Harvey Road 
Manchester, NH 03103 
Ph: (603) 624-0105 
FAX: (603) 622-7459 

Sager 
2 Industrial Way 
Salem, NH 03079 
Ph: (603) 898-1348** 
FAX: (603) 898-2741 

NEW YORK 
Sager 
800 Prime Place 
Hauppauge, NY 11788 
Ph: (516) 348-1300** 
FAX: (516) 348-1006 

NORTH CAROLINA 
Sager 
5249 Capital Blvd. 
Raleigh, NC 27604 
Ph: (919) 850-9550** 
FAX: (919) 850-9559 

OHIO 
Sager 
1755 Merriman Road, Ste 150 
Akron, OH 44313 
Ph: (216) 864-2111** 
FAX: (216) 864-4620 

OHIO 
Sager 
7494 Webster Street 
Dayton, OH 45414 
Ph: (513) 898-5555** 
FAX: (513) 898-4455 

PENNSYLVANIA 
Sager 
705 Thomson Park Drive 
Cranberry Township, PA 16066 
Ph: (412) 772-2233** 
FAX: (412) 772-3845 

Sager 
2270 Cabot Blvd. West, No.2 
Langhorne, PA 19047 
Ph: (215) 750-7778 
Ph: (609) 964-0830** 
FAX: (215) 750-8327 

TEXAS 
Jan Devices, Inc. 
1800 Fireside Drive 
Plano, TX 75074 
Ph: (800) 477-4526 
FAX: (818) 708-7436 

Sager 
1122 Commerce Drive 
Richardson, TX 75081 
Ph: (214) 783-1133** 
FAX: (214) 782-4240 

WISCONSIN 
Marsh Electronics, Inc. 
1563 S. 101st Street 
Milwaukee, WI 53214 
Ph: (414) 475-6000 
FAX: (414) 771-2847 

* Corporate Headquarters 
*. Also (800) 724-3780 

4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 



~SPT 
SIGNAL PROCt:SSING TECHNOLOGIES INTERNATIONAL REPRESENTATIVES AND DISTRIBUTORS 

AUSTRALIA 
Reptechnic 
Box 417 
North Sydney NSW 2059 
Ph: 61-2-953-9844 
FAX: 61-2-953-9683 

AUSTRIA 
Eurodis Electronics GmbH 
Lamezanstrasse 10 
A-1232 Wien 
Ph: 431 610620 
FAX: 431 61062151 

BELGIUM 
MicrotrOil N. V. 
Generaal De Wittelaan 7 
2800 Mechelen 
Ph: 32-15212223 
FAX: 32-15210069 

DENMARK 
NC Scandcomp Denmark AlS 
Rentemestervej 69A 
2400 Kobenhavn 
Ph: 45-31-194433 
FAX: 45-31-101287 

FINLAND 
Computer 2000 
Pyyntitie 3 
02230 Espoo 
Ph: 358-0-887331 
FAX: 358-0-88733343 

FRANCE 
Microel Immeuble "MICRO" 
Avenue de la Baltique 
ZA de Courtaboeuf-B.P.3 
91941 Les Ulis Cedex 
Ph: 33-1-69-070824 
FAX: 33-1-69-071723 

GERMANY 
Metronik 
Leonhardsweg 2 
82008 Unterhaching 
Germany 
Ph: 49-89-6110830 
FAX: 49-89-61108155 

HONG KONG 
Components Agent, LTD. 
36/F Metroplaza 
Tower 1 
Hing Fong Road 
Kwai Chung 
Ph: 852-487-8826 
FAX: 852-487-1268 

Leadertronics Company 
Unit 1707, 17/F 
Hewlett Centre 
52-54 Hoi Vuen Rd. 
Kwun Tong, Kowloon 
Ph: 852-2389-0800 
FAX: 852-2797-8429 

INDIA 
Samura Electronics Private, Ltd. , 
23-122 Plot-189 
Bhoodevi Nagar 
Secunderabad, A.P., 
PIN-500 015 
Ph: 91-40-862453 
FAX: 91-40-831344 

ISRAEL 
EI Gev Electronics, Ltd. 
Building 101 
P.O. Box 50 
Tirat-Vehuda 73175 
Ph: 972-39712056 
FAX: 972-39712407 

MTI Engineering Ltd. 
7 Ha'Arad Street 
PO Box 43066 
Tel Aviv, 61430 
Ph: 972-6478515 
FAX: 972-496005 

ITALY 
MicroEIit S. P.A. 
Via Sardegna 1 
20146 Milano 
Ph: 39-24817900 
FAX: 39-24813594 

SPI' 4755 Forge Road, Co. Springs, CO 80907 
PH: (719) 528-2300; Fax: (719) 528-2370 

ITAL Y-Cont. 
Sprague Italian a, S.P.A. 
Via Giovanni De Castro, 4 
20144 Milan, Italy 
Ph: 39-248012355 
FAX: 39-248008167 

JAPAN 
Nippon Imex Corporation 
NO.6 Sanjo Bldg 5F 
1-46-9 Matsubara, 
Setagaya-Ku 
Tokyo 156 
Ph: 81-3-3321-8000 
FAX: 81-3-3325-0021 

Toko, Inc. 
1-17, Higashi-Vukigaya 
2-chome, Ohta-ku 
Tokyo, T145 
Ph: 31337271161 
FAX: 81337271179 

KOREA 
Teletron, Inc. 
4F. Seong-ho BID, 1463-21 
Seocho-Dong Seocho-Ku 
Seoul,137-070 
Ph: 82 2 586 8677 
FAX: 82 2 586 8682 

THE NETHERLANDS 
Microtron N.V. 
Postbus 4336 
4900 CH Oosterhout 
Ph: 31-1620-60308 
FAX: 31-1620-60633 

NORWAY 
NC Scandcomp Norway AlS 
Nils Hansens vei 3 
N-0667 Oslo 
Ph: 47-22-724045 
FAX: 47-22-724059 

SINGAPORE 
Desner Electronics PTE LTD 
42 Mactaggart Road 
#04-01 Mactaggart Building 
Singapore 1336 
Ph: 65-2851566 
FAX: 65-2849466 

SOUTH AFRICA 
Eagle Technology 
P.O. Box 4376 
Cape Town 8000 
Ph: 27-21-234943 
FAX: 27-21-244637 

SPAIN 
Comelta, sa 
Alfonso, Gomez, 42 
Nave 1-1-2 
28037 Madrid 
Ph: 341 3276014 
FAX: 34 1 32705 04 

SWEDEN 
Martinsson Elektronik 
Instrumentvagen 16, 
Box 9060 
12609 Hagersten 
Ph: 4687440300 
FAX: 4687443403 

SWITZERLAND 
Anatec AG 
Sumpfstrasse 7 
6300 Zug 
Ph: 41-42-412441 
FAX: 41-42-413124 

TAIWAN 
Helm Eng. & Trading Co. 
4F, 76 Tun,Hua S. Road, 
Sec. 2 
Taipei, Taiwan 
Ph: 886-2-709-1888 
FAX: 886-2-706-0465 

UNITED KINGDOM 
Ambar Cascom Ltd. 
The Gatehouse 
Alton House Business Park 
Gatehouse Way 
Aylesbury, Bucks HP19 3DL 
Ph: 441-296-434141 
FAX: 441-296-29670 
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AND 
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4755 Forge Road, Co. Springs, CO 80907 SP'I 
PH: (719) 528-2300; Fax: (719) 528-2370 
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4755 Forge Road 
Colorado Springs, Colorado 80907 USA 
1-800-643-3SPT (778) 
FAX 719-528-2370 

r~TOKO 
Member of the TOKO Group 


