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. Quad Three-State Bus Transceiver ..o, 4-21
. Octal Buffer; Non-Inverting, Three-State . ........................... 4-17

Octal Buffer/Line Driver/Line Receiver
with Three-State Qutputs ... i i i 4-142
Octal Buffer/Line Driver/Line Receiver

~with Three-State Outputs ......... .ot 4-142
Octal Buffer/Line Driver/Line Receiver
with Three-State Outputs .............. e 4-142
QOctal Buffer/Line Driver/Line Receiver
with Three-State Qutputs ......... ..., 4-142
Octal Buffer/Line Driver/Line Receiver
with Three-State Outputs ... vttt 4-142
Dual Line ReCBIVEr ...ttt it e et ettt it 4-147
Dual Line RECEIVEr ..ottt it it i it it e it e iaanenns 4-147
Dual Line Driver .. ..ot e et et e s 4-153
Dual Line Driver ... i i e e et e e 4-153
Three-State Octal Buffers ..........ciiiiiiiiiiiiii i, 4-159
Three-State Octal Buffers ........ccoiiiiiiiiin it iiieiinenns. 4-159
Three-State Octal Buffers ...ttt 4-159
Three-State Octal Buffers ..........c.cciiiiiiiiiiiiiiiiiiinennennen 4-159
Octal Three-State Inverting Bidirectional Transceiver ................ 4-163
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Line Drivers/Receivers — Section IV (Cont.)

Am73/8304B
Am78/8820
Am78/8820A
Am78/8830
Am78/8831
Am78/8832
Am78/8838
Am8T26
Am8T26A
Am8T28
Am8212
Am8216
Am8226
Am9614
Amg615
Am9616
Amg617

Application Notes

Octal Three-State Bidirectional Transceiver ...........c.ccovviueenn.. 4-168
Dual Differential Line Receiver .........c.iiiiiiii i, 4-173
Dual Differential Line Receiver ..........ccviiiiiiinn s 4-173
Dual Differential Line Driver. . ..ottt it ie i e inenns 4-178
Three-State Line Driver ...ttt et e enaenns 4-182
Three-State Line Driver . .....coiiiiiii ittt eieieinennns 4-182
Quad Unified Bus Transceiver .........c.oviiiiiirininenrnenennn. 4-188
Schottky Three-State Quad Bus Driver/Receiver .................... 4-190
Schottky Three-State Quad Bus Driver/Receiver .................... 4-195
Schottky Three-State Quad Bus Driver/Receiver .................... 4-195
8-Bit Input/Output Port . ... 4-125
4-Bit Parallel Bidirectional Bus Driver ............. ..o iiiiii... 4-132
4-Bit Parallel Bidirectional Bus Driver ........... ... ... ciiiiiin... 4-132
Differential Line Driver ..........ciiiiiiiiiiiiii it iieiiainneneens 4-200
Dual Differential Line Receiver .........ccoviiiiieiiiiiieiiinennnn. 4-72
Triple EIA RS-232C/MIL-STD-188C Line Driver ...........cccovvvn... 4-205
RS-232C Line ReCeIVEr ... ittt it ittt i e e 4-209

Use of the Am26L.529, 30, 31 and 32 Quad Driver/Receiver
Family in EIA-422 and 423 Applications . ... e 4-45

MOS Memory and Microprocessor Interface — Section V

Am0026/0026C
Am0056/0056C
Am8224
Am8228
Am8238

S5MHz Two-Phase MOS Clock Driver ..., 5-1
5MHz Two-Phase MOS Clock Driver ...........cciiiiiiiiiinnnnnn. 5-7
Clock Generator and Driver . ...ttt i i 5-13
System Controller and Bus Driver ........ ... .. . it 5-20
System Controller and Bus Driver ...........cccoiiiiiiiii s, 5-20

Operational Amplifiers — Section VI

Am101/201/301
Am101A/201A/301A
Am102/202/302
Am107/207/307
Am108/208/308
Am108A/208A/308A
Am110/210/310
Am112/212/312
Am118/218/318
Am124/224/324
Am124A/224A/324A
Am148/248/348
Am149/249/349
LF155/255/355
LF155A/255A/355A
LF156/256/356
LF156A/256A/356A
LF157/257/357
LF157A/257A/357A
Am216/316
Am216A/316A
Am715/715C
Am725/725C
S88725/725B/725E

Operational Amplifier.......c.ooiii it 6-1
Operational Amplifier. ... e e 6-5
Voltage Follower ....... ... . i 6-10
Frequency Compensated Operational Amplifier ..................... 6-14
Operational Amplifier. ... e e 6-18
Operational Amplifier. ... e 6-18
Voltage Follower . ... ...t i ittt 6-22
Compensated, High-Performance Operational Amplifier .............. 6-26
High-Speed Operational Amplifier ................coooiiiiiiiit, 6-30
Quad Operational Amplifier .......... ..o i 6-36
Quad Operational Amplifier ..............co i, 6-36
Quad 741 Operational Amplifier ............ ...ttt 6-41
Quad 741 Operational Amplifier .......... ... 6-41
Monolithic JFET Input Operational Amplifier ........................ 6-43
Monolithic JFET Input Operational Amplifier ........................ 6-43
Monolithic JFET Input Operational Amplifier ........................ 6-43
Monolithic JFET Input Operational Amplifier ........................ 6-43
Monolithic JFET Input Operational Amplifier ........................ 6-43
Monolithic JFET Input Operational Amplifier ........................ 6-43
Compensated, High-Performance Operational Amplifier .............. 6-51
Compensated, High-Performance Operational Amplifier .............. 6-51
High-Speed Operational Amplifier ...............coiiiiiiiiiin., 6-55
Instrumentation Operational Amplifier ............ ... 6-59
High-Performance Operational Amplifier . ................. .. ..ot 6-64
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Operational Amplifiers — Section VI (Cont.)
Am741/741A/741C/741E Frequency-Compensated Operational Amplifier .....................

SSS8741/741C High-Performance Operational Amplifier ............................
Am747/747A/747C/[747E Dual Frequency-Compensated Operational Amplifier
SS8S8747/747C Dual 741 Operational Amplifier ...,
Am748/748C Operational Amplifier........ ..o i e
Am1501 Dual Operational Amplifier .. ...t
Am1558/1458 Dual Frequency-Compensated Operational Amplifier
LH2101A/LH2201A/

LH2301A Dual Operational Amplifier ...........ccoiriiiiiiiii i 6-99
Special Functions — Section VIi
Am592 Differential Video Amplifier... ... ... ..ot 7-1
Am733/733C Differential Video Amplifier............. oo it 7-4
Voltage Regulators — Section Vill
Am105/205/305/305A Voltage Regulator ............ i 8-1
Am723/723C Voltage Regulator ... ... i 8-5
Section IX
Package OULINES . ... ..o e e e ettt e e 9-1
(][0T 9-5
AMD Field Sales Offices, Sales Representatives, Distributor Locations ............... et 9-10
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SELECTION GUIDE

OPERATIONAL AMPLIFIERS

UNCOMPENSATED
Page No. }

LM101 6-1 General Purpose, 500nA |g, 5mV Vos

LM748 6-84 General Purpose, 500nA Ig, 5mV Vos

LM101A 65 Improved General Purpose, 75nA 1g,
2mV Vos

AM1501 6-90 Dual Improved General Purpose, 75nA
Ig, 2mV Vos

LH2101A 6-99 Dual Improved General Purpose, 75nA
g, 2mV Vos

725 6-59 Instrumentation, 100nA Ig, TmV Vos,
5.0V/°C TCVIO

S§S8S725 6-64 Improved instrumentation, 80nA Ig,
-bmV Vos, 1 .0\_//°C TCViOo

LM108 6-18 Low Input Current Precision, 2nA ig,
2mV Vos, 0.2nA 10S

LM108A | 6-18 | Low Input Current and Offset Voltage
Precision, 2nA Ig, 0.5mV Vos, 0.2nA
108, 5pV/°C TCVIO

715 6-55 High Speed, 15V/usec slew rate, 750nA
1g, BmV Vos

INTERNALLY COMPENSATED

e 6-70 General Purpose, 500nA Ig, 5mV Vos

741AE 6-70 Improved General Purpose, 80nA I,

. 3mV Vos, 30nA 1gs, 50uV/VPSRR

SSS741 6-64 High Performance, 50nA Ig, 2mV Vos

747 6-77 Dual General Purpose, 500nA Ig, 5mV
Vos

747AE 6-77 Dual Improved General Purpose, 80nA
I8, 3mV Vos, 30nA lgg, 50uV/VPSRR

§S8S5747 6-64 Dual High Performance, 50nA Ig, 2mV
Vos

AM1558 6-95 Dual General Purpose, 5600nA Ig, 5mV
Vos

LM124 6-36 |- Quad General Purpose, 150nA 1g, 5mV

LM124A 6-36 Vos, Single or Dual Supply, 3 to 30V,
1mW/op amp at +5V

LM148 6-41 Quad 741, 500nA Ig, 5mV Vos

LM149 6-41 Quad Decompensated, 500nA Ig, 5mV
Vos Av{min.) =5

LM107 6-14 Improved General Purpose, 75nA |g,
2mV Vos

LM112 6-26 Low Input.Current Precision, 2nA Ig,

\ 2mV Vos

LM216 6-51 Very Low Input Current Precision,
150pA 1, 10mV Vos

LM216A 6-51 Very Low Input Current Precision, 50pA
g, 3mV Vos

LM118 6-30 High Speed, 50V /usec slew rate, 4mV
Vos, 250nA Ig

LF155 6-43 FET Input General Purpose, 5mV Vos,
20pA 1ps. 100pA Ig

LF155A 6-43 FET Input General Purpose, 2mV Vos,
5uV/°C TC Vg, 10pA Igg, 50pA Ig

LF156 6-43 ‘FET Input Wideband, 5mV Vos, 20pA
10s. 100pA I, 7.5V/usec SR

LF156A 6-43 FET Input Wideband, 2mV Vos, 5uV/°C
TC V19, 10pA Igs, 50pA Ig, 10V/
usec SR

LF157 6-43 FET Input Wideband Decompensated,
5mV Vos, 20pA lgs, 100pA 1g, 30V/
usec SR (Ay = 5)

LF157A 6-43 FET Input Wideband Decompensated,

2mV Vos, 5uV/°C TC Vg, 10pA Igg,
50pA 1g, 40V/usec SR (Ay =5)

VOLTAGE FOLLOWERS

Page No.

LM102

LM110

6-10

6-22

Low Input Current, High Speed, 10nA
1B, 5mV Vos, 20V/usec slew rate, 1000
Rin

Improved Low Input Current, High
Speed, 3nA |g, 4mV Vos, 20V/usec slew
rate, 10'0Q Rin

Page No.

VOLTAGE COMPARATORS

LM111

LH2111

AM1500

LM106

LM119

LM139

LM139A

AM685

AM686

AM687

25

2-35

29

2-13
213

219

General Purpose, 100nA Ig, 3mV Vos,
250ns Response Time, 50V and 50mA
Output

Dual General Purpose, 100nA Ig, 3mV
Vos, 250ns Response Time, 50V and
50mA Output

Dual General Purpose, 100nA Ig, 3mV
Vos, 250ns Response Time, 50V and
50mA Output

High Speed, 20uA Ig, 2mV Vos, 40ns
Response Time, 24V and 100mA Output
Dual General Purpose, 500nA Ig, 4mV
Vos, 80ns Response Time, 35V and 25mA
Output, +5 or +15V Supply

Quad General Purpose, 100nA Ig, 2ZmV
Vos, Single or Dual Supply 2 to 36V,
1TmW/comp. at +5V :

Very Fast ECL Output, 10uA Ig, 2mV
Vos, 6.5ns Response Time

Very Fast TTL Output, 10uA Ig, 2mV
Vos, 12ns Response Time

Dual Very Fast ECL Output, 10uA Ig,
2mV Vos, 6.5ns Response Time

VOLTAGE REGULATORS

Page No.
723 8-5 General Purpose, 2-37V.Output, 0.15%
load reg., 50V input, 150mA Qutput
LM105 8-1 General Purpose, 4.5-40V Output, 0.05%
load reg., 50V input, 12mA Output

DATA CONVERSION PRODUCTS

Page No.

AM1508 3-14 | 8-Bit Multiplying D-to-A Converter, Ac-
curacy 0.19%, Settling Time 300nsec typ.

SSS1508A | 3-14 8-Bit Multiplying D-to-A Converter, Ac-
curacy 0.1%, Settling Time 135nsec

DAC-08 31 8-Bit High-Speed Multiplying D/A Converter

AM6070 3-28 | Companding D-to-A Converter for Control
Systems

AM6071 3-40 | Companding D-to-A Converter for Control
Systems

AM6072 3-52 | Companding D-to-A Converter for PCM
Communication Systems

AM6073 3-64 Companding D-to-A Converter for PCM
Communicat‘ion Systems ’ '

AMG080 3-76 Microprocessor System Compatible 8-Bit
High-Speed Multiplying D/A Converter

AMB081 3-84 Microprocessor System Compatible 8-Bit

‘ High-Speed Multiplying D/A Converter

LF198, 3-7 Monolithic Sample and Hold Circuits

298, 398

AM2502, 3-18 8-Bit/12-Bit Successive Approximation

03, 04 Registers




SELECTION GUIDE (Cont.)

LINE DRIVERS

LINE RECEIVERS

DUAL DIFFERENTIAL Use With
75109 Open collector differential outputs 75107B
typical current 6mA, inhibit controls 751088
75110 12mA output current version of 751078
Am75109 75108B
8830 Designed for single 5.0V supply 7820 or
operation 7820A
8831 Dual differential device which may also 9615 or
be used as a quad single-ended driver. 2615
Three-state output.
8832 Similar to 8831 but no Vg clamp 9615 or
diodes 2615
9614 5 volt supply driver with complementary 9615
outputs
9621 200mA transient capability with 1300 9620
back matching resistor
DIFFERENTIAL EIA RS-422,
FEDERAL STD 1020
26LS31 Quad, high-speed, low output skew 26LS32 or
26LS30 Dual, high output CMR 26LS33
SINGLE ENDED
2614 High-speed quad driver for multi-channel, | 2615
common ground operation.
SINGLE ENDED, EIA RS-232-C
1488 Quad EIA RS-232C driver (14 pins) 1489/
1489A
2616 Quad 16-pin driver for EIA RS-232C, 2617
CCITT V.24 and MIL-188C interface
9616 Triple EIA RS-232C driver (14 pins) 9617
SINGLE ENDED, EIA RS-423, FEDERAL STD 1030
26LS29 Quad, three-state 26LS32 or
26LS30 Quad, mode control 26LS33
BUS BUFFERS/DRIVERS
tog | loL
(TYP) | (MAX)
2515240 | Inverting octal buffer/driver with three- | 10 48
74L.S240 state output 10 24
748240 45 68
81L.S96 9.0 16
2508241 | Non-inverting octal buffer/driver with 12 48
7418241 | three-state output 12 24
745241 6.0 68
81LS95 12 16
2518242 | Inverting buffer/driver with two quad 10 48
74LS242 | data paths connected input-to-output 10 24
1748242 4.5 68
25L.S243 | Non-inverting buffer/driver with two 12 48
7418243 | quad data paths connected input-to- 12 24
1745243 output 6.0 68
2518244 | Non-inverting octal buffer/driver with 12 48
74LS244 | three-state output and two inverting 12 24
745244 enables 6.0 68
81LS97 12 16
81LS98 Inverting octal buffer/driver with three- | 9.0 16
state output and two inverting enables

tin development
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DUAL DIFFERENTIAL Use With
3603 Receiver with differential input to detect 75110
signals > 25mV. Three-state outputs.
751078 Totem-pole TTL output version of 75109 or
Am363 75110
75108B Open collector TTL output version of 75109 or
Am363 75110
8820 Designed for =15V common mode 8830
using 5.0V supply
8820A Higher speed, tighter spec 8820 8830
9615 +15 volt common mode, 5 volt supply 9614
receivers with uncommitted collector
and active pull-up controls
9620 +15 volt common mode receiver with 9621
direct and attenuated inputs
QUAD DIFFERENTIAL
26LS33 *15 volt common mode, 5 volt supply, 26L831
three-state output
QUAD DIFFERENTIAL EIA RS-422,
FEDERAL STD 1020
26LS32 +7 volt common mode, 5 volt supply, 26LS31
three-state output
SINGLE ENDED
2615 Receiver for 3 volt single-ended TTL 2614
level data
SINGLE ENDED, EIA RS-232-C
1489 Quad EIA RS-232C receiver with input 1488
threshold hysteresis
1489A Higher threshold version of Am1489 1488
2617 Quad EIA RS-232 receiver specified 2616
over military temperature range (same
pinout as Am1489A)
9617 Triple EIA RS-232 receiver with 9616
adjustable hysteresis
SINGLE ENDED, EIA RS-423,
FEDERAL STD 1030
261832 +7 volt common mode, 5 volt supply, 26LS29
three-state output 26LS30




SELECTION GUIDE (Cont.)

SPECIAL FUNCTIONS

MOS-MICROPROCESSOR INTERFACE CIRCUITS

TIMERS 8080A/9080A
555 Single, Precision oscillator/timer 8212 8-Bit input/output port, with storage
556 Dual version 555 8216 4-Bit parallel bidirectional bus driver
8224 Clock generator and driver
8226 Inverting version 8216
8228 System controller and bus driver
8238 System controller and bus driver with extended
MOS MEMORY e
DRIVERS 8303B Two 8226's in one 20 pin package
0026 Dual 5MHz Two-Phase MOS clock driver 83048 Two B8216's in one 20 pin package
0056 0026 with added Vgg terminal
SENSE AMPLIFIERS
3604 Differential input for signals > 10mV, Three-state
outputs
75207 Totem-pole TTL output 3604
75208 Open-collector 3604
BUS TRANSCEIVERS
Speed
Device Output Function Hysteresis (Note 1) Comments
QUAD
Am26S10 100mA-O.C. Inverting No 20ns SN55/75138 pin out
Am26S11 100mA-O.C. Non-|nvgmng 10 bus; No 22ns Same as Am26S510 except non-inverting to bus
Inverting off bus
Am26S12 100mA-O.C. Inverting Yes-0.6V 32ns Same pin out as DS78/8838 and 8738
Am26S12A 100mA-O.C. Inverting Yes-1.05V 32ns Wider threshold Am26S12
. 31ns . !
Am2905 100mA-O.C. Inverting No (Note 2) Has 2-input multipiexer
Am2906 100mA-O.C. Inverting No Sins Has 2-input multiplexer and parity
(Note 2)
Am2907 100mA-O.C. Inverting No (Nsc:tzsa) Includes parity, 2.0V receiver V1
Am2908 100mA-O.C. Inverting No (Naz:tzsz) Includes parity, 1.5V receiver V1y
AM2915A 4BmA/3-St Inverting No 3108 | Has 2nput multiplexer
’ (Note 2)
Am2916A 48mA/3-St. Inverting No 3ins Has 2-input multiplexer -and parity
(Note 2)
Am2917A | 48mA/3-St Invertin No 3105 | Includes parit
- 9 (Note 2) parity
Am3216 50mA/3-St. Non-Inverting No 34ns Same as 8216 except different A.C. loading spec
Am3226 50mA/3-St. Inverting No 30ns Same as 8216 except different A.C. loading spec
Am3448A 48mA/3-5St.-0O.C. Non-Inverting Yes 32ns |EEE 488 compatible
Am78/8838 50mA-O.C. Inverting No 38ns Same pin out and function as Am26S12A and 8T38
AmBT26A 48mA/3-St. Inverting No 19ns Von MOS compatible
AmBT28 48mA/3-St. Non-Inverting No 25ns Vox MOS compatible
AmB8216 50mA/3-St. Non-Inverting No 34ns Similar to 8T28
AmB226 50mA/3-St. Non-Inverting No 30ns Similar to 8T26A
OCTAL
Am8303B 4BmA/3-5t. Inverting No 14ns Same as two 8226's in one 20 pin package
AmB8304B 48mA/3-St. Non-Inverting No 24ns Same as two 8216's in one 20 pin package

Notes: 1. Typical delay at 28°C for input to bus plus receiver to output.
2. Bus enable to bus plus bus to receiver output. All parts include register or driver plus receiver with latch.
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SELECTION GUIDE (Cont.)

MONOSTABLES (ONE SHOTS)

Initial Min. Pulse Width Power No.
Retrig- | Reset | Accuracy | Output | Variation (%) | Dissipation | Package

Device No. Description Dual| gerable | Table % tow(ns) Temp. Ve (mW typ.) Leads

Am2600 lpw = 55ns to =, with guaranteed < 1% X X X £10 45 | =05 =215 95 14
change over temperature range

Am2602 tpw = 5505 to , with guaranteed < 1% x X X +10 45 £05 =15 175 16
change over temperature range

Am26L02 Low-Power version 2602, t;,y, = 100ns to = X X =10 110 +0.3 +1.0 50 16

Am26L123 Low-Power version 26123, tp, = 120nsto = | X X *10 120 +0.3 +1.0 60 16

AM26502 High speed Schottky version 2602, t,, = X X X +5.0 a3 <04 1.5 240 16
28ns to x
tpw = 45ns to =, with guaranteed < 1%

Am26123 change over temperature range. Output X X X +10 45 +0.5 +0.5 230 16
stability latch improves noise immunity

Amsa/7a12g | Same as 26123, except no output latch, X X X +10 45 +27 =10 230 16
no Aty guarantee

Am54/74221 | Schmitt-trigger input X X +7.0 30 +0.3 +0.3 130 16

Am9600 Same as 2600, except no Aty guarantee X *10 50 *1.5 +1.5 95 14
Non- tt i f =

AMIEO1 mo: resettable version of 9600, tpy, = 55ns X +10 45 2.7 +1.0 95 14
S s tow = )

Amg602 ame as 2602, except toy = 60nstox, no | X X +10 50 +15 15 175 16
Atpw guarantee
Sam: 2

Am96LO2 ame as 26L02, except I,y guaranteed X X X £10 110 | =03 <05 50 16
<1.6% change over temperature range
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INDUSTRY CROSS REFERENCE

Lo . . . Texas
AMD* Fairchild Intel Motorola National Signetics Instruments
Manufacturer Identification Cross Reference
AM A, or None ] None L M,MC DM, DS, LM, MH None SN
Temperature Range Cross Reference
Commercial (e} (¢} - 14, 34, 86 3, 86, 88 NE, N 72,74,75
Military M M M 15, 35, 96 1,96, 78 SE, S 52, 54, 55
Package Cross Reference
Hermetic DIP D D C,D L D F J
Molded DIP P P P Py N A B N
Mini-Molded DIP T T - Py N \ P
Flat Pack F F — F F, W W, Q H U Z W
TO-5 Type Can H H - G,R H DB,K, T L
TO-8 Type Can G - - H G - -
*The original manutacturers’ part number and package code are used for second source devices.
FAIRCHILD FAIRCHILD (Cont.)
9614 D M nA 556 D M
1 I | | | I I
Device Package Temperature Mig.'s Device Package Temperature
Type Type Range Ident. Type Type Range
AMD AMD AMD AMD
Fairchild Direct Functional Fairchild Direct Functional
Replacement Replacement Replacement Replacement
rA101D LM101D uA311P LM311N
nA101H LM101H nA339D LM339D
#A101AD LM101AD uA339P LM339N
nA101AF LM101AF #A715DC 715DC
nA101AH LM101AH uA715DM 715DM
uA102H LM102H uA715HC 715HC
nA105H LM105H nA715HM 715HM
#A107H LM107H uA723DC 723DC
nA108AH LM108AH nA723DM 723DM
n108H LM108H nA723HC 723HC
nA110H LM110H #A723HM 723HM
nA111H LM111H nA725HC 725HC
rA139D LM139D nA725HM 725HM
nA1458H AM1458H nA725PC 725CN
1A1558H AM1558H uA733DC 733DC
nA201D LM201D nA733DM 733DM
uA201H LM201H nA733FM 733FM
uA201AD LM201AD nA733HC 733HC
nA201AF LM201AF nA733HM 733HM
nA201AH LM201AH nA741DC 741DC
nA207H LM207H uA741DM 741DM
nA208H LM208H nA741FM 741FM
1A208AH LM208AH nA741HC 741HC
1A301AD LM301AD nA741HM 741HM
nA301AH LM301AH nA741ADM 741ADM
#A301AN LM301AN HA7T41AFM 741AFM
nA302H LM302H nA741AHM 741AHM
rA305H LM305H nA741EDC 741EDC
nA305AH LM305AH nA741EHC 741EHC
rA307H LM307H nA747DC 747DC
nA308H LM308H uA747DM 747DM
nA308AH LM308AH HAT4THC 747HC
nA310H LM310H HA747HM 747HM
nA311H LM311H HA747PC 747PC




FAIRCHILD (Cont.)

FAIRCHILD (Cont.)

AMD AMD AMD AMD
Fairchild Direct Functional Fairchild Direct Functional
Replacement Replacement Replacement Replacement

uA747ADM 747ADM 9600DC 9600DC
nA747AHM 747AHM 9600DM 9600DM
nA747EDC 747EDC 9600FM 9600FM
nA747EHC 747EHC 9600PC 9600PC
nA748DC 748DC 9601DC 9601DC
wA748DM 748DM 9601DM 9601DM
nAT48FM 748FM 9601FM 9601FM
uA748HC 748HC 9601PC 9601PC
HA748HM 748HM 9602DC 9602DC
nA748PC 748PC 9602DM 9602DM
nA760DC AM686DC 9602FM 9602FM
uA760DM AM686DM 9602PC 9602PC
#A760HC AM686HC 96L02DC 96L02DC
nA760HM AM686HM 96L02DM 96L02DM
uA775DM LM139D 96L02FM 96L02FM
uA775DC LM339D 96L02PC 96L02PC
uA775PC LM339N 965S02DC AM26S02DC
54123DM SN54123J 96S02PC AM26S02PC
54123FM SN54123W 9614DC 9614DC
55107ADM SN55107BJ 9614DM 9614DM
55107BDM SN55107BJ 9614FM 9614FM
55107AFM SN55107BW 9614PC 9614PC
55107BFM SN55107BW 9615DC 9615DC
55108ADM SN55108BJ 9615DM 9615DM
55108AFM SN55108BW 9615FM 9615FM
55108BDM SN55108BJ 9615PC 9615PC
55108BFM SN55108BW 9616DC 9616DC
55109DM SN55109J 9616DM 9616DM
55109FM SN55109W 9616EDC 9616EDC
55110DM SN55110J° 9616EPC 9616EPC
55110FM SN55110W 9616FM 9616FM
5520DM SN5520J 9616PC 9616PC
5521DM SN5521J 9617DC 9617DC
55234DM SN55234J 9617PC 9617PC
55234FM SN55234W 9634PC AM26LS31PC
55235DM SN55235J 9634DC AM26LS31DC
55235FM SN55235W 9634DM AM26LS31DM
55238DM SN55238J 9635PC AM26LS33PC
55238FM SN55238W 9635DC AM26LS33DC
55239DM SN55239J 9635DM AM26LS33DM
55239FM SN55239W 9636PC AM26LS30PC
5524DM SN5524J 9636DC AM26LS30DC
5525DM SN5525J 9636DM AM26LS30DM
55325DM SN55325J 9637PC AM26LS32PC
55325FM SN55325W 9637DC AM26LS32DC
74123DC SN74123J 9637DM AM26LS32DM
74123PC SN74123N 9638PC AM26LS32PC
75107ADC SN75107BJ 9638DC AM26LS32DC
75107APC SN75107BN 9638DM . AM26LS32DM
75107BDC SN75107BJ 9640DC AM26S10DC
75107BPC SN75107BN 9640DM AM26S10DM
75108ADC SN75108BJ 9640PC AM26S10PC
75108APC SN75108BN 9641DC AM26S11DC
75108BDC SN75108BJ 9641DM AM26S11DM
75108BPC SN75108BN 9641PC AM26S11PC
75109DC SN75109J 9642PC AM26S12APC
75109PC SN75109N 9642DC AM26S12ADC
75110DC SN75110J 9642DM AM26S12ADM
75110PC SN75110N
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INTEL

M D8228
L | L
Temperature Package Device
Range Type Type
AMD AMD
Intel Direct Functional
Replacement Replacement
D3212 D3212
MD3212 MD3212
P3212 P3212
D3216 D3216 N8T28F
MD3216 MD3216 S8T28F
P3216 P3216 N8T28B
D3226 D3226 N8T26F
MD3226 MD3226 S8T26F
P3226 P3226 N8T26B
D8212 D8212
MD8212 AMB212DM
P8212 AM8212PC
D8216 D8216 NB8T28F
MD8216 MD8216 S8T28F
P8216 P8216 N8T28B
D8224 D8224
MD8224 AMg8224DM
P8224 AM8224PC
D8226 D8226 N8T26F
MD8226 MD8226
S8T26F P8226 P8226
N8T26B D8228 D8g228
MD8228 AM8228DM
P8228 AM8228PC
D8238 D8238
MD8238 AM8238DM
P8238 AM8238PC
D8286 DP8304BJ
P3287 DP8304BN
D8287 DP8303BJ
P8287 DP8303BN
MOTOROLA
MC 14 88 L
I { 1 1
Mfg.'s Temperature Device Package
Ident. Range Type Type
AMD AMD
Motorola Direct Functional
Replacement Replacement
MC1408L6 AM1408L6
MC1408L7 AM1408L7
MC1408L8 AM1408L8
MC1458G AM1458H
MC1488L MC1488L
MC1488P AM1488PC
MC1489L MC1489L
MC1489P AM1489PC
MC1489AL MC1489AL
MC1489AP AM1489APC
MC1508L8 AM1508L8
MC1558G AM1558H
MC1723CG 723HC
MC1723CL 723DC
MC1723G 723HM
MC1723L 723DM
MC1733CG 733HC
MC1733CL 733DC

MOTOROLA (Cont.)
AMD AMD
Motorola Direct Functional
Replacement Replacement

MC1733F 733FM
MC1733G 733HM
MC1733L 733DM
MC1741CG 741HC
MC1741CL 741DC
MC1741F 741FM
MC1741G 741HM
MC1741L 741DM
MC1747CG 747HC
MC1747CL 747DC
MC1747G 747HM
MC1747L 747DM
MC1748CG 748HC
MC1748G 748HM
MC26S10L AM26S10DC
MC26S10P AM26S10PC
MC3438L AM26S12ADC
MC3438P AM26S12APC
MC3443L AM26S10DC
MC3443P AM26S10PC
MC3448AL MC3448AL
MC3448AP MC3448AP
MC3456L NE556F
MC3456P NE556A
MC3486L AM26LS31DC
MC3486P AM26LS31PC
MC3487L AM261L.532DC
MC3487P AM26LS32PC
MC3556L SE556F
MC55107L SN55107BJ
MC55108L SN55108BJ
MC55109L SN55109J
MC55110L SN55110J
MC5524L SN5524J
MC5525L SN5525J
MC55325L SN55325J
MC75107L SN75107BJ
MC75107P SN75107BN
MC75108L SN75108BJ
MC75108P SN75108BN
MC75109L SN75109J
MC75109P SN75109N
MC75110L SN75110J
MC75110P SN75110N
MC8T26L N8T26F
MC8T26P N8T26B
MC8601L 9601DC
MC8601P 9601PC
MC8602L 9602DC AM2602DC
MC8602P 9602PC AM2602PC
MC9601L 9601DM
MC9602L 9602DM AM2602DM
MLM101AG LM101AH
MLM105G LM105H
MLM107G LM107H
MLM110G LM110H
MLM111F LM111F
MLM111G LM111H
MLM111L LM111D
MLM201AG LM210AH
MLM205G LM205H
MLM207G LM207H
MLM210G LM210H
MLM211G LM211H




MOTOROLA (Cont.) NATIONAL (Cont.)
AMD AMD AMD AMD
Motorola Direct Functional National Direct Functional
Replacement Replacement Replacement Replacement
MLM211L LM211D DS0056CG DS0056CG
MLM301AG LM301AH DS0056CH DS0056CH
MLM301API LM301AN DS0056CJ DS0056CJ
MLM305G LM305H DS0056CN DS0056CN
MLM307G LM307H DS0056G DS0056G
MLM310G LM310H DS0056H DS0056H
MLM311G LM311H DS0056J DS0056J
MLM211PI LM311N DS1488J MC1488L
MLM311L LM311D DS1488N AM1488PC
MMHO0026CG MH0026CH DS1489J MC1489L
MMH0026CL MMH0026CL DS1489N AM1489L
MMHO0026CPI MHO0026CN DS1489AJ MC1489AL
MMH0026G MHO0026H DS1489AN AM1489APC
MMHO0026L MMHO0026L DS1691J AM26LS30DM
DS1692J DS1692J
DS3691J AM26LS30DC
NATIONAL DS3691N AM26LS30PC
DS 78 20 J DS3692J DS3692J
] | | | DS3692N DS3692J
Mfg.’s Temperature Device Package DS3692N DS3692N
Ident. Range Type Type DS7820J DM7820J
AMD AMD DS7820AJ DM7820AJ
National Functional Direct gg;gg?j gngg?j
Replacement Replacement DS7832) DM7832)
DM54123J SN54123J DS7835J S8T26F
DM54123W SN54123W DS7838J DS7838J AM26S12ADM
DM54L123J AM26L123DM DS8820J DM8820J
DM54L123W AM26L123FM DS8820N DM8820N
DM71LS95J DM71LS95J SN54LS241J DS8820AJ DM8820AJ
DM71LS96J DM71LS96J SN54L.5240J DS8820AN DM8820AN
DM71LS97J DM71LS97J SN54LS244J DS8830J DM8830J
DM71LS98J DM71LS98J SN54LS240J DS8830N DM8830N
DM74L123J AM26L123DC DS8831J DM8831J
DM74L123N AM26L123PC DS8831N DM8831N
DM74123J SN74123J AM26123DC DS8832J DM8832J
DM74123N SN74123N AM26123PC DS8832N DM8832N
DM81LS95J DM81LS95J SN74LS240J DS8835J N8T26F
DM81LS95N DMB81LS95N SN74LS240N DS8835N N8T26B
DM81LS96J DM81LS96J SN74LS241J DS8838J DS8838J AM26S12ADC
DM81LS96N DM81LS96N SN74LS241N DS8838N DS8838N AM26S12APC
DM81LS97J DM81LS97J SN74LS241J DS55107J SN55107BJ
DM81LS97N DMB81LS97N SN74LS241N DS55108J SN55108BJ
DM81LS98J DM81LS98J SN74LS240J DS55109J SN55109J
DM81LS98N DM81LS98N /SN74LS240N DS55110J SN55110J
DM8601J 9601DC ' DS75107J SN75107BJ
DM8601N 9601PC DS75107N SN75107BN
DMm8602J 9602DC AM2602DC DS75108J SN75108BJ
DM8602N 9602PC AM2602PC DS75108N SN75108BN
DM9601J 9601DM DS75109J SN75109J
DM9601W 9601FM DS75109N SN75109N
DM9602J 9602DM AM2602DM DS75110J SN75110J
DM9602W 9602FM AM2602FM DS75110N SN75110N
DP7303BJ DP7304BJ LF155H LF155H
DP8303BJ DP8303BJ LF155AH LF155AH
DP8304BJ DP8304BJ LF156H LF156H
DS0026CG MH0026CG LF156AH LF156AH
DS0026CH MHO0026CH LF157H LF157H
DS0026CJ MMHO0026CL LF157AH LF157AH
DS0026CN MHO0026CN LF198H LF198H
DS0026F DS0026F LF255H LF255H
DS0026G MH0026G LF256H LF256H
DS0026H MHO0026H LF257H LF257H
DS0026J MMHO0026L LF298H LF298H
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NATIONAL (Cont.) NATIONAL (Cont.)
AMD AMD AMD AMD
National Direct Functional National Direct Functional
Replacement Replacement Replacement Replacement
LF355H LF355H LM149D LM149D
LF355N LF355N LM201H LM201H
LF355AH LF355AH LM201AD, J LM201AD
LF356H LF356H LM201AF LM201AF
LF356N LF356N LM201AH LM201AH
LF356AH LF356AH LM202H LM202H
LF357H LF357H LM205H LM205H
LF357N LF357N LM206H LM206H
LF357AH LF357AH LM207D, J LM207D
LF398H LF398H LM207F LM207F
LH2101AD, J LH2101AD LM207H LM207H
LF2101AF LH2101AF LM208AD, J LM208AD
LF2111D, J LH2111D LM208AF LM20BAF
LH2111F LH2111F LM208AH LM208AH
LH2201AD, J LH2201AD LM208D, J LM208D
LH2201AF LH2201AF LM208F LM208F
LH2211D, J LH2211D LM208H LM208H
LH2211F LH2211F LM210D, J LM210D
LH2301AD, J LH2301AD LM210H LM210H
LH2311D, J LH2311D LM211D, J LM211D
LM101D, J LM101D LM211F LM211F
LM101F LM101F LM211H LM211H
LM101H LM101H LM212D, J LM212D
LM101AD, J LM101AD LM212F LM212F
LM101AF LM101AF LM212H LM212H
LM101AH LM101AH LM216D, J LM216AD
LM102D, J LM102D LM216AF LM216AF
LM102F LM102F LM216AH LM216AH
LM102H LM102H LM216D, J LM216D
LM105F LM105F LM216F LM216F
LM105H LM105H LM216H LM216H
LM106F LM106F LM218D, J LM218D
LM106H LM106H LM218F LM218F
LM107D, J LM107D LM218H LM218H
LM107F LM107F LM219D, J LM219D
LM107H LM107H LM219F LM219F
LM108D, J LM108D LM219H LM219H
LM108F LM108F LM224D, J LM224D
LM108H LM108H LM239D, J LM2339D
LM108AD, J LM108AD LM239AD, J LM239D
LM108AF LM108AF LM248D LM248D
LM108AH LM108AH LM249D LM249D
LM110D, J LM110D LM301AD, J LM301AD
LM110F LM110F LM301AF LM301AF
LM110H LM110H LM301AH LM301AH
LM111D, J LM111D LM301AN LM301AN
LM111F LM111F LM302F LM302F
LM111H LM111H LM302H LM302H
LM112D, J LM112D LM305F LM305F
LM112F LM112F LM305H LM305H
LM112H LM112H LM305AH LM305AH
LM118D, J LM118D LM306F LM306F
LM118F LM118F LM306H LM306H
LM118H LM118H LM307D, J LM307D
LM119D, J LM119D LM307F LM307F
LM119F LM119F LM307H LM307H
LM119H LM119H LM308AD, J LM308AD
LM124D, J LM124D LMB308AF LM308AF
LM124F LM124F LM308AH LM308AH
LM139D, J LM139D LM308AN LM308AN
LM139AD, J LM139AD LM308D, J LM308D
LM139F LM139F LMB308F LM308F
LM139AF LM139AF LM308H LM308H
LM148D LM148D LM308N LM308N




NATIONAL (Cont.)
AMD AMD
National Direct Functional
Replacement Replacement

LM310D, J LM310D
LM310F LM310F
LM310H LM310H
LM310N LM310N
LM311D, J LM311D
LM311F LM311F
LM311N LM311N
LM312D, J LM312D
LM312F LM312F
LM312H LM312H
LM316AD, J LM316AD
LM316AF LM316AF
LM316AH LM316AH
LMm316D, J LM316D
LM316F LM316F
LM316H LM316H
LM318D, J LM318D
LM318F LM318F
LM318H LM318H
LM318N LM318N
LM319H LM319H
LM319D, J LM319D
LM319N LM319N
L.M3240, J LM324D
LM324N LM324N
LM339D, J LM339D
LM339AD, J LM339AD
LM339N LM339N
LM339AN LM339AN
LM348D LM348D
LM348N LM348N
LM349D LM349D
LM349N LM349N
LM723D, J 723DM
LM723H 723HM
LM723CD, J 723DC
LM723CH 723HC
LM725H 725HM
LM725CH 725HC
LM725CN 725CN
LM725D, J 725DM
LM725CD, J 725DC
LM733D, J 733DM
LM733H 733HM
LM733CD, J 733DC
LM733CH 733HC
LM741D, J 741DM
LM741F 741FM
LM741H 741HM
LM741CD, J 741DC
LM741CF 741FC
LM741CH 741HC
LM747D, J 747DM
LM747H 747HM
LM747F 747FM
LM747CD, J 747DC
LM747CP 747PC
LM747CH 747HC
LM747CN 747PC
LM478H 748HM
LLM748CH 748HC
LM748CN 748PC
LM1458H AM1458H
LM1558H AM1558H

SIGNETICS

NE 555 \Y
1 I |
Temperature Device Package

Range Type Type
AMD AMD
Signetics Direct Functional
Replacement Replacement
LM101F LM101D
LM101T LM101H
LM101AF LM101AD
LM101AT LM101AH
LM107F LM107D
LM107T LM107H
LM108F LM108D
LM108T LM108H
LM108AF LM108AD
LM108AT LM108AH
LM111F LM111D
LM111T LM111H
LM119H LM119H
LM118D LM119D
LM124F LM124D
LM139F LM139D
LM201T LM301H
LM201AF LM201AD
LM201AT LM201AH
LM201AV LM201AN
LM207F LM207D
LM207T LM207H
LM208F LM208D
LM208T LM208H
LM208AF LM208AD
LM208AT LM208AH
LM211F LM211D
LM211T LM211H
LM219H LM219H
LM219D LM219D
LM224F LM224D
LM239F LM239D
LM301AT LM301AH
LM301AV LM301AN
LM307F LM307D
LM307T LM307H
LM308F LM308D
LM308T LM308H
LM308vV LM308N
LM308AF LM308AD
LM308AT LM308AH
LM311F LM311D
LM311T LM311H
LM311V LM311N
LM319H LM319H
LM319D LM319D
LM319A LM319N
LM324A LM324N
LM324F LM324D
LM339A LM339N
LM339F LM339D
MC1488F MC1488L
MC1489F MC1489L
MC1489AF MC1489AL
NE529K AM686HC
NE592K AM592HC
N74123B SN74123N
N74123F SN74123J
N74221B SN74221N
N74221F SN74221J




SIGNETICS (Cont.)

TEXAS INSTRUMENTS (Cont.)

AMD AMD AMD AMD
Signetics Direct Functional I 'tl'exas ¢ Direct Functional
Replacement Replacement nstruments Replacement Replacement
N8T22A 9601PC SN52107Z LM107F
N8T22F 9601DC SN52108AFA LM108AF
N8T26B N8T26B SN52108AJA LM108AD
N8T26F N8T26F SN52108AL LM108AH
N8T26AB N8T26AB SN52108FA LM108F
N8T26AF N8T26AF SN52108JA LM108D
" N8T28B N8T28B SN52108L LM108H
N8T28F N8T28F SN52111FA LM111F
N8T38B DS8838N SN52111J LM111D
N8T38F DS8838J SN52111L LM111H
N9602B 9602PC SN52118FA LM118F
N9602F 9602DC SN52118JA LM118D
SE529K AM686HM SN52118L LM118H
SES55T SES55T SN52723J 723DM
SE5S56F SE556F SN52723L 723HM
SES592A AM592PC SN52733FA 733FM
SE592K AM592HM SN52733J 733DM
S54123F SN54123J SN52733L 733HM
S54221F SN54221J SN52741FA 741FM
S9602F 9602DM SN52741JA 741DM
S8T26F S8T26F SN52741L 741HM
S8T26AF S8T26AF SN52747FA 747FM
S8T28F S8T28F SN52747JA 747DM
S8T38F DS7838J SN52747L 747HM
nA723CF 723DC SN52748FA 748FM
uA723CL 723HC SN52748JA 748DM
n723F 723DM SN52748L 748HM
nA723L 723HM SN541L123J AM26L123DM
nA733CA 733PC SN54L123W AM26L123FM
uA733CF 733DC SN54LS123J SN54LS123L AM25L.S123AM
1A733CK 733HC SN54LS123W SN54LS123W AM25LS123FM
nA733F 733DM SN54LS240J SN54LS240J AM25L.S240DM
nA733K 733HM SN54LS241J SN54LS244J AM25L.S241DM
nA741CF 741DC SN54LS242J SN54LS242) AM25L.S242DM
nA741CT 741HC SN54LS243J SN54L5243J AM25L5243DM
nA741F 741DM SN54LS244J SN54L.S244J AM25LS244DM
uATAT 741HM SN545240J SN545240J
wA747CA 747PC SN545241J SN54S241J
unA747CF 747DC SN54123J SN54123J AM26123DM
uA747CK 747HC SN54123W SN54123W AM26123DM
nAT4TF 747DM SN54221J SN54221J
nA747K 747HM SN54221W SN54221W
nA748CT 748HC SN55107AJ SN55107BJ
uA748F 748DM SN55107BJ SN55107BJ
nA748T 748HM SN55108AJ SN55108BJ
SN55108BJ SN55108BJ
SN55109J SN55109J
TEXAS INSTRUMENTS SN55110J SN55110J
SN 75 110 N SN55114J 9614DM
| L | l SN55114W 9614FM
Mig.’s Temperature Device Package SN55115J 9615DM
Ident. Range Type Type SN55115W 9615DM
AMD AMD SN55182J DM7820AJ
Texas Direct Functional 2:22122\]\/‘/ gm;gggj‘w
Instruments Replacement Replacement SN55183W DM7830W
SN52101AJ LM101AD SN55369J MMHO0026L
SN52101AL LM101AH SN72301AJ LM301AD
SN52101AZ LM101AF SN72301AL LM301AH
SN52105L LM105H SN72305L LM305H
SN52106FA LM106F SN72306L LM306H
SN52106L LM106H SN72307J LM307D
SN52107J LM107D SN72307L LM307H
SN52107L LM107H SN72308AJA LM308AD
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TEXAS INSTRUMENTS (Cont.)

TEXAS INSTRUMENTS (Cont.)

AMD AMD AMD AMD
Texas Direct Functional Texas Direct Functional
Instruments Replacement Replacement Instruments Replacement Replacement
SN72308AL LM308AH SN74S241N SN74S241N
SN72308JA LM308D SN74S412J D8212
SN72308L LM308H SN74S412 P8212
SN72311J LM311D SN74123J SN74123J AM26123DC
SN72311L LM311H SN74123N SN74123N AM26123PC
SN72318JA LM318D SN74221J SN74221J
SN72318L LM318H SN74221N SN74221N
SN72723J 723DC SN75107AJ SN74107BJ
SN72723L 723HC SN75107AN SN75107BN
SN72733J 733DC SN75107BJ SN75107BJ
SN72733L 733HC SN75107BN SN75107BN
SN72741JA 741DC SN75108AJ SN75108BJ
SN72741L 741HC SN75108AN SN75108BN
SN72747JA 747DC SN752108BJ SN75108BJ
SN72747L 747HC SN75108BN SN75108BN
SN72748JA 748DC SN75109J SN75109J
SN72748L 748HC SN75109N SN75109N
SN74L123J AM26L.123DC SN75110J SN75110J
SN74L123N AM26L123PC SN75110N SN75110N
SN74LS123J SN74LS5123J AM251.S123DC SN75114J 9614DC
SN74LS123N SN74LS123N AM25LS123PC SN75114N 9614PC
SN74LS240J SN74LS240J AM25LS240DC SN75115J 9615DC
SN74LS240N SN74LS240N AM25LS240PC SN75115 9615PC
SN74LS241J SN74L.5241J AM25LS241DC SN75182J DM8820AJ
SN74LS241N SN74LS241N AM25LS241PC SN75182N DM8820AN
SN74LS242) SN74LS5242J AM25L.S242DC SN75183J DM8830J
SN74LS242N SN74LS242N AM25LS242PC SN75183N DM8830N
SN74LS243J SN74L5243J AM25LS243DC SN75188J MC1488L
SN74LS243N SN74LS243N AM25LS8243PC SN75188N AM1488PC
SN74LS244J SN74LS244J AM25LS244DC SN75189J MC1489L
SN74LS244N SN74LS244N AM25L.5244PC SN75189N AM1489PC
SN74LS424J D8224 SN75189AJ MC1489AL
SN74LS424N P8224 SN75189AN AM1489APC
SN745240J SN74S240J SN75369J MMH0026CL
SN74S240N SN74S240N SN75369P MH0026CN
SN745241J SN74S241J

1-21




DICE POLICY

Advanced Micro Devices, interface and linear products are all available in dice form.

ELECTRICAL CHARACTERISTICS

Each die is electrically tested to the commercial or military grade DC parameters
to guardbanded limits at 25°C to guarantee operation over the temperature
range.

QUALITY ASSURANCE
All dice are 100% visually inspected to the requirements of MIL-STD-883A,
Method 2010.2, condition B.

All dice are glass passivated with only the bonding pads exposed to provide
scratch protection. All dice are provided without gold backing.

SHIPPING PACKAGES/ORDER INFORMATION

All dice are packaged in containers with individual compartments which prevent
damage to the die during shipping.

Minimum order for AMD dice is 10 pcs.

SPECIAL CHIP PROCESSING
If there is a need for additional testing or processing, contact AMD for detailed
information.

See following pages on ordering information for detail ordering number.
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ORDERING INFORMATION

ORDER NUMBER ORDER NUMBER
DEVICE 0°C to +70°C —55°C to +125°C
NUMBER Metal Hermetic Molded Metal Hermetic
Can DIP DIP Dice Can DIP Flat Pak Dice
AM592 AM592HC AM592DC AM592PC AMS92XC AM592HM AM592DM AM592XM
Am685° AMB8SHL AM685DL AME85XL AME85HM AM685DM- AMEBSXM
AM686 AME8EHC AM686DC AME86XC AMB86HM AME8EDM AMBBEXM
AmE87* AME87DL AM68TXL AM687DM AMBB7XM
Am1500 AM15000C AM1500DM AM1500FM
. AM1500DL AM1500FL
Am1501 AM1501DC AM1501DM AM1501FM
. AM1501DL AM15091FL
Am1508 AM1408L8 AM1508L8
AM1408L7
AM1408L6
Am1558 AM1458H AM1558H
Am25 Serles
Am2502 AM2502DC AM2502PC AM2502XC AM2502DM AM2502FM AM2502XM
Am2503 AM2503DC AM2503PC AM2503XC AM2503DM AM2503FM AM2503XM
Am2504 AM2504DC AM2504PC AM2504XC AM2504DM AM2504FM AM2504XM
Am25L02 AM25L02DC AM25L02PC AM25L02XC . AM25L02DM AM25L02FM AM25L02XM
Am25L03 AM25L03DC AM25L03PC AM25L03XC AM25L.03DM AM25LO3FM AM25L03XM
Am25L04 AM25L04DC AM25L04PC AM25L04XC AM25L04DM AM25L04FM AM25L04XM
Am2505240 AM25LS240DC  AM25LS240PC  AM25LS240XC AM25LS240DM  AM25LS240FM  AM25LS240XM
Am25L5241 AM25LS241DC  AM25LS241PC  AM25LS241XC AM25LS241DM  AM25LS241FM  AM25LS241XM
Am25L5242 AM25LS242DC  AM25LS242PC  AM25LS242XC AM25LS242DM  AM25LS242FM  AM25LS242XM
AM25L5243 AM25LS243DC  AM25LS243PC  AM25LS243XC AM25LS243DM  AM25LS243FM  AM25LS243XM
Am25L5244 AM25LS244DC  AM25LS244PC  AM25LS244XC AM25LS244DM  AM25LS244FM  AM25LS244XM
Am26 Series .
Am2600 AM2600DC AM2600PC AM2600XC AM2600DM AM2600FM AM2600XM
AM2602 AM2602DC AM2602PC AM2602XC AM2602DM AM2602FM AM2602XM
Am2614 AM2614DC AM2614PC AM2614XC AM2614DM AM2614FM AM2614XM
Am2615 AM2615DC AM2615PC AM2615XC AM2615DM AM2615FM AM2615XM
Am2616 AM2616DC AM2616PC AM2616XC AM2616DM AM2616FM AM2616XM
AM2617 AM2617DC AM2617PC AM2617XC AM2617DM AM2617FM AM2617XM
AM26123 AM26123DC AM26123PC AM26123XC AM26123DM AM26123FM AM26123XM
Am26LS29 AM26LS29DC  AM26LS29PC AM26LS29XC AM26LS29DM  AM26LS29FM AM26LS29XM
Am26LS30 AM26LS30DC  AM26LS30PC  AM26LS30XC AM26LS30DM  AM26LS30FM  AM26LS30XM
Am26LS31 AM26LS31DC  AM26LS31PC AM26LS31XC AM26LS31DM  AM26LS31FM  AM26LS31XM
Am26LS32 AM26LS32DC  AM26LS32PC  AM26LS32XC AM26LS32DM  AM26LS32FM AM26LS32XM
Am26LS33 AM26LS33DC  AM26LS33PC AM26LS33XC AM26LS33DM  AM26LS33FM  AM26LS33XM
Am26L02 AM26L02DC AM26L02PC AM26L02XC AM26L02DM AM26LO2FM AM26L02XM
Am26L123 AM26L123DC AM26L123PC AM26L123XC AM26L123DM  AM26L123FM AM26L123XM
AmM26502 AM26502DC AM26S02PC AM26502XC AN M AN M Al XM
Am26510 AM26510DC AM26S10PC  *  AM26S10XC : AM26S100M AM26S10FM AM26S10XM
Am26S11 AM26511DC AM26511PC AM26511XC AM26511DM AM26ST1FM AM26511XM
Am26812 AM26S12DC AM26512PC AM26512XC AM26512DM AM26S12FM AM26S12XM
AM26S12A AM26S12ADC  AM26S12APC  AM26S12AXC | . AM26S12ADM  AM26S12AFM  AM26512AXM
Am29 Series
Am2905 AM2905DC AM2905PC AM2905XC AM2905DM AM2905FM AM2905XM
Am2906 AM2906DC AM2906PC AM2906XC AM2906DM AM2906FM AM2906XM
Am2907 AM2907DC AM2907PC AM2907XC AM2907DM AM2907FM AM2907XM
Am2908 AM2908DC AM2908PC AM2908XC AM2908DM AM2908FM AM2908XM
Am2915A AM2915ADC AM2915APC AM2915AXC AM2915ADM AM2915AFM AM2915AXM
AM2916A AM2916ADC AM2916APC AM2916AXC AM2916ADM AM2916AFM Am2916AXM
Am2917A AM2917ADC AM2917APC AM2917AXC . AM2917ADM AM2917AFM AM2917AXM
Am32XX Series
Am3212 D3212 P3212 AMB212XC MD3212
Am3216 D3126 P3216 AMB212XC MD3216
Am3226 D3226 P3226 AMB226XC MD3226
AmM6070 AM6070DC AMB070PC 6070XC AME070DM AmE071
Am6072
AmME073
Am6080 AMB080DC AM60BOPC 6080XC AMG0BODM
Am6081 AM6081DC 6081PC 6081XC AM6081DM
. AMDAC-08EQ AMDAC-08AQ
DAC-08 AMDAC-08CQ AMDAC-08Q
DM, DP or DS Series
DS0056 (8 pin) DS0056CH DS0056CN AMO056CX DS0056H AMO056X
DS0056 (12 pin) DS0056CG DS0056G
DS0056 (14 pin) DS0056 DS00564
DS16/3692 DS3692J DS3692N DS1692J DS1692W
DM71/81LS95 DM81LS95N DM81LS95J AMB1LS95X DM71LS95J DM71LS95W AM71LS95X
DM71/81L596 DM81LS96N DM81LS96J AMB1LS96X DM71LS96J DM71LS96W AM71LS96X
DM71/81L897 DM81LS97N DM81LS97J AMBILS97X DM71LS97J DM71LS97TW AM71LS97X
DM71/81LS98 DM81LS98N DMB1LS98J AMB1LS98X DM71LS98J DM71LS98W AM71LS98X
DM78/8820 DM8820J DM8820N AMB820X DM7820J DM7820W AM7820X
DM78/8820A DM8820AJ) DM8820AN AMB820AX DM7820AJ DM7820AW AM7820AX
DM78/8830 DM8830J DM8830N AMB830X DM7830J DM7830W AM7830X
DM78/8831 DM8831J DM8831N AMB831X DM78314 DM7831W AM7831X
DM78/8832 DM8832J DM8832N AMB832X DM7832J DM7832W AM7832X
1DM73/83038 DP8303BJ DP8303BN AMB303BX DP7303BJ DP7303BW AM7303BX
DP73/83048 DP8304BJ - DPB304BN AMB304BX DP7304BJ DP7304BW AM7304BX
DS78/8838 DS8838J DS8838N DS7838J DS7838W
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ORDERING INFORMATION (Cont.)

ORDER NUMBER

ORDER NUMBER

DEVICE 0°C to +70°C —-55°C to +125°C
NUMBER
Metal Hermetic Molded Metal Hermetic
Can DIP DIP Dice Can DIP Fiat Pak Dice

LH2101A LH2301AD LH2101AD LH2101AF

LM101 LM301H LM301D LM301N LD301 LM101H LM101D LM101F LD101
. LM201N LM201H LM201D LM201F

LM101A LM301AH LM301AD LM301AN LD301A LM101AH LM101AD LM101AF LD101A
. LM201AN LM201AH LM201AD LM201AF

LM102 LM302H LM3020 LD302 LM102H LM102D LM102F LD102
. LM202H LM202D LM202F

LM105 LM305H LD305 LM10SH LD105
* LM305AH LM205H

LM106 LM306H LM306D LD306 LM106H LM106F LD106
. LM206H LM206F

LM107 LM307H LM307D LD307 LM107H LM107D LM107F LD107
. LM207H LM207D LM207F

LM108 LM308H LM308D LM308N LD308 LM108H LM108D LM108F LD108
. LM208H LM208D LM20sF

LM108A LM308AH LM308AD LM308AN LD308A LM108AH LM108AD LM108BAF LD108A
* LM208AH LM208AD LM208AF

LM110 LM310H LM310D LM310N LD310 LM110H LM110D LM110F LD110
. LM210H LM210D LM210F

LM111 LM311H LM311D LM311N LD311 LM111H LM111D LM111F LD#11
. LM211H LM211D LM211F

LM112 LM312H M312D LD312 LM112H LM112D LM112F LD112
. LM212H LM212D LM212F

LM118 LM318H LM318D LM318N LD318 LM118H LM118D LM118F LD118
* LM218H LM218D LM218F

LM119 LM319H LM319D LM319N LD319 LM119H LM119D LM119F LD119
. LM219H LM219D LM219F

LM124 LM324D LM324N LD324 LM124D LM124F LD124
. LM224D LM224F

LM124A LM324AD LM324AN LD324A LM124AD LM124AF LD124A
. LM224AD LM224AF

LM139 LM339D LM339N LD339 LM138D LM139F LD139
. LM239D LM239F

LM139A LM339AD LM339AN LD339A LM139AD LM139AF LD139A
* LM239AD LM239AF

LM148 LM348D LM348N LD348 LM148D LD148
. LM248D

LM149 LM349D LM349N LD349 LM149D LD149
* LM249D

LF155 LF355H LF355N LD355 LF155H LD155
* LF225H

LF155A LF355AH LD355A LF155AH LD155A
.

LF156 LF356H LF356N LD356 LF156H LD156
* LF256H

LF16A LF356AH LD356A LF156AH LD156A
.

LF157 LF357H LF357N LD3s7 LF157H LD157

. LF257H

LF157A LF357AH LD357A LF157AH LD157A
.

LF198 LF398H LD398 LF198H LD198
* LF298H

LM216 LM316H LM316D LD316
* LM216H LM216D LM216F LD216

LM216A LM316AH LM316AD LD316A
. LM216AH LM216AD LM216AF LD216A

MC1488 MC1488L AM1488PC AM1488XC

MC1489 MC1489L AM1489PC AM1489XC

MC1489A MC1489AL AM1489APC AM1489AXC

MC3448A MC3448AL MC3448APC AM3448X

MH0026 (8 pin} MHO0026CH MH0026CN AM0026CX MHO0026H AMO0026X

MH0026 (12 pin) MH0026CG MH0026G

MH0026 (14 pin) MMH0026CL MMH0026L DS0026F
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ORDERING INFORMATION (Cont.)

ORDER NUMBER ORDER NUMBER
DEVICE 0°C to +70°C —55°C to +125°C
NUMBER Metal Hermetic Molded Metal Hermetic
Can DIP DIP Dice Can DIP Flat Pak Dice
SN54/74 Series
SN54/74123 SN74123J SN74123N AM74123X SN54123J SN54123W AMS54123X
SN54/74221 SN74221J SN74221N Am74221X SN54221J SN54221W AMS54221X
SN54/74LS240 SN74L.5240J SN74LS240N AM74LS240X SN54L52404 SN54LS240W AMS541.5240X
SN54/74L8241 SN74LS2414 SN74LS241N AM74LS241X SN54LS241J SN54LS241W AM54L8241X
SN54/74L5242 SN74LS242J SN74L5242N AM74LS242X SN5415242) SN54LS242W AMS541.5242X
SN54/74LS243 SN74LS243J SN74LS243N AM74LS243X SN54L5243J SN54L5243W AMS541.5243X
SN54/74LS244 SN74LS244J SN74LS244N AM74LS244X SN54L8244J SN54L5244W AM541.5244X
SN54/74S240 SN748240J SN748240N AM748240X SN545240J4 AM545240X
SN54/745241 SN748241J SN74S241N AM748241X SN545241J AM545241X
1SN54/745242 SN748242J SN74S242N AM748242X SN545242J AM545242X
SN54/745243 SN745243J SN74S243N AM745243X SN5452434 AM545243X
SN54/745244 SN74S52440 SN745244N AM745244X SN5482444 AMS548244X
SN55/75 Series
SN55/751078 SN751078J SN751078N AM75107BX SN55107BJ AMS5107BX
SN55/751088 SN75108BJ SN751088N AM75108BX SN55108BJ AM55108BX
SN55/75109 SN75109J SN75109N AM75109X SN55109J AM55109X
SN55/75110 SN75110J SN75110N AM75110X SN55110J AM55110X
715 715HC 715DC 715XC 715HM 715DM 715XM
723 723HC 723DC 723PC 723XC 723HM 7230M 723XM
$88725 $88725CY $Ss725CP $58725J $88725P
733 733HC 733DC 733XC 733HM 7330M 733FM 733XM
741 741HC 741DC 741XC 741HM 741DM 741FM 741XM
741A 741EHC 741EDC - 741AHM 741ADM 741AFM
588741 §88741Cy 5887414
747 747HC 747DC 747PC 747XC 747HM 7470M 747FM 747XM
747A 747EHC 747EDC 747AHM 747ADM T4TAFM
58747 S88747CK $SS747CP SSS747K S88747P SSS747M
748 748HC 748DC 748PC 748XC 748HM 7480M 748FM 748XM
8XXX Series
8726 N8T26F N8T26B AMBT26X S8T26F AM8T26X
8T26A NBT26AF N8T26AB AMBT26AX S8T26AF AMBT26AX
8728 N8T28F N8T28B AM8T28X S8T28F AMBT28X
8212 D212 P8212 AMB212XC AM8212DM
8216 D8216 P8216 AM8216XC AM8216DM
8224 D8224 AM8224PC AMB224XC AM8224DM
Am8224-4 AM8224-4DC
8226 D8226 AMB226PC AMB8226XC AMB226DM
8228 Dg228 AM8228PC AMB228XC AMB8228DM
8238 08238 AM8238PC AMB238XC AM8238DM
Am8238-4 AM8238-4DC AMB8238-4PC
96 Series
9600 9600DC 9600PC AM9600XC 9600DM 9600FM AM9600XM
9601 9601DC 9601PC AM9B01XC 9601DM 9601FM AMIB01XM
9602 9602DC 9602PC AM9602XC 9602DM 9602FM AM9602XM
9614 9614DC 9614PC AM9B14XC 9614DM 9614FM AM9614XM
9615 9615DC 9615PC AM9B15XC 9615DM 9615FM AM9615XM
9616 9616DC 9616PC AM9616XC 9616DM
9617 9617DC 9617PC AM9617XC 9617DM AM9B17XM
96L02 96L02DC 96L02PC AMO6L02XC 96L02DM 96L02FM AMS96LO2XM
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PRODUCT ASSURANCE
MIL-M-38510 « MIL-STD-883

The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and
confirms the product quality at critical points. Standardization under this program assures that all products meet military and
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other
_ higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts.

The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must
perform reliably with minimum field service.

Two military documents provide the foundation for this program. They are:

MIL-M-38510 — General Specification for Microcircuits
MIL-STD-883 — Test Methods and Procedures for Microelectronics

MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to +125°C) operation meet these
quality requirements of MIL-M-38510.

MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing
standards directly related to product assurance:

Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B.

Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and
screening stresses. The classes are:

Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow
chart.

Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening
requirements are the same.

Class S — Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection.

All hermeticélly sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to

MIL-STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are
omitted. ) )

Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening
are marked with a “—B" following the standard part number, except that linear 100, 200 or 300 series are suffixed ‘/883B"".

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are
given for Group A (electrical), Group B {mechanical quality related to the user's assembly environment), Group C (die
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be
specified by the user.
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MANUFACTURING, SCREENING AND INSPECTION
FOR
INTEGRATED CIRCUITS

All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where
required is performed to Class B quality levels on either Class B or Class C product.

All full-temperature-range (—55°C to +125°C) circuits are manufactured to the workmanship requirements of MIL-M-
38510.

The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510.

STANDARD PROCESSING
CLASS C
Steps 1 Through 25

HERMETIC PACKAGE MOLDED PACKAGE
PROCESS PROCESS

1 INSPECTION

Purchased or fabricated starting materials are inspected for conformance
to specified requirements. Inspection follows written procedures, and
records are analyzed for supplier quality negotiations.

2 WAFER FABRICATION

Repeated masking, etching and diffusion processes produce finished dice
in wafer form.

3 IN-PROCESS INSPECTION

Each wafer is inspected prior to irreversible process steps.

4 FINISHED WAFER INSPECTION

Sample wafers from each finished diffusion lot are inspected to confirm
lot quality before release for test and assembly.

5 WAFER ELECTRICAL TEST

Electrical probe test of every die. A computer-controlled system measures
static and dynamic parameters and identifies dice that do not meet
electrical requirements.

6 DIE SEPARATION

Wafers are separated into individual dice and electrical rejects are removed.

7 VISUAL INSPECTION

Separated dice are inspected and selected at high magnification.

8 QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, confirming product quality and revealing any need for operator
retraining.

9 DIE ATTACH
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10

1

12

13

14

15a

15b

16

17

18

19

20

QUALITY INSPECTION

Strength of die attachment, position of die and visual quality of eutectic
wetting are confirmed periodically by inspecting random samples and
push-testing the attached dice.

WIRE BOND

Hermetic:  Aluminum wires, ultrasonic bonding.
Molded: Gold wires, thermocompression bonding.

QUALITY INSPECTION

Weld strength, bond size and position, wire dress and general workmanship
are confirmed periodically by comparing random samples with assembly
instructions and quality standards. Bond strength is plotted on statistical
control charts, providing early warning of process drifts.

INTERNAL VISUAL INSPECTION

Assembled but unsealed units are individually inspected at low and high
power.

QUALITY STANDARDS:

All devices — MIL-STD-883, Method 2010, Condition B (latest revision).
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re-
bonding limits).

QUALITY INSPECTION

Decisions at the 100% inspection are reviewed through periodic random
sampling, providing confirmation of product quality and revealing any
need for operator retraining.

FINAL SEAL

{Hermetic devices)

ENCAPSULATE
{Molded Devices)

HIGH TEMPERATURE STORAGE -
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr

TEMPERATURE CYCLE
MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles

CENTRIFUGE
MIL-STD-883, Method 2001, Cond. E: 30,000 G

SEAL (HERMETICITY) TEST

MIL-STD-883, Method 1014, Cond. A or B: Fine Leak
MIL-STD-883, Method 1014, Cond. C2: Gross Leak

ELECTRICAL TEST

MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional
tests at 26°C or in certain products at the most critical extreme tempera-
ture to assure accuracy of device selection.
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21 QUALITY GROUP A ELECTRICAL TEST (TABLE I)

MIL-STD-883, Method 5005. See the table below. Quality levels
as defined for Class B are applied to both Class B and Class C
parts. Proven correlations supported by periodic reconfirma-
tion may be used for some parameters.

22 MARK, INSPECT, PACK FOR SHIPMENT

23 QUALITY INSPECTION, PRE-SHIPMENT

Confirmation of marking, physical quality, and product identity.

24 QUALITY INSPECTION FOR SHIPMENT RELEASE

Confirmation of product type, count, package.
Confirmation of completion of all process requirements.
Confirmation of required documentation.

25 SHIP TO CUSTOMER

This AMD standard product meets screening requirements of
MIL-STD-883, Class C.

GROUP A ELECTRICAL TESTS
From MIL-STD-883, Method 5005, Table |

LTPD Initial
Subgroups (Note 1) Sample Size
Subgroup 1 — Static tests at 25°C 5 45
Subgroup 2 — Static tests at maximum rated operating temperature 7 32
Subgroup 3 — Static tests at minimum rated operating temperature 7 32
Subgroup 4 — Dynamic tests at 25°C — Linear devices 5 45
Subgroup 5 —'Dynamic tests at maximum rated operating temperature — Linear devices 7 32
Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices 7 32
Subgroup 7 — Functional tests at 25°C 5 45
Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 10 22
Subgroup 9 — Switching tests at 25°C — Digital devices 7 32
Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 10 10
Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices (Note 2) 10 10

1. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number
of 2. The minimum reject number in all cases is 3.

2. These subgroups are usually performed during initial device characterization only.
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OPTIONAL EXTENDED PROCESSING
CLASS B
Steps 101 Through 110

Advanced Micro Devices offers several extended processing options to meet customer
high-reliability requirements. These are defined in AMD document 00-003. The flow chart
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B.

MILITARY RANGE
HERMETIC PACKAGES

BEGINNING MATERIAL

Standard product taken after completion of step 20 (electrical test)

BURN IN

MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva-
lents as allowed by Method 1015.

FINAL ELECTRICAL TEST
MIL-STD-883, Method 5004.

Military: Testing subgroups as defined for Class B. Static and functional
at 3 temperatures, dynamic or switching at room temperature.
Commercial: Repeat step 20.

QUALITY GROUP A ELECTRICAL SAMPLE (TABLE |)

MIL-STD-883, Method 5005 and Table |. Quality levels as defined for
Class B. Temperature correlations may be used on commercial prod-
ucts.

QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D

MIL-STD-883, Method 5005. Sample life and environmental tests if re-
quired by purchase order. Further information on specifying this is given
in AMD document 00-003.

DATA PREPARATION AND REVIEW

MARK, INSPECT, PACK FOR SHIPMENT

Standard AMD parts with this burn-in option are marked with *'—B’’ after
the part number, except that linear 100, 200 or 300 series are suffixed
“'|883B"".

QUALITY INSPECTION, PRE-SHIPMENT

Confirmation of marking, physical quality, and product identity.

QUALITY INSPECTION FOR SHIPMENT RELEASE
Final review of shipment against order.

SHIP TO CUSTOMER

Military temperature range parts meet screening requirements of MiL-
STD-883, Class B.

COMMERCIAL RANGE

HERMETIC OR
MOLDED PACKAGES
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OTHER OPTIONS

Document 00-003, “Extended Processing Options”, further defines Option B as well as other
screening or sampling options available or special order. Available options are listed here for

reference.
Option Description Effect
A Modified Class A screen Provides space-grade product, fol-
(Similar to Class S screening) lowing most Class S requirements
of MIL-STD-883, Method 5004.

B 160-hr operating burn in Upgrades a part from Class C
to Class B.

X Radiographic inspection (X-ray) Related to Option A. Provides
limited internal inspection of
sealed parts.

S Scanning Electron Microscope Sample inspection of metal

(SEM) metal inspection coverage of die.
\ Preseal visual inspection to More stringent visual inspection
MIL-STD-883, Method 2010, of assemblies and die surfaces
Cond. A prior to seal.
P Particle impact noise (PIN) Detects loose particles of
screen with ultrasonic detection. approximately 0.5 mil size or larger,
which could affect reliability in
zero-G or high vibration applications.

Q Quality conformance inspection Samples from the lot are stressed

(Group B, C and D life and and tested per Method 5005.

environmental tests) The customer’s order must state
which groups are required.
Group B destroys 16 devices;
Group C, 92 devices; Group D,
60 devices.

Document 15-010 Rev. E, Jan. 1, 1978
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Am106/206/306

Voltage Comparator/Buffer

. Distinctive Characteristics e 100% reliability assurance testing in compliance with

¢ Functionally, electrically, and pin-for-pin equivalent MIL STD 883. . . .
to the National LM 106/206/306 S Eeaombiars of hybria Moanaraly inspected die for
® Drives RTL, DTL or TTL directly . . "
' e Available in metal can and hermetic flat kage.
* QOutput can switch voltages up to 24 V @ 100 mA lat packag
e Fan-out of 10 with DTLor TTL
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM
The Am106/206/306 are high-speed voltage comparators/
buffers designed to be used in applications where high ac-
curacy and fast response times are required. The device is
useful as a pulse-height discriminator, relay or lamp driver
or a line receiver.
NON — INV.
INPUT
INVERTING g,
INPUT
GND. STROBES
LIC-072
APPLICATION

Level Detector With Hysteresis

Upper and Lower Trip Points:
R, [Vo max = Veerl
R, +R,
and
Ry [Vo win = Vrerl
R, + R,

Vyr = Vegr +

Vir = Vpee +

Hysteresis = V; = V;; - V|1

Rz [Vo MAX ™ Vo MIN]

© Vger =
RZ + R3
LIC-073
ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
Part Package Temperature Order Flat Package Metal Can
Number Type Range Number-
o ) 1 ® 4 Ne
AM306 Metal Can 0°C t0 +70°C LM306H == ) =
Dice 0°Cto +70°C LD306 "°“'“V‘F~‘v‘v$=1:l>_|:=:~c
INVERTING INPUT ca nfEove
‘Am206 MetalCan ~ —25°Cto +85°C  LM206H SEEZ ==y
Metal Can  —55°C to +125°C  LM106H i s
Am106 Flat Pak —55°C to +125°C  LM106F
Dice —55°C to +125°C  LD106 tic-074 Lic-o7s
Note: Pin 6 connected
to bottom of package. Note: Pin 4 connected to case.
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Am106/206/306
MAXIMUM RATINGS

Positive Supply Voltage 15V
Negative Supply Voltage —15V
Output Voltage 24V
Output to Negative Supply Voltage 30V
Differential Input Voltage *5V
Input Voltage *7V
Power Dissipation (Note 1) 600 mW
Output Short Circuit Duration 10 sec
Operating Temperature Range

Am106 —55°C to +125°C
Am206 —25°C to +85°C
Am306 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (soldering, 60 sec) 300°C

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise specified) (note 2)

Am106
Am306 Am206

Parameter (see definitions) Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Note 3 1.6 5.0 0.5 2.0 mV
Input Offset Current Note 3 1.8 5.0 0.7 3.0 rA
Input Bias Current 16 25 10 20 rA
Voltage Gain 40 40 V/mV
Response Time Note 4 30 40 | 30 40 ns
Saturation Voltage Viy £ =5mV, I, =100mA 0.8 2.0 1.0 1.5 '
Output Leakage Current Viy=5mV, 8V <V, <24V 0.02 2.0 0.02 1.0 uA
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage Note 3 6.5 3.0 mvV
0w 0w | o
e, N2 oo wn | A
Average Temperature Coefficient | 25°C < T, < TA(W) 15 50 5.0 25 nA/°C

of Input Offset Current Tamimg < Ta £25°C 24 100 15 75 nA/°C
Input Bias Current 40 45 pA
Input Voltage Range —7V2>2V > —-12V +5.0 +5, Vv
Differential Input Voltage Range +5.0 + \Y
Saturation Voltage Vin £ =5mV, I, =50 mA 1.0 1.0 \
Saturation Voltage V< =5mV, I, <16 mA 0.4 0.4 \Y
Positive Output Level Vin 2 5mV, gy = 400 zA 2.5 5.5 25 5.5 Y
Output Leakage Current V= 5mV, 8V < Vg <24V 100 100 uA
Strobe Current Vitrobe = 0.4V 1.7 3.3 1.7 3.3 mA
Strobe ON Voltage 0.9 1.4 0.9 1.4
Strobe OFF Voltage I < 16 MA ' 1.4 2.5 1.4 2.5 v
Positive Supply Current Viy=—-5mV 5.5 10 5.5 10 mA
Negative Supply Current 1.5 3.6 1.5 3.6 mA

Note 1: Derate metal can package at 6.8 mW/°C for operation at ambient temperatures above 60°C; derate fiat package at 5.4 mW/°C for operation at ambient tempera-
tures above 40°C.

Note 2: These specifications apply for —3V>V-> —12V, V+ = 12V and Ta = 25°C unless otherwise specified.

Note 3: The offset voltages, offset currents, and bias currents given are the maximum values required to drive the output from the minimum output level up to the maxi-
mum output level. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance.

Note 4: The r time specified (see definiti is for a 100 mV input step with 5 mV overdrive.
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Am106/206/306

PERFORMANCE CURVES
Response Time For Response Time For
. Various Input Overdrives Transfer Function > Various Input Overdrives
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Am106/206/306

ADDITIONAL APPLICATIONS

Level Detector and Lamp Driver

v vtt<oay

Ry

INPUT O

—
OVERRIDE

LIC-077

Relay Driver

Dy

INPUTS

LIC-079

Fast Response Peak Detector

OUTPUT O

A
VA

Lic-078

Adjustable Threshold Line Receliver

STROBE
INPUTS

LiC-080

*Optiona! for response time control

Metallization and Pad Layout

INPUT (+) 4—-‘

’——— GROUND

WA
RS
. ? |& ‘ A ouTPUT

33 x 46 Mils

2-4




Am111/211/311

Precision Voltage Comparator

Distinctive Characteristics

® The Am111/211/311 are functionally, electrically,
and pin-for-pin equivalent to the National

LM 111/211/311

Output Drive — 50V and 50mA

Input Bias Current — 150nA max.

Input Offset Voltage — 4mV max.

Differential Input Voltage Range — =30V

100% reliability assurance testing in compliance with
MIL-STD-883

Electrically tested and optically inspected die for as-
semblers of hybrid products

Mixing privileges for obtaining price discounts. Refer
to price list.

Available in Metal Can, Hermetic Dual-in-Line or
hermetic Flat Packages

FUNCTIONAL DESCRIPTION

The Am111/211/311 are voltage comparators featuring low
input currents, high differential and common mode voltage
ranges, wide supply voltage range, and outputs compatible
with all bipolar and MOS circuitry. The inputs and outputs
can be isolated from system ground, and the output can drive
loads refered to ground or either supply. Strobing and offset
balancing are available and the outputs can be wire ORed.

FUNCTIONAL DIAGRAM

A COLLECTOR
ouTPUT

NON-INVERTING
INPUT

INVERTING
INPUT

o EMITTER
BALANCE ~ BALANCE/ OUTPUT
STROBE

LIC-081
CONNECTION DIAGRAM CONNECTION DIAGRAM
Top View Top View
Dual-In-Line Flat Package
Am111/211/311 Am111/211/311
e
=l =l EMITTER OUTPUT C—}2& 10=av+
EMITTER OUTPUT [ z 13 : ne NON-INVERTING: INPUT 2 94 JCOLLECTOR OUTPUT
NON-INVERTING! INPUT [} 12 NC
INVERTING INPUT (4 1 E,' v+ INVERTING INPUT 2 sf—/nc
Ne [ s 103 Nne NeC—] 4 7 [ sALANCE/STROBE
v- s 211 COLLECTOR OUTPUT v s R BALANCE
BALANCE [] 7 8 BALANCE/STROBE
Pin 6 is connected to bottom of package. LiC-082 Pin 5 is connected to bottom of package. LIC-083
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Part Package Temperature Order Metal Can
Number Type Range Number Am111/211/311
TO-99 0°Cto +70°C  LM311H
Am31q  HermeticDIP 0°Cto+70°C  LM311D b
Mini-DIP 0°Cto +70°C  LM311N ENITTER QUTPUT 5 couLecTOR
Dice 0°Cto+70°C  LD311
Am211 TO-99 —25°Cto +85°C  LM211H NONINVERDOR Q) BALANCE/
Hermetic DIP —25°C to +85°C  LM211D
o o inpuT Q £J BALANCE
TO-99 —55Cto+125°C LM111H
Am111 Hermetic DIP  —55°Cto +125°C  LM111D v-
Flat Pak —55°Cto +125°C  LM111F
Dice —55°C to +125°C  LD111 Pin 4 is connected to case. UG08




Am111/211/311
MAXIMUM RATINGS

Voltage from Vt to V— 36V
Voltage from Collector Output to V™
Am111/211 50V
Am311 40V
Voltage from Emitter Output to V— 30V
Voltage between Inputs 30V
Voltage from Inputs to V™ +30V, -0V
Voltage from Inputs to V1 —-30V
Power Dissipation (Note 1) 500mWwW
Output Short Circuit Duration 10 sec

Operating Temperature Range

Am111 —55°C to +125°C
Am211 —~25°C to +85°C
Am311 0°C to +70°C

Storage Temperature Range

—65°C to +150°C

Lead Temperature (soldering, 10 sec) 300°C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) (Note 2) A1
m
Am311 Am211
Parameters (see definitions) Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voltage (Note 3) 2.0 7.5 0.7 3.0 mV
Input Offset Current (Note 3) 6.0 50.0 4.0 10.0 nA
Input Bias Current (Note 3} 100 250 60 100 nA
Response Time (Note 4) R =500Q2 to+56V,VE=0 200 200 ns
Supp!y Current
Positive (Note 5) 3.9 7.5 3.9 6.0 mA
Negative (Note 5) 2.6 5.0 2.6 4.5 mA
Voltage Gain 200 200 V/mV
. VIN < =5mV, Ic=50mA 0.75 1.5 Volts
Saturation Voltage
VIN £ —-10mV, Ic =50 mA 0.75 1.5 Volts
VIN = +5mV, VG to VE = 50 V 0.2 | 100 nA
Output Leakage Current
VIN = +10mV, Vo to VE=40 V 0.2 50.0 nA
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage (Note 3) 10.0 4.0 mV
Input Offset Current (Note 3) 70.0 20.0 nA
Input Bias Current (Note 3) 300 150 nA
Saturation Voltage VIN< —-BmV,Ic=8mA 0.23 0.40 Volts
VIN<—=10mV, Igc=8mA 0.23 0.40 Volts
QOutput Leakage Current VIN =16 mV, Vo to VE=50V 0.1 0.5 uA
Input Voltage Range +13 +14 +13 +14 Volts
Supply Current
Positive (Note 5) o 2.7 45 mA
- Ta=125°C
Negative {Note 5) 1.8 3.5 mA

Notes: 1. For the Am111/211/311, derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual In-Line at 9mW/°C
for operation at ambient temperatures above 95°C, and the Flat Packages at 5.4mW/° C for operation at ambient temperatures above 57°C.
2. Unless otherwise specified, these specifications apply for V¥ = +16V, V— = —15V, VE = —15V, and R at collector output = 7.5k to +15V.
3. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies
with a 7.5k {2 load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance.
4. The response time specified (see definitions) is for 3 100mV input step with 5mV overdrive.
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Am111/211/311

PERFORMANCE CURVES
Input Bias Current Input Offset Current S Offset Error
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Am111/211/311

APPLICATIONS
Offset Balancing Increasing Input
Stage Current*
LIC-086 LIC-087
Strobing Strobing OFF both

Input and Output Stages**

TTL

2N2222 STROBE

LIC-088

LIC-089

*Increases input bias current and common made slew rate by a factor of 3.
**Typical input current = 50pA with inputs strobed OFF.

Metallization and Pad Layout

V+

INPUT ]
(=)

C
BAL/ST.

48 x 65 Mils




Am119/219/319

Dual Comparator

Distinctive Characteristics ® Minimum fan out of 2 each side.
e The Am119/219/319 are functionally, electrically, @ Inputsand outputs isolated from system ground.
and pin-for-pin equivalent to the National LM119/ e High common mode slew rate.
219/319. ® 100% reliability assurance testing in compliance with
e Two independent comparators. MIL-STD-883.
® Operates from single 5V supply. ® Electrically tested and optically inspected die for
Yy
® Output drive — 35V and 25mA. assemblers of hybrid products.
® Input bias current — TuA max. (1.2uA for Am319) ® Available in Metal Can, Hermetic Dual-In-Line, Herme-
® Response time 80ns typical at £15V. tic Flatpack or Molded DIP packages.
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM
The Am119/219/319 are dual high-speed voltage comparators (One Comparator)
designed to operate over a wide range of voltage supplies down
to a single 5V supply and ground. They have higher gain and
lower input bias currents than devices such as the uA710. The vy R
uncommitted collector of the output stage facilitates RTL, \
DTL and TTL interfacing, and driving lamps and relays at
currents up to 256mA. The device is specified for operation NON-NVERTING o 1+
from power supplies up to £15V and features faster response ERTING
than the Am111 at the expense of higher power dissipation. VT 0—1-
The Am119 performance is specified over the temperature GNDVE
range —55°C to 125°C, the Am219 performance is specified (EMITTER OUTPUT)
over the temperature range —25°C to 85°C and the Am319
performance is specified over the temperature range 0°c
to 70°C. LIC-091
CONNECTION DIAGRAM CONNECTION DIAGRAM
Top View Top View
Dual In-Line Flat Package
O ® 1]
O K m outPuT 11 11 sem A3
GND 1] 2 2 [ JoutpuT 1 GND 1 3 Z 1 - InvUT 2
wineut 1 n[Jv+ = 3 — +INPUT2
5 10 —INPUT 1 T 2 % [ 1GND2
_ineurz ] ] -mpuT 1 verc—s S-—output2
V—Ee‘l—ﬁj +INPUT 2
outeut 2 [ B enn2
Pin 6 connected to bottom of package. LIC-080 Pin 5 connected to bottom of package. LIC-092
ORDERING INFORMATION CONNECTION DIAGRAM
Part Package Temperature Order Top View
Number Type Range Number Metal Can
TO-99 0°C to +70°C LM319H
AM319 DIP 0°C to +70°C LM319D A
Molded DIP 0Cto+70 C LM319N OUTPUT 1 Q.- INPUT 2
Dice 0°C to +70°C LD319 &
GND 1 Q +INPUT 2
T0-99 —25°C10+85°C  LM219H A\ XZ)
Am219 DIP ~25°C to +85°C LM219D HINPUT 1Q Pano 2
Flat Pak —25Cto+85 C LM219F _NpUTA & _Doureur2
T0-99 —55°C to +125°C LM119H V-
Am119 DIP —55 Ct0+125_C LM119D
Flat Pak —55°C to +125°C LM119F
Dice —55°C to +125°C LD119 Pin 5 connected to case. LIC-093
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Am119/219/319
MAXIMUM RATINGS (Above which the useful life may be impaired)

Voltage from V* to V— 36V
Voltage from Collector Output to V— 36V
Voltage from Ground to V* 18V
Voltage from Ground to V— 25V
Differential Input Voltage 5.0V
Input Voltage (Note 1) *15V
Power Dissipation (Note 2) 500mW
Qutput Short Circuit Duration 10s
Operating Temperature Range

Am119 —55°C t0 +125°C

Am219 —25°C to +85°C

Am319 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (soldering, 10 sec) 300°C

ELECTRICAL CHARACTERISTICS (Ta = 25°C, Unless Otherwise Noted) (Note 3)

Am319 Am119/219
Parameters
(See definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voltage (Note 4) Rg <5k 2.0 8.0 0.7 4.0 mvV
Input Offset Current {Note 4) 80 200 30 75 nA
Input Bias Current 250 1000 150 500 nA
Response Time (Note 5) 80 80 ns
vt=50V,V—-=0 4.3 43
Positive
Supply Current Vg=t156V 8.0 125 8.0 115 mA
Negative Vg =116V 3.0 5.0 3.0 4.5
Voltage Gain 8.0 40 10 40
Vin < —5.0mV, Ig = 26mA 0.75 15
Saturation Voltage Volts
Vin < —10mV, Ig = 25mA 0.75 15
Vin > +5.0mV, Vg to VE = 35V 0.2 2.0 A
Out ki
utput Leakage Currant Vin > +10mV, Vg to Vg = 35V 02 10 K
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage (Note 4) Rg <5k 10 7.0 mVv
Input Offset Current {Note 4) 300 100 nA
{nput Bias Current 1200 1000 nA
Ta=0°C 0.23 04
) Vin < —8.0mV, I = 3.2mA
Saturation Voltage TA < o°c 0.6 Volts
Vin < —12mV, Ic = 3.2mA 03 0.4
Output Leakage Current Vin = +8.0mV, Vg to VE = 35V 1.0 10 kA
Vg =315V +13 +13
Input Voltage Range Volts
vt=6.0V,V-=0 1.0 3.0 1.0 3.0

Notes: 1. For supply voltages less than t 15V the absolute maximum rating is equal to the supply voltage.
2. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual-In-Line at 9mW/°C for operation at tempera-
tures above 95°C, and the Flat Package at 5.4mW/°C for operation at temperatures above 57°C.
3. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to + 15V supplies.
4. The offset voltages and offset currents given are the maximum values required to drive the output within 1 volt of either supply with a TmA load.
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

o
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Am119/219/319
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Am119/219/319

INPUTS {

Relay Driver

APPLICATIONS

Window Detector

5.0V

2 50092
>

L—O TTLOUTPUT

3
Vyr 00—

Vin ©

12
Am119/

2197319 VouT = 5.0V for

VLT S VIN S VuT
VouyT =0 for

Vi O0—————

LIC-095
= VIN S VT or VN = Vyr
LIC-096
Metallization and Pad Layout
—INPUT2
vt ——' ,—— +INPUT 2
OUTPUT 1 —— GROUND 2
GROUND 1 QOUTPUT 2
+INPUT 1 A\
—INPUT 1

57 x 78 Mils
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Ami39/239/339 - Ami39A/239A /33S%A

Low Offset Voltage Quad Comparators

Distinctive Characteristics

Four high precision comparators
Reduced VOS drift over temperature
Eliminates need for dual supplies
Allows sensing near ground
Wide single supply voltage range or dual supplies
2.0Vpc to 36Vpe
+1.0Vpc to 18 Vpc
Very low supply eurrent drain (0.8mA)—independent
of supply voltage (1.0mW/comparator) makes these
comparators suitable for battery operation.

e Low input bias current—35nA

e Low input offset current— 3.0nA and offset
voltage — 2.0mV

® |nput common-mode voltage range includes ground
o Differential input voltage range equal to the power

supply voltage
® |ow output saturation voltage
1.0mV at 5.0uA
60mV at 1.0mA

e Qutput voltage compatible with TTL, DTL, ECL,

MOS and CMOS logic systems

FUNCTIONAL DESCRIPTION

The Am139, Am239, Am339, Am339A, Am23%A and
AmM339A quad comparators are functionally, electrically and
pin-for-pin equivalent to the National LM139, LM239, LM339,
LM339A, LM239A and LM339A. This series of precision
comparators consists of four independent voltage comparators
which were specifically designed to operate from a single power
supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power supply
current drain is independent of the magnitude of the power
supply voltage. These comparators have a unique characteristic

in that the input common-mode voltage range includes ground
even though operated from a single power supply voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay generators;
wide range VCO; MOS clock timers; multivibrators and high
voltage digital logic gates. The Am139/A series was designed
to directly interface with TTL and CMOS. When operated from
both plus and minus power supplies, the Am139/A will di-
rectly interface with MOS logic — where the lower power drain
of the Am139/A is a distinct advantage over standard com-
parators.

ORDERING INFORMATION

Part Package Temperature Order
Number Type Range Number
Am339 DIP 0°Cto 70°C LM339D

Molded DIP 0°C to 70°C LM339N
Dice 0°Cto 70°C LD339
Am239 DIP —-25°Cto+85°C  LM239D
Am139 DIP —55°C to +125°C  LM139D
Flat Pack —55°Cto +125°C  LM139F
Dice —55°Cto +125°C  LD139
Am339A DIP 0°Cto 70°C LM333AD
Molded DIP 0°Cto 70°C LM339AN
Dice 0°C to 70°C LD339A
Am239A DIP —25°C to +85°C LM239AD
Am13%A DIP —55°C to +125°C  LM139AD
Flat Pack —55°C to +125°C  LM139AF
Dice —55°C to +125°C LD139A

SCHEMATIC DIAGRAM

@ 350a é 10044 @ 35ua @ 1000A
ouTPUT
Q, Q4
+INPUT
o Qg
—INPUT
Vo,
s 9 = —
= = LIC-097
CONNECTION DIAGRAM
Top View
1 4 14
outpuT2 ] ] outPuT3
outru 1 (12 2 outeuta
vi[]s 12 [ eno
neut - 2 ] neuT 4+
eut 1+ [ : 51 veuT 4-
eyt 2- [} & ] ineur 3+
INPUT 3~
INPUT 2+ : ] L ]
Note: Pin 1 is marked for orientation, LiC-098
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Am139/239/339 « Am1 39A/239A/339A
MAXIMUM RATINGS (Above which the useful life may be impaired)

Supply Voltage, V+

36 Vpg or £18 Vp¢ Qutput Short Circuit to GND (Note 2) Continuous

Differential Input Voltage

36 Vpc Input Current (Vjn —0.3 Vpg) (Note 3) 50 mA

Input Voltage

—0.3Vpg to +36 Vpe Operating Temperature Range

Am339/A 0°Cto+70°C
Power Dissipation {Note 1) Am239/A —25°C to +85°C
Ceramic Dip 900 mW Am139/A —55°C to +125°C
Plastic Dip 570 mW Storage Temperature Range —65°C to +150°C
Flat Pack 800 mW Lead Temperature (Soldering, 10 seconds) 300°C
ELECTRICAL CHARACTERISTICS Am239 Am239A
(vt =4+5.0Vpc) (Note 4) Am339 Am139 Am339A Am139A
Parameters Test Conditions Min. Typ. Max. Min, Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voltage Ta =+25°C (Note 9) 2.0 5.0 +2.0 50 +1.0 £2.0 +1.0 2.0 mvVpc
. HIN(+) or I{N(—) with Output in
Input Bias Current (Note 5) Linear Range, T4 = +25°C 25 250 25 100 25 250 25 100 nApc
Input Offset Current IIN(+) — IN(-), TA = +25°C 5.0 +50 +3.0 +25 5.0 +50 +3.0 +28 nApc
Input Common-Mode Voltage T =+25°C 0 vt_15 0 vt_1s 0 vt-15 0 vt-15| Vpe
Range (Note 6)
Supply Current RL = > on all Comparators 08 | 20 08 | 20 08 | 20 08 [ 20 |[mapc
Ta =+25°C
RL > 15k, Tp = +25°C,
Voltage Gain +=15 Vpe (To Support 200 200 50 200 50 200 Vimv
Large Vg Swing)
VN = TTL Logic Swing, VREF =
Large Signal Response Time +1.4Vpc, VR, =5.0Vpe, RL = 300 300 300 300 ns
5.1kS2 and Tp = +25°C
. RL=5.0 Vpcand R =5.1 k@
Response Time {Note 7) TAS +25°C 1.3 13 1.3 1.3 us
: VIN(—) = +1.0 Vpe, ViN(+) =0
Output Sink Current and Vo < +1.5 Vpo, T = +25°C 6.0 16 6.0 16 6.0 16 6.0 16 mADpC
. VIN(—)>”-°VDC,V|N(+):d v
Saturation Voltage and Igink < 4.0 MA, T = +25°C 250 400 250 400 250 400 250 400 mVpc
VIN(+) = +1.0Vpe. VING-) = 0
Output Leakage Current and Vo =5.0 Vpg, Ta = +25°C 0.1 0.1 0.1 0.1 nApc
Input Offset Voltage {Note 9) 9.0 9.0 4.0 4.0 mVpc
Input Offset Current HN(+) — IIN(—) +150 +100 +150 +100 nADC
. HN(+) or l|N(—) with Output in A
Input Bias Current Linear Range 400 300 400 300 nApC
| t 8 Vol
pput Common-Mode Voltage 0 vi—20| o vt_20| o vt—20| o vi-20| vpc
ange
; VIN(-) > +1.0VpC, ViN(+) =0
Saturation Volt; 701 700 700 7 Vv
aturation Voltage and lgink < 4.0 mA 0 00 mVpe
VIN(+} 2 #1.0Vpe, VIN(-) = 0
Qutput Leakage Current and Vo = 30 Vpe 1.0 1.0 1.0 1.0 HADC
Differential Input Voltage Keep all Vs = 0 Vpg (or V= if + +
(Note 8) used) 36 36 v v Voc
Note 1: For h.gh temperature operation, the Am339/A must be derated based on a +1 25°C maximum junction temperature and a thermal resistance

of +175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The Am239/A and Am139/A must
be derated based on a +150 C maximum junction temperature. The low bias dissipation and the ON-OFF characteristic of the outputs keeps the
chip dissipation very small (Pd < 100 mW), provided the output transistors are allowed to saturate.

Short circuits from the output to V7 can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA
independent of the magnitude of V*.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN
parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go to the V7 voltage level
(or to ground for a large overdrive) for the time duration that an input is driven negative, This is, not destructive and normal outputs states wilt
re-establish when the input voltage, which was negative, again returns to a value greater than —0.3 Vpg.

These specifications apply for vt = +5.0 Vpc and —65°C < Tp < +125°C, unless otherwise stated. With the Am239/A all temperature specifica-
tions are limited to —25°C < Ta < +85°C and the Am339/A temperature specifications are limited to 0°C < Ta < +70°C.

The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of
the output so no loading change exists on the reference or input lines.

The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the
common-mode voltage range is V¥—1.5 V, but either or both inputs can go to +30 Vp¢ without damage.

The response time specified is for a 100mV input step with 5,0mV overdrive. 300ns can be achieved with larger overdrive signals, see typical
performance characteristics section.

If the voltage applied to any input exceeds V7, all-four comparator outputs will go to the high voltage level. The low input voltage state must not
be less than —0.3 Vp¢ (or 0.3 Vp¢ below the magnitude of the negative power supply, if used).

At output switch point, Vg = 1.4Vpg, Rg = 0§2 with V* from 5.0 Vpc; and over the full input common mode range (0 Vpc to V1.5V pc).
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Am139/239/339 - Am139A/239A/339A

Supply Current

TYPICAL PERFORMANCE CHARACTERISTICS

Input Current

Output Saturation Voltage
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APPLICATION HINTS

The Am139/A is a high gain, wide bandwidth device; which like
most comparators, can easily oscillate if the output lead is in-
advertently allowed to capacitively couple to the inputs via stray
capacitance. The oscillation shows up only during the output
voltage transition intervals as the comparator changes states.
Power supply bypassing is not required to solve this problem,
Standard PC board.layout is helpful as it reduces stray input-out-
put coupling. Lowering the input resistors to <10k$2 reduces the
feedback signal levels and finally, adding even a small amount
{1 to 10 mV) of positive feedback (hysteresis) causes such a rapid
transition that oscillations due to stray feedback are not possible.
Simply socketing the I/C card attaching resistors to the pins will
cause input-output oscillations during the small transition in-
tervals unless hysteresis is used. If the input signal is a pulse
waveform, with relatively fast rise and fall times, hysteresis is not
required.

All pins of any unused comparators should be grounded.

The bias network of the Am139/A establishes a drain current
which is independent of the magnitude of the power supply volt-
age over the range of from 2Vpg to 30 Vpc.

It is not normally necessary to use a bypass capacitor across the
power supply line.
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The differential input voltage may be larger than V¥ without
damaging the device. Protection should be provided to prevent
the input voltages from going negative more than —0.3Vpc
(at 25°C). An input clamp diode and input resistor can be used
as shown in the applications section.

The output of the Am139/A is the uncommitted collector of a
grounded-emitter NPN output transistor. Several collectors can
be tied together to provide an output OR’ing function. An output
“pull-up’’ resistor can be connected to any available power
supply voltage within the permitted supply voltage range and there
is no restriction on this voltage due to the magnitude of the volt-
age which is applied to the V+ terminal of the Am139/A pack-
age. The output can also be used as a simple SPST switch to
ground (when a “‘pull-up’ resistor is not used). The amount of
current which the output device can sink is limited by the drive
available (which is independent of V1) and the 8 of this device.
When the maximum current limit is reached (approximately
16 mA), the output transistor will come out of saturation and the
output voltage will rise very rapidly. The output saturation voltage
is limited by the approximately 60£2 rga¢ of the output transistor.
The low offset voltage of the output transistor {1 mV) allows the °
output to clamp very nearly to ground level for small load
currents,



Am139/239/339 - Am139A/239A/339A

TYPICAL APPLICATIONS
(V¥ =50Vpc)

4.3k
<
200k 2.0kQ
< <

100k .
Wy v 100k
75pF 0_| U AM vt —
|_ - f=100kHz
1/4 v 0
= Am339/A 0 Vo - v
+ 0.1uF == Am339/A O Vo
100k 100k2 — *
O—AM A -
ml
100k ID I
> CRYSTAL
ZOOKHE = 100kHz
Squarewave Oscillator Crystal Controlled Oscillator
LIC-100 a Y LiC-101
100k 3.0k 3.0kQ _l_l__l—
we M 5.1k A
FREQUENg‘( 14 °
CONTROL . OUTPUT 1
VOLTAGE . 0.01uF Am339/A
INPUT 20k0 0.14F v*2 -
-O OUTPUT 2
" /NN
v*=30vpc
+250mV < Vg < +50Vpc
700Hz < fy < 100kHz
Two-Decade High-Frequency VCO
LIC-102
v+ vt vt
3.0k 3.0k 3.0k2
+Viy O +Vggg O——m—8 + +Vy O—————————— + .
1/4 v, 1/4 v 1/4 v,
Am339/A o 3.0k0 Am339/A ¢} 1.0M Am339/A o
+Vper O V)N O—AW - vt O— AW -
oM 1.0M
M- A
1.0M
LIC-103 LIC-104 i LIC-105
Non-Inverting Comparator
Basic Comparator with Hysteresis Inverting Comparator with Hysteresis

LiC-106

LIC-107

*Or logic gate without pull-up resistor.

Comparing Input Voltages
of Opposite Polarity

Output Strobing
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Am139/239/339 « Am139A/239A/339A

TYPICAL APPLICATIONS (Cont.)
(vt =5.0Vpe)

vt

+ Soka 1/4 DMS4XX
1/4
Am339/A Vo
1/4 DM54XX 1/4 MM54CXX
LIC-108
LiCc-109 Lic-110
Basic Comparator Driving TTL Driving CMOS
(vt =15vpc)

v*tizv)

2R e 10002
*VREF HIGH O—A———]
LAMP
12 ESN
288 v — D, =
oK
Rs o gyt saqer
Vin o D,
B
74 D
= 2R, Am339/A 2N2222 c 3
*VREF LOW O——AAM———]
Dg
= D
| ALL DIODES
LIC-111 | IN914
1
! Vour=A+B-C
LIC-112
Limit Comparator Large Fan-In AND Gate
vt j v
" _l_ -.-| L_l.oms 5.1kQ
0 — 100pF © |PW|11 ~N o
VN 174 1)
v, N914 2000
Am33S/A o p: Am339/A —-0 Vo
IN914 2N
0.0014F i
= 1.0M
2N, 1N914 A
LIC-113 LIC-114
One-Shot Multivibrator Remote Temperature Sensing
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Am139/239/339 «

Am139A/239A/339A

TYPICAL APPLICATIONS (Cont.)
(VF=15vVpg)

Lic-116

40us —a]
100k us | v
+ViN O -
1/4 l |
o +4.0V 100kQ . Am3sI 174 ¢
l I ' AmM339/A y——O0 Vo
0
One-Shot Multivibrator with Input Lock Out
+15V
Ay . Dg‘“ 15k
N
1.0M ) vt
-—'\/VV—DI'—‘ 100k 15k
v ——
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1 B Ng14 6.0us] [ 60us 0 0 S O——AAA: N

! 1/4 4’ ] vt 14
= 10w Am39/A ﬁ l l 100k Am339/A
+15V O—AAN + 0o R O—AAA -
oM .
A U:,ﬁ *For large ratios

of R4/Rp, D1 can
be omitted.

Pulse Generator Bi-Stable Multivibrator

LIC-115

' s
— +15V
Eﬂ_
0

——0 Vo

LIC-117
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Am685

Voltage Comparator

Distinctive Characteristics: ® 100% reliability assurance testing in compliance with
MIL-STD-883

o 6.5ns MAXIMUM PROPAGATION DELAY AT 5mV ® Electrically and optically inspected dice for assemblers
OVERDRIVE of hybrid products :

o 3.0ns Latch setup time ® Available in metal can and hermetic dual-in-line
packages
o Complementary ECL outputs

o 50%2 line driving capability

FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

The .Am685 is a fast voltage comparator manufactured with an
advanced bipolar NPN, Schottky diode high-frequency process that
makes possible very short propagation delays (6.5 ns) without NON-INVERTING o . O TOUTPUT
sacrificing the excellent matching characteristics hitherto associated INPUT
only with slow, high-performance linear IC's. The circuit has differ-

ential analog inputs and complementary logic outputs compatible INVERTING o ol - —O QOUTPUT
with most forms of ECL. The output current capability is adequate INPUT L

for driving terminated 5082 transmission lines. The low input offset RL RL

and high resolution make this comparator especially suitable for

high-speed precision analog-to-digital processing. LATCH ENABLE

A latch function is provided to aliow the comparator to be used in a v Lic-118
sample-hold mode. If the Latch Enable input is HIGH, the com-

parator functions normally. When the Latch Enable is driven LOW, The outputs are open emitters, therefore external pull-
the comparator outputs are locked in their existing logical states. down resistors are required. These resistors may be in
If the latch function is not used, the Latch Enable must be con- the range of 50—200Q connected to —2.0 V, or 200—
nected to ground. 200082 connected to —5.2 V.

CIRCUIT DIAGRAM

v*
Ry Ry Ra3 J Rg
300 3000 1.5kQ 20092
Rs R5N°13
30092 30002
D,
N {019 GND #2 GND #1
D.
3 ‘/Ozo
a7 W
NON-INV 18
INPUT ZL R
o o R 8
\ T xo5| Z}0; 3 3auon 00
Q23
%Y J Q24
LATCH Q R0 a
ENABLE ] 0y 10 N 36k Q15 18 : ]022
28 Ry3 Ry5 Rig |
a Q a 2.7k 2k 2kQ o Q
o1} 12 Z 2 <™ OUTPUT OUTPUT
Ry {;‘12 Rig '\iﬂm Rig '2“15 Y\%Rn
30002 1802 18kQ 820Q 27k S0 1200 v LIC-119
ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views .
Metal Can P Dual-In-Line
Part Package Temperature Order o —) oo 52
1 16
Number Type Range Number v K e
Am685  Metal Can  —30°C to +85°C AmB85HL NON INVERTING | 141 v
DIP —30Cto+85 C Am685DL Rrvitiliats doutput e O 3] ne
Am685  Metal Can —sszc to +125°C AmB85HM IVERTING sosmer ve s MG oureur
DIP ~55°C to +125°C AmB85DM warcs e —Fooureur
Am685 Dice ~30°C to +85°C Am685XL. e PR
Dice —55"Cto+125°C Am685XM LIC-120 v- p——=LL
Note 1: On metal package, pin 5 is connected to case. | |c.121
On DIP, pin 8 is connected to case.




Am685

MAXIMUM RATINGS (Above which the useful life may be impaired)

Positive Supply Voltage +7V Operating Temperature Range

Negative Supply Voltage -7V Am685-L —30°C to +85°C
Input Voltage 4V Am685-M —55°C t0 +125°C
Differential Input Voltage 6V Storage Temperature Range —65°C to +150°C
Output Current 30mA Lead Temperature (Soldering, 60 Sec.) 300°C
Power Dissipation (Note 2) 500mW Minimum Operating Voltage (V¥ to V™) 9.7V

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified)
DC Characteristics

Am685-L Am685-M
Symbol Parameter (see definitions) Conditions (Note 3) Min. Max. Min. Max. Units
Rg<100%Q, Ta=25°C -2.0 +2.0 =20 +2.0 mV
Vos Input Offset Voltage Rg <1009 25 | +25 30 +3.0 mv
aVog/aT | A f;iﬁgmi@;‘::: g‘e’“ff'“e“t Rg <1000 -10 | +10 -10 +10 | wvpc
Ta =25°C -1.0 +1.0 -1.0 +1.0 nA
los Input Offset Current 13 1.3 16 1.6 WA
Ta =25°C 10 10 uA
g Input Bias Current 13 16 A
Rin Input Resistance Ta=25°C 6.0 6.0 k2
Cin Input Capacitance Ta=25°C 3.0 3.0 pF
Vem Input Voltage Range -3.3 +3.3 -33 +3.3 \Y
CMRR Common Mode Rejection Ratio Rg<100Q,-3.3< Vg <+3.3V 80 80 dB
SVRR Supply Voltage Rejection Ratio Rg<100Q, AVg = +5% 70 70 dB
Ta=25°C -0.960 [ -0.810 -0.960 -0.810 v
Vo Output HIGH Voltage Ta=TA(min.) -1,060 | -0.890 -1.100 -0.920 \2
TA = TA(max.) -0.890 | -0.700 | -0.850 | -0.620 v
Ta=25°C -1.850 | -1.650 -1.850 -1.650 v
VoL Output LOW Voltage Ta=TA(min.) -1.890 | -1.675 | -1.910 | -1.690 v
TA = TAlmax.) -1.825 | -1.625 | -1.810 | -1.575 \
[ Positive Supply Current 22 22 mA
1~ Negative Supply Current 26 26 mA
Ppiss Power Dissipation 300 300 mwW
Switching Characteristics (Vi = 100 mV, Vgq = 5mV)
TA(min,) <Ta < 25°C 45 6.5 45 6.5 ns
tod+ Input to Output HIGH T::(:m"'[‘:(maxﬁ 5.0 95 55 12 ns
T in) <Ta<25°C 4.5 6.5 45 6.5 ns
tpd- input to Output LOW Tﬁ(;n'lrn:(maxﬁ 5.0 9.5 55 12 ns
tpge(E) Latch Enable to Output HIGH TAlmin) <TA<25°C 45 65 45 65 ns
(Note 4) TA = TA{max.) 5.0 9.5 5.5 12 ns
tod_E) Latch Enable to Output LOW fA(min.) <Ta<25°C 4.5 6.5 4.5 6.5 ns
pd- (Note 4) Ta=TA(max) 5.0 95 55 12 ns
q
t Minimum Set-up Time {Note 4) 12(:"': :(:;3 <®C i:g Z;g ::
th ‘Minimum Hold Time (Note 4) TA(min) < TA < TA(max.) 10 1.0 ns
ton(E) Minimum Latch Enable Pulse Width TA(min) < TaA <25°C 3.0 3.0 ns
pw (Note 4) Ta = TA(max.) 40 5.0 ns

NOTES: 2: For the metal can package, derate at 6.8 mW/°C for operation at ambient temperatures above +100°C; for the dual-in-line package, derate at
9 mW/°C for operation at ambient temperatures above +105°C.

3: Unless otherwise specified V* = 6.0V, V- = _5,2V, VT = -2.0V, and R|_=508Q; all switching characteristics are for a 100 mV input step with

5 mV overdrive. The specifications given for Vo, los, 1g, CMRR, SVRR, tpg+ and tpd- apply over the full Vgpg range and for £5% supply

voltages. The Am685 is designed to meet the specifications given in the table after thermal equilibrium has been established with a transverse

air flow of 500 LFPM or greater,

4: Owing to the difficult and critical nature of switching measurements involving the latch, these parameters can not be tested in production,
Engineering data indicates that at least 95% of the units will meet the specifications given.
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Am685

TIMING DIAGRAM KEY TO TIMING DIAGRAM
WAVEFORM INPUTS OUTPUTS
LATCH — —_— . so%
ENABLE
7 MUST BE WILL BE
STEADY STEADY
th f=— towlE)
Vod
DIFFERENTIAL —1
INPUT MAY CHANGE EV.%Z,ENG
VOLTAGE T Vos FROMHTOL  FromH TO L
Vin r
Vod .
t |~ tpa+lEl -
pd— pd+
May cHange  HUELBE
Z___ FROM LTOH FROM L To H
QOouTPUT _— —————-——7% — — 50%
DON'T CARE; CHANGING;
tpd f=—"toa-(E) ANY CHANGE STATE
PERMITTED UNKNOWN
T OUTPUT ~—— e — —— —— l_—-—————— 50%
LIC-122
Figure 1
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 tg will be detected
and held; those occurring after ty, will not be detected. Changes between
tg and th may or may not be detected.

DEFINITION OF TERMS

Vos

AVOg/AT

los

I}
RIN

Cin

Vem

CMRR

SVRR

INPUT OFFSET VOLTAGE — That voltage which must be
applied between the two input terminals through two equal
resistances to obtain zero voltage between the two outputs.
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF-
SET VOLTAGE - The ratio of the change in input offset
voltage over the operating temperature range to the temperature
range.

INPUT OFFSET CURRENT — The difference between the
currents into the two input terminals when there is zero voltage
between the two outputs.

INPUT BIAS CURRENT — The average of the two input currents.

INPUT RESISTANCE — The resistance looking into either input
terminal with the other grounded.

INPUT CAPACITANCE — The capacitance looking into either
input terminal with the other grounded.

INPUT VOLTAGE RANGE — The range of voltages on the
input terminals for which the offset and propagation delay
specifications apply.

COMMON MODE REJECTION RATIO — The ratio of the input
voltage range to the peak-to-peak change in input offset voltage
over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the
change in input offset voltage to the change in power supply
voltages producing it.

OUTPUT HIGH VOLTAGE — The logic HIGH output voltage
with an external pull-down resistor returned to a negative supply.

OUTPUT LOW VOLTAGE — The logic LOW output voltage
with an external pull-down resistor returned to a negative supply.
POSITIVE SUPPLY CURRENT — The current required from the
positive supply to operate the comparator.

NEGATIVE SUPPLY CURRENT — The current required from
the negative supply to operate the comparator,
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Ppiss

POWER DISSIPATION — The power dissipated by the com-
parator with both outputs terminated in 50§2 to -2.0V.

SWITCHING TERMS (refer to Fig. 1)

tpd+

tpd_

tpd+(E)

tpd-(E)

s

th

tpw(E)

INPUT TO OUTPUT HIGH DELAY — The propagation delay
measured from the time the input signal crosses 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 input offset
voltage to the 50% point of an output HIGH to LOW transition.

LATCH ENABLE TO OUTPUT HIGH DELAY — The propaga-
tion delay measured from the 50% point of the Latch Enable
signal LOW to HIGH transition to the 50% point of an output
LOW to HIGH transition.

LATCH ENABLE TO OUTPUT LOW DELAY — The propaga-
tion delay measured from the 50% point of the Latch Enable
signél LOW to HIGH transition to the 50% point of an output
HIGH to LOW transition.

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. '

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 and hold an input signal change.

OTHER SYMBOLS

Ambient temperature
Input source resistance
Supply voltages
Positive supply voltage
Negative supply voltage f

VT Output load terminating voltage
R Output load resistance

Viin Input pulse amplitude

Vod Input overdrive

Frequency




Am685

MEASUREMENT OF PROPAGATION DELAY

A voltage comparator must be able to respond to input signal levels ranging from a few millivolts to several volts, ideally with little
variation in propagation delay. The most difficult condition is where the comparator has been driven hard into one state by a large signal,
and the next input signal is just barely enough to make it switch to the other state. This forces the input stage of the circuit to swing
from a full off {or on) state to a point somewhere near the center of its linear range, thus exercising both its large- and small-signal
responses. |If the comparator is fast for this condition, it should be as fast or faster for almost any other condition. The unofficial
industry standard input signal is a 100mV step with an overdrive of 5mV (the overdrive is the voltage in excess of that needed to bring
the output to the center of its dynamic range). The 100mV is more than enough to fully turn on tbe input stage, but not so large to make
measurement a problem. Large pulses would require exceptionally good control on waveform purity, since only a few tenths of a
percent of overshoot or ripple would be enough to affect the value of the overdrive and, for sensitive comparators, result in false
switching. The propagation delay is measured from the time the input signal crosses the input threshold voltage (i.e., the offset voltage)
to the 50% point of either output. This definition ensures that each unit is measured under equal conditions, and also makes the
measurement relatively independent of the input rise and fall times.

OUTPUT TO
INPUT TO g
AT T CHANNEL "8
thd— tpd+
* MATCHED 502 COAX * *
UNUSED OUTPUT MUST BE
TERMINATED WITH 5022
- 100kt TO GROUND
pw = 30ns
1= 25ns tod MEASURED 0.14F
(10%-90%) |~ FROM HERE
2500 509
>
p:

INPUT FROM
PULSE GEN.

Am107

1nF% 10k

—15v
-5.2v -
200Vos;
EXPANDED VIEW AT ,/' \
THRESHOLD REGION 11
SHOWING PURITY OF T
PULSE REQUIRED TO O54F % ¥
MAKE ACCURATE DELAY
MEASUREMENTS AT
MILLIVOLT OVERDRIVES - 5k
Am216A
~a— 2ns/div —e= +
* % LOW LEAKAGE POLYETHYLENE 200Vod
OR EQUIV.
+15V 15V
) . LIC-123
Figure 2

The test circuit of Figure 2 provides a means of automatically nulling out the offset voitage and applying the overdrive. With S1 in the
“NULL" position, the feedback loop around the Am685 via the two operational amplifiers corrects for the offset of the circuit including
any dc shift in the ground level of the input signal. When switched to “TEST', the offset is held on the storage capacitor of the Am216A
and the overdrive is added at the Am216A non-inverting input. The duty cycle of the signal is made low so that the presence of the input
pulse during nulling will not disturb the offset. A solid ground plane is used for the test jig, and capacitors bypass the supply voltages.
All power and signal leads are kept as short as possible. The Am685 input and output run directly into the 5052 inputs of the sampling
scope via equal lengths of 502 coaxial cable. For the conditions shown in the figure, tpd+ is measured at the Q output and tpq_ at the
Q output. If it is desired to measure the opposite output polarities, the polarities of the input signal and overdrive must be reversed.

THERMAL CONSIDERATIONS

To achieve the high speed of the Am685, a certain amount of power must be dissipated as heat. This increases the temperature of the
die relative to the ambient temperature. In order to be compatible with ECL 111 and ECL 10,000, which normally use air flow as a means
of package cooling, the Am685 characteristics are specified when the device has an air flow across the package of 500 linear feet per
minute or greater. Thus, even though different ECL circuits on a printed circuit board may have different power dissipations, all will have
the same input and output levels, etc., provided each sees the same air flow and air temperature. This eases design, since the only change
in characteristics between devices is due to the increase in ambient temperature of the air passing over the devices. |f the Am685 is oper-
ated without air flow, the change in electrical characteristics due to the increased die temperature must be taken into account.

INTERCONNECTION TECHNIQUES

All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am685 is particularly
critical because it features very high gain (60dB) at very high frequencies (100MHz). A ground plane must be provided for a good,.low
inductance, ground current returp path. The impedance at the inputs should be as low as possible and lead lengths as short as practical.
It is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the outputs shouid be
limited to less than one inch, since severe ringing occurs beyond this length. For longer lengths, the printed-circuit interconnections be-
come microstrip transmission lines when backed up by a ground plane, with a characteristic impedance of 50 to 150£2. Reflections will
occur unless the line is terminated in its characteristic impedance. The termination resistors normally go to -2.0V, but a Thevenin
equivalent to V™ can be used at some increase in power. Best results are usually obtained with the terminating resistor at the end of the
driven line. The lower impedance lines are more suitable for driving capacitive loads. The supply voltages should be well decoupled with
RF capacitors connected to the ground plane as close to the device supply pins as possible.
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INPUT VOLTAGE — mV

PROPAGATION DELAY — ns

OUTPUT VOLTAGE — V

PROPAGATION DELAY —ns

PERFORMANCE CURVES

(Unless otherwise specified, standard conditions for all curves are Ty = 25°C, vt= 6.0V, VT =-5.2V,

VT =-2.0V, R = 50%2, and switching characteristics are for Vi,
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SET-UP TIME — ns

VOLTAGE GAIN MIN. LATCH ENABLE PULSE WIDTH-ns

COMMON MODE LIMITS-V

PERFORMANCE CURVES {(Cont.)

(Unless otherwise specified, standard conditions for all curves are Tp = 25°C, vt= 6.0V, VT =-52V,
VT =-2.0V, R = 50%2, and switching characteristics are for Vi = 100mV, Vo4 = 5mV.)
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OUTPUT VOLTAGE-V

SUPPLY CURRENT-—mA

INPUT BIAS CURRENT—uA

INPUT RESISTANCE-kQ

PERFORMANCE CURVES (Cont.)

(Unless otherwise specified, standard conditions for all curves are Tp = 25°C, V¥ = 6.0V, V™ = -5.2V,
VT =-2.0V, R = 509, and switching characteristics are for Vin = 100mV, Voq = 6mV.)
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High-Speed Window Detector
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Voltage Comparator

Distinctive Characteristics
® 12ns MAXIMUM PROPAGATION DELAY AT 5mV
OVERDRIVE

® Electrically and optically inspected dice for assemblers
of hybrid products.

® Complementary Schottky TTL outputs ® Available in metal -can and hermetic dual-in-line
® Fanout of 5 packages.
® 100% reliability assurance testing in compliance with
MIL-STD-883
FUNCTIONAL DESCRIPTION Metallization and Pad Layout
The Am686 is a fast voltage comparator manufactured with an +IN %

advanced bipolar NPN, Schottky diode high-frequency process that
makes possible very short propagation delays without sacrificing
the excellent matching characteristics hitherto associated only with
slow, high-performance linear IC’s, The circuit has differential analog
inputs and complementary logic outputs compatible with Schottky
TTL. The output current capability is adequate for driving 5
standard Schottky inputs. The low input offset and high resolution
make this comparator especially suitable for high-speed precision
analog-to-digital processing.

A latch function is provided to allow the comparator to be used in a v=
sample-hold mode. If the Latch Enable input is LOW, the com-
parator functions normally. When the Latch Enable is driven HIGH,
the comparator outputs are locked in their existing logical states.
If the latch function is not used, the Latch Enable may be left open
or connected to ground.
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ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
Part Package Temperature Order Metal Can Dual-In-Line
Number Type _ Range o Number e Cra=mr— e
AM686 Metal Can 0Cto70°C Am686HC v N ve e 15[ e
o o NC. _
DIP 0°Cto70°C  Am686DC X v S aourrr
o o NON-INVERTING ¢ Q Q douTeuT NON-INVERTING —{ 4 13
Amegs  Metal Can  —55°Cto +125°C  Am686HM » ot O 3 0ourer
DIP —55°Cto +125°C  AmG86DM e oomm weenre s 25 sroumo
— LATCH
- (e] (=] v 6 mn
AMGE6 Dice 0°Ct070°C  Amé686XC g emoue g g
- L] L] LATCH NC 0 NC
Dice —55°C to +125°C  AmB86XM 9. .
LIC-131 ne 22 e
Note 1: On metal package, pin 5 is connected to case. LIC-132
On DIP, pin 6 is connected to case.
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MAXIMUM RATINGS {Above which the useful life may be impaired)

Positive Supply Voltage +7V Operating Temperature Range

Negative Supply Voltage 7V Am686-C 0°C to +70°C
Input Voltage 4V Am686-M ' —55°C to +125°C
Differential Input Voltage 6V Operating Supply Voltage Range

Power Dissipation (Note 2) 600mW Am686-C VT = +5.0V 5%, V™~ = —6.0V £5%
Lead Temperature (Soldering, 60 sec.) 300°C Am686-M vt =450V £10%, V— = —6.0V £10%
Storage Temperature Range —65°C to +150°C Minimum Operating Voltage (V* to V) 9.7V

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified)
DC Characteristics

Symbol Parameter Conditions (Note 3} Am686-C Am686-M Units
v | Offset Vol Rg < 1002, Tp = 25°C 3.0 2.0 mV MAX.
0s nput Offset Voitage Rg < 10082 35 3.0 mV MAX,
Average Temperature Coefficient o
AVQos/AT of Input Offset Voltage Rg < 1002 10 10 pV/°C MAX.
25°C < TA < TA (max.) 1.0 1.0 LA MAX,
£ .
los Input Offset Current TA=TA (min) 1.3 16 LA MAX.
. 25°C<TA < TA {max.) 10 10 uA MAX,
Ig Input Bias Current TA=TA (min.) 13 16 uA MAX.
Vem Input Voltage Range +2.7,-3.3 +2.7,-3.3 V MIN.
CMRR Common Mode Rejection Ratio Rg £ 10092, -3.3V < Vem < +2.7V 80 80 dB MIN.
SVRR Supply Voltage Rejection Ratio Rg < 100 70 70 dB MIN.
VoH Output HIGH voltage IL=—-1.0mA, Vg = Vg (min.) 2.7 25 V MIN,
VoL Output LOW Voltage IL=10mA, Vg = Vg {max.) 0.5 0.5 VvV MAX.
1+ Positive Supply Current 42 40 mA MAX.
[ Negative Supply Current 34 32 mA MAX.
Ppiss Power Dissipation 415 400 mW MAX.
Switching Characteristics (VT = +5.0V, V™ = —6.0V, Vi = 100mV, Vo4 = 5.0mV, C|_ = 15pF) (Note 4)
. Propagation Delay, TA (min.) € Ta € 25°C 12 12 ns MAX.
pd+ Input to Qutput HIGH Ta=TA (max.) 15 15 ns MAX,
Propagation Delay, TA (min.) S TA < 25°C 12 12 ns MAX.
tod— -
P Input to Output LOW TA = TA (max.) 15 15 ns MAX.
Difference in Propagation Delay ~ or°
Atpg between Outputs Tao=25C 2.0 2.0 ns MAX,
Notes: 2. For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C; for the dual-in-line package, derate at

3.

4.

9mW/°C for operation at ambient temperatures above 115°C.

Unless otherwise specified, vt = 45,0V, V™ = —6.0V and the Latch Enable input is at VoL. The switching characteristics are for a»100mV
input step with 5.0mV overdrive.

The outputs of the AmB86 are unstable when biased into their linear range. In order to prevent oscillation, the rate-of-change of the input signal
as it passes through the threshold of the comparator must be at least 1V/us. For slower input signals, a small amount of external positive feedback
may be applied around the comparator to give a few millivolts of hysteresis.

PERFORMANCE CURVES
Propagation Delays as a Propagation Delays as a Output Rise and Fall Times
Function of Input Overdrive Function of Temperature as a Function of Temperature
15 15 8
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Am687-Am687A

Dual Voltage Comparators

Distinctive Characteristics

® 8.0ns MAXIMUM PROPAGATION DELAY AT 5mV
OVERDRIVE

e Complementary ECL outputs

e 50 line driving capability

® 100% reliability assurance testing in compliance with
MIL-STD-883.

® FElectrically and optically inspected dice for assemblers
of hybrid products.

® Available in the hermetic dual-in-line package.

FUNCTIONAL DESCRIPTION

The Am687 and Am687A are fast dual voltage comparators con-
structed on a single silicon chip with an advanced high-frequency

FUNCTIONAL DIAGRAM

NON.- NON
process. The circuits feature very short propagation delays as well INVERTING INVERTING
as excellent matching characteristics. Each comparator has differ- 'NUT QOUTPUT @ OUTPUT INPUT
ential analog inputs and complementary logic outputs compatible
with most forms of ECL. The output current capability is adequate 3 OUTPUT @ OUTPUT
for driving terminated 5082 transmission lines. The low input offsets wvsrwe —0 S IN O o
and short delays make these comparators especially suitable for INPUT t t \,/NEPRJT'N
high-speed precision analog-to-digital processing. RL RL RL
The comparators are similar to the Am685 high-speed comparator % %
but have been designed to operate from a 5V positive supply
(instead of 6V), dissipating less power than two Am685's. Separate LE LE l LE LE
latch functions are provided to allow each comparator to be inde- LATCH ENABLE $ LATCH ENABLE
pendently used in a sample-hold mode. The Latch Enable inputs T
are intended to be driven from the complementary outputs of a LiC-134
standard ECL gate. If LE is HIGH and LE is LOW, the comparator :
functions normally. When LE is driven LOW and LE is driven HIGH, The outputs are open emitters; therefore external pull-down resistors
the comparator outputs are locked in their existing logical states. If are required. These resistors may be in the range of 50-200Q
the latch function is not used, LE must be connected to ground. connected to —2.0V, or 200-200052 connected to —5.2V.

CIRCUIT DIAGRAM (Each Comparator}
R2 Ry R20 J R21 l
3602 3600 1560 1000
Qy, vt
._D‘Dj__. N Rg. Rg
Q13 36082 360922
| 02 as —+ o0
») Q3N D5 {06 03
% = D Q19
‘—Koze Q39 S
18 ay 07 |08 GND
'Jo L Rig R1g M M kS T
8 .
y\ J —I\jjﬂ 6.8k82
NON-INVERTING Q Q-
INPUT 1 7 Rig Ry
INVERTING I '\] ue(, 2702 2700
INPUT I 102 Oak‘ 0y3
Rz "\/"02‘
LE Qg 33k0 Qi ‘)024
[ Q1o Ozsk‘ o5 35ha Q22 '1 @ ouTeut
l_% r R3 QouTPuUT
. 3.3k
oy Q2 27 Q26 Y Qp5 -
Ry R:z} Ri3 Riq Ry Ris Rg Rig L
430Q 20082 3k 5609 3.3k 15082 3.3k02 15002
| LiC-135
ORDERING INFORMATION METALLIZATION AND CONNECTION DIAGRAM
PAD LAYOUT Top View
Part Package Temperature Order oum(T][; Py - m 1 Gureur
Number Type Range Number ol 15} a
QuTPUT OUTPUT

AmB87A DIP —30°C to +85°C AMB87ADL avo L e

Am687A DIP —55°C to +125°C AM6E87ADM e[ o e

Am687 Dip —30°C to +85°C AM687DL e ]

Am687 DIP —55°C to +125°C AM687DM v ] v

Am687 Dice —30°C to +85°C AMB87XL A o v

‘Am687 Dice —55°C to +125°C AMB87XM ‘ ol 1o Fnow

N(),;JNIP"‘UV'I' INP’\l‘J'll'NV
LIC-136
DIE SIZE 0.056’" X 0.056" Note: Pin 1 is marked for orientation.
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Am687/687A
MAXIMUM RATINGS (Above which the useful life may be impaired)

Positive Supply Voltage +7V Operating Temperature Range

Negative Supply Voltage -7V Am687-L, AmB87A-L —30°C to +85°C
Input Voltage 4V Am687-M, Am687A-M —55°C to +125°C
Differential Input Voltage 6V Storage Temperature Range —65°C to +150°C
Qutput Current 30mA Lead Temperature {Soldering, 60 Sec.) 300°C
Power Dissipation (Note 2} 600 mW Minimum Operating Voltage (V' to V™) 9.7V

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless otherwise specified)
Am687A-L Am687A-M

DC Characteristics Am687-L Am687-M
Symbol Parameter Conditions (Note 3) Min. Max. Min. Max. Units
Vos Input Offset Voltage :z z 132 2' Ta=25C :ig izg jg :ig :z
AV /AT oAf"f:;QuetToef’;‘s‘;:'cto“lgg(?e”ide“t Rg < 1000 -0 | +10 | -10 | +10 RV
los Input Offset Current _T_io:: j:(:‘:‘;rA(max‘) :: g ::2 ::2 :: g Zﬁ
Ig Input Bias Current °C< Ta < Ta(max) 10 10 HA
Ta =Talmin.) 13 16 HA
Vem Input Voltage Range -3.3 +2.7 -3.3 +2.7 \Y
CMRR Common Mode Rejection Ratio Rg <1009,-3.3< Vem <+27V 80 80 dB
SVRR Supply Voltage Rejection Ratio Rg <100Q, AVg = +5% 70 70 dB
Ta =25°C -0.960| -0.810| -0.960| -0.810 A
VoH Output HIGH Voltage Ta =Ta(min) -1.060 | -0.890 | -1.100| -0.920 v
Ta =Ta({max.) -0.890 | -0.700| -0.850 -0.620 \
Ta =25°C -1.850| -1.650| -1.850| -1.650 Vv
VoL Output LOW Voltage Ta =Ta{min.) -1.890| -1.675| -1.910| -1.690 \%
Ta = Ta(max.) -1.825| -1.625| -1.810| -1.575 v
1+ Positive Supply Current 35 32 mA
1= Negative Supply Current 48 44 mA
Ppiss Power Dissipation 485 450 mwW

Switching Characteristics (Vi = 100mV, Vo4 = 5mV)

Ta(min.) < Ta <25°C 8.0 8.0 ns
tpd+ tpd— Propagation Delay, Am687A Almin.) A

Ta = Ta(max.) 10 12,5 ns

Ta(min) <Ta <25°C 10 10 ns
tpd+: tpd— Propagation Delay, Am687 Almin.) A

TA =Talmax.) 14 20 ns
ts Minimum Latch Set-up Time Ta=25°C 4.0 4.0 ns

Notes: 2. Derate at 9ImW/°C for operation at ambient temperatures above +115°C.
3. Unless otherwise specified V¥ = +5.0V, V™ = ~5.2V, VT = -2.0V, and R = 50%; all switching characteristics are for a 100mV input step with
5mV overdrive. The specifications given for Vg, Igs, 1g, CMRR, SVRR, tpd+ and tpq_ apply over the full Vem range and for £5% supply voltages.
The Am687 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been established with a trans-
verse air tlow of 500 LFPM or greater.

PERFORMANCE CURVES
Propagation Delays as a Propagation Delays as a Output Rise and Fall Times
Function of Input Overdrive Function of Temperature as a Function of Temperature
12 12 4
Th-120°C tod+ [ 10%-90%
" N " tpd- 7 Ry =502
T N | l il ¢ 10 RL=502 1}“\'/ vy =-20v
N L gs° v =-20v 2 3
: oainil R L e a !
w g 3 5 w8 ~ ‘«\\1—74 2 7
Z AN = -~ \% [ A
5 y N 8 — /@/«\]7‘ w RISE TIME
s ‘ X 2 6 ] i FS s s e
thd NN = i
] » 4+ S NI 9 100y
a pd— | E. a /‘ 1 | _FALLTIME
3 - Selin 5 | —
g afRL=son  Hol zs“c*"*?"" S 4
e vr=-20v | AT, il &
Vin = 100mV FA ; |-55 ¢
2 L1l 2 0
1.0 10 100 -55-35-15 5 25 45 65 85 105 125 —-55-35-15 6 25 45 65 85 105125
OVERDRIVE —mV TEMPERATURE - °C TEMPERATURE — °C
LIC-137
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Am1500

Dual Precision Voltage Comparator

Distinctive Characteristics

® The Am1500 is functionally, electrically, and pin-for-
pin equivalent to the National LH2111

® The Am1500 is a dual 111, but requires 25% less
power than two 111 comparators

® Qutput Drive — 50V and 50mA

® Input Bias Current — 150nA max.

® |nput Offset Voltage — 4.0mV max.

e Differential Input Voltage Range — 30V

® 100% reliability assurance testing in compliance with
MIL-STD-883

® Available in Hermetic Dual-In-Line or Hermetic Flat
Packages

FUNCTIONAL DESCRIPTION

FUNCTIONAL DIAGRAM

EMITTER OUTPUT — A = YcoLLEcTOR CUTPUT - A
NON-INVERTING INPUT — A[: 4/ ]BALANCE/STROBE — A
INVERTING INPUT—A[:4 HJJBALANCE - A
. 12

ds INVERTING INPUT — B
BALANCE — B[J6 'L INON-INVERTING INPUT — B

BALANCE/STROBE — 8[}7 O EMITTER OUTPUT — B

EMITTER OUTPUT ~ A[]
NON-INVERTING INPUT — A[]}
INVERTING INPUT — A
V=]

BALANCE — B[]
BALANCE/STRQBE ~ B[]

(each half)
The Am1500 is a voltage comparator featuring low input
currents, high differential and common mode voltage ranges,
wide supply voltage range, and outputs compatible with all vt ove COLLECTOR
i ot : OUTPUT
bipolar and MOS circuitry. The inputs and outputs can be v
isolated from system ground, and the output can drive loads NON-INVERTING ¢
referred to ground or either supply. Strobing and offset INPUT
balancing are available and the outputs can be wire-ORed. INVERTING
INPUT B/S
B Ve
EMITTER
BALANCE  BALANCE/ OUTPUT
STROBE
LIC-138
CONNECTION DIAGRAMS
Top Views
Dual In-Line Flat Package
vt Al N.C
P (A —ne.

[]COLLECTOR OUTPUT ~ A
[ 1BALANCE/STROBE - A
——)8ALANCE-A

[ 1INVERTING INPUT — B

[ NON-INVERTING INPUT - B
—1EMITTER OUTPUT ~ B

COLLECTOR OUTPUT — B & v s COLLECTOR OUTPUT ~ B —1v* -8
Note: Pin 1 is marked for orientation.
LiC-13¢ LIC-140
ORDERING INFORMATION
Part Package Temperature Order
Number Type Range Number

TO-99 0°C to +70°C AM1500DC

AmM1500C  Loimetic DIP 0°Cto +70°C  AM1500FC

TO-99 ~25°Cto +85°C AM1500DL

AmMIS00L o metic DIP ~25°C 1o +85°C  AM1500FL

Hermetic DIP -55°Cto +125°C  AM1500DM

AmI500M el pak -55°Cto +125°C  AM1500FM
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Am1500
MAXIMUM RATINGS

Voltage from Vtito v—

36V

Voltage from Collector Output to V™
Am1500M, L 50V
Am1500C 40V
Voltage from Emitter Qutput to V— 30V
Voltage between Inputs 30V
Voltage from Inputs to V— +30V, -0V
Voltage from Inputs to vt —-30V
Power Dissipation (Note 1) 500mW
Output Short Circuit Duration 10 sec

Operating Temperature Range
Am1500M
Am1500L
Am1500C

~55°C t0 +125°C
-25°Cto + 85°C
0°Cto+ 70°C

Storage Temperature Range

-65°C to +150°C

Lead Temperature (soldering, 10 sec) 300°C

ELECTRICAL CHARACTERISTICS

(Tp = 25°C unless otherwise specified) (Note 2)

Am1500M
Am1500C Am1500L

Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voltage (Note 3) 2.0 75 0.7 3.0 mV
Input Offset Current {Note 3) 6.0 50.0 4.0 10.0 nA
Input Bias Current (Note 3) 100 250 60 100 nA
Response Time (Note 4) RL =500 to +6V, VE =0 200 200 ns
Supply Current—Positive (Note 5) 3.9 7.5 7.0 9.5 mA

—Negative (Note 5) 2.6 5.0 4.8 7.5

Voltage Gain 200 200 V/imV
Saturation Voltage x:: 2 :360:\)/,'|23==5500mm: 0.75 15 o " v
Output Leakage Current x:: i:?bor:\x'ygt?\yEE:::)o\y 0.2 50.0 02 10.0 nA
The Following Specifications Apply Over The Operating Temperature Range
Input Offset Voltage (Note 3) 10.0 4.0 mV
Input Offset Current (Note 3) 70.0 20.0 nA
Input Bias Current {Note 3) 300 150 nA
Saturation Voltage x:: i :?E?:\X'ulé:: ;::: 0.23 0.40 o 040 v
Output Leakage Current Vin = +6.0mV, V¢ to Vg =50V 0.1 0.5 LA
Input Voltage Range +12 +14 +13 +14 \%
e R

Notes: 1. For the Flat Package derate at 6.5mW/°C for operation at ambient temperatures above 33°C, and the Dual-In-Line at 9mW/°C for operation at

ambient temperatures above 95°C.

o b WN
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. Unless otherwise specified, these specifications apply for V¥ =+15V, V— = —15V, Vg = —15V, and R|_ at collector output = 7.5k§ to +15V.

. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies
with a 7.5k{2 load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

. The response time specified (see definitions) is for a 100mV input step with 5,0mV overdrive,

. The Am1500 supply current is the sum of the supply currents required by each side.



Am1500

INPUT BIAS CURRENT-nA

COMMON MODE LIMITS-V

INPUT VOLTAGE-mV OUTPUT VOLTAGE-V

Input Bias Current

500 !
Vg =215V |
L
400 =
P\ RAISED (= |~
<
~
300 \
N
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200 ==+ Am1500M,L ~
= -F Am1500C NORMAL| ]
100}~ R

0.2
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-66 -356-16 5 25 45 65 85 105 125

TEMPERATURE-"C

REFERRED TO SUPPLY VOLTAGES
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Response Time For
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Am1500

Strobing

TTL
STROBE

LIC-142

Offset Balancing

1kQ

LiC-144

APPLICATIONS

Strobing Off Both
Input and Output Stages**

TTL

2N2222 STROBE

e LIC-143

Increasing Input
Stage Current®

Lic-145

*Increases input bias current and common-mode slew rate by a factor of 3.

**Typical input current = 50pA with inputs storbed OFF.
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LH2111/2211/2311

Dual Precision Voltage Comparator

Distinctive Characteristics

® The LH2111/2211/2311 are functionally, electrically,
and pin-for-pin equivalent to the National LH2111/
2211/2311

® Input Offset Voltage — 4.0mV max.
e Differential Input Voltage — +30V
® 100% reliability assurance testing in compliance with

® The LH2111 is a dual 111, but requires 25% less MIL-STD-883

power than two 111 comparators ® Available in Hermetic Dual-In-Line or Hermetic Flat
® Qutput Drive — 50V and 50mA Packages
® |nput Bias Current — 150nA max.

FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

(Each Half)

The LH2111/2211/2311 are voltage comparators featuring

low input currents, high differential and common mode

voltage ranges, wide supply voltage range, and outputs com- vt ov- COLLECTOR

patible with all bipolar and MOS circuitry. The inputs and OUTPUT

outputs can be isolated from system ground, and the output NON-INVERTING Ve

can drive loads referred to ground or either supply. Strobing INPUT

and offset balancing are available and the outputs can be

wire-ORed. INVERTING-

INPUT B/S
B Ve
EMITTER
BALANCE  BALANCE/ OUTPUT
STROBE
LIC-146
CONNECTION DIAGRAMS
Top Views
Dual-in-Line Flat Package
viea e vt-ar] 1—INC,

EMITTER OUTPUT - A [}

NON INVERTING INPUT — A [}
INVERTING INPUT - A}
v

BALANCE - B[ |6
BALANCE/STROBE ~ 8[]7
COLLECTOR OUTPUT - 8

COLLECTORQUTPUT - A
14[TT]BALANCE/STROBE — A
| JBALANCE - A

[ JINVERTING INPUT — B

[ INON-INVERTING INPUT - B
[TIEMITTER QUTPUT - B
—v' -8

EMITTER OUTPUT — A

NON INVERTING INPUT — A}
INVERTING INPUT — A (]
V-

BALANCE - B[]
BALANCE/STROBE - 8 ("]
COLLECTOR OUTPUT - 8]

LIC-147 LIC-148
ORDERING INFORMATION
Part Package Temperature Order
Number Type Range Number
w20 el ke
w0 ealare  iemm
o~ o
w0 Dweoweve  Chanie
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LH2111/2211/2311
MAXIMUM RATINGS

Voltage from V¥ to V— 36V
Voltage from Collector Qutput to V™

LH2111/LH2211 50V

LH2311 40V
Voltage from Emitter Qutput to V™ 30V
Voltage between Inputs 130V
Voltage from Inputs to V™ +30V, -0V
Voltage from Inputs to V* -30V
Power Dissipation (Note 1) 500mW
QOutput Short Circuit Duration 10 sec

Operating Temperature Range
LH2111

—55°C to +125°C

LH2211 —25°C to +85°C
LH2311 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (soldering, 10 sec) 300°C
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise specified) (Note 2)
LH2111
LH2311 LH2211
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max Units
Input Offset Voltage (Note 3) 2 75 0.7 3.0 mV
Input Offset Current (Note 3) 6.0 50.0 4.0 10.0 nA
Input Bias Current (Note 3) 100 250 60 100 nA
Response Time (Note 4) R =500Q to +5V, VE =0 200 200 ns
Supply Current—Positive {Note 5) 3.9 75 7.0 95 mA
—Negative (Note 5) 26 5.0 438 7.5
Voltage Gain 200 200 V/imV
Saturation Voltage ://:E z :?:n\:\'/:?:fgg:/x 075 E 078 15 \
Output Leakage Current x:z i:fg‘n\'n/\'/?/\?(;:ovs;fg(\;v o2 500 92 100 nA
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage (Note 3) 10.0 4.0 mV
Input Offset Current (Note 3) 70.0 20.0 nA
Input Bias Current (Note 3) 300 150 nA
Saturation Voltage VIN <€ —6mV, Ig =8mA 0.23 0.40 v
ViN € =10mV, Ic =8mA 0.23 0.40
Output Leakage Current VN = +6mV, V¢ to VE =50V 0.1 0.5 HA
Input Voitage Range +13 +14 :13 +14 \
B ey | a1 ot

Notes: 1. For the Flat Package derate at 6.5 mW/°C for operation at ambient temperatures above 83°C, and the Dual-in-Line at 9 mw/°C for operation at
ambient temperatures above 95°C.

ab WN

. Unless otherwise specified, these specifications apply for V¥ = 15V, v—
. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the sup-

plies with a 7.5k£2 load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance.
. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive,
. The LH2111 supply current is the sum of the supply currents required by each side.
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=—15V, VE = —-15V, and R|_ at collector output = 7.5k to +15V.



LH2111/2211/2311

INPUT BIAS CURRENT-nA

COMMON MODE LIMITS-V

INPUT VOLTAGE-mV OUTPUT VOLTAGE-V

PERFORMANCE CURVES

Input Bias Current Input Offset Current Offset Error
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LH2111/2211/2311

Strobing

TTL

2N2222 STROBE

LIC-150

Offset Balancing

Tk

LIC-152

APPLICATIONS

Strobing Off Both
Input and Output Stages**

2N2222

LIC-151

Increasing Input
Stage Current*

LIC-153

*Increases input bias current and common-mode slew rate by a factor of 3.
**Typical input current = 50pA with inputs strobed OFF.
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A NEW HIGH-SPEED
COMPARATOR THE Am685

By Jim Giles and Alan Seales

INTRODUCTION

Modern electronic systems require more and more that
operations be performed in a few nanoseconds so that the
delay of the complete system, which may be very complex, be
held to a minimum. There are abundant logic circuit elements
available that meet this criterion: gold-doped TTL, Schottky
TTL, and emitter-coupled logic (ECL), listed in descending
order of propagation delay. Where it is necessary to interface
from the analog world to the input of a logic system, or to
detect very low-level logic signals in the presence of heavy
noise, a high-speed precision comparator is needed. If such a
comparator had a propagation delay less than 10ns, it could
replace costly and complex circuitry that designers are now
forced to use in very high-speed analog-to-digital converters,
data acquisition systems, and optical isolators, as well as make
possible many applications hitherto considered unfeasible. It
could also be used as a sensitive line receiver or sense amplifier,
in 100MHz sample and hold circuits, and in very high-
frequency voltage-controlled oscillators.

The basic requirements fOr a high-speed precision comparator
are few and well-defined: good resolution (high gain), high
common-mode and differential voltage ranges, ‘outputs com-
patible with standard logic levels, and, above all, very fast
response to signal levels ranging from a few millivolts to several
volts. The industry workhorse, the 710, has come close to
meeting these requirements, and except for the most demand-
ing applications, its 40ns propagation delay is adequate. A
survey of presently available monolithic IC comparators
(Table 1) shows that there is really none that meets the
requirements of very high-speed systems. The newer TTL-out-
put circuits offer only marginal improvement over the 710
when measured under identical conditions of large input pulse
and small overdrive, and the ECL-output comparator, although
faster, has such poor resolution that it can be used only for
large input signals. Advanced Micro Devices felt there was a
need for a family of linear devices to fill the needs of very
high-speed systems, with the first circuit being a precision
comparator with less than 10ns delay.

though at present the majority of systems use TTL. Designers
striving for the highest possible speed will already be using
ECL in the critical circuit areas of their systems to squeeze the
last possible nanosecond out of the overall delay. Further, an
ECL circuit requires only one-third the gain of an equivalent
TTL circuit for the same resolution owing to its smaller output
logic swing. This means that lower impedances can be used and
consequently larger bandwidth realized for the same power
dissipation. Also, there is no problem interfacing the linear
input stages with the digital output gate since an ECL gate is
basically a non-saturating overdriven differential amplifier.
Properly driving a TTL gate from a linear amplifier is more
difficult, however, because it requires a large voltage swing
suitably biased to track the input logic threshold with
temperature, plus a large peak negative current capability to
turn off the gate with minimum delay.

The usefulness and versatility of a comparator can be
enhanced by adding a strobe or latch function to the circuit. A
strobe simply forces the output of the comparator to one
fixed state, independent of input signal conditions, whereas a
latch locks the output in the logical state it was in at the
instant the latch was enabled. The latch can thus perform a
sample and hold function, allowing short input signals to be
detected and held for further processing. If the latch is
designed to operate directly upon the input stage—so the signal
does not suffer any additional delays through the
comparator—signals only a few nanoseconds wide can be
acquired and held. A latch, therefore, provides a more useful
function than a strobe for very high-speed processing.

The most difficult input signal for a comparator to respond to
is a large amplitude pulse that just barely exceeds the input
threshold. This forces the input stage of the comparator to
swing from a full off (or on) state to a point somewhere near
the center of its linear range. This exercises both the large-and
small-signal responses of the stage. |f the comparator has less
than 10ns delay under these stringent conditions, then it
should be as fast or faster for any other circumstances (see
Figure 1). The industry standard measurement is with a

Type Logic Propagati .

I\Y:. Fansily ngay o Resolution
Am111 TTL 200ns 0.012mV
MAT710 TTL 40ns 1.4mV
Am106 TTL 40ns 0.06mV
nA760 TTL 25ns 0.5mV
NE527/529 TTL 25ns 0.5mV
MC1650 ECL 12ns 30mV

Table I: Propagation Delays of Available Monolithic IC
Comparators (100mV Input Step, 5mV Overdrive)

DESIGN OBJECTIVES

In order to achieve the ultimate in speed, it is clear that the
comparator outputs must be compatible with ECL, even

+100mV STEP
I +5my STEP
T 2

/"~100mV STEP, 5mV/
I/ OVERDRIVE

OUTPUT VOLTAGE
)

T3

TI<Tp< T3
? T2
i

Q

TIME—=
LIC-154

Figure 1. Response to step input signals at output of

a differential amplifier
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100mV input pulse and an overdrive 5mV above input
threshold (this was used for the delays given in Table 1). Pulses
larger than 100mV might be used, but this would multiply
measurement difficulties, since only a few tenths of a percent
aberration or ripple in the pulse generator waveform would be
enough to seriously affect the accuracy of the small overdrive,
and thus would give misleading results for the propagation
delay.

To obtain satisfactory speed for all input signals and particu-
larly for the worst case measurement conditions, the input
stage of the comparator must have: 1) wide small-signal
bandwidth, 2) high slew rate for large signals, 3) minimum
voltage swings, and 4) high gain. The first requirement can be
realized by using low-value load resistors, by making every
effort in circuit design, device geometry and processing to
minimize parasitic capacitances, and by using transistors with
the highest fT possible. The second item calls for high
operating currents as well as minimum capacitance. The last
two requirements are conflicting, since obtaining high gain
normally requires a large voltage swing; therefore some means
of clamping the swing must be used that does not degrade the
propagation delay.

The overalf gain of the complete comparator must also be high
because, as illustrated in Figure 1, the propagation delay is less
if each stage is well overdriven. To ensure that most of the
input overdrive signal is actually used for overdriving, and not
consumed in just moving the output from one state to the
other, the gain error should be no more than about 10% of the
input overdrive. Therefore, for a 5mV overdrive and an ECL
output swing of 800mV, the minimum gain must be 1600. It is
not practical to strive for much higher gain than this because
the small-signal rise time begins to suffer as the stage gain
increases. Addition of another stage is undesirable as this also
adds delay and increases circuit complexity. It must be
remembered that there is a maximum limit on power
dissipation that a single integrated circuit package can handle
adequately, and this consideration must influence the choice
of operating currents and impedance levels throughout the
design of the circuit.

With a figure for the total gain required, it is now possible to
determine the number of stages and the gain per stage. Since
the output stage must be ECL-compatible, its design is fixed,
giving a differential-input to single-ended-output gain of about
6. This leaves a differential gain of 270 to be provided by the
remainder of the comparator. This is most efficiently divided
between two stages, each with a gain somewhat over 16. Both
stages should be identical, since minimum overal! delay time is
obtained when identical stages are cascaded.

A factor not vyet discussed that affects the accuracy of the
comparator is its input offset voltage. Unless this is trimmed
out initially, it must be added to the overdrive in determining
the worse-case value of input signal for which the propagation
delay specifications will be met. Even with trimming, the
temperature drift of high-offset units is typically much greater
than that of low-offset units. Therefore, it is desirable to have
low initial offset so that trimming is not necessary, and so that
the offset temperature coefficient will be good. Also affecting
the offset voltage and its drift at higher source resistances are
the input currents. To keep this contribution to the total
offset low requires high current gains in the input transistors.
Therefore, obtaining offsets in the 1T—2mV range requires close
attention to circuit design, mask layout, and very tight process
control (equivalent to that needed for the high-performance,
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tow-frequency operational amplifiers), but with the added
kicker of f1s well above 1GHz.

As was mentioned, large common-mode and differential
voltage ranges are desirable features of a comparator. The
limits of the common-mode range in a well-designed circuit
should be close to the supply voltages. Since a high-speed
comparator will, of necessity, operate at fairly high current
levels, the supply voltages must be low to stay within the
package power dissipation limits. As a minimum, the common-
mode range should be equal to or exceed the differential
voltage range to take full advantage of the voltage breakdown
characteristics of the input transistors. The basic differential
amplifier input stage has a differential voltage breakdown in
the range of 5 to 6 volts; the design goal for the common
mode range should thus be at least 3 volts.

In summary, the design objectives for a high-speed precision
comparator are as follows:

1} propagation delay <10ns measured at 100mV input
step, 5 mV overdrive

2) ECL-compatible outputs

3) latch capability

4) gain >1600

5) input offset voltage <t2mV

6) common -mode range >3V

CIRCUIT DESIGN

The watchword in designing wideband circuits is simplicity
— have the fewest possible active devices in the signal path, the
lowest possible impedance levels, and the lowest possible
capacitance. The simple, common-emitter differential ampli-
fier can be designed to approach these ideals with one major
exception: the deleterious shunting effect of the collector-to-
base capacitance upon the driving source resistance is multi-
plied by the voltage gain of the stage (Miller effect). Even
though the impedance levels will be only a few hundred ohms
at most, this condition cannot be tolerated if maximum speed
is to be achieved. The solution is to add an additional pair of
common-base transistors to form a differential cascode ampli-
fier (Figure 2). This circuit has all of the performance features
of a common-emitter amplifier and no feedback capacitance.

OUTPUT 1 O O OUTPUT 2

O BIAS

INPUT 1 O O INPUT 2

LIC-155

Figure 2. Differential cascode amplifier



Further advantages of the cascode will become apparent later
when the latch design is discussed. The only drawback is that
there are more devices in the signal path, the positive
common-mode range is reduced, and circuitry has to be
provided to bias the cascode transistors.

It is now necessary to provide a means of shifting the signal at
the output of the cascode (which is very near the positive
supply voltage) down to a lower voltage to drive the inputs of
the second stage. The use of PNPs is definitely out because of
their poor frequency response. This leaves three possibilities: a
chain of forward-biased diodes, a programmed voltage drop
across a resistor, or a zener diode. The diode chain is useful for
level shifts of only a few volts at most, above that, the number
of diodes gets too large, with a consequent increase in shunt
capacitance and temperature coefficient. The use of a current-
source/resistor combination is in the wrong direction for
keeping impedance levels tow. The resistors could be bypassed
with capacitors, but this would offer only marginal improve-
ment, since integrated capacitors have a large shunt compo-
nent to the substrate. Besides, the addition of four capacitors
(for both stages) would result in a large increase in chip area.

The zener diode is definitely superior for high-frequency
applications because its shunt capacitance to ground is low,
being equal to the collector-to-base capacitance of a transistor.
It has no capacitance to the substrate, and its dynamic
resistance is quite low. It does have the disadvantage that the
level shift is limited to one voltage (6V), which restricts the
range of power supply variation the circuit can tolerate. In
addition it requires very tight control of the manufacturing
process to maintain the matching required. For an input stage
gain of 16 the zener voltages have to be matched to better
than 0.25% to produce less than 1TmV offset voltage at the
input.

As shown in Figure 3, the zeners are buffered from the
cascode collectors by emitter followers. The pulldown current
through the zener-follower combination must be made large
enough to discharge the node capacitance when the follower
swings in the negative direction. The minimum value necessary
is determined by the node capacitance, the signal swing, and
the amount of delay that can be tolerated. The amount of
signal swing can be reduced by adding clamping diodes across
the collectors of the cascode. Regular diode-connected transis-
tors could be used, but would add considerable collector-to-
substrate capacitance across the load resistors as well as
base-to-emitter capacitance between them. Schottky diodes,
on the other hand, require little additional chip area, and are
very fast. With clamping, some of the common-mode range
lost when the cascode was added can be regained because the
cascode transistors can be biased closer to the positive supply
without fear of going into saturation at the extremes of the
signal swing. The use of Schottky diodes, however, puts a few
more gray hairs on the head of the process engineer since he
has to control another set of characteristics without affecting
the other parameters. The circuit values given in Figure 3 are
designed for a minimum differential gain of 16, and a
minimum  negative-going slew rate at the output of the
level-shifter of 1000V /us.

As mentioned earlier the design of the output stage (Figure 4)
can vary little from that of a standard ECL gate. The
output emitter followers have to be large enough to handle
loading by a 50€2 transmission line (25mA)}, yet small enough
not to add a lot of capacitance that would slow down the
response. Therefore, the transistor design must be as efficient
as possible with regard to physical size and current-carrying
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Figure 3. Basic cascode gain stage

capacity. Since the input common-mode level to the gate
varies with changes in the power supplies and resistor
tolerance, a current source is used to supply the emitters of
the gate, rather than the usual resistor to the negative supply.
The design of this current source must be such as to provide
the correct logical ““1”" and 0" levels at the output and the
proper variation with temperature and power supply changes.
The propagation delays to either output of this gate will be
equal, whereas they are slightly different in a standard ECL
gate owing to the additional capacitive loading on the Q
output caused by the multiple input transistors.

Implementation of the latch function must be accomplished
without interfering with the normal comparator operation or
degrading the speed in any way. It must be as close to the
input as possible to permit short input signals to be acquired
and held. One simple method of adding a latch to a differential

G OUTPUT QOouTPUT

LIC-157

Figure 4. Output gate
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amplifier is shown in Figure 5. A pair of transistors, Qg and
06, are cross-coupled at the collectors of the input transistors,
Q4 and Qy. The current source I is switched on when it is
desired to enable the latch. If 12 is greater than |1, the positive
feedback via Qg and Qg will hold the circuit in whatever state
it was in when the latch was turned on.

The simple circuit of Figure b is not the best for speed because
of the added capacitance of Qg and Qg and the fact that they
can saturate unless the signal swings are very small. However, it
can be adapted to the cascode stage quite nicely as illustrated
in Figure 6. Drive for the positive feedback transistors is taken
from the level shifters, and the collectors go to the emitters of
the cascode. With this arrangement there is no significant
capacitive loading on the gain stage at all. The current source is
switched by another differential amplifier, Qg—Q1q, refer-
enced to the ECL logic threshold voltage. This provides the
correct input levels for the Latch Enable being driven from a
standard ECL gate as well as being very fast, since only
currents are being switched.

The latch current source (12} must be about TmA greater than
the input current source (11) to ensure positive latching for
any condition of input signal. Thus, for 5mA in the input
stage, at least BmA must be used to power the latch. This
amounts to a lot of power consumed for a function that some
users may never even need. However, there is a way to cut the
latch standby power down to zero; this is accomplished by the
addition of Q7 and Qg, as shown in Figure 8.

To understand the function of these transistors, first refer to
Figure 7. The differential voltage appearing across the emitters
of the cascode transistors is equal to the input signal (for small
input signals). This is because the currents through the lower
pair of transistors in the cascode are equal to the correspond-
ing currents through the upper pair, and the transistors are
matched; therefore the differences in base-emitter voltages
must be equal. Thus, Q7 and Qg function as if they were

v+
1 25mA z,smAl
5
<
2 R1 Rz
S
OUTPUT 10 -0 OUTPUT 2
BIAS
03\1 V- a,
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Figure 6. Cascode with latch

Figure 7. Cascode with “parallel” transistors
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Figure 8. Complete input cascode stage with latch

simply connected in parallel with Q1 and Q2, as far as the net
effect at the collector load resistors is concerned. To obtain
the desired total stage gain, the current |1 can be 2mA and I3
can be 3mA.

A NEW HIGH-SPEED COMPARATOR

Now refer to Figure 8. With the latch enable HIGH, Qg will
be switched on and the 3mA current source will be supplied to
the parallel transistors, Q7—Qg. The comparator functions
normally, and no current is used up in the latch. When the
latch enable goes LOW, I2 will be switched through Q1 to the
positive feedback transistors, robbing 3mA from the gain stage
and giving it to the latch. The latch current is now TmA
greater than the input stage current, but the total current
required is still only BmA. As with the latch transistors, the
collectors of the parallel transistors are connected to the
emitters of the cascode, so no additional capacitance is added
across the load resistors. This places the requirement on Q7
and Qg that they maintain their high fT at zero collector-to-
base voltage.

The use of the parallel transistors has the added bonus that the
input bias currents are decreased by more than a factor of two,
thus reducing their influence on the offset voltage. The
penalty paid is that all three pairs of junctions (Q1—Q2,
Q3—-Q4 and Q7-Qg) add equally to the input offset. Once
again, the processing must be carefully controlled to keep the
overall offset within the 2mV goal.

The complete circuit of the comparator is given in Figure 9. It
includes some additional refinements as well as the DC biasing.
The drive for the latching transistors is taken from the emitters
of the second cascode rather than from the level-shifting
zeners. This removes their input capacitance from the level
shifter and also ensures that Q10 cannot saturate. A resistor
(Rg) is included to center the common-mode voltage at the
input to the gate within its dynamic range; this prevents
saturation of the gate or its current source over the expected
range of signal swing, temperature drift and supply voltage
variations. A separate ground is used for the output emitter
followers so that heavy loading at the output will not couple
back into the remainder of the circuit. The DC bias chain for
the current sources is referenced to ground and the negative
supply, so the output logic levels will track those of other ECL
circuits connected to the same negative supply. The current
sources are designed to stay constant with temperature, which
keeps the open-loop gain high at elevated temperatures
(>1000 at +125°C), and thus helps to maintain good
propagation delay.
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Figure 9. Complete schematic of the Am685 comparator
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PROCESS TECHNOLOGY

Circuit design requirements for high speed and a latch function
result in an input structure that has three pairs of transistors,
the matching of-which determines the offset voltage. This
dictates that the matching of VBE shall be extremely good
between the transistors in each pair in order to meet the 2mV
maximum offset voltage target. For the speeds necessary the
transistor f has to be in the region above 1 GHz, so high-fre-
quency performance can not be compromised. The slew rate
of the input stage has to be very high for acceptable response
with large input signals. This is achieved by high operating
current and low stray capacitances. It is very desirable to keep
both the input bias current and the input offset current very
low so that the impedances in the source voltages do not
introduce intolerable input voltage errors. It would be possible
to use a Darlington-connected input stage to achieve these low
currents, but the penalty exacted in offset voltage, offset
voltage drift, and propagation delay is unacceptable, so high
current-gain transistors that match extremely well are needed.
The problems are thus centered on achieving very well-
matched transistors with high beta and high fT.

As previously mentioned, it is desirable in a comparator to
have a wide common-mode voltage range and high power-
supply rejection ratio. This is facilitated by using Schottky
diodes to clamp the collector-to-collector swings in the first
two stages. Schottky diodes can be fabricated simply by
making a window in the oxide over the N-type epitaxial layer
and using the same evaporated aluminum as is used for the
interconnects (see Figure 10). The contact potential between
silicon and aluminum causes a potential barrier to the flow of
electrons. Making the metal positive lowers this barrier,
allowing electrons to pass over it by virtue of their thermal
energy. This process is essentially the same as thermionic
emission. Since these electrons are majority carriers, Schottky
diodes show extremely fast turn-off characteristics, desirable
in this application. Why the Schottky diode is so attractive is
that the forward voltage necessary to produce a given current
may, be several hundred millivolts less than that required to
produce the same current in a p-n junction diode of about the
same size. It can thus be used as a ‘‘clamp’ to prevent a
bipolar transistor from saturating, when connected from
collector to base so as to prevent the forward voltage of the
collector-base diode from rising to a level sufficient to cause
appreciable current flow in the collector-base diode. This is the
common application in Schottky TTL circuits.

In the ECL comparator the use is different. Here they are used
back-to-back to limit the differential voltage swings between
the collectors in both the first and the second stages.
Connected in this way the reverse voltage seen by one
Schottky diode is equal to the forward voltage drop of the
other diode. Because this voltage is so small reverse leakage is
not a great problem. In the simple Schottky diode structure, as
described above, the reverse leakage is high. Most of this
leakage current is generated at the perimeter of the metal,
where there is an electric field concentration. In order to
reduce this field the metal is extended all around the opening
in the oxide, overlaying this oxide. Spacing the metal from the
silicon in this way reduces the field and hence the leakage. In
applications where low leakage is critical, the use of a P+ guard
ring is called for, but this carries with it extra capacitance, so
in view of the fact that the reverse voltage is so low the guard
ring technique was discarded for this application. Even so, the
diodes used in the comparator have low leakage characteristics
with a breakdown at about 45V.
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Figure 10. Cross section of transistor and Schottky
diode showing sinker and P+ base contact
enhancement

At the very high speeds being considered, much effort has to
go into reducing capacitances and resistances. Thinning down
the epitaxial layer to the minimum required to sustain the
voltages encountered is of benefit in two ways: 1) the
collector-isolation sidewall area is reduced, lowering the
collector-to-substrate capacitance; 2) the collector-series resist-
ance is reduced. The two major contributions to collector-
series resistance are the resistance of the epitaxial material
between the emitter and the buried N+ layer, and the
resistance of the epitaxial layer between the collector contact
and the buried layer. However, the first resistance is subject to
reduction by conductivity modulation during operation of the
device and thus is less important than the second term. The
second term can be made very small by using a “‘sinker”,
which is a high concentration N-type diffusion from the
surface, through the epitaxial layer, to the buried N+ layer.
Contact to the collector is then made to the surface of the
sinker. (see Figure 10)

Collector-to-base capacitance is held low By using very small
dimensions and by using a relatively high epitaxial layer
resistivity. The latter also serves to‘reduce the collector-to-
substrate capacitance. A further reduction in collector-to-base
capacitance results from using a shallow, high sheet-resistivity
diffusion for the base. However, this raises the base resistance,
both because the bulk resistance from the contact to the active
base region is increased and because the specific contact
resistance is increased. These resistances may be reduced by
depositing P+ regions under the base contact areas after the
main base diffusion.

A compromise has to be made in selecting emitter width.
Large emitters are desirable for VBE matching, but very small
emitters are essential for high fT. A stripe emitter, .25-mil
wide and 1-mil long, was chosen as optimum. A difference
in width, between two otherwise identical emitters, of
.01-mil will be sufficient to cause an offset voltage of 1 mV.
From this, it can be seen that the photolithography must be
extremely carefully controlled, since the offset voltages of
three pairs of transistors are summed to give the total offset of
the comparator, Because the emitters are so narrow the normal
procedure of making a contact cut inside of the emitter cannot
be used. Instead, the emitter oxide is simply dissolved in
hydrofluoric acid immediately before the aluminum evapora-
tion in order to expose the emitter. As a consequence, the
lateral distance between the metal and the emitter-base
junction is very small, being equal to the lateral diffusion of
the emitter. This means that the sintering process must be
carried out at a temperature lower than is customary in linear
circuit manufacture in order to avoid short-circuiting the



emitter-base junction by lateral migration of aluminum. An
additional reason for lowering the sintering temperature is to
avoid penetration of aluminum down through the emitter and
base, causing emitter-to-collector shorts.

The requirement for high current gain, for low input bias
currents, necessitates narrow base widths. Emitter-to-collector
shorts can be a problem in these shallow, narrow-base
structures. The probability of shorting can be minimized by
careful cleaning procedures and by proper emitter doping
levels. Keeping the emitter doping level low also reduces the
magnitude of the “emitter dip'* effect, whereby the diffusion
coefficient of the boron in the region under the emitter is
greatly increased by the lattice strain caused by the emitter,
resulting in the running-on of the base under the emitter,
making it very difficult to achieve a narrow base width,

An area that is neglected in digital circuit processing, because
high beta is not necessary, but which is of major importance in
linear processing, is the control of surface conditions. It high
current gains are to be realized, both the surface area of the
emitter-base-depletion region and the surface recombination
velocity must be minimized. The former implies that ionic
contamination, such as sodium ions, must be eliminated and
that the surface state charge density, Qss, should be made as
low as possible. The surface recombination velocity is propor-
tional to the fast surface state density and so can be minimized
by making this density very low. These three goals; fow ionic
contamination, low Qss and low fast surface state density are
achieved by using the well known techniques of MOS and
linear circuit processing, such as annealing in an inert
atmosphere and proper choice of sintering cycle.

In the interests of minimum capacitance, the metal inter-
connects are designed to be narrower than is usual in linear
circuits. Special etching techniques have to be -employed in
order to reproduce these narrow lines reliably. These lines can
be seen in the photomicrograph of Figure 11.

Figure 11. Photomicrograph of the Am685 comparator

PERFORMANCE

The primary design objective for the comparator was to obtain
under 10ns propagation delay for large input signals with small
overdrive. It should then be as fast or faster for any other
input conditions. The performance of the Am685 compara-
tor for a 100mV step input at various overdrives is shown in
Figures 12 and 13. The propagation delay is measured from
the time the input step crosses the input threshold voltage to
the time the output crosses the logic threshold voltage. The
input threshold voltage (i.e., the offset voltage) was adjusted
for the figures so that the delay can be simply measured by
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counting up 5, 10, or 20mV from the bottom of the input
pulse. The input pulse, therefore, is displayed on a magnified
scale to facilitate this measurement and also to illustrate the
purity of input signal required to make accurate measurements
at millivolt overdrives.

For a 100mV input step and 5mV overdrive, the propagation
delay for a logical 0" is 6.3ns and for a logical ““1" is about
300ps less. A graph of delay as a function of overdrive is given
in Figure 14. It was previously stated that any other condition
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Figure 14. Delay times as a function of inhut overdrive
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Figure 15. Response to symmetrical input signals

of input signal should give faster response (refer back to
Figure 1). This is demonstrated by Figure 15, which illustrates
the response of the comparator to symmetrical inputs ranging
from +5mV to +500mV. The speeds are at least 1 to 2ns faster
than for small overdrives.

Figure 16 shows how the delay time varies with temperature.
The adverse effects of resistor and gain changes at elevated
temperatures result in an increase in delay from 6.3ns at 25°C
to 8.4 ns at 85°C and 10.4 ns at 125°C. All of the above data
were taken with output loads of 60§ connected to —2.0V.
For lighter loading (such as 50082 to —5.2V) the output rise
and fall times and propagation delays are all slightly faster.

The usefulness of the latch is directly related to how quickly it
can be enabled following a change in the input signal. The
input signal must be present long enough to pass through the
first stage of the comparator before the latching transistors can
act upon it. The minimum time that the input must be present
before the latch can be turned on is defined as the latch enable
time. This is measured as the minimum time that must elapse
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Figure 16. Delay times as a function of temperature

between the time the input step crosses the input threshold
voltage and the time the latch enable input crosses the logic
threshold voltage for which the comparator outputs will
assume the correct states.

N
N T

3

|
—
:

Figure 17. Latch enable time and latch aperature time
for 100mV input step, 5mV overdrive
(input = 5mV/ecm, latch = 200mV/cm,
output = 400mV/cm)

The performance of the latch function is illustrated by
Figure 17. The input signal is the standard 100mV step with
5mV overdrive and is in the direction to cause the output to
switch from a logical “0" to a logical 1", The delay of the
latch signal relative to the input is adjusted until the output
just switches to a ““1""; this is the latch enable time and under
these conditions is 1.8 ns. The difference between the latch
timing for which the output just barely switches and when it
does not switch is the latch aperture time; this is about 500ps
for 5mV overdrive. The performance of the latch with input
overdrive and temperature generally follows that of the
propagation delays (Figure 14 and 16).

The overall performance of the Am685 is summarized in
Table Il. It is apparent from the table and the previous
discussion that the device is ideally suited for applications
where both precision and high speed are required, such as in
analog-to-digital converters, data acquisition systems, and
optical isolators. The device is the first in a family of new
wideband linear integrated circuits designed to meet the
requirements of very high-speed systems.

Propagation Delay

(100mV step, 5mV overdrive) 6.5ns MAX
Input Offset Voltage 2.0mV MAX
Average Temperature Coefficient

Of Input Offset Voltage 10uV/ C MAX
Input Offset Current 1.0uA MAX
Input Bias Current 10uA MAX
Common Mode Voltage Range +3.3V MIN
Common Mode Rejection Ratio 80dB MIN
Supply Voltage Rejection Ratio 70dB MIN
Positive Supply Current 22mA MAX
Negative Supply Current 26 mA MAX

Table Il: Performance Characteristics of the Am685
Comparator (Tp = 25°C, V= 6.0V,

VvV~ = —5.2V, R =508 to —2.0V)
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THE A-D APPLICATION

Very fast, precision, analog-to-digital conversion stands to
benefit considerably from the availability of a fast comparator.
As the block diagram of a fast 10-bit converter in Fig. 18
shows, a typical rapid conversion technique may resemble the
use of feedforward compensation in an operational amplifier.

The analog input signal is sampled at the beginning of a con-
version period and-fed to a fast five-bit a-d converter, which
provides the first five most significant bits of the output.
These five bits also drive a companion d-a converter, which
must be accurate to better than 10 bits. The output of the d-a
converter is a replica of the input signal, quantized to five bits.
This is compared with the actual input signal stored in the
sample-and-hold amplifier. The difference between the two
analog levels is the remaining part of the input signal that must
be quantized. This difference is amplified and applied to an-
other five-bit a-d converter to provide the five least-significant-
bits of the final output.

Typical five-bit a-d converters may consist of 31 106-type
comparators connected to the signal source and referenced to
the full-scale input in steps of 1/32. The output of each com-
parator goes into a latch, and the latch outputs are decoded by
three stages of TTL gages to develop the five-bit digital output.

Typical propagation delays are 40 ns for the comparators,
22 ns for the latches, and 10 ns for the decoding, resulting in a

A NEW HIGH-SPEED COMPARATOR

total delay of 80 ns. Average settling time for the five-bit d-a
converter and the difference amplifier together comes to about
200 ns, and the settling time for the input sample-and-hold
amplifier is 70 ns. Thus, the over-all convérsion time for this
10-bit converter amounts to 430 ns.

Substitution of the high-speed ECL comparator for the 106
type in each of the fivebit converters leads to a significant im-
provement in propagation delay. The typical delay of the com-
parator is about 6.5 ns, and no external latch is required. With
ECL it is possible to wire-OR outputs, so only one level of de-
coding gates is required. Allowing 1.5 ns for the gates, the
total five-bit conversion time is only 8 ns — a tenfold improve-
ment over the existing circuit.

If the latch function of the comparators is used as the sample-
and-hold for the first five-bit converter, the sample-and-hold
can be put in parallel with the first quantization step, as shown
by the dotted lines in Fig. 18. This eliminates its settling time
from the over-all delay of the system. With the new compara-
tor, the total 10-bit conversion time drops to 216 ns, with over
90% of the delay attributable to the d-a converter and the dif-
ference amplifier. Moreover, the availability of an 8 ns five-bit
converter should provide the impetus to improve the slower
sections of the system. A 10-bit a-d converter with a delay
under 100 ns is not an extravagant prediction.

ANALOG l\ 58IT
INPUT A AD
SIGNAL l/ CONVERTER

SAMPLE/HOLD

AMPLIFIER

10-BIT
DIGITAL

OUTPUT

of decoding for gates.

5-BIT
D-A R
CONVERTER 5-BIT
A2 AD L
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DIFFERENCE
AMPLIFIER
NN
+—>
L~

If the standard 106-type comparator in this a-d converter is replaced by the 10 ns device, a tenfold improve-
ment in speed is possible. What is more, the ECL makes possible both wired-OR outputs and a single level

LIC-165

Figure 18. Analog to digital.
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Am685/Am686/Am687
DESIGNING WITH HIGH SPEED
COMPARATORS

By Leonard Brown

INTRODUCTION

The Am685, Am686 and Am687 are a family of high-speed
sampling comparators capable of detecting low-level signals of
the order of 5-10mV in 12-16ns over the temperature range
—55°C < T < 125°C. The Am686 is fully TTL-compatible
and complementary outputs are available generated from a
true differential output stage assuring a maximum output
skew of under 2ns at 25°C. The Am685 and Am687 are single
and dual ECL-compatible versions, respectively, and have
output skews of less than 1ns. A high-speed latch is incor-
porated in the input stage permitting input signals to be
acquired in 4.0ns maximum for the ECL versions and 6.0ns
for the TTL device.

Applications of the devices are not limited to high-speed
designs as the combination of the excellent DC input charac-
teristics, availability of true differential outputs and the
latch function permit unique solutions for slower speed
applications where the response time of the comparators can
be considered negligible.

THE SAMPLING COMPARATOR

The sampling comparator may be visualized as a conventional
voltage comparator with the provision that the outputs may
be latched into the logic states determined by the input signal
conditions existing at the time of application of the latch
signal. This is achieved by incorporating the latch circuitry
in the input stage of the device. The minimum latch enable
pulse width is necessarily less than the propagation delay of
the device and, therefore, the comparator can be unlatched
for a fraction of its propagation delay (4.0ns for the Am685).
The outputs will then change in accordance with the input
conditions existing at the time of the latch signal. Note: It
is impossible for the comparator to oscillate under these
conditions.

If the latch function is not used, the device operates as a
conventional voltage comparator.

BACK TO BASICS

Comparators are designed to have both high gain and large
bandwidth. This creates instability problems or oscillations
when the device outputs are in the transition region. The
tendency of a device to oscillate is a function of the layout,
{poor layout increasing the amount of feedback caused by
parasitic capacitance) and the source impedance of the circuit
employed (The higher the source impedance the less parasitic
coupling is necessary to cause oscillation.} It is mandatory
with comparators of the gain and bandwidth of the Am685,
Am686 and Am687 to ensure that power supplies are well
decoupled, lead lengths are kept as short as possible, and
wherever possible (especially in the case of the Am686), a
ground plane should be employed.

In addition to reducing the effects of stray capacitance, a
ground plane substantially reduces the possibility of the

output current spike coupling back to the inputs through the
ground lead when the TTL output stages switch.

The minimum slew rate at which the input signal must cross
the threshold region to prevent oscillation, regardless of the
particular layout parasitics, may be determined by applying a
DC voltage to the input until the circuit just commences to
oscillate and increasing this voltage until the oscillation ceases.
The minimum necessary input slew rate is then given by
AV/tpg MIN, where AV is the input voltage required to
prevent oscillation and tpg MIN is the minimum propagation
delay of the comparator.

The minimum slew rate will be found to be a function of
source impedance and source impedance mismatch.

The curves of Figures 1 and 2 show the minimum slew rate
for the Am686 as a function of source impedance and source
impedance mismatch.

10 r T . T
K 5, A 5? B 57 c
> | 1
I 1.0 N TO-5 ]
w UNBALANCED
g A
=z /
é o1 —_— NN _,{
z TO-5
= T0l8 UNBALANCED
BALANCED DIA ‘B
DIA 'A’
0.01 L L
10 100 1000
SOURCE RESISTANCE — LIC-166
Figure 1. Minimum Slew Rate Versus
Source Resistance (TO—5).
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Figure 2. Minimum Slew Rate Versus
Source Resistance (DIP).
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Figure 3. Minimum Slew Rate Versus
Source Resistance (TO -5 & DIP).

It can be seen that unbalanced sources dramatically effect the
minimum input slew rate required. Note that for optimum
performance, the source impedance seen by the comparator
should be both DC and AC balanced to reduce the differential
feedback to a minimum.

The effect of an AC unbalanced source is seen especially on
the Am686 as when the output switches, the output current
spike is coupled back to the input. This can be eliminated by
forcing the AC unbalance to result in positive feedback, which
may be achieved by decoupling the inverting input or applying
positive feedback via a 2-4pF capacitor from the Q output to
the non-inverting input.

The curves of Figure 3 illustrate the improvement in minimum
slew rate when a small amount of positive feedback is em-
ployed by virtue of a 2pF feedback capacitor.

OPTIMUM SOURCE CONDITIONS (C¢ = OpF)

With low source impedances (< 50%2), the majority of the
feedback between the output and the input occurs internal
to the device. As the source impedance is raised, external feed-
back increases through the parasitic feedback capacitance
until, at high source impedances, the external feedback
dominates. This explains the anomolous characteristics of the
minimum slew rate curves and suggests that the optimum
source resistance for the device is between 300 and 5008}
for unbalanced sources and is approximately 100082 for a
balanced source.

OPTIMUM SOURCE CONDITIONS (C¢ = 2pF)

With a source impedance of 1002, the minimum slew rate is
0.15V/us for the DIP configuration and 0.02V/us for the
TO-5. For balanced sources the minimum slew rate is 0.03V /us
for Rg = 10092 and for a source impedance between 1k
and 3k§2, the minimum slew rate is <0.02V/us regardless of
impedance, DC imbalance or package type.

The use of the feedback capacitor is recommended when:

1. The input slew rate is within a factor of 2 greater than the

minimum theoretical slew rate.

System constraints do not permit optimisation of layout

and lead lengths.

. Unbalanced source impedances are used (it is not always
possible to provide input conditions which are both DC and
AC balanced).

2.
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A FAMILY AFFAIR

It must be stressed that the concepts discussed concerning
source imbalance and minimum input slew rate apply to all
devices in the family. The Am686 was highlighted as it is more
sensitive to layout constraints and parasitic feedback because
of its significantly higher voltage gain.

Similarly all of the applications which follow may be imple-
mented with any device in the series provided due caution is
exercised with regard to the different output logic levels.

THE RELAXATION OSCILLATOR

The principal problems in the design of a classical relaxation
oscillator are:

1. The variation in potential to which the energy storage

device {normally a capacitor) is charged.

. The variation in the threshold level at which the capacitor
is to be discharged.

. The variation inherent in the sensor element (normally a
comparator) in detecting equivalence between the threshold
level and the capacitor’s instantaneous potential.

The variations are all functions of both time and temperature
and are the primary causes of frequency drift, symmetry error,
and jitter.

By taking advantage of two unique properties of the Am686,
a relaxation oscillator may be designed to eliminate the first
two problems and reduce the third to a second-order effect for
oscillation frequencies from 1TMHz to 30MHz.

The true differential output stage of the comparator ensures
that the Q and Q outputs change within 1-2ns of each other.
This feature ensures that the outputs can never be in the same
logic state instantaneously, either HIGH or LOW, and that the
only time they are equal in voltage is when traversing the logic
uncertainty levels. This property permits the design of a
threshold setting circuit that varies in accordance with the
charging voltage applied to the timing capacitor. Therefore,
any change in charging potential is automatically compensated
by a corresponding change in threshold level.

Second, the combination of the short propagation delay
7-10ns, the minimum difference in propagation delay between
outputs and -the stability of these delays with temperature
assures square wave symmetry of better than 1% @ 1MHz and
5% @ 25MHz and a frequency stability of 1% @ 10MHz and
4% @ 25MHz.

The above statements are true from device to device and over
the operating temperature range of —55°C to +125°C. Over
the industrial temperature range, a factor of two improvement
should be obtained.

CIRCUIT THEORY (Fig. 4)

Assuming the circuit is in an oscillating mode, the voltage
appearing at the non-inverting terminal will alternate between
Vx and Vy where:

R1

v = ———— and
(R1 +R9)

{(VoH — VoLl + VoL

2
Yy = ——— (VoH — VoL + VoL
(R1+ R2)
When V4N =Vx, the timing capacitor C will be charging
towards VQH, and when V4N = VY, the timing capacitor will
be discharging towards VQ_.
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Figure 4. Circuit Design.

After the voltage on the capacitor equals the voltage on the
non-inverting input, a finite time will elapse before the output
of the circuit changes, during which time (the propagation
delay of the Am686) the capacitor will continue to charge
towards VQH, or discharge towards VQ[.

Therefore, the capacitor will charge to a voltage

e—tpHL/CR

VA =Vou — *(Von — Vx)

and discharge to a voltage

-tp H/CR

VB=VOL+e '(Vy—VOL)

where tpy and tp_ = propagation delay of the Am686 from
the inputs to the output changing from HIGH — LOW and
LOW — HIGH respectively.

The time to charge from VB to VA which is the positive half
cycle is given by:

Vonu — V|
tt=CR 1n M
Vo — Va

substituting for Va and Vg

t*=CR In [(% +1) etPHL/CR _q)

Similarily the negative half cycle is given by:

Vp =V,
t—-=CR 1n A—OL
Vg — VoL

-=CR 1n[(::—;+ 1) ePLH/CR _q)

Note: The only assumptions are:
1. (Vou — Vor) of the Q output = (Vo — Vo) of the @
output.

2. Offset voltage and offset current errors are negligible.
3 eTPLH/CR x e—tpHL/CR =1

The only factor affecting pulse width variation is, therefore,
tpyL and tppy. As tpyL > tpLy by 1-2ns, it is therefore antici-
pated that t+ will be marginally greater than t—.
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MINIMUM OPERATING FREQUENCY

For the AmG86, it is specified that the minimum slew rate
at the input to insure that the device will not oscillate in the
transition region is 1V/us. This will determine the minimum
operating frequency of the circuit,

The rate of change of voltage on the timing node is given by:

v

Vo
— %
CR

e—t/C R

at
In the circuit,

a) Vo =Vgy — Vg (assuming positive ramp)
and

Rq
b) t=CR 1n [{—

tpHL/CR -1]
Ra

+ 1) e
As the slew rate is only critical in determining the lowest

operating frequency, it may be assumed that etPH'-/CR =1
(CR >>> tpy ); therefore, Vo = Vg — Vg = Vgy — Vy

Vo = (Vop — Vor) — dt=CRIn
o = — _— and, t = n —
OH oL Ry + Ry R,
\p = ov _ (Von — Vor) R < Ro
ot CR Ri + Rz Ry
AV Ro
= x — <
CR Rq; + Rz
where, AV = (VOH —VOL)
The minimum operating frequency
. 1
MIN —R1
2CR1In —
R2
substituting
AV R P (Ry/Ry + 1)
CR = — 2 N = —— X
p Ry + Ro 20V n R1/R2

The expression for minimum frequency indicates that an
optimum ratio of Ry/R, exists that is independent of any
particular RC time constant which may have been chosen.



The ratio may be determined by differentiating fyy with
respect to Rq/Ra.

Ry Ry 1
n— —(—+1)/ —
ofmin Ry Ry Ra)
Ry = i X R
§ = —
9 — 20V (1n——])2
R2 Ry
Ry Ra
imn— —1-—
p R2 R1
T v
(1n—1)2
R2
dF _
Setting 0 R4
R2
R R
m—_1-2=0
Ro R4
R4 1
R
2 w2
R2

Rq
So— = 3.69112
R2

Therefore, the lowest frequency the oscillator will perform
consistent with the 1V/us constraint is:
1x4.6

f = ————— =.613MHz
MIN 2x351n3.6

D.C. OFFSET ERRORS

The presence of DC errors resulting from the bias and offset
currents and offset voltage of the Am686 will cause the Vy
and Vyx thresholds to be both shifted either positive or negative
by an equal amount 8V where 8V is the sum of ali such errors.

The magnitude of these effects may be calculated as follows:

When the capacitor is discharging —

N —
Vx

+ r~— vy
I [
[ | | .

T

LIC-171

Figure 5.

Am685/Am686/Am687

Vi) = V°e~t/CR

dv 1 _ 1
Yoo yee t/CR _ ——Vp
dt CR . CR
5V
6ty =——— CR
V(t1)
—~8VCR
5'(2 =
Vit,)
At— Negative Pulse Width Change =
\" -V
Sty — bty = SVCR 2l ~ (1)
Vity) Vit

AsVx = Vi, Vy = Vy,
o S8VCR (Vy —~Vx)
VxVy

Similarly for the positive pulse

v ———————-———7‘/
%

X

oV [———

|
|
|
I
|
|
|

T + Vy
71 |
4l | ‘2| .
] e | Lic-172
Figure 6.
Vig = Vo1 —e't/CR)

1
Whence, dv/dt = — (Vo — V(t))
CR

6VCR
.5’(1 = -
Vo — Vt‘l
§VCR
t2 = —
VO—Vt2

Positive Pulse Width Change Att =8t — 6t
1

=8VCR -
Vo—V(t) Vo—Viy)

In the circuit Vi, = Vx, Vi = Vy,Vo—Vx = Vy

1 1 Vyx -V
Att = §VCR (-— — —> = §VCR XYY = —At—
Vy  Vx VxVy

.. Offset errors do not affect the frequency of oscillation, only
the symmetry of the waveshape.
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SYMMETRY ERROR

Att — At— Vy
Symmetry S = ——— x 100% where T=CR 1n V_
X

20t

S = — x 100%
2T
6VCR (Vx — Vy) 1
= X
VXVY CR 1n VY/VX

Symmetry is worse for maximum value of Vx —Vy. Maximum

value of Vx — Vy occurs when Ry and Ry are arranged for-

minimum operating frequency, i.e., R1/Ry = 3.6
Substituing 8V = 5mV

Vx/Vy =3.6

3.6
VxVy = 16 Von x 16 Voh

Von = 3.5V and neglecting Vo
Symmetry is < 0.38%

Note: 1. For any given ratio of Ry : Ry (i.e., Vx and Vy),
offset voltage Symmetry error is independent of
frequency.

2. Symmetry improves to .33% @ Rq:Ry = 2.6

EXTENDING LOW FREQUENCY PERFORMANCE

If it is necessary to extend the lower limit of the oscillation
frequency, a small amount of positive feedback may be intro-
duced by connecting a 2-4pF capacitor between the Q output
and the non-inverting input. This will decrease the minimum
input slew rate required and enable oscillation frequencies of
1kHz to be achieved without spurious oscillations occuring
on the rising or falling edges of the waveform. At frequencies
below 1MHz, it is not necessary to take into account any
potential frequency shift this additional feedback introduces.
(Above 1MHz, it is not necessary to use this additional
feedback.)

PERFORMANCE CHARACTERISTICS:
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Figure 7. Percentage Change in Frequency Versus
Case Temperature.

Figure 8. Change in Symmetry Versus Case Temperature.

Figure 9. Output Waveform at 1.0MHz.

Figure 10. Output Waveform at 1T0MHz.
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2 't‘ £§Z§ ¢ Obtaining Performance Characteristics.

Figure 11. Output Waveform at 24 MHz and Expanded
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Figure 15. ‘

CIRCUIT OPERATION |

The input resistance is essentially determined by R4 which was

chosen to be 1k§2 on the basis that most sources would not

be unduly loaded at this value and consequentially higher

values would make the circuit excessively prone to oscillation.

To minimize bias current errors, the inverting input is connec-

- ted to the 10mV reference source (R1 and R9) through an
ns IOMX L equal-valued resistor (R3).

Positive feedback is provided by Cf which provides a 50-

Figure 13. Expanded Fall Time Showing Change in Pulse 60mV, 3-4ns pulse, significantly improving the switching time
Width from 25°C to 125°C, f = 1.0MHz, and narrowing the uncertainty region for pulses just in excess
(Jitter ~ 300ps). of the 10mV threshold.
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Capacitor C1 provides A-C coupling and thus isolates the
circuit from slowly varying signals which may be superimposed
on the signal to be detected. Such is the case for a detector
sensing the output from a fibreoptic cable receiver. The A-C
coupling imposes additional constraints; namely, the repetition
rate and duty cycle of the input signal.

The signal which is seen by the non-inverting terminal and
then compared to the reference is not simply the peak value
of the input pulse but the peak value less the average D.C.
value of the input signal.

Assuming a 20mV input pulse, 20ns wide and repeated every
20ns, the signal seen across R4 will be as follows:

Vin VR4
t
0 0

LIC-178

Note: The response time of the feedback path must be the
same as the input network; i.e., RACc = R4C1 in order for
the feedback to follow rapid changes in repetition rate or
duty cycle.

PRECISION MONOSTABLE

Commercially available one-shots encounter problems in the
generation of narrow (< 100ns) pulses. Namely, there is a
significant delay between the input pulse and the output
pulse of the order of 20ns and the resultant output pulse
width is highly temperature dependent due to the variation in
internal delays with temperature. Second, the input pulse must
be of the logic level for the type of logic employed in the
design — TTL, DTL, RTL, etc. Thus, the circuits are incapable
of responding to low-level input signals in the millivolt range.

The Am685 series of sampling comparators can be employed
in the design of a custom one-shot to overcome both of these
problems.

Figure 18 shows the design of a monostable employing the
AmB686 to generate precision output pulses in the 20-100ns
range and the values shown are for a 50ns pulse width.

Figure 16.

By the ninth pulse, the peak signal will be 15.2mV dropping
to 14.6mV by the end of the pulse; thus, after a pulse train
of ~10 pulses, the detector will not detect the incoming signal.

Additionally, consider the case of a 20ns pulse repeated every
60 nanoseconds.
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The peak signal at the input will now be only 15mV; there-
fore, the maximum repetition rate consistent with providing a
5.0mV overdrive is 1/80ns or 12.5MHz.

Therefore, the circuit will only successfully detect 20mV, 20ns
signals if: a) the pulse train is << 10 pulses or b) the repetition
rate < 12MHz.

To compensate for these problems, a DC feedback signal is
generated by Ra, RB and Cg, which adjusts the reference level
accordingly.

RA and Cg form a low-pass filter that gives a maximum DC
level of 1.7 volts at a 1:1 duty cycle. At this duty cycle, it
is required to reduce the reference level by 56mV to maintain
adequate overdrive. Rg and R4 form an attenuator and the
DC voltage level returned to the non-inverting input = 1.7V
x Rg/(R4 + RB)=4.3mV. Using this network permits the
circuit to work up to 256MHz, or better than a 1 : 1 duty cycle
and removes the limitation imposed by the input A-C
coupling.
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Dy
Rp \-
22k2 v
LA Vout

= 10pF Am686 2 R

bS]
1 _ Sarva
F v i
Ay X Vin
1.2k E; Ry
= LIC-180
1-VoL/V R R
tow=C (Ra*Rg) In (M) (_A) (2+_2> e*+pd/C(Ra+Rg)
1+VoL/Von’ \Ra+Rg Ry
Figure 18.
The timing diagram illuctratec the circuit operation
r, . VoH-Vou!
(Ra+ Rg) = (Rp+RGIC

vy _EZ . _.{ tod !__
U O F

DIODE CLAMP

VOLTAGE ———a! ——/

|
vy |

ViN i
L
Vin
0 / | :
|
l ouTPUT
PULSE v
Vout | OH
f
| "
1
0 } Vo
LIC-181
Figure 19.
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Am685/Am686/Am687

The hysteresis is essentially symmetrical about zero and
between 15 and $50mV of hysteresis can be generated before Ar‘:v
the relationship between the latch voltage and the thresholds - Vyg = 120mv
become too sensitive.

40 1 Vi = 20mV
The hysteresis is independent of changes in the positive supply vH:[]: 20
\7
!

_ oViy 50+

voltage and the input common mode range and varies only

. . X 204
with changes in temperature and negative supply voltage. o
1.0~
Il
T
478 5.2 5.74 V)
—1.0 -1~ NEGATIVE SUPPLY
VOLTAGE
-20
Viy=20mV
304
—HYSTERISIS MV . —40 -
50 1
+HYSTERISIS AMBEE 504
04 w Vi - 120V - Lic-187
0+ = VIN
204 . . . .
104 —umiT —o] r_,L.M.T Figure 25. Change in Hysteresis Versus Change in
2 100 4 Negative Supply Voltage.
]
S Voivi
[
H
i
G ATEST v Avy Vi = 80mV
z
Vyy = 30mv
Vi = 15mV
20
10
N T O T U T A T L
L L L P LI UL U I }
—100 —80 -60 -40 -20 20 40 60 80 100 125 Te°C
DIFFERENTIAL LATCH VOLTAGE (Vp) —mV
LIC-186 LIC-188
. . _ o . . .
Figure 24. Input Hysteresis Versus Latch Voltage, Tpo =25 C. Figure 26. Change in Hysteresis Versus Case Temperature.
COMPARATOR PERFORMANCE SPECIFICATIONS
Am687 ELECTRICAL CHARACTERISTICS OVER THE OPERATING
FUNGTIONAL DIAGRAM TEMPERATURE RANGES (Uniess Otherwise Specified) Am68IAL  AmGSTA-M
DC Characteristics Am687-L Am687-M
Symbol Parameter Conditions (Note 3) Min, Max.  Min.  Max. Units
NON. Rg €100%, T =25°C, -3.0 +3.0 -2.0 +2.0 mv
fset Vo
"o QouTPuT G ouTRUT Vs Input Offset Voltage Rg <1000 35 | +35 | =30 | 30 mv
0 o
Average Temperature Coefficient = "
SIOE A Soureur Goummut aVos/aT of Input Offset Voltags Rg < 10052 10 +10 10 +10 wVIC
- 25°C< T & T, -1.0 +1.0 -1.0 +1.0 A
INVERTING A Almax.} R H
veam los Input Offset Current Ta = Tatoin) i3 a3 e e A
s Sa e 2
25°C<Ta < Talmax. 10 10 uA
Ig Input Bias Current Tas Tt 3 16 A
Le L€ l & Vew Input Voltage Range 33 | +27 | -33 | s21 v
LATCH ENABLE - LATCH ENABLE CMRR Common Mode Rejection Ratio Rg <1000, -3.3< Vey < +2.7V 80 80 dB
Llc_.l 34 SVRR Supply Voltage Rejection Ratio Rg € 10002, AVg = +56% 70 70 dB
Ta=25°C -0.960 | -0.810| -0960| -0.810 v
The outputs are open emitters; therefore external pull-down resistors Von Output HIGH Voltage Ta = Ta(min} -1.060| -0.890| -1.100| -0.920 v
are required. These resistors may be in the range of 50-2000 Ta - Tatman) _og90| -0.700| —0.850| -0.620 v
connected to —2.0V, or 200-2000£ connected 10 —5.2V. o
Ta=25°C -1.850 -1.650| -1.850| -1.650 v
VoL Output LOW Voltage Ta = Ta(min) -1890| -1675| -1.810 -1.690 v
Ta=Talmax} -1825| -1.625| -1810| -1575 v
CONNECTION DIAGRAM [ Positive Supply Current 35 32 mA
Top View - Negative Supply Current 8 2 mA
Poiss Power Dissipation 485 450 mw
aoueuT [ L aoutrur Foise —
doureur [ B soutsur Switching Characteristics (Vi = 100mV, Vg4 = 5mV)
. Ta(min) < TA < 25°C 80 8.0 ns
oo [Js |
[ 1{ ] oo tpdttpd— | Propagation Delay, Am687A To = Tatmors 0 125 s
e 5
* 0 [ e K con Doy, AmGE7 Ta(min) <Ta<25°C 10 10 ns
FOLN LeNpE pdt- fpd-— ropagation Delay, Am! Ta = Ta(max) ol 2 b
v s v 15 Minimum Latch Set-up Time. Ta=25°C 4.0 40 | ns
e O anwerme Notes: 2. Derata at SmW/°C for operation at ambient temperatures above +115°C.
NON INVERTING L] ] NON.INVERTING 3. Unless otherwise specified V* = +5.0V, V™ = -5.2V, Vg = -2.0V, and R = 5012; all switching characteristics are for a 100mV input step with
Weur (——T INPUT LIC-136 SmV overdrive. Tha specifications given for Vs, los, 15. CMRR, SVRR, tqr and 1. #pply over the full VCaa range and for 5% supply voltages.
The Am6E87 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been establisned with a trans-
Note 1. Pin 6 is connected to bottom of case. verse air tiaw of 500 LFPM or greater,
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The circuit triggers on the negative-going edge of the input
pulse and the Q output switches high. The output signal is
attenuated by Rpa and RpB to keep the coupled pulse inside
the common mode limits of the device. The output remains
high until the voltage on the non-inverting input reaches the
threshold set by Rq and Ro. In order that the pulse width be
independent of the input pulse amplitude, it is important to
make the input time constant small compared to the desired
output pulse width.

A unique feature of the circuit is the use of the differential
outputs of the device to set the threshold, V1 thus providing
temperature compensation and a reduction in pulse width
variation from device to device.

Diode D1 shortens the recovery time of the timing capacitor
and permits retriggering 30ns after the end of the pulse with
less than a 5% change in pulse width,

Complete isolation of the input signal and the timing network
may be achieved by employing the latch function as shown
below:

Vout

LIC-182

Figure 20.

When the input signal exceed VREF, the output will switch and
latch the comparator in the high state. When timing capacitor
charges to the latch threshold, the latch will become disabled
and the output will switch back to zero, providing the input
is now below VREF.

The advantages of this approach are:
1. No interaction between input signal and timing capacitor.

2. The input threshold set by VREF is independent of the
timing threshold.

Thus, the input threshold can be varied from millivolts to volts.
A practical circuit is shown:

Vout

THRESHOLD = V* R3/(Ry + R}
tow = *64CRy =
LIC-183

Am685/Am686/Am687

The circuit is applicable for situations where accuracy of
trigger threshold is important, a large variation in input signal
level is expected or the input signal level is low. Timing
accuracy (pulse width) is independent of the amplitude of the
input pulse, but the output pulse width varies with tempera-
ture in accordance with the temperature dependence of the
latch threshold (~ 3.0mV/°C for Am686).

APPLICATIONS REQUIRING INPUT HYSTERESIS

Comparators are frequently employed in systems where it
is required that the transfer function contain a defined amount
of hysteresis. Conventional comparators employing positive
feedback can be used to generate hysteresis as shown below:

+ O——1+—©° — [=— Vu
VRer  R1 "‘AzA Vi
o Lic-184

Figure 22,

Drawbacks of this technique include:
1. Response time of hysteresis loop = comparator propagation
delay

2. Hysteresis varies with VOH and VOL changes
3. Hysteresis is not centered about zero unless an additional
reference is used.

By utilizing the latch function on the Am685, Am686 and
Am687, hysteresis can be inserted in a manner to overcome
these drawbacks; namely:

1. Response time of hysteresis loop << propagation delay

2. Hysteresis not affected by VQH and VQL changes

3. Hysteresis is symmetrical about zero.

4. Full input differential capability maintained over complete
common mode range.

The hysteresis is obtained by applying a slight bias to the latch
inpuis. The techinique is iliustrated in the test circuit shown
for the Am687.

e,
Vi =50 = 300mV,,
f=1kHz
o

e
AMP

s SYERY PO

Vin

LIC-185

Figure 21.

Figure 23.
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COMPARATOR PERFORMANCE SPECIFICATIONS (Cont.)

Am685/Am686/Am687

Am685 ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE RANGES (Unless Otherwise Specified)
ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified)
DC Ch eristics
FUNCTIONAL DIAGRAM aract AmES5-L AmE85-M
Symbol Parameter (see definitions) Conditions (Note 3) Min.  Max. Min. Max. Units
v \ Offset Vot Rg< 1009, Ta=25°C +2.0 -2.0 +2.0 mv
os Inout Offset Voltage
N NvERTING o TouteuT - T A Rg <1009 +25 -30 +3.0 mv
verage Temperature Coefficien N
AVOS/AT | T Ot Vortage Rg< 1000 +10 -10 +10 | wvrec
INVERTING -
—0 aouteur Ta=25°C +1.0 -1.0 +1.0 vA
INPUT
. tos Input Offset Current 3 e e A
L . oot Biss & TA=25C 10 10 bA
B nput Bias Current 13 e A
LATCH ENABLE
RN Input Resistance Ta=25C 6.0 6.0 k2
vr Cin Input Capacitance TA=25C 30 30 PF
The outputs are open emitters, therefore external pull- Ve, RRUENGItse Hene e 33 33 v
down resistors are required. These resistors may be in CMRR Common Mode Rejection Ratio Rg <1004, -3.3< Vem < +3.3V) 80 80 a6
the range of 50—200Q connected to —2.0 V, or 200— SVRR Supply Voltage Rejection Ratio Rs < 10082, AVg = +5% 70 70 d8
200092 connected to —5.2 V. TA=25°C 20960 | —0.810 | -0.960 | -0.810 v
Lic-118 Vou Output HIGH Voltage Ta=TA(min) -1.060 | -0.890 | -1.100 | -0.920 v
: TA = TA{max.) 0890 | -0.700 | -0.850 | -0.620 v
Ta=25°C -1.850 | -1.650 | -1.850 -1.650 v
VoL Output LOW Voltage TA=TA(min) -1890 | -1.675 | -1.910 | -1.690 %
TA=TA(max) -1.825| -1.625 | -1.810 | -1.575 v
" Positive Supply Current 22 22 mA
[ Negative Supply Current 2 2 mA
Poiss Power Dissipation 300 300 mw
CONNECTION DIAGRAMS
Top Views Switching Characteristics {Vin = 100mV, Vog = 5mV)
Metal Can Dual-In-Line 9 d
\ wigH TA(min) STA< 25°C 45 6.5 45 65 ns
o o0 1 == ovo =2 Tod+ nput to Output Ta = Ta(maxt 50 95 55 12 ns
v P=l S
TAmin) <TA<25°C 45 65 45 65 ns
S NonuvEATNG e tog- Input to Output LOW Ta=Taimen) 50 o5 oo 1 -
e o % soureur IveatinG " s
- i L o togslE) Latch Enable to Output HIGH Ta(min} < Ta < 25°C 45 65 45 6s ns
INVERTING & Ao ovmar v s | doureur (Note 4) TA = Tatmax.) 5.0 9.5 55 12 ns
e Lren s ~Jaourmur e Latch Enable to Output LOW TAlmin) STA< 25°C a5 65 a5 65 s
it el e pd- (Nots 4} Ta = TA(max) 50 | o5 55 12 ns
i TAlmin) <TA<25°C 30 30 ns
v O & Minimum Set-up Time (Note 4) TA‘T'T"" A 40 60
Note 1: On metal package, pin 5 is connacted to case. - AT TAlmax.) . - ns
On DIP, pin 8 is connected to case. th Minimum Hold Time (Note 4) TAimin) < TA < TA{max.) 1.0 1.0 ns
onlE) Minimum Latch Ensble Pulse Width TA(min) < TA<25°C 30 30 ns
LiC-120 LIC-121 o [Note 4} Ta=Ta(max) 40 50 ns
NOTES: 2: For the metal can package, derate st 6.8 mW/°C for operation at smbiant temporstures sbove +100°C; for the dusl-in-line package, derats at
9 mW/°C for operation at ambient temperatures abave +105°C.
3: Unless otherwise specified V* = 6.0V, V= = -5.2V, V1 = -2.0V, and. R|_ = 50£2; all switching charactaristics are for a 100 mV input step with
ications given for Vo, log, 1B, CMRR, SVAR, 1544 and tog_ apply over the full Ve range and for £5% supply
signad 10 meet the spt cations given in the table sfter ther: equifibrium has bean estabiishad with & transverse
4: i al nature of switching messurement olving the latch, thesa param an not be tested in production.
st 95% of the units wi i pecifications given.
Am686 ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE RANGES (Unless Otherwise Specified)
Symbol Parameter Conditions (Note 3) Am686-C Am686-M Units
FUNCTIONAL DIAGRAM " Input Offset Vor Rg < 10082, Tp = 25°C 30 20 mV MAX.
os nput Offset Voltage Rg < 10002 35 a0 mV MAX.
Average Temperature Coefficient 10 MAX,
AVps/aT of Input Offset Voltage Rg < 1008 10 7 .
2 < 10 1.0 MAX.
los Input Offset Current SC < TA < T (max) o “': ™
NONINVERTING Foutrut TA=TA (min) 13 ! HAMAX.
et 25°C<TAS TA (max.) 10 10 KA MAX.
I8 Input Bias Current TA=TA (min) 13 16 4A MAX,
INVERTING QouTpuT Vem L . I ¥ MIN:
CMRR Common Made Rejection Ratio Rg < 10092, ~33V < Vcm < ¥2.7V 80 80 dB MIN.
SVRR Supply Voltage Rejection Ratio Rg < 10092 70 70 d8 MIN.
LATCH ENABLE VOH Output HIGH voltage IL=—1.0mA, Vg = Vg (min.) 27 25 V MIN,
LiC-189 VoL | Outut LOW Voltage 1L = 10mA, Vg = Vg (max.) 05 05 4‘ VMAX.
"+ Positive Supply Current 42 40 mA MAX.
[ Negative Supply Current 34 32 mA MAX.
PDISS Power Dissipation 415 400 mW MAX.
CONNECTION DIAGRAMS
Top Views
Dual-In-Line A .
e e Switching Characteristics (V¥ = +5.0V, V™ = 6.0V, Vi, = 100mV, Vo4 = 5.0mV, Cy_ = 15pF) (Note 4)
T
s ,. [ R Propagation Delay, TA imin.) < TA € 25°C 12 12 ns MAX.
- 5 goummr pd+ Input to Qutput HIGH TA=TA (max) | 15 15 ns MAX,
woumvente 1o 5 aoemer . Propagation Delay, TA (min} < TA < 25°C 12 12 ns MAX.
wvenmmg s pd— Input to Output LOW Ta=TA (max.) 15 15 ns MAX.
weur O 12[7] Grouno i = P & _
" ifference in Propagation Delay = 25%
v-e n e Btpa Detmeon Outputs TA=25°C 20 [ 20 ns MAX.
aton s B=pd " "
ENABLE 0 e o Notes: 2. For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C; for the dualin-line package, derate at
ne I 9mW/°C for operation at ambient temperaturas above 115°C.
Note 1: On motal package, pin § is connected to case. 3 l-‘:;‘:‘:::::m s.’g:\‘/“::;v:w:.'mv' V™ = —6.0V and the Latch Enable input is at V(. The switching characteristics are for a 100mV
On DIP, pin 6 is connected to case. 4. The outputs of the AmG86 are unstabls when ut signal
as it passes through the threshold of the com| t 1V/us. For slower input signals, » small amount of external positive feedba
LIC-131 LIC-132 may be applied around the comparator to g fow millivolts of hysterasi
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AmDAC-08

8-Bit High Speed Multiplying D/A Converter

Distinctive Characteristics

Fast settling output current — 85nsec
“Full scale current prematched to 1.0 LSB
Direct interface to TTL, CMOS, ECL, HTL, NMOS
Nonlinearity to *0.1% max over temperature range
High output impedance and compliance

—10V to +18V

Differential current outputs
Wide range multiplying capability
1.0MHz bandwidth
Low FS current drift — 210ppm/°C
Wide power supply range — +4.5V to =18V
Low power consumption — 33mW @ 5V

® 00

. The DAC-08 series of 8-bit monoljthic multiplying Digital-
to-Analog Converters provide very high speed performance
coupled with low cost and outstanding applications flexibility.

Advanced circuit design achieves 85 nsec settling times with
very low “‘glitch” and a low power consumption. Monotonic
multiplying performance is attained over more than a 40 to 1
reference current range. Matching to within 1 LSB between
reference and full scale currents eliminates the need for full
scale trimming in most applications. Direct interface to all
popular logic families with full noise immunity is provided by
the high swing, adjustable threshold logic inputs.

High voltage compliance dual complementary current outputs
are provided, increasing versatility and enabling differential
operation to effectively double the peak-to-peak output swing.
In many applications, the outputs can be directly converted to
voltage without the need for an external op amp.

GENERAL DESCRIPTION

All DAC-08 series models guarantee full 8-bit monotonicity,
and nonlinearities as tight as 0.1% over the entire operating
temperature range are available. Device performance is essen-
tially unchanged over the 4.5V to +18V power supply range,
with 33mW power consumption attainable at 5V supplies.

The compact size and low power consumption make the
DAC-08 attractive for portable and military/aerospace applica-
tions. All devices are processed to MIL-STD-883.

DAC-08 applications include 8-bit, 1.0usec A/D converters,
servo-motor and pen drivers, waveform generators, audio
encoders and attenuators, analog meter drivers, programmable
power supplies, CRT display drivers, high speed modems and
other applications where low cost, high speed and complete
input/output versatility are required.

EQUIVALENT CIRCUIT

BIAS

NETWORK

CURRENT l L

SWITCHES

+Jj"§

14
VRer(H O

15

VRep(-) O—t _ l\1
REF ERENCE p:
AMPLIFIER b3

AmDAC-08

comrd’” & LIC-190
ORDERING INFORMATION CONNECTION DIAGRAM
ord T Top View
raer emperature
Number R‘?ange Nonlinearity THgéf‘rTEgEE e | 16 m COMPTN)SAT'ON
1 V, =]
DAC-08AQ _55°C to +125°C +1% our L4 B e
DAC-08Q —55°C to +125°C +.19% v s 16 Vaee
DAC-08EQ 0°Cto +70°C +.19% lout [ 4 nl v
DAC-08CQ o:c to +7o:c +.39% wse &, [ s 2|7 5 58
DAGC-08HQ 0°C to +70°C +1% . .
DAC-08HN 0°C to +70°C £1% 2 Le np e
DAC-08EN 0°C to +70°C +.19% 83 (7 o[ 86
DAC-08CN 0°C to +70°C +.39% B, 85
Note: Pin 1 is marked for orientation. LIC-191
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AmDAC-08

MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Noted)

Operating Temperature V+ supply to V- Supply 36V
0 .
DAC-08AQ, Q —55°C to +125°C Logic Inputs V— to V+ plus 36V
DAC-08EQ, CQ, HQ 0°C to +70°C Vic V—to V+
Storage Temperature —65°C to +150°C Analog Current Outputs See Fig. 12
Power Dissipation 500mW Reference Inputs (Vq4, V45) V—to V+
Derate above 100°C 10mW/°C Reference Input Differential Voltage (V14 to Vq5) 118V
Lead Temperature {Soldering, 60 sec) 300°C Reference Input Current (l14) 5.0mA
ELECTRICAL CHARACTERISTICS (Vg = +15V, Iger =2.0mA)
AmDAC-08A AmDAC-08
AmDAC-08H AmDAC-08E AmDAC-08C
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity Ta = MIN. to MAX. 0.1 +0.19 +0.39 %FS
To £1/2 LSB, all bits g:g'g:A 85 135 85 135
tg Settling Time switched ON or OFF DACO8SE ns
= © -~
Ta=25°C DAG-08C 85 150 85 150
tpL . . Each Bit 35 60 35 60 35 60
| B | Az e
Switched 35 60 35 60 35 60
TClrg Full Scale Tempco +10 +50 10 +50 10 +80 ppm/°C
Full scale current
Voc Qutput Voltage Compliance | change < 1/2 LSB -10 +18 -10 +18 -10 +18 Volts
RouT > 20Meg 2 typ.
VREF = 10.000V
IEsa Full Scale Current R14. R15 = 5.000k$2 1984 | 1992 | 2,000 | 194 1.99 204 1.94 199 | 204 mA
Ta =25°C
IFss Full Scale Symmetry IFs4 — IFs2 +0.5 +4.0 +1.0 8.0 +2.0 16 HA
Izs Zero Scale Current 0.1 1.0 02 20 0.2 4.0 nA
IFSR Qutput Current Range —=-5.0V ) 20 2.1 2.0 2.1 0 2.0 2.1 A
V== —7.0V to —18V 1} 2.0 4.2 0 2.0 4.2 0 2.0 42
ViL i Logic “0” 038 08 0.8
Logic Input Vic=0V Volts
Levels j
ViH Logic “1"* 20 20 20
. VN =—10V to
Logic “0" IN —2. -1 -2, — -2 —
I8 Logic tnput ogic Vie-ov 08V 2.0 0 2.0 10 0 10 "
i Current Logic “1” Vin =20%to 0002 | 10 0002 | 10 0002 { 10
Vis Logic Input Swing V- =15V —-10 +18 -10 +18 —-10 +18 Volts
VTHR Logic Threshold Range Vg = #15V -10 +13.5 —10 +135 -10 +135 Volts
W5 Reference Bias Current -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 BA
di/dt Reference Input Slew Rate 4.0 8.0 4.0 8.0 4.0 8.0 mA/us
PSSIEs+ vt=45Vto 18V +0.0003 [ +0.01 +0.0003 | :0.01 +0.0003 | $0.01
Power Supply Sensitivity — %1%
PSSIES_ ?’REF :‘i‘%‘,’nf -8V +0.002 | 0.01 £0.002 | *0.01 £0.002 | :0.01
"
1 Vg = 5.0V, IRgr = 1.0mA 23 38 2.3 38 23 38
- 43 | -58 -43 | -58 —43 | -58
" R Suonly Vg =+5.0V,~15V, 24 38 24 38 24 38 A
ower Supply Current m
- IREF =2.0mA —64 | -78 —64 | —78 -64 | -78
+
1 Vg =%15V, IRgp = 2.0mA 25 3.8 25 38 25 3.8
- -65 | -78 65 | -78 -6.5 -7.8
+5.0V, IggF = 1.0mA 33 48 33 48 33 48
PD Power Dissipation +5.0V, —16V, IRgF = 2.0mA 108 136 108 136 108 136 mw
+15V, IRgF = 2.0mA 135 174 135 174 135 174
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AmDAC-08

BASIC CONNECTIONS
Msg Ls8
R :ts T“ T’ Tﬂ Te ’im in (Ez
14
RREF 1l B8 By By Bs Bg By By .
VREp( o—l-—«/y\,-.__ Vagr () o
REF AmDAC-08 s
LI (VY 2 T
Ris v~ COMP vt Ve —-—
= = '_l 16 1B |1
L I owT.C
0.1uF '_L! 0.14F VREF S5a
I ¢ L vov O WA——
T = 2 | Inge ) ~ 20mA AmDAC.GS
v vtovie Lic-192 I
P07, ! T3
APPROX.
+ VREF 255 FOR FIXED REFERENCE, TTL 1 s.o*m
IFs = X ee OPERATION, TYPICAL VALUES =
RREF 256
e LiC-193
lo+10=IFs FOR ALL VREF = +10.000V
LOGIC STATES RREF = 5.000k
R15 ~ RREF
Cc =0.01uF

V| ¢ =0V (GROUND)

Figure 1. Basic Positive Reference Operation.

Figure 2. Recommended Full Scale Adjustment Circuit.

79111711

RREF 14 . By By By By Bg Bg By Bg
o Ipgr =2.000mA
e —
- R AmDAC-08 O— AmDAC-08
VRer(-) 5 =5 "
=) O AAA—
REF T3 2 (¢}
LIC-194
81 B2 B3 B4 B5 B6 B? B8 [ IgmA | TgmA Eo o
—VREF _ 255 FULL SCALE 11 1 1 1 1 1 1| 1992 o000 { -9.960 000
IFs =~ _R'_F— 256 FULLSCALE-LSB [ 1 1 1 1 1 1 1 0 [ 1984 | 008 | -9.920 | —040
RE HALFSCALE+LSB | 1 0 0 0 0 0 0 1 [ 1008 | 984 | —5.040 | —4.920
HALF SCALE 10000 0 0 O} 1000 | 992 | ~5.000 | —4960
HALFSCALE-LSB| 0 1 1 1t 1 1 1 1 992 1.000 —4.960 | —5,000
Note 1. RREF Sets Ifg; R1g is for Bias ZEROSCALE+LSB | 6 0 O 0 0 0 O 1 | .008 | 1.984 | —040 | —9.920
Current Cancellation. ZERO SCALE 0 0 0 0 00 0 0| 000 | 1992 000 | —9.960
Figure 3. Basic Negative Reference Operation. Figure 4. Basic Unipolar Negative Operation.
MSB LSB
gy IARRAARE

IREF = 2000mA
—

o—1
14
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LIC-196
B1 B2 B3 B4 BS B6 B7 B8 Eo Eo
POS FULL SCALE T 111 11 1 —9.920 | +10.000
POSFULLSCALE-LSB [ 1 1 1 1 1 1 1 0 | —9840 | +9.920
ZERO SCALE +LSB 100 0 00 0 1| —0080| +0.160
ZERO SCALE 1000000 O 0000 | +0.080
ZERO SCALE —LsSB o1 1 1 1 1 1 1 +0.080 0.000
NEG FULLSCALE+LSB | 0 0 O 0 0 0 O 1 | +9920 | —9.840
NEG FULL SCALE O 0 00 0 0O00O0 +10.000 —9.820

Figure 5. Basic Bipolar Output Operation.

v 5.000kS2 By By By By Bg Bg By Bg
REF
+10V
AmDAC-08
vt v € Vi
5.0kt | l
= +I5V —15v =

LIC-197

B1 B2-B3 B4 B5 B6 B7 BB Eo
POS FULL SCALE 1t 11 1 1 1 11 +9.960
POSFULLSCALE~-LSB | 1 1 1 1 1 t 1 0 | +9.880
(+) ZERO SCALE 10000000 +0.040
(—) ZERO SCALE o1 1 1 1t 1 1 1t |-0040
NEGFULLSCALE+LSB [ 0 0 0 0 0 0 0 1 | -9.880
NEG FULL SCALE 0 00 00 O0O0O0 -9.960

Figure 6. Symmetrical Offset Binary Operation.
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—0FEo
070 +1pg # Ry

LIC-198

IFs = IREF

_ 25
256

FOR COMPLEMENTARY OUTPUT (OPERATION AS NEGATIVE

LOGIC DAC), CONNECT INVERTING INPUT OF OP-AMP TO Ig
(PIN 2), CONNECT Ig (PIN 4) TO GROUND

Figure 7. Positive Low Impedance Output Operation.

BASIC CONNECTIONS (Cont.)

0t
AMDAC-08

0TO—Ipg e R

LIC-199

255
IFs = o= IREF

FOR COMPLEMENTARY (OPERATION AS A NEGATIVE LOGIC
DAC), CONNECT NON-INVERTING INPUT OF OP-AMP TO Ig
(PIN 2); CONNECT Ig (PIN 4) TO GROUND.

I 0.1uF

CMOS, HTL, NMOS

%

Figure 8. Negative Low Impedance Output Operation.
TTL, OTL b 14
Vi =+1.4V VrH = Vie 14V +BY
+15V CMOS, HTL, HNIL
V=476V 2.1kQ
AmDAC-08 Vie VRegtt
|
6.2k ?
Vie

| OPTIONAL
RRer S RESISTOR
> FOROFFSET
INPUTS I

LIC-201
TYPICAL VALUES:
RN = 5k
5.2V = +V|N = 10V
-5 B LIC-200 IN
SET VOLTAGE AT NODE “A” EQUAL TO DESIRED LOGIC
THRESHOLD.
Figure 9. Interfacing With Various Logic Families. Figure 10. Pulsed Reference Operation.
Vrer )
MIN:
ineE 0.1uF C;P:\MCLIJIMANCE 01pF
YN ‘
- 14
Vin —%—
‘ RN 15 AmDAG-08
+0.4V
r |vaoss—-|ﬂ
= =
—0.4V
a) Irgr = Peak Negative Swing of Ijpy. Rrer
VRerth M AmDAC-08
(D.U.T)-
15
RREF | fis
VRer ) O——AAA—— = 13 3 18] =
Vig Ry5(OPTIONAL) 15 AmDAC-08 T Io.muF
H 0.14F 0.14F
et “T |
- - +15V 15V - LIC-203
RRerF ~R1s LIC-202

b) +VRefr Must Be Above Peak Positive Swing of V.

Figure 11. Accomodating Bipolar References.

FOR TURN-ON, V| =2.7V
FOR TURN-OFF, V| =0.7V

Figure 12. Settling Time Measurement.




APPLICATIONS INFORMATION
REFERENCE AMPLIFIER SET-UP

The DAC-08 is a multiplying D/A converter in which the out-
put current is the product of a digital number and the input
reference current. The reference current may be fixed or may
vary from nearly zero to +4.0mA. The full scale output current
is a linear function of the reference current and is given by:

255
IFS =—— X IREF where IREF = 114.

256
In positive reference applications (Fig. 1), an external positive
reference voltage forces current through R4 into the VRgF(+)
terminal (pin 14) of the reference amplifier. Alternatively, a
negative reference may be applied to Vrgr(—) at pin 15 (Fig.
3); reference current flows from ground through R4 into
VREF({) as in the positive reference case. This negative refer-
ence connection has the advantage of a very high impedance
presented at pin 15. The voltage at pin 14 is equal to and
tracks the voltage at pin 15 due to the high gain of the internal
reference amplifier. Ry5 (nominally equal to Ry4) is used to
cancel bias current errors; Rq5 may be eliminated with only a
minor increase in error.

Bipolar references may be accommodated by offsetting VRer
or pin 15 as shown in Fig. 11. The negative common mode
range of the reference amplifier is given by: Vopy— = V— plus
(IrRer X 1.0kS2) plus 2.5V. The positive common mode range
is V+less 1.5V.

When a DC reference is used, a reference bypass capacitor is
recommended. A 5.0V TTL logic supply is not recommended
as a reference. If a regulated power supply is used as a refer-
ence, R4 should be split into two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications, a +10.0V reference is recommended for
optimum full scale temperature coefficient performance. This
will minimize the contributions of reference amplifier Vog
and TCVps. For most applications the tight relationship
between Iger and Igg will eliminate the need for trimming
Ireg. If required, full scale trimming may be accomplished by
adjusting the value of Rq4, or by using a potentiometer for
R14. An improved method of full scale trimming which elimi-
nates potentiometer T.C. effects is shown in Fig. 2.

Using lower values of reference current reduces negative power
supply current and increases reference amplifier negative com-
mon mode range. The recommended range for operation with
a DC reference current is +0.2mA to +4.0mA.

The reference amplifier must be compensated by using a
capacitor from pin 16 to V—. For fixed reference operation,
a 0.01uF capacitor is recommended. For variable reference
applications, see section entitled ‘‘Reference Amplifier Com-
pensation for Multiplying Applications.”

MULTIPLYING OPERATION

The DAC-08 provides excellent multiplying performance with
an extremely linear relationship between Igg and Iggp overa
range of 4.0mA to 4.0uA. Monotonic operation is maintained
over a typical range of Iggr from 100uA to 4.0mA; consult
factory for devices selected for monotonic operation over
wider IggF ranges.

REFERENCE AMPLIFIER COMPENSATION
FOR MULTIPLYING APPLICATIONS

AC reference applications will require the reference amplifier
to be compensated using a capacitor from pin 16 to V—. The
value of this capacitor depends on the impedance presented to
pin 14: for Rq4 values of 1.0, 2.5 and 5.0k2, minimum values
of Cc are 15, 37, and 75pF. Larger values of Rq4 require pro-
portionately increased values of Cg for proper phase margin.

AmDAC-08

For fastest response to a pulse, low values of R4 enabling
small C¢ values should be used. !If pin 14 is driven by a high
impedance such as a transistor current source, none of the
above values will suffice and the amplifier must be heavily
compensated which will decrease overall bandwidth and slew
rate. For Ry4 = 1.0k and C = 15pF, the reference amplifier
slews at 4.0mA/us enabling a transition from Iggg = 0 to
IREF = 2.0mA in 500ns.

Operation with pulse inputs to the reference amplifier may be
accommodated by an alternate compensation scheme shown in
Fig. 10. This technique provides lowest full scale transition
times. An internal clamp allows quick recovery of the reference
amplifier from a cutoff (Iggg = 0) condition. Full scale transi-
tion (0 to 2.0mA) occurs in 120ns when the equivalent im-
pedance at pin 14 is 2008 and C = 0. This yields a reference
slew rate of 16mA/us which is relatively independent of Ry
and V| values.

LOGIC INPUTS

The DAC-08 design incorporates a unique logic input circuit
which enables direct interface to all popular logic families and
provides maximum noise immunity. This feature is made
possible by the large input swing capability, 2.0uA logic input
current and completely adjustable logic threshold voltage. For
V— = —15V, the logic inputs may swing between —10V and
+18V. This enables direct interface with +15V CMOS logic,
even when the DAC-08 is powered from a +5V supply. Mini-
mum input logic swing and minimum logic threshold voltage
are given by: V— plus (IReg X 1.0k2) plus 2.5V. The logic
threshold may be adjusted over a wide range by placing an
appropriate voltage at the logic threshold control pin (pin 1,
Vic). For TTL and DTL interface, simply ground pin 1. When
interfacing ECL, an IRgF = 1.0mA is recommended. For
interfacing other logic families, see Fig. 9. For general set-up
of the logic control circuit, it should be noted that pin 1 will
source 100uA typical; external circuitry should be designed
to accommodate this current.

Fastest settling times are obtained when pin 1 sees a low im-
pedance. If pin 1 is connected to a 1.0kS2 divider, for example,
it should be bypassed to ground by a 0.01uF capacitor.

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents are pro-
vided, when lg + lg = Igg. Current appears at the “true”
output when a “1” is applied to each logic input. As the binary
count increases, the sink current at pin 4 increases propor-
tionally, in the fashion of a “positive logic”’ D/A converter.
When a 0" is applied to any input bit, that current is turned
off at pin 4 and turned on at pin 2. A decreasing logic count
increases To as in a negative or inverted logic D/A converter.
Both outputs may be used simultaneously. If one of the out-
puts is not required it must still be connected to ground or to
a point capable of sourcing |gg; do not leave an unused output
pin open.

Both outputs have an extremely wide voltage compliance
enabling fast direct current-to-voltage conversion through a
resistor tied to ground or other voltage source. Positive com-
pliance is 36V above V— and is independent of the positive
supply. Negative compliance is given by V— plus (Irgf * 1.0k$2)
plus 2.5V.

The dual outputs enable double the usual peak-to-peak load
swing when driving loads in quasi-differential fashion. This
feature is especially useful in cable driving, CRT deflection and
in other balanced applications such as driving center-tapped
coils and transformers.
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POWER SUPPLIES

The DAC-08 operates over a wide range of power supply voltages
from a total supply of 9V to 36V. When operating at supplies of
5V or less, IRer < 1TmA isrecommended. Low reference current
operation decreases power consumption and increases negative
compliance, reference amplifier negative common mode range,
negative logic input range, and negative logic threshold range. For
example, operation at —4.5V with Iggr = 2mA is not recom-
mended because negative output compliance would be reduced
to near zero. Operation from lower supplies is possible, however
at least 8V total must be applied to insure turn-on of the internal
bias network.

Symmetrical supplies are not required, as the DAC-08 is quite
insensitive to variations in supply voltage. Battery operation is
feasible as no ground connection is required: however, an artificial
ground may be useful to insure logic swings, etc. remain between
acceptable limits.

Power consumption may be calculated as follows:

Pq = (I4) (V+) + {I+) (V=) + (2 Iggg) (V=). A useful feature of
the DAC-08 design is that supply current is constant and inde-
pendent of input logic states; this is useful in cryptographic
applications and further serves to reduce the size of the power
supply bypass capacitors.

TEMPERATURE PERFORMANCE

The nonlinearity and monotonicity specifications of the DAC-08
are guaranteed to apply over the entire rated operating tempera-
ture range. Full scale output current drift is tight, typically
£10ppm/°C, with zero scale output current and drift essentially
negligible compared to 1/2 LSB.

Full scale output drift performance will be best with +10.0V
references as Vos and TCVgs of the reference amplifier will be
very small compared to 10.0V. The temperature coefficient of
the reference resistor R14 should match and track that of the out-
put resistor for minimum overall full scale drift. Settling times of
the DAC-08 decrease approximately 10% at —55°C; at +125°C an
increase of about 15% is typical.

SETTLING TIME

The DAC-08 is capable of extremely fast settling times, typically
85nsec at Iggp =2.0mA. Judicious circuit design and careful board
layout must be employed to obtain full performance potentia!
during testing and application. The logic switch design enables
propagation delays of only 35nsec for each of the 8 bits. Settling
time to within 1/2 LSB of the LSB is therefore 3bnsec, with each
progressively larger bit taking successively longer. The MSB settles
in 85nsec, thus determining the overall settling time of 85nsec.
Settling to 6-bit accuracy requires about 65 to 70nsec. The output
capacitance of the DAC-08 including the package is approximately
15pF, therefore the output RC time constant dominates settling
time if R > 500€2.

Settling time and propagation delay are relatively insensitive to
logic input amplitude and rise and fall times, due to the high gain
of the logic switches. Settling time also remains essentially
constant for IRer values down to 1.0mA, with gradual increases
for lower Iggg values. The principal advantage of higher Iggp
values lies in the ability to attain a given output level with lower
load resistors, thus reducing the output RC time constant.

Measurement of settling time requires the ability to accurately
resolve *4uA, therefore a 1kS2 load is needed to provide adequate
drive for most oscilloscopes. The settling time fixture of Fig. 12
uses a cascode design to permit driving a 1k§2 load with less than
5pF of parasitic capacitance at the measurement node. At Iggp
values of less than TmA, excessive RC damping of the output is
difficult to prevent while maintaining adequate sensitivity. How-
ever, the major carry from 01111111 to 10000000 provides an
accurate indicator of settling time. This code change does not
require the normal 6.2 time constants to settle to within £0.2%
of the final value, and thus settling times may be observed at
lower values of IgRgF.

DAC-08 switching transients of “glitches” are very low and may
be further reduced by small capacitive loads at the output at a
minor sacrifice in settling time.

Fastest operation can be obtained by usingshort leads, minimizing
output capacitance and load resistor values, and by adequate
bypassing at the supply, reference and V| ¢ terminals. Supplies
do not require large electrolytic bypass capacitors as the supply
current drain is independent of input logic states; 0.1uF capacitors
at the supply pins provide full transient protection.



LF198/LF298/LF398

Monolithic Sample and Hold Circuits

Distinctive Characteristics

Operates from x5V to +18V supplies

Less than 10us acquisition time

TTL, PMOS, CMOS compatible logic input
0.5mV typical hold step at Ch = 0.01uF
Low input offset

0.002% gain accuracy
Low output noise in hold mode

High supply rejection ratio in sample or hold
Wide bandwidth

GENERAL DESCRIPTION

The LF198/LF298/LF398 are BI-FET monalithic sample and
hold circuits with ultra-high DC accuracy, fast acquisition time
(6us to 0.01%) and low droop rate. A bipolar input stage is
used to obtain the lowest possible offset voltage and wide
bandwidth. These circuits are designed to have high common
mode rejection and a gain accuracy of 0.002%. High input
impedance {101082) permits their use with a high impedance
source without degrading accuracy.

The output buffer has a p-channel JFET input with a typical
input current of 30pA, giving a droop rate as low as 5mV/Min
with a 1uF hold capacitor. The JFET has a very low noise level
and high temperature stability.

A differential logic input allows the logic to be referenced to
a separate ground from analog ground, permitting a direct inter-
face to nearly any logic family. The LLF198 series guarantees
no feed through in the hold mode including input signal swings
equal to the power supply.

FUNCTION DIAGRAM

HOLD
CAPACITOR

LiC-204
ORDERING INFORMATION CONNECTION DIAGRAM
Metal Can
Top View
Part Package Temperature Order
Number Type Range Number
Metal Can o o LF398H
LF398 Dice 0°C to +70°C LD398
LF298 Metal Can | —25°C to +85°C LF298H
Metal Can o o LF198H
LF198 Dice —55°C to +125°C LD198
LIC-205

Input characteristics do not change during hold mode
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ABSOLUTE MAXIMUM RATINGS
Operating Ambient Temperature Range

LF198 —B5°C to +125°C
LF298 —25°C to +85°C
LF398 0°Cto +70°C
Storage Temperature Range —65°C to +150°C
Power Dissipation (Package Limitation, Note 1) 500mwW
Supply Voltage +18V
Input Voltage . Equal to Supply Voltage
Logic to Logic Reference Differential Voltage (Note 2) +7V, =30V
Hold Capacitor Short Circuit Duration 10 sec
Lead Temperature (Soldering 10 seconds) 300°C
ELECTRICAL CHARACTERISTICS (Note 3) LF198/LF298 LF398
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Unit
Input Offset Voltage, (Note 6) Tj=25°¢C ! 3 2 ! mv
Full Temperature Range 5 10 mV
T;=25°C 1 A
Input Bias Current, (Note 6) i=25 5 25 0 50 n
Full Temperature Range 75 100 nA
Input Impedance Tj=25°C 1010 ‘ 1010 a
. Tj =25°C, R =10k 0.002 0.005 0.004 0.01 %
Gain Error
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Ratio o
at 1kHz Tj=25°C, Ch = 0.01uF 86 96 80 20 dB
Tj =25°C, "HOLD'" mode 0.5 2 0.5 4 2
Qutput Impedance
Full Temperature Range 4 6 Q
""HOLD' Step, (Note 4) Tj =25°C,Ch = 0.01uF, VouT =0 0.5 2.0 1.0 2.5 mV
Supply Current, {Note 6) T > 25°C 4.5 55 45 6.5 mA
Logic and Logic Reference Input Ao
Current Tj=25C 2 10 2 10 uA
Leakage Current into Hold Tj=25°C, (Note 5) A
Capacitor {Note 6) Hold Mode 30 100 30 200 i
AVOUT = = F 4
Acquisition Time to 0.1% ouT = 10V, Ch = 1000p 4 ke
Cp = 0.01uF 20 20 us
Hold Capacitor Charge Current VIN — VouT = 2V 5 5 mA
Supply Voltage Rejection Ratio VouTt=0 80 110 80 110 dB
Differential Logic Threshold Ti =25°C 0.8 1.4 24 0.8 14 24 v

Notes: 1. The maximum junction temperature is 150°C for the LF198, 115°C for the LF298, and 100°C for the LF398. When used at a higher ambient temperature, the
TO-5 can package must be derated based on a thermal resistance (6jA) of 150°C/W.

2. The differential voltage may not exceed this limit. The common mode voltage on the logic pins may equal the supply voltage without causing damage to the
device. For the LF198 to operate properly, one of the logic pins must be at least 2V below the positive supply and 3V above the negative supply.

3. Thefollowing conditions apply unless otherwise noted: Deviceisin * sample mode”. Tj = 25°C, Vg = =15V, —11.6V <V|Ny < +11.5V, Cy = 0.01uF, andR| =
10kQ2. Logic reference voltage = 0V. Logic input voltage = 2.5V.

4, The hold step is produced by a charge which is coupled from the logic input signal to the hold capacitor via parasitic capacitance and internal operating
point changes. Stray capacitance equal to 1pF will create a 0.5mV step with a 5 volt logic swing and a 0.01uF hold capacitor. This step can be reduced by
increasing the magnitude of the hold capacitor.

5. Leakage currentis measured at a junction temperature of 25°C. The junction temperature doubles the 25°C value for each 11°C increase in chip temperature.
Leakage is guaranteed over the full input signal range.

6. These values are guaranteed over the +5 to =18V supply range.

3-8
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TIME — us

HOLD STEP — mV

LTAGE — OUTPUT VOLTAGE — mV

VO

INPUT

CURRENT — nA

TYPICAL PERFORMANCE CHARACTERISTICS

Acquisition Time Aperture Time
1 - 250 ——T—
VIN=0TO t10v V4= Vo= 15V vV
Tj=25°C — 25 4y T2 qmy
ouT L/
- 200 \’ L
1%
—— -
10 RN < L 175 I~ NEGATIVE
RN, - 0.01% 2 150} — INPUT aviy=10V]
N N ; STEP
~ w 125
NN £ 100 r/
100
0.1% N 75
N 50 SITH
=T POSITIVE
2% " | NpUT
1000 N STEP
0.001 0.01 0.1 -50 [ 50 100 150
HOLD CAPACITOR ~ uF JUNCTION TEMPERATURE — °C
Hold Step Output Droop Rate
100 100
T T 110
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Tj=25°C i -
10 10-1 Tj=85°C
N
&
>
N |
1 10—2
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H
Tj=25°C N
0.1 10-3
™
\,
AN
0.01 104
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HOLD CAPACITOR HOLD CAPACITOR
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1.0 T T 100 TTT
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Ry = 10k i
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04 .
~ ¥
0.2 P E
N ;
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S 1000pF
—02 = \
w
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—06
-08
—1.0 -100 N
15 -10 -5 0 5 10 15 100 1000
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5 I o -9 Cp = 0.01uF
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LOGIC INPUT CONFIGURATIONS

TTL AND CMOS

3V < V_g(HI STATE) < 7V

HOLD

Lic-211
Threshold =~ 4V

Vi
Vi
o
Ry
ANALOG 3 ANALOG
IALOG OUTPUT INPOT O OUTPUT
SAMPLE
Vig 2.8V |
HOLD HOLD
l | VigO
LiC-207 LIC-208
SAMPLE
V-
Threshold = 1.4V
Threshold = 1.4V R select for 2.8V at Pin 8
CMOS
7V <V G(HI STATE) < 15V
OUTPUT ANALOG o O QUTPUT
SAMPLE
HOLD HOLD
LI1C-209 | I Lic-210
SAMPLE
Threshold = 0.6 (V+) + 1.4V° Threshold = 0.6 (V+) — 1.4V
OP AMP DRIVE

OUTPUT VOLTAGE = 13V

ANALOG
INPUT

HOLD
— +13V

SAMPLE

Lic-212
Threshold = —4V
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APPLICATION INFORMATION

Freezing the input to an analog-to-digital (A/D) converter is an
important application for the sample and hold amplifier. If the
analog input to the A/D changes during conversion by the
amount *1/2LSB, an ideal A/D would produce 1 LSB error
beyond normal quantization error. A sample and hold amplifier
eliminates this problem by holding the input signal to the A/D
converter during the conversion interval. The proper choice of
hold capacitor value and type is necessary to obtain optimum
performance. The capacitor value directly affects several
circuit parameters, particularly acquisition time, droop rate,
and hold step. The hold step error is inversely proportional to
the value of the hold capacitor.

Graphs are provided in this data sheet for use as guides in se-
lecting a suitable value of capacitance. However, the capacitor
should have extremely high insulation resistance and low di-
electric absorption, or dielectric hysteresis. Polypropylene
(below +85°C) and Teflon {above +85°C) types are recom-
mended. The hysteresis error can be significantly reduced if
the output of the LF198 is digitized immediately after the
hold mode is initiated. The hysteresis relaxation time constant
in polypropylene, for instance, is 10-560ms, thus if A/D conver-
sion can be made within 1ms, hysteresis error will be reduced
by a factor of ten.

The logic inputs on the LF198 are fully differential with low
input current and will operate from TTL levels up to 15V.
Some typical logic input configurations are shown in this data
sheet. The logic signal into the LF198 must have a minimum
slew rate of 0.2V/us. Slower signals cause excess hold step errors.

When switched from sample to hold, delay in response to the
hold command (aperture time and aperture time uncertainty)
can cause the frozen value of a fast moving waveform to differ
from the value it had at the instant the hold command is given.
However, the hold capacitor has an additional lag due to the
30012 series resistor on the chip which cancels out some of the
error due to aperture time and aperture time uncertainty.

For example, using an analog input of 20 volts p-p at 10kHz,
maximum slew rate 0.5V /us, with no phase delay and 80ns logic

delay, one could expect up to (0.08us) ¢ (0.5V/us) = 40mV
error if the input is sampled during the maximum dv/dt
period. A positive going input would give a +40mV error.
Assume that the slew rate of the charging amplifier and the RC
constant of the analog loop cause a delay of 120ns. If the hold
capacitor sees this exact delay, then the analog delay would be
(0.5uV/sec)s(.12us) = —60mV. Total output error is +40mV
—60mV = —20mV.

For a sample and hold amplifier in a multiplexed A/D system,
acquisition and aperture times are critical parameters. In order
to maintain the acquired signal level within the specified
accuracy, these times must be considered when selecting the
sampling rate. For example, if a 16 channel MUX drives a
sample and hold amplifier in which each channel is 5KHz and
2 samples per cycle are needed to satisfy the Nyquist criteria,
the minimum sampling rate = 160000 samples/sec. ((5KHz X
16) cycles/sec X 2 samples/cycle). The minimum channel
period is the reciprocal of the sampling rate of 6.25us. During
the hold mode the MUX can switch to another channel. This
eliminates the need to consider the MUX and source settling
time and shortens the channel period.

Calculating the sum of the sample and hold acquisition time,
aperture time and A/D conversion time is usually a convenient
method for estimating maximum channel period.

In multiplex applications, sample and hold feed-through is a
significant problem. Since each channel voltage differs, the
sample and hold input signal becomes a series of varied height
pulses that cause errors in the sample and hold voltage.

Digital feed through occurs when a fast rising logic signal is
coupled into the analog input. To minimize it, the logic signal
trace in the PCB layout should be kept as far as possible from
the analog input. Guarded trace may also be used around the
input pin for shielding purposes.

To adjust the DC offset zeroing, the wiper of a 1K potentio-
meter is connected to the offset adjust pin. One end of the
potentiometer is connected to VCC and the other is connected
through a resistor to ground. The value of the resistor is se-
lected such that the current flows through it at approximately
BmA.

Metallization and Pad Layout
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APPLICATIONS (Cont.)
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TRACK AND HOLD PEAK RECORDER

LIC-215
INPUT O O OUTPUT
e 105 [we—o
I l Am9602 I |
FAST ACQUISITION, LOW DROOP SAMPLE AND HOLD Lot

DEFINITION OF TERMS

Acquisition Time — The time required to acquire a new analog
input voltage with an outputstep of 10V. Note that acquisition
time is not just the time required for the output to settle, but
also includes the time required for all internal nodes to settle
so that the output assumes the proper value when switched to
the hold mode.

Aperture time — The delay between the command to hold and
the actual opening of the hold switch.

Aperture time uncertainty — The tolerance, or jitter of the
aperture time.

Droop rate — The rate of change of output voltage in the hold
mode. It is caused by leakage currents at the hold capacitor
node.

Feed-through — During hold, a small part of the input signal
feeds through the capacitor of the switch to the hold capacitor
and output. This is usually a function of the level and fre-
quency of the input signal and is expressed.in dB.

Dynamic sampling error — The error introduced into the out-
puts due to input voltage varying when the hold command is
issued. Error is expressed in mV with a given hold capacitor.

Gain error — The ratio of output voltage swing to input voltage
swing in the sample mode expressed as a percent difference.

Hold step — The voltage step at the output of the sample and
hold when switching from sample mode to hold mode with a
steady {DC) analog input voltage.
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Am1508/1408- SSS1508A/1408A

8-Bit Multiplying D/A Converter

Distinctive Characteristics

e Improved direct replacement for MC1508/1408
® +0.19% nonlinearity guaranteed over temperature
range
® |mproved settling time (SSS1508A/1408A)
250ns, typ.

® Improved power consumption (SSS1508A/1408A)
157mW, typ.

Compatible with TTL, CMOS logic

Standard supply voltage: +5.0V and —5.0V to —15V

Output voltage swing: +0.5V to —5.0V

High speed multiplying input: 4.0mA/us

The SSS1508A/1408A, Am1508/1408 are 8-bit monolithic
multiplying Digital-to-Analog Converters consisting of a
reference current amplifier, an R-2R ladder, and eight high
speed current switches. For many applications, only a refer-
ence resistor and reference voltage need be added. Improve-
ments in design and processing techniques provide faster
settling times combined with fower power consumption while
retaining direct interchangeability with MC1508/1408 devices.

The R-2R ladder divides the reference current into eight
binarily-related components which are fed to the switches.
A remainder current equal to the least significant bit is always

FUNCTIONAL DESCRIPTION

shunted to ground, therefore the maximum output current is
255/256 of the reference amplifier input current. Forexample,
a full scale output current of 1.992mA would result from a
reference input current of 2,0mA.

The SSS1508A/1408A, Am1508/1408 is useful in a wide
variety of applications, including waveform synthesizers,
digitally programmable gain and attenuation blocks, CRT
character generation, audio digitizing and decoding, stepping
motor drives, programmable power supplies and in building
Tracking and Successive Approximation Analog-to-Digital
Converters.

ms8
Aq Az

I 1

P79 f

BLOCK DIAGRAM

Lse
A7 Ag

f T

RANGE
CONTROL O] CURRENT SWITCHES ——o0 o
R-2R LADDER BIAS CIRCUIT ——O GND
VREef ) O- ——o0 Vee
Vger (- O—
REFERENCE NPN CURRENT
CURRENT AMP SOURCE PAIR [0 COMPENSATION

J) Vee

Lic-217
ORDERING INFORMATION CONNECTION DIAGRAM
Part Package Temperature Order Top View
Number Type Range Number RANGE
L COMPENSATION
Hermetic DIP 0°C to +70°C AM1408L8 coNTROL 70 e
Hermetic DIP 0°C to +70°C AM1408L7 ano[] 2 15[ VRer (=)
Hermetic DIP 0°C to0 +70°C AM1408L6
Hermetic DIP 0°C 10 +70°C S551408A-8Q vee[]3 1 Vaer
Am1408  Hermetic DIP 0°C to +70°C $SS51408A-7Q 0[] 4 131 Vee
Hermetic DIP 0°C to +70°C SSS1408A-6Q
Plastic DIP 0°C to +70°C AM1408N8 mse A1 s 12 A L5
Plastic DIP 0°Cto +70°C AM1408N7 A e A
Plastic DIP 0°C to +70°C AM1408N6 2 nE
Dice 0°C to +70°C LD1408 a7 104
Hermetic DIP —55°C to +125°C AM1508L8 Ay 1 As
Am1508  Hermetic DIP —55°C 10 +125°C SSS1508A-8Q o ) )
Dice _BE°C 10 +125°C LD1508 Note: Pin 1 is marked for orientation, LiC-218
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Am1508/1408 « SSS1508A/1408A

MAXIMUM RATINGS (Above which the useful life may be impaired)
(TAa= +25°C unless otherwise noted)

Power Supply Voltage Power Dissipation (Package Limitation}, Pp
Vee +5.5Vdc Ceramic Package 1000mwW
VEE —16.5Vdc Derate above TA = +25°C 6.7mW/°C
Digital Input Voltage, V5—V12 +5.5, 0Vdc Operating Temperature Range, TA
Applied Output Voltage, Vg +0.5, —5.2Vdc SSS1508A-8, Am1508 —55°Cto +125°C
Reference Current, 114 5.0mA SSS1408A Series, Am1408 Series 0°C to +75°C
Reference Amplifier Inputs, V14, V15 Vee, VEE Vde Storage Temperature, Tstg —65°C to +150°C

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

v
(Vee = 5.0Vde, VEg = —15Vdc, ref 2.0mA, SSS1508A-8/Am1508L8: Tp = —55°C to +125°C, SSS1408A/Am1408 Series: Ta = 0°C to +75°C unless

R14
otherwise noted. All digital inputs at high logic level.)
Parameters Description Test Conditions Min. Typ. Max. Units
Relative Accuracy
SSS1508A-8, SSS1408A-8, Am1508L8, Am1408L8 +0.19
ER SSS1408A-7, Am1408L7 +0.39 % IFS
SSS1408A-6, Am1408L6 +0,78
Settling Time to within 1/2 LSB (includes tp| H)
SSS1508A/1408A 250
tg / Ta=+25°C ns
Am1508/1408 300
tpLH, tPHL Propagation Delay Time Ta=+25°C 30 100 ns
TClp Output Full Scale Current Drift +20 PPM/°C
Digital Input Logic Levels {MSB)
VIH High Level, Logic 1" 2.0
— Vdc
Vi Low Level, Logic ‘0" 0.8
! i I, Viq = 5.0V 0 .04
IH Digital Input Current (MSB) High Level, Vi = 5.0 0.0 mA
TR Low Level, V|_=0.8V —0.002 -0.8
Referenge Input Bias Current (Pin 15)
SSS1508A/1408A -1.0 -3.0
1 pA
Am1508/1408 -1.0 -5.0
VEE = —5.0V 0 20 21
10R Output Current Range mA
VEE = —7.0V to —15V ) 2.0 42
o Output Current Vyef = 2.000V, R14 = 10002 | 1.9 1.99 2.1 mA
10 (min.) Output Current (All Bits Low) 0 4.0 HA
v Output Voltage Compliance VEE = -5V —0.6, +0.5 vd
c
0 (Er <0.19% at Tp = +25°C) VEE below —10V —5.0,+0.5
SRlef Reference Current Slew Rate 4.0 mA/us
PSSIg Output Current Power Supply Sensitivity 0.5 2.7 HA/IV
Power Supply Current
! . 14
ce SSS1508A/1408A 25
lee —6.4 —13
i 25 22 mA
cc Am1508/1408 .
133 —6.4 -13
VceR 4.5 5.0 5.5
Power Supply Voltage Range Ta =+25°C Vdc
VEER Y ’ s A —45 | —15 —~16.5
Power Dissipation All Bits Low
Vgg = —5.0Vde 34 136
SSS1508A/1408A VEE = —15Vvde 108 265
All Bits High
VEE = —5.0Vdc 34
P4 VEE = —15Vdc 108 mW
All Bits Low
Vgg = —5.0Vdc 34 170
Am1508/1408 VEE = —15Vdc 108 305
All Bits High
VEg = —5.0Vdc 34
VEE = —156Vdc 108
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Am1508/1408 « SSS1508A/1408A

TYPICAL APPLICATIONS
RELATIVE ACCURACY TEST CIRCUIT USE WITH CURRENT-TO-VOLTAGE
CONVERTING OP AMP
MSB
Vee
:1 mse T”
2
14 m
I DL Namr o Ve
4 VER 2 O——— R -
A “lgon 7] A3 0—1] Am1508 2 " e R z.o:::;m
Ag ERRORMAX) 8 Rig=Rys=1.
A A4 0— $591508A = Ro=5.0ka
] A; Ag O $S51408A ) Ro
AgAg At A1z | Soo A 0—] SERIES Lo
LsB < A7 0——
I | Ag o2 4 2 R Vo
VRer LsB 3 —o0
20V . 16 3 *
o—t
) \5pF _J__ 1 741A
umnj Vee = =
Ris s
9509
MS: THEORETICAL Vo
S VREF Ay A Az Ag Ag Ag A7 Ag
? Am1508 Vo=—— (Rg}| —+—+—+—+—+—+—+—
- s Amii0s . 14 2 8 16 32 64 126 256
COUNTER 9 oo —
19 SERIES ADJUST VREF, R14 OR Rg SO THAT Vo WITH ALL DIGITAL
:2‘ INPUTS AT HIGH LEVEL IS EQUAL TO 9.961 VOLTS
Lse 2v 1 1 1 1 1 1
|5Jls ENERE Vo=—I(5k)|-+—+—+—+—+—+— +—
Lok ¢ 1k 2 4 8 16 32 64 126 256
255
— == =10V |—|=9.961V
= Vg 256
LiC-219 LIC-220
USE WITH POSITIVE VRgg USE WITH NEGATIVE VRgfr
T Vee Vee
13 Rig=Rig 13
Ajo—21 M A 5
A2 O— & O (M VRep A2 0—
A3 O—Z Am1508 :vaﬁ A3 0—; Amisoa
Ay Ol Am1408 Az 0— Am’
SSS1508A
A5 0—2 RN z_'l-:' = A5 O— 5S51408A
Ag o0 SERIES 4 Ag 012 SERIES
A o1 =~ "
A; o2 w] © LI 2; o 12
c RL c R
3 (SEE TEXT FOR 3 (SEE TEXT FOR
VALUES OF C) 4 VALUES OF C)
J.) Vee = O Vee =
LIc-221 LIC-222
TRANSIENT RESPONSE AND
SETTLING TIME TEST CIRCUIT
0.14F j’ Vee
(13 +2,0Vde
14
Am1508 =
SS1509A 1060
S551408A e FOR SETTLING TIME
SERIES MEASUREMENT
(ALL BITS SWITCHED
__l_ LOW TO HIGH)
15pF Co<28pF
e T I
—
O Vee = LiC-223
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Am1508/1408 « SSS1508A/1408A

GENERAL INFORMATION AND APPLICATION NOTES

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input current, l{4 must always flow into pin 14
regardless of the setup method or reference voltage polarity.

Connections for a positive voltage are shown on page 3. The
reference voltage source supplies the full current ly4. For
bipolar reference signals, as in the multiplying mode, R15 can
be tied to a negative voltage corresponding to the minimum
input level. It is possible to eliminate Rqg with only a small
sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in Rq4 to maintain proper phase margin; for Rq4
values of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values
are 15, 37, and 75 pF. The capacitor may be tied to either
Vgg or ground, but using Vgg increases negative supply
rejection.

A negative reference voltage may be used if R4 is grounded
and the reference voltage is applied to Rq5 as shown. A high
input impedance is the main advantage of this method. Com-
pensation involves a capacitor to VEg on pin 16, using the
values of the previous paragraph. The negative reference
voltage must be at least 4.0 volts above the VEg supply.
Bipolar input signals may be handled by connecting Rq4 to a
positive reference voltage equal to the peak positive input level
at pin 15.

When a dc reference voltage is used, capacitive bypass to ground
is recommended. The 5.0V logic supply is not recommended
as a reference voltage. If a well regulated 5.0V supply which
drives logic is to be used as the reference, Rq4 should be de-
coupled by connecting it to +5.0V through another resistor
and bypassing the junction of the two resistors with 0.1uF
to ground. For reference voltages greater than 5.0V, a clamp
diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.6 to +0.5
volts when Vg = —5.0V due to the current switching methods
employed in the SSS1508A-8, Am1508.

The negative output voltage compliance of the SSS1508A-8,
Am1508 is extended to —5.0V where the negative supply
voltage is more negative than —10 volts. Using a full scale
current of 1.992mA and load resistor of 2.5 kilohms between
pin 4 and ground will yield a voltage output of 256 levels
between 0 and —4.980 volts. Floating pin 1 does not affect
the converter speed or power dissipation. However, the value
of the load resistor determines the switching time due to
increased voltage swing. Values of R up to 500 ohms do not
significantly affect performance buta 2.5-kilohm load increases
‘“‘worst case’ settling time to 1.2uS (when all bits are switched
on). Refer to the subsequent text section on Settling Time
for more details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2mA may be used
only for negative supply voltages more negative than —7.0
volts, due to the increased voltage drop across the resistors
in the reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full scale current drift. Relative
accuracy is the measure of each output current level as a frac-
tion of the full scale current. The relative accuracy of the
SSS1508A-8, Am1508 is essentially constant with tempera-
ture due to the excellent temperature tracking of the mono-
lithic resistor ladder. The reference current may drift with
temperature, causing a change in the absolute accuracy of out-
put current. However, the SSS1508A-8 has a very low full
scale current drift with temperature.

The SSS1508A-8/Am1508 Series is guaranteed accurate to
within £1/2 LSB at a full scale output current of 1.992mA.
This corresponds to a reference amplifier output current drive
to the ladder network of 2.0mA, with the loss of one LSB
(8.0nA) which is the ladder remainder shunted to ground.
The input current to pin 14 has a guaranteed value of between
1.9 and 2.1mA, allowing some mismatch in the NPN current
source pair. The accuracy test circuit is shown on page 3.
The 12-bit converter is calibrated for a full scale output current
of 1.992mA. This is an optional step since the SSS1508A-8,
Am1508 accuracy is essentially the same between 1.5 and
2.5mA. Then the SSS1508A-8, Am1508 circuits’ full scale
current is trimmed to the same value with Rq4 so that a zero
value appears at the error amplifier output. The counter is
activated and the error band may be displayed on an oscil-
loscope, detected by comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +1/2 of one part in 65,536 or +0.00076%,
which is much more accurate than the +0.19% specification
provided by the SSS1508A-8, Am1508.

MULTIPLYING ACCURACY

The SSS1508A-8, Am1508 may be used in the multiplying
mode with eight-bit accuracy when the reference current is
varied over a range of 256:1. If the reference current in the
multiplying mode ranges from 16uA to 4.0mA, the additional
error contributions are less than 1.6uA. This is well within
eight-bit accuracy when referred to full scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
SSS1508A-8, Am1508 is monotonic for all values of reference
current above 0.5mA. The recommended range for operation
with a dc reference current is 0.5 to 4.0mA.

SETTLING TIME

The “‘worst case’” switching condition occurs when all bits are
switched “on,” which coresponds to a LOW-to-HIGH transi-
tion for all bits. This time is typically 250ns for settling to
within +1/2 LSB, for 8-bit accuracy, and 200ns to 1/2 LSB
for 7 and 6-hit accuracy. The turn off is typically under 100ns.
These times apply when R << 500 ohms and Cp < 25pF.

The slowest single switch is the least significant bit. In applica-
tions where the D-to-A converter functions in a positive-going
ramp mode, the “‘worst case” switching condition does not
occur, and a settling time of less than 250ns may be realized.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measuring
settling time. Short leads, 100uF supply bypassing for low
frequencies, and minimum scope lead length are all mandatory.
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Am2502/2503/2504

Eight-Bit/Twelve-Bit Successive Approximation Registers

Distinctive Characteristics

® Contains all the storage and control for successive
approximation A-to-D converters.

® Provision for register extension or truncation.

® Can be operated in START-STOP or continuous
conversion mode.

® 100% reliability assurance testing in compliance
with MIL-STD-883.

e Can be used as serial-to-parallel converter or ring
counters.

® Electrically tested and optically inspected dice for
the assemblers of hybrid products.

FUNCTIONAL DESCRIPTION

The Am2502, Am2503 and Am2604 are 8-bit and 12-bit TTL Suc-
cessive Approximation Registers, The registers contain all the digital
control and storage necessary for successive approximation analog-to-
digital conversion. They can also be used in digital systems as the
control and storage element in recursive digital routines.

The registers consist of a set of master latches that act as the control
elements in the device and change state when the input clock is*LOW,
and a set of slave latches that hold the register data and change on the
input clock LOW-to-HIGH transition. Externally the device acts as a
special purpose serial-to-parallel converter that accepts data at the D
input of the register and sends the data to the appropriate slave latch
to appear at the register output and the DO output on the Am2502
and Am2504 when the clock goes from LOW-to-HIGH. There are no
restrictions on the data input; it can change state at any time except
during the set-up time just ptior to the clock transition, At the same
time that data enters the register bit the next less significant bit is set
to a LOW ready for the next iteration.

The register is reset by holding the S (Start) signal LOW during the
clock LOW-to-HIGH transition. The register synchronously resets to
the state Q,(11) LOW, (Note 2) and all the remaining register outputs
HIGH. The CC (Conversion Complete) signal is also set HIGH at this
time. The S signal should not be brought back HIGH until after the

clock LOW-to-HIGH transition in order to guarantee correct resetting.
After the clock has gone HIGH resetting the register, the S signal is
removed. On the next clock LOW-to-HIGH transition the data on the
D input is set into the 07(1 1) register bit and the 06(10) register bit is
set to a LOW ready for the next clock cycle. On the next clock LOW-
to-HIGH transition data enters the Qg(10) register bit and 05(9) is set
to a LOW. This operation is repeated fos each register bit in turn until
the register has been filled. When the data goes into Qp, the CC signal
goes LOW, and the register is inhibited from fé#rther change until reset
by a Start signal.

In order to allow complementary conversion the complementary
output of the most significant register bit is made available. An active
LOW enable input, E, on the Am2503 and Am2504 allows devices to
be connected together to form a lenger register by connecting the
clock, D, and_S inputs together and connecting the CC output of one
device to the E input of the next less significant device. When the Start
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit
HIGH and inhibiting the device from accepting data until the previous
device is full and its CC goes LOW. If only one device is used the E
input should be held at a LOW logic level {(Ground). If all the bits are
not required, the register may be truncated and conversion time saved
by using a register output going LOW rather than the CC signal to
indicate the end of canversion.

DO (2502, 2504)

LOGIC DIAGRAMS

a Qan Ysir01 (SEE NOTE!
) [}
Bits519) 0 1

Osi9i-1
o

67(1”

Notes: 1. Cell logic is repeated for register stages. Qg to Q1 Am2502/3, Qg to Q1 Am2504.
2. Numbers in parentheses are for Am2504.

LIC-224
LOGIC SYMBOLS CONNECTION DIAGRAMS
FRS P Top Views
r!: ‘ e ® 203 Vee
o S ] s
509 1 —{ ¢ JRUR E St oo —2 *g: B
o—Je 8-BITSAR cclo—2 13— cp 12 BITSAR cclo—a Q] af)on
Q7 Qg Q5 Q4 O3 Q) Oy Qg Q11 Q0 Qg Og Q7 Qg 05 04 G3 @ O Qg a]s 0f ]
TITTTTTT TTTTTTTTHTTTI i P T = P
(16Pin) o]r fn 5[0
1 1413 12 11 6 5 4 3 23 12079 181716 9 8 7 6 5 4 o ]s w0
C;
LiC-225 LiC-226 e b S
- Pi o ]n ufTs
Vg = Pin 24 ano [ 12 =
Vee =Pin 16 GND = Pin 12
GND = Pin 8 NC = Pins 10, 15 22 Note: Pin 1 is marked for orientation.
i i LG-227 P marked orientati LIC-228
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MAXIMUM RATINGS (Above which the useful li

fe may be impaired)

Am?2502/03/04

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

~56°C to +125°C

Supply Voltage to Ground Potential Continuous —05Vt+7V
DC Voltage Applied to Outputs for High Output State —0.5 V to +Voe max
DC Input Voltage —0.5V to 465V
Qutput Current, Into Outputs 30 mA

DC Input Current

—30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am2502XC Am2503XC Am2504XC Ta= 0°Cto +75°C Veg = 5:0V £5%
Am2502XM Am2503XM Am2504XM Ta= —55°Cto +125°C Vec = 5.0V £10%
Parameters Description Test Conditions Min. Typ. (Note 1)  Max. Units
v, Output HIGH Volt Vec = MIN. lgy = ~0.48mA 2.4 36 Volt
utpu oltage - K X olts
OH 9 VinN =ViH OF Vi
Qutput LOW Voltage Vee =MIN, g =9.6mA
VoL (Note 2 ) Vin =Vig or Vi 0.2 04 Voits
Guaranteed input logical HIGH
Viy Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
Unit Load CP,D,§ -1.0 -1.6
1 = = L
L Input LOW Current Vee = MAX., Vi =04V 3 15 24 mA
Unit Load _ _ CP, D 6.0 40
I Input HIGH Current Veg =MAX., ViN =24V 12.0 80 HA
Input HIGH Current VCC =MAX., VIN =55V 1.0 mA
Isc QOutput Short Circuit Current Ve = MAX., Voyt =0.0V —-10 —-25 —45 mA
Am2502 XM 65 8 A
m m,
XC 65 95
XM 60 80
Ice Power Supply Current Vee = MAX. Am2503 XC €0 %0 mA
XM 90 110 A
Am2504 XC %0 124 m,
Notes: 1. Typical Limits are at Vog = 5.0V, 25°C ambient and maximum loading.
2. VoL{MAX.) = 0.4V with total device fanout of less than 50 TTL Unit Loads (80mA). Otherwise, Vg (MAX.) = 0.45V.
Switching Characteristics {Ta = 25°C, Vg = 5.0V, C = 15pF)

Parameters Description Min. Typ. Max. Units
tpd+ Turn Off Delay CP to Output HIGH (except Qq1, Qy1) 10 29 45 ns
tpd+ Turn Off Delay CP to Q11 or Q11 HIGH 10 35 50 ns
tpd— Turn On Delay CP to Output LOW 10 27 40 ns
t5(D) Set-up Time Data Input -10 4.0 10 ns
tg(S) Set-up Time Start Input o] 9.0 16 ns
tpd+(E) Turn Off Delay E to Q7(11) HIGH {Am2503/Am2504) 15 23 ns
tod—(E) Turn On Delay E to Q7(11) LOW Cp=H,S=L 20 30 ns
tpwL(CP) Minimum LOW Clock Pulse Width 28 46 ns
tpwH(CP) Minimum HIGH Clock Pulse Width 12 20 ns
fmax. Maximum Clock Frequency 15 25 MHz
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SWITCHING TIME WAVEFORMS
AT LEAST AT LEAST
towLICP) =T tpwHICP)
KEY TO TIMING DIAGRAM
- %\C s
14{S) MAX. —— 1(SIMIN WAVEFORM INPUTS OUTPUTS
s — I sV MUST BE WILL BE
] STEADY STEADY
= t(D) MAX. 1,(D) MAX.
ety MIN. la—syt00 in lee—t,ID) MIN.
. MYWWYWMAVWT - T\ 1o
MAY CHANGE  WitL BE
FROMHTOL  CHANGING
1 MAX 1o MAX FROM H TO L
tpd— MIN. =] fa— tpgs MIN.—== [
Qz011) vv L 15V
MAY cHANGE  WILL BE
FROMLTOH  CHANGING
thds MAX. tog-MAX. | FROM L TO H
Qgf —/L/ AL — 15V
DON'T CARE; CHANGING;
ANY CHANGE STATE
MAX.
A tod= MAX— PERMITTED UNKNOWN
00 WV [1]] 1sv
(2502, 250) _NWA 1l
LIC-229
E 15y ENABLE TOQ7 (1D
(2503, 2504) CP = H WHEN ENABLE CHANGES
tpa+lE} MAX. | toq-{E) MAX
Qzin \\ - \ \ 15V APPLIES ONLY WHEN START-SIGNAL APPLIED
7/ ! “ V DURING PREVIOUS CLOCK PERIOD. LIC-230

DEFINITION OF TERMS
SUBSCRIPT TERMS:

H HIGH, applying to a HIGH logic level or when used with Vg
to indicate high Vgc value.

I Input

L LOW, applying to LOW logic level or when used with V¢c to
indicate low V¢ value.

O Output
FUNCTIONAL TERMS:

Fan-Out The logic HIGH or LOW output drive capability in
terms of Input Unit Loads.

Input Unit Load One T2 L gate input load. In the HIGH state it
is equal to ljy and in the LOW state it is equal to |j .

CP The clock input of the register.

CC The conversion complete output. This output remains HIGH
during a conversion and goes LOW when a conversion is complete.

D The serial data input of the register.

E The register enable. This input is used to expand the length of
the register and when HIGH forces the Q7(11) register output
HIGH and inhibits conversion. When not used for expansion the
enable is held at a LOW logic level (Ground).

Q7(11) The true output of the MSB of the register.
67(11) The complement output of the MSB of the register.
Q; i =7(11) to 0 The outputs of the register.

S The start input. If the start input is held LOW for at least a
clock period the register will be reset to Q7(11) LOW and all the
remaining outputs HIGH. A start pulse that is LOW for a shorter
period of time can be used if it meets the set-up time require-
ments of the S input.

DO The serial data output. (The D input delayed one bit).

OPERATIONAL TERMS:
L Forward input load current.

lop Output HIGH current, forced out of output Vg, test.

loL Output LOW current, forced into the output in Vg test.
iy Reverse input load current.

Negative Current Current flowing out of the device.

Positive Current Current flowing into the device.

Vi Minimum logic HIGH input voltage.

ViL Maximum logic LOW input voltage.

Von Minimum logic HIGH output voltage with output HIGH
current lgy flowing out of output.

VoL Maximum logic LOW output voltage with output LOW cur-
rent lgy_ flowing into output.

SWITCHING TERMS: ( Measured at the 1.5V logic level).

tod— The propagation delay from the clock signal LOW-HIGH
transition to an output signal HIGH-LOW transition.

tpg+ The propagation delay from the clock signal LOW-HIGH
transition to an output signal LOW-HIGH transition.

tpd_(E) The propagation delay from the Enable signal HIGH-
LOW transition to the Q7(11) output signal HIGH-LOW trans-
ition.

tpd+(E) The propagation delay from the Enable signal LOW-
HIGH transition to Q7(11) output signal LOW-HIGH transition.
t;(D) Set-up time required for the logic level to be present at the
data input prior to the clock transition from LOW to HIGH in
order for the register to respond. The data input should remain
steady between tg max. and tg min. before the clock.

t_s(§) Set-up time required for a LOW level to be present at the
S input prior to the clock transition from LOW to HIGH in order
for the register to be reset, or time required for a HIGH level to
be present on S before the HIGH to LOW clock transition to
prevent resetting.

tpw(CP) The minimum clock pulse width (LOW or HIGH)
required for proper register operation.
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Am2502/3 TRUTH TABLE USER NOTES FOR A/D CONVERSION
1. The register can be used with either current switches
that require a low voltage level to turn the switch on,
Time Inputs Outputs or current switches that require a high v.oltage level to
— — turn the current switch on. |If current switches are used
th § E Dy Q; Qg 05 Q4 Q3 0y Q; Q4 CC which turn on with a low logic level the resulting digital
output from the register is active LOW. That is, a logic
0 X LL x X X X X X X X X X **1"’is represented as a low voltage level. If current swit-
1 D HL X L H H H H H H H H ches are used that turn on with a high logic level then
2 Dg HL D; D; L H H H H H H H the digital output is active HIGH; a logic ““1"’is repre-
3 Dy HL DgD; DgL H H H H H H sented as a high voitage level.
4 Dy HL Dg Dy DgDg L H H H H H 2. For a maximum digital error of +%LSB the comparator
5 Dy HL Dy Dy DgDg Dy L H H H H must be biased. If current switches that require a high
6 Do HL DaDo D. D. Dy Da L H H H voltage level to turn on are used, the comparator should
2 3 77 "6 "5 “4 "3 be biased +%LSB and if the current switches require a
7 Dy HL Dy Dy Dg Dg Dy Dg Dy L H H high logic fevel to turn on then the comparator must be
8 Dg HL Dy D; DgDg Dy Dg D, Dy L H biased —%LSB.
9 X HL Dy D Dg Dg Dy Dy D, Dy Dy L
10 X X L XO D7 DG D5 D4 DS DZ D1 DO L 3. The register, by suitable selection of resistor ladder net-
7 76 75 "4 3 72 71 "0 work, can be used to perform either binary or BCD
X X H X H NC NC NC NC NC NC NC NC conversion, Additional data input gating should be used to
eliminate the possibility of false BCD codes.
H = HIGH Voltage Level 4, The register can be used to perform 2's complement
L = LOW Voltage Level conversion by offsetting the comparator % full range
X =Don't Care +% LSB and using the complement of the MSB Qy
NC = No Change {Qq1) as the sign bit.
Note: Truth Table for Am2604 is extended to include 5. If the register is truncated and operated in the continuous
12 outputs. conversion mode a lock-up condition may occur on power-
on. This situation can be overcome by making the
START input the OR function of CC and the appropriate
register output,
Am2502/3 TIMING CHART
INPUTS START l I
oata | | J B [ ] [ 1 ] [ I
9y I
% ] 1 I
Qs I |
o0 | LI
Q3 l l
OUTPUTS
Qy I I.__J
Q I I
Qg I L__l
CONVERSIO|
CDMPL‘ET@ —] L————
oo | I | | | | L | L

LIC-231
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Am2502/3 LOADING RULES (IN UNIT LOADS) Am2504 LOADING RULES (IN UNIT LOADS)
Input Fanout Input Fanout
Pin Unit Load  Output Output Pin Unit Load Output Output
fnput/Output  No.s LOW HIGH HIGH LOwW Input/Output No.'s LOW HIGH HIGH LOW
E (2503) 1 1.5 2 - — E 1 1.5 2 - -
DO (2502) 1 - - 12 6 DO 2 — - 12 6
cC 2 - - 12 6 cC 3 - - 12 6
Q 3 - - 12 6 Qq 4 - _ 12 6
01 4 — - 12 6 01 5 - - 12 6
0, 5 — - 12 6 Q, 6 - - 12 6
Qs 6 - — 12 6 Qq 7 - - 12 6
D 7 1 1 —_ — 04 8 - - 12 6
GND 8 - - — - 05 9 - - 12 6
cp 9 1 1 — - NC 10 - - - -
5 10 1 2 - - D nmo1 1 - -
Q, 11 - - 12 6 GND 12 - - - -
[om 2 - = 12 6 cp 131 1 - -
Qg ™ - - 12 6 s 141 2 - -
Q, 14 — - 12 6 NC 15 - - -
q, 5 - — 12 6 Qg i - - 12 6
Voo 16 — _ — = Q, 17 - - 12 6
Q 1 Z - 7
MSI INTERFACING RULES 8 8 2 6
Equivalent Qg 19 - - 12 6
Input Unit Load _ _
Interfacing Digital Family HIGH LOwW 010 20 12 6
Q11 21 - - 12 6
Advanced Micro Devices 9300/2500 Series 1 1 NC 22 - - -
FSC Series 9300 1 1 6” 23 — — 12 6
Advanced Micro Devices 54/7400 1 1 Vee 24 — _ = —
TI Series 54/7400 1 1
Signetics Series 8200 2 2 1011 and —1.6mA measured ot 0.4V LOW. 1+ Tessured ar 24V
National Series DM 75/85 1 1
DTL Series 930 12 1 NC = No Connection

INPUT/OUTPUT INTERFACE CONDITIONS

Voltage Interface Conditions — LOW & HIGH

“LOW” OUTPUT MAXIMUM LOGIC

30

@ 281~ MiNMUM LOGIC

a 26 "HIGH" OUTPUT v

> VOLTAGE OHy

T 24 -

9 22 Vit

o

> 20} ——
4 MINIMUM LOGIC
w '8 IMMUNITY “HIGH” INPUT
2 16 (High level) VOLTAGE
5 1,41:

o

> 12k

5

g 10 ViL,

S 085~ MAXIMUM LOGIC

o] -

2

[

2

o

VOLTAGE “‘-VOGNGLNA’EUT
04
NOISE
02— IMMUNITY
00 (Low level)
DRIVING DEVICE DRIVEN DEVICE
VoH, Vin, .
o—| 0 ————— —— —o
Vo, Vi,
DRIVING DRIVEN
DEVICE DEVICE

Current Interface Conditions — LOW

OUTPUT DRIVING INPUT LOAD
" DRIVEN'LOW"
QUTPUT
Vee : LOAD
]
|
OFF I |
I I
|
I ON
|
ON l
- |
GND = YloL =
Current Interface Conditions — HIGH
QUTPUT DRIVING INPUT LOAD
"HIGH" DRIVEN'HIGH
Vee

'oH

GND =
LIC-232
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Am2502/3/4 APPLICATION
Continuous Conversion Analog-to-Digital Converter

GND. o s
£ Am2504 po SERIAL DATA OUT
CLOCK 12-8IT SAR
P clo—+——m————— ggz:E:TSLON
0770150305 « o » & Q307 0,0y
3 PARALLEL
H DATA
2. ouT
—
c e
COMPARATOR
12-BIT D/A CONVERTER +

ANALOG INPuT——‘ -

This shows how the Am2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed con
tinuous conversion Analog-to-D_igitaI converter. Conversion time is limited mainly by the speed of the D/A converter and comparator with
typical conversion rates of 100,000 conversions per second.

LIC-233

Metallization and Pad Layout

Am2502 Am2503 Am2504
L | [ vec
— 2| |15 =
o 12 g,
3
v -
1— - ] 13
5 — Q%
Q2 — 3 12 o,
0 &4 E—Q
— “a
o144 1o 5
onoi—1 9 o
DIE SIZE 0.087"” X 0.105" DIE SIZE 0.087" X 0.105" DIE SIZE 0.087” X 0.135"
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Am25L02/25L.03/25L04

Low-Power, Eight-Bit/Twelve-Bit Successive Approximation Registers

Distinctive Characteristics
® Contains all the storage and control for successive
approximation A-to-D converters.

® Can be operated in START-STOP or continuous
conversion mode.

® 100% reliability assurance testing in compliance with
MIL-STD-883.

® Can be used as serial-to-parallel converter or ring
counters.

FUNCTIONAL DESCRIPTION

The Am25L02, Am25L03 and Am25L04 are 8-bit and 12-bit TTL
Successive Approximation Registers. The registers contain ali the digital
control and storage necessary for successive approximation analog-to-
digital conversion. They can also be used in digital systems as the
control and storage element in recursive digital routines.

The registers consist of a set of master latches that act as the control
elements in the device and change state when the input clock is LOW,
and a set of slave latches that hold the register data and change on the
input clock LOW-to-HIGH transition. Externally the device acts as a
special purpose serial-to-parallel converter that accepts data at the D
input of the register and sends the data to the appropriate slave latch
to appear at the register output and the DO output on the Am25L02
and Am25L04 when the clock goes from LOW-to-HIGH. There are no
restrictions on the data input; it can change state at any time except
during the set-up time just prior to the clock transition. At the same
time that data enters the register bit the next less significant bit is set
to a LOW ready for the next iteration.

The register is reset by holding the S (Start) signal LOW during the
clock LOW-to-HIGH transition. The register synchronously resets to
the state Q7(11) LOW, (Note 2} and all the remaining register outputs
HIGH. The__'('f (Conversion Complete) signal is also set HIGH at this
time. The S signal should not be brought back HIGH until after the
clock LOW-to-HIGH transition in order to guarantee correct resetting.

After the clock has gone HIGH resetting the register, the S signal is
removed. On the next clock LOW-to-HIGH transition the data on the
D input is set into the Q7(11) register bit and the Qg(10) register bit is
set to a LOW ready for the next clock cycle. On the next clock LOW-
to-HIGH transition data enters the Qg(10) register bit and Qg(9) is set
to a LOW. This operation is repeated for each register bit in turn until
the register has been filled. When the data goes into Qg, the CC signal
goes LOW, and the register is inhibited from further change until reset
by a Start signal.

In order to allow complementary conversion the complementary
output of the most significant register bit is made available, An active
LOW enable input, E, on the Am25L03 and Am25L04 allows devices
to be connected together to form a longer register by connecting the
clock, D, and_S inputs together and connecting the CC output of one
device to the E input of the next less significant device. When the Start
signal resets the register, the E signal goes HIGH, forcing the Q7(11} bit
HIGH and inhibiting the device from accepting data until the previou_s
device is full and its CC goes LOW. If only one device is used the E
input should be_held at a LOW logic level (G_round). For continuous
conversion the CC output is connected to the S input so that the device
automatically restarts at the end of a conversion. If all the bits are
not required, the register may be truncated and conversion time saved
by using a register output going LOW rather than the CC signal to
indicate the end of conversion.

O (25102, 2504}

LOGIC DIAGRAMS

o Caror Ceeewore  Samo
9 Bas5 9101
>
—
s o s o
? & 91 ° ‘
E_QD—.
(25103, 25008
s—1o
4 S/ 4 T —————— ]
Grony
Notes: 1. Cell logic is repeated for register stages. Qg to Q1 Am25L02/3, Qg to Q1 Am25L04.
2. Numbers in parentheses are for Am25L04. LIC-234
LOGIC SYMBOLS CONNECTION DIAGRAMS
Top Views
’ 10 W 1
1 é .), g asuon nor| ;@ 16[Jvee e]® uf Ve
(25003 1 —O € DOp—— 1 (25L02) 1 E DOp—-2 oo[J2 2[ 18,
Am25L02/25L03 Am25L04 ]2 5[5 =s 2w
oo Soi7 SAR . e 12817 sAR wfo—s =N = =N =B
O 050500 9 O G 011 Oyg 09 O 07 Gg O 04 03 B2 01 s za%"m
TITTTTI TITTTTITTITTT I e iy B R i
5141312116 5 4 3 2321019181716 9 8 7 6 5 4 o[ s " 12[Jos o]y @4Pm gy
= =y «;.Es It 2
3 s s 16
LIC-235 LiC-236 = wbs we o 1sne
o n u[3s
Vcc = Pin 24 ano[] 8 9 Jcr GNDE 12 13 <P
Ve =Pin 16 GND = Pin 12
GND =Pin 8 NC = Pins 10, 15 22 Lc-237 Note: Pin 1 is marked for orientation. LIC-238
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am25L02/L03/L04

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
DC Input Voltage —0.5V to +5.5V

30mA

Output Current, Into Outputs

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am25L02XC Am25L03XC Am25L04XC TaA=0"C1o+75°C Vee = 5.0V 5%
Am25L02XM Am25L03XM Am25L04XM Ta=—55Cto+125°C Ve = 5.0V £10%
Parameters Description Test Conditions Min. Typ.(Note 1) Max. Units
Vee = MIN, IgH = —0.4mA
Vv Qutput HIGH Voltage 2.4 36 Volts
o o VIN=VIHor Vi
Output LOW Voltage Vee = MIN,, Igg. = 4.92mA
Vv 0.15 0.3 Volts
oL (Note 2) | ViIN=ViHorviL
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.7 Volts
i Input LOW C Vee = MAX., vy = 0.3v [-PDS ~0-25 —o4 A
npu urrent = - =0. — m
L P | cc IN = oa o8
CP, D K 0
Input HIGH Current Vee = MAX, VN =24V |—— 20 2 HA
hH E, S 40 40
Input HIGH Current Vee = MAX,, VN =56.5V 1.0 mA
Isc Output Short Circuit Current ) Vce = MAX,, VouT = 0.0V 4.0 15 35 mA
XM 25 33
Am25L02 mA
XC 25 35
P c XM 22 31
| er S | u t V = MAX. Am25L03 mA
cc ower Supply rren cC m XC 22 33
XM 30 42
Am25L04 mA
XC 30 45
Notes: 1. Typical limits are at Vgc = 5.0V, 25°C ambient and maximum loading.
2. VoL(MAX) = 0.3V with total device fanout of less than 90 Low Power TTL Unit Loads {36mA), otherwise, Vo (MAX) = 0.35V.
Switching Characteristics (Ta = 25°C, Vcg = 5.0V, C|_ = 15pF)

Parameters Description Min. Typ. Max Units
tod+ Turn Off Delay CP to Output HIGH {except Qq1, Q11) 20 75 110 ns
tod+ Turn Off Delay CP to Qqq or Q11 HIGH 30 100 140 ns
tpd— Turn On Delay CP to Output LOW 20 75 100 ns
t5(D) Set-up Time Data Input —15 8.0 20 ns
t4(S) Set-up Time Start Input o] 20 25 ns
tpd+(E) Turn Off Delay E to Q7(11) HIGH (Am25L03/Am25L04) 50 75 ns
tpd—(E) Turn On Delay E to Q7{11) LOW Cp=H,S=L 60 75 ns
tpwL(CP) Minimum LOW Clock Pulse Width 100 150 ns
tpwH(CP) Minimum HIGH Clock Pulse Width 70 100 ns
fmax. Maximum Clock Frequency 3.5 5.0 MHz
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Am25L02/3 TRUTH TABLE
1.

Time Inputs Outputs
tn D S E Dy Q; Qg Q5 Q4 Q3 Q; Qq Q; CC
0 L L X X X X X X X X X X
1 DyHL X L H H H H H H H H
2 DgHL Dy;D; L H H HHH HH
3 DgHL DgD;DgL H H H H H H
4 Dg H L 05D70605LHHHHH 2.
5 Dz HL DyD; DgDgDgL H H H H
6 D, HL D3y D; DgDsgDygDgL H H H
7 Dy HL Dy D; DgDg Dy D3 Dy L H H
8 Dy HL Dy Dy DgDg Dy D3 Dy Dy L H
9 X HL Dy Dy Dg Dg Dy D3 D, Dy Dy L 3
10 X XL X Dy Dg Dg Dy D3 D, Dy Dy L

X X H X H NC NC NC NC NC NC NC NC .
H = HIGH Voltage Level
L = LOW Voltage Level
X = Don‘t Care 5
NC = No Change !
Note: Truth Table for Am25L04 is extended to include

12 outputs.

USER NOTES FOR A/D CONVERSION

The register can be used with either current switches
that require a low voltage level to turn the switch on,
or current switches that require a high voltage level to
turn the current switch on. |If current switches are used
which turn on with a low logic level the resulting digital
output from the register is active LOW. That is, a logic
1" is represented as a low voltage level. If current swit-
ches are used that turn on with a high logic level then
the digital output is active HIGH; a logic ““1""is repre-
sented as a high voltage level,

For a maximum digital error of £%LSB the comparator
must be biased. If current switches that require a low
voltage level to turn on are used, the comparator should
be biased +%LSB and if the current switches require a
high logic level to turn on then the comparator must be
biased —%LSB.

The register, by suitable selection of resistor ladder net-

work, can be used to perform either binary or BCD
conversion.

The register can be used to perform 2's complement
conversion by offsetting the comparator % full range
+% LSB and using the complement of the MSB
Q7 (11) as the sign bit.

If the register is truncated and operated in the contin-
uous conversion mode a lock-up condition may occur on
power-on. This situation can be overcome by making
the START input the OR function of CC and the appro-
priate register output.

towL{CPY

AT LEAST

SWITCHING TIME WAVEFORMS

AT LEAST
TpwHICP)

KEY TO TIMING DIAGRAM

’ R W S
o MAx. WAVEFORM INPUTS OUTPUTS
s —f Il 15V MUST BE WILL BE
Wk ]l II///// STEADY STEADY

N 1,(D) MAX. 1,{D) MAX
—] 14(D) MIN. 15(D) MIN,

D 15V

VYWWWWW MAY CHANGE  pasiing
FROMHTOL  fromm TO L
tpg— MAX. tpge MAX
tpg— MIN. ——s=] J:— o+ MIN.—] |-
L MAY CHANGE  WILLBE
tods MAX. ¢ FROMLTOH
o 3 pd—MAX._ FROMLTOH
T o
DON'T CARE; CHANGING;
tpd 4 MAX. tog— MAX.—{ ANY CHANGE STATE

i PERMITTED UNKNOWN

AzsLmD Lo Ilﬁ{' ‘“ sV

: NWA Il
LIC-239
E 15v ENABLE TO Q7 (11)
(25103, 25L09) W CP = HWHEN ENABLE CHANGES
tod+(E) MAX. | toa—{E) MAX.
Q1) LLNNY W\ 15y APPLIESONLY WHEN START-SIGNAL APPLIED
‘ ‘ \ V]/ \\ DURING PREVIQUS CLOCK PERIOD.
LIC-240
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Am25L02/3 TIMING CHART

INPUTS START

1

DATA

||
|
L
|
]
1
i

9y

Qs

Qs

Q4

Q3

OUTPUTS

0

Q4

Q

CONVERSION
COMPLETE

00 1 [ | | ! | l l

TRIHIHI
[

LIC-241
Am25L02/3/4 APPLICATION
Continuous Conversion Analog-to-Digital Converter
GND o s
j E Am25L04 Do SERIAL DATA OUT
cLock 12BIT SAR CONVERSION
CPO cc jo— COMPLETE
1101009 0g © o ¢ ¢ 030,01 G
PARALLEL
§ DATA
ouT
S
[P
COMPARATOR
12 BIT D/A CONVERTER +
ANALOG INPUT = —
LIC-242

This shows how the Am25L02/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed
continuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator
with typical conversion rates of 300,000 conversions per second. The comparator can be the Am111 precision comparator, or Am106
high-speed comparator.

Metallization and Pad Layout

Am25L02 Am25L03 Am25L04

E———) % Ve 0oy E— % Vee
w2 2 | w21 125,

0 21§ 0041 SEn e 21,

Q4] o, S| |Patery S [
R =] +— Q10

9y 24 o2 e [P

oz 5 18 03] s [

a, 8] el

0l %A ¢ 9 Al ‘207

%= ha gy | 16 q

eno2 T L 9. . b 6

[N POl = 4z

D —¥] il —— S

GND‘Z—l 13CP

DIE SIZE 0.087* X 0.105" DIE SIZE 0.087" X 0.105"" DIE SIZE0.087"' X 0.135"
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Am6070

Companding D-to-A Converter for Control Systems

Distinctive Characteristics

Tested to 1-255 companding law

Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM, audio, and 8-bit u-P
systems

Output dynamic range of 72 dB

12-bit accuracy and resolution around zero

Sign plus 12-bit range with sign plus 7-bit coding
Improved pin-for-pin replacement for DAC-76
Microprocessor controlled operations

Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance

Low power consumption

GENERAL DESCRIPTION

The Am6070 monolithic companding D/A converter achieves
a 72dB dynamic range which is equivalent to that achieved
by a 12-bit converter.

The transfer function of the Am6070 complies with the Bell
system u-255 companding law, and consists of 15 linear
segments or chords. A particular chord is identified with the
sign bit input, (SB) and three chord select input bits. Each
chord contains 16 uniformly spaced linear steps which are

determined by four step select input bits. Accuracy and
monotonicity are assured by the internal circuit design and
are guaranteed over the full temperature range.

Applications for the Am6070 include digital audio recording,
servo-motor controls, eiectromechanical positioning, voice
synthesis, secure communications, microprocessor con-
trolled sound and voice systems, log sweep generators and
various data acquisition systems.

FUNCTIONAL BLOCK DIAGRAM

CHORD BITS STEP BITS

CHORD PEDESTAL

SELECTOR GENERATOR

By B, B3' B, B, Bg B;° 8 5
a Ja [s 6 [7 [e [o 2 1
jr}
10F8 ot
CHORD DECODER
15
o 1,
loe(-)
SWITCH 16
STEP 's lopi+)
SELECTOR I
‘en ‘oot
~ch
| L ‘__— ,

CHORD AND
PEDESTAL
SOURCES

BIAS
NETWORK

|
B/ }

LIC-243

CONNECTION DIAGRAM
Am6070

ENCODE/DECODE SELECT: 1= ENCODE 1 d e ® v+ [ ] 18 POSITIVE POWER SUPPLY

SIGN BITINPUT: 1=POSITIVE 2 [ ] sB lop(—y | ] 17 DECODER OUT: E/D SB = 00
MOST SIGNIFICANT CHORD BIT INPUT 3 [} B1 lop(+) [_] 16 DECODER OUT: E/DSB =01
SECOND CHORD BIT INPUT 4 q By 10E(-) 15 ENCODER OUT: E/D SB =10

LEAST SIGNIFICANT CHORD BIT INPUT & |: B3 10E(+) :] 14 ENCODER OUT: E/DSB =11
MOST SIGNIFICANT STEP BIT INPUT 6 E By A2 :‘ 13 NEGATIVE POWER SUPPLY
SECOND STEP BIT INPUT 7 E Bg VR(—) ] 12 NEGATIVE REFERENCE INPUT
THIRD STEPBIT INPUT 8 E Bg VR(*) :‘ 11 POSITIVE REFERENCE INPUT
LEAST SIGNIFICANT STEP BIT INPUT 9 ': By Vic 10 THRESHOLD CONTROL
Top View

Pin 1 is marked for orientation. LIC-244

ORDERING INFORMATION

Part Number Temperature Accuracy
Am6070ADM ~565°C to +125°C +1/2 step
Am6070DM —55°C to +125°C +1 step
Am6070ADC 0°C to +70°C +1/2 step
Am6070DC 0°C to +70°C +1 step

SIMPLIFIED CONVERSION TRANSFER FUNCTIONS

Encoder
Characteristic

Decoder
Characteristic

DIGITAL
OUTPUT (+)

ANALOG
OUTPUT(+)

DIGITAL
INPUT(-)

ANALOG
INPUT (=)

ANALOG
INPUT (+}

DIGITAL
INPUT (+)

ANALOG
OUTPUT () DIGITAL

LIC-245 OUTPUT(-}
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MAXIMUM RATINGS above which useful life may be impaired

V+ Supply to V— Supply 36V | Operating Temperature

VL Swing V—plus 8V to V+ MIL Grade —55°C to +125°C
Output Voltage Swing V—plus 8V to V— plus 36V COM'L Grade 0°Cto +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage 118V | Power Dissipation Ta < 100°C 500mw
Reference Iinput Current 1.256mA ForTa> 100°C derate at 10mW/°C
Logic Inputs V— plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution

+128 Steps

Monotonicity

For both groups of 128 steps and over full operating temperature range

Dynamic Range

72dB, (20 log (I7, 15/1g, 1))

ELECTRICAL CHARACTERISTICS

These specifications apply for V+ = +15V,V— = —15V, Iggr = 528uA, 0°C < Tp < +70°C, for the commercial grade, —565°C < T <
+125C, for the military grade, and for all 4 outputs unless otherwise specified.  Am6070ADM Am6070DM
Am6070ADC Am6070DC
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
To within +1/2 step at Ty = 26°C
tg Settling Time output switched from 300 | 500 300 | 500 ns
Izs t0 Is
Chord Endpoint Accuracy *1/2 *1 Step
Step Nonlinearity Guaranteed by output +1/2 =1 Step
IFs(D) Full Scale Current Deviation gl;:;%ct error specified *1/2 +1
IFs(E) From Ideal *1/2 +1
VReF = 10.000V
RRefF+ = 18.94kQ
RRrep— = 20kQ
Alg Output Current Error ~5.0V < Vour < +18V *12 *1 Step
Error referred to nominal values
in Table 1.
VREF = 10.000V
RRrgp+ = 18.94kQ)
A Full Scale S v E RRer = 20kQ 140 [ 118 120 14 | Step
0(+)~lo(—)| Full Scale Symmetry Error —B.OV < Vour < +18V 140 | 18 120| 14 | Step
Error referred to nominal values
in Table 1
Additional output
lEN Encode Current Encode/Decode = 1 3/8 12 5/8 14 12 | 34 Step
Measured at selected output
Izg Zero Scale Current with 000 0000 input 1740 | 14 120 12 Step
Algg Full Scale Drift Operating temperature range *1/20{ *1/4 *1/10| =12 | Step
. Full scale current change _ _
Voc Output Voltage Compliance <12 step 5.0 +18 | —-5.0 +18 | Volts
. Output leakage
— X . A
lpis Disable Current Output disabled by E/D and SB 5.0 50 5.0 50 n
Irsr Output Current Range 0 20 | 4.2 0 20| 4.2 mA
Vi . Logic 0" 0.8 0.8
L = Volt:
Vin ogic Input Levels Logic "1 Vie =0V 2.0 2.0 olts
N Logic Input Current Vin = —5.0V to +18V 40 40 nA
Vis Logic Input Swing V- = -15V -5.0 +18 | ~5.0 +18 | Volts
I8 REF— Reference Bias Current -1.0| -4.0 -1.0| -4.0 HA
di/dt Reference Input Slew Rate 0.12 { 0.25 012 | 0.25 mA/us
PSSlEsy g‘\’l‘;”fgf””l"";as"“s'za’:fy V+ = 4510 18V, V- = —15V +1120| =112 +1/20( =112 Step
PSSlrg.-. pply Pange {Reter V- =108 + —18V, V+ = 15V 110| =112 110 =172 Step
to Characteristic Curves)
I+ Power Supply Current V+ = +5.0to +15V,V— = -15V 27 | 4.0 27| 40 mA
T
- PRy ks = 2.0mA -67 | -88 -67| -88
o V—=—18V, Voyr=0 | V+ = 5.0V 114 ] 152 114 | 152
P w
D Power Dissipation les = 2.0mA V+ = +15V 141 | 192 141] 192 ™

3-29




Am6070

ELECTRICAL CHARACTERISTICS (Cont.)

TABLE 1
NOMINAL DECODER OUTPUT CURRENT LEVELS IN uA

CHORD
STEP| o 1 2 3 4 5 6 7
0 | .000| 8250| 24750 | 57.750| 123.75 | 256.75 | 519.75 | 1047.75
1 500 | 9.250| 26.750 | 61.750| 13175 | 271.75 | 551.75 | 1111.75
2 | 1.000 | 10.250| 28.750 | 65.750| 139.76 | 287.75 | 583.75 | 1175.75
3 | 1.500 | 11.250| 30.750 | 69.750 | 147.75 | 303.75 | 615.75 | 1239.75
4 | 2,000 | 12.250| 32.750 | 73.750| 155.76 | 319.75 | 647.75 | 1303.75
5 | 2500 | 13.250| 34.750 | 77.750| 163.75 | 335.75 | 679.75 | 1367.75
6 | 3.000 | 14.250| 36760 | 81.750| 171.75 | 351.75 | 711.75 | 1431.75
7 | 3500 | 15.260| 38.750 | 85.750| 179.75 | 367.75 | 743.75 | 1495.75
8 | 4000 | 16.250| 40.750 | 89.750| 187.75 | 383.75 | 775.75 | 1659.75
9 | 4500 | 17.250| 42.750 | 93.750| 195.75 | 399.75 | 807.75 | 1623.75
10 | 5000 | 18.250| 44.750 | 97.750| 203.75 | 415.75 | 839.75 | 1687.75
11 | 5500 | 19.260| 46.750 | 101.750 | 211.75 | 431.75 | 871.75 | 1761.75
12 | 6.000 | 20.250| 48.750 | 106.750 | 219.76 | 447.75 | 903.75 | 1815.75
13 | 6.500 | 21.250| 50.750 | 109.750| 227.75 | 463.75 | 935.75 | 1879.75
14 | 7.000 | 22.250| 562.750 | 113.750 | 235.75 | 479.75 | 967.75 | 184375
15 | 7.500 | 23.250| 54.750 | 117.750 | 243.75 | 495.75 | 999.75 | 2007.75
ssgg 5 1 2 4 8 16 32 64
TABLE 2

IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM FULL SCALE

CHORD
STEP 0 1 2 3 4 5 6 7

- —47.73 | —38.18 | -30.82 | —24.20 | —17.90 | —11.74 | -5.65
—72.07 | —46.73 | —37.51 | —30.24 | —23.66 | —17.37 | -11.22 | ~5.13
—66.05 | —45.84 | —36.88 | ~29.70 | —23.15 | —16.87 | —10.73 | —4.65
—62.53 | —45.03 | —36.30 | —29.18 | -22.66 | —16.40 [ —10.27 | —4.19
—60.03 | —44.29 | —35.75 | —28.70 | —22.21 | -15.96 | —9.83 | —-3.75
—58.10 | —43.61 | —35.24 | —28.24 | -21.77 | —-16.53 | —9.41 | -3.33
—56.51 | —42,98 | —34.75 ( —27.80 |{ -21.36 | ~15.13 | —9.01 -2.94
—56.17 | —42.39 | —34.29 | —27.39 | —20.96 | —14.74 | —8.63 | —2.56
—54.01 | —-41.84 | —33.85 | -26.99 | -20.58 | —14.37 | —8.26 | -2.19

9 —-52.99 | —41.32 | —-33.44 | -26.61 | —20.22 | —14.02 | -7.91 | —-1.84
10 —52.07 | —40.83 | —33.04 | —26.25 | -19.87 | —13.68 | —7.57 | —1.51
1 —51.26 | —40.37 [ —32.66 | -25.90 | —19.564 ) —13.35 | —-7.26 | —-1.18
12 —50.49 | —39.93 | —32.29 | —25.67 | —19.22 | -13.03 | -6.93 | —0.87
13 —49.80 | —39.51 | —31.95 | —25.25 { —18.91 | —12.73 | —6.63 | —0.57
14 —49.15 | —39.11 | -31.61 | —24.94 | —18.61 | -12.43 | -6.34 | —0.28
15 —48.55 | —38.73 | -31.29 | —24.63 | —18.32-| -12.16 | —6.06 0.00

N A WN=O
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THEORY OF OPERATION

Functional Description

The Am6070 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, I gg,
is specified by the input binary code 1111111, and is a linear
function of the reference current, Iggg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
E/D input places the Am6072 in the encode mode and current
will flow into the lgg(+) or log(—) output, depending on the
state of the Sign Bit (SB) input. A logic 0 at the E/D input
places the Am6070 in the decode mode.

The transfer characteristic is a piece-wise linear approxi-
mation to the Bell System u-225 logarithmic law which
can be written as follows:

Y = 0.182n (1 + u [X]) sgn (X)

where: X = analog signal level normalized to unity

(encoder input or decoder output)

Y = digital signal level normalized to unity
(encoder output or decoder input)

n = 255

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D in-
puts. The output current transfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. Each chord can be
further divided into 16 steps, all of the same size. The step
size changes from one chord to another, with the smallest
step of 0.5uA found in the first chord near zero output cur-
rent, and the largest step of 64uA found in the last chord near
full scale output current. This nonlinear feature provides
exceptional accuracy for small signal levels near zero output
cufrent. The accuracy for signal amplitudes corresponding
to chord 0 is equivalent to that of a 12-bit linear, binary D/A
converter. However, the ratio (in dB) between the chord

endpoint current, (Step 15}, and the current which corres-
ponds to the preceding step, (Step 14), is maintained at about
0.3dB over most of the dynamic range. The difference bet-
ween the ratios of full scale current to chord endpoint cur-
rents of adjacent chords is similarly maintained at approxi-
mately 6dB over most of the dynamic range. Resulting
signal-to-quantizing distortions due to non-uniform quantiz-
ing levels maintain an acceptably low value over a 40dB
range of input speech signals. Note that the 72dB output
dynamic range for the Am6070 corresponds to the dynamic
range of a sign plus 12-bit linear, binary D/A converter.

In order to achieve a smoother transition between adja-
cent chords, the step size between these chord end points
is equal to 1.5 times the step size of the lower chord.
Monotonic operation is guaranteed by the internal device
design over the entire output dynamic range by specify-
ing and maintaining the chord end points and step size
deviations within the allowable limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
72dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching bet-
ween the encode, lgg(+) or log(—), and the decode, lgp(4+) or
lop(—)- outputs. A typical encode/decode test circuit is shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the lgg outputs (as determined by
the SB input). When operating in the encode mode as shown
in Figure 3, an offset current equal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, it cannot easily be added externally. As indicated in
the block diagram this required half step of encode current,

Ry
+10V 25k

sl LLLILLLL =

B; Bg Bs By By By By SB E/D
7 Bg Bs Bq B3 B2 By [
1
VREF(+)
—
(. Am6070
v,
REF (-]
1z =)
v— v+ Vie lop(-)

-—
RpefF— lu lu J:n Ry
20kQ !
= -15v +15V = : =
LIC-246

IREF = VREF/RREF
IDEAL VALUES: IRgf = 528uA, Igg = 2007.754A

E/D|sB|By|B2|B3|Bsg|Bs|Bg|By Eo
POSITIVE FULL SCALE 0 1 1 1 1 1 1 1 1 5.019v
(+) ZERO SCALE +1 STEP 4] 1 0 0 0 0 0 0 1 0.0012V
(+) ZERO SCALE o 1 0 0 [} 0 0 0 [} ov
{-) ZERO SCALE 0 0 0 [ 0 0 0 0 0 ov
{~) ZERO SCALE +1 STEP| 0 0 [ [ 0 0 0 0 1 —0.0012V
NEGATIVE FULL SCALE 0 0 1 1 1 1 1 1 1 —5.019V

Figure 1. Detailed Decoder Connections.

R

—AAA
\AZ

+15V

DIGITAL INPUTS

Eor

T LILLLLLL o

B; Bg Bg By By B By SB ED

1" -15V

S
]
z
HAA—
=
K

VR(+)

DEVICE
12 UNDER TEST
topt+)

v VWA
Ri-} , I
oD(-)
V- v+ Vic 17 +15V
RREF-
2006 13 18 10 7
L Eoz

15V +15V

Rq1 =R2=R3 =Rg4 =25k t0.1%
LIC-247
LINE SELECTION TABLE

TEST _ QUTPUT
GROUP E/D SB | MEASUREMENT

1 1 1 Ioe (4 | (Eg1/Rq)

2 1 0 |1oet-) | (Eg1/R2)

3 0 1 lop 4} | (Ega/R3)

4 0 0 |iop (-1 | (Ega/Re)

Figure 2. Output Current DC Test Circuit.
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len, is automatically added to the lgg output through the
internal chip design. This additional current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.25uA, which will bring the ideal encode
current value for step 0 on chord 0to £0.25p.A with respect to
the corresponding decode current value of 0.0¢A. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 72dB to 78dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lop(4+) and log(4) and
the outputs lop(—) and log(—) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6070 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SSI logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/ID converter system. The first task
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper Start, S, and Conversion Complete,
CC, signal levels are set, the first clock puise sets the MSB
output of the SAR, Am2502, to a logic 0 and sets all other
parallel digital outputs to logic 1 levels. At the same time, the
flip-flop is triggered, and its output provides the E/D input
with a logic 0 level. No current flows into the Igg outputs. This
disconnects the converter from the comparator inputs, and
the incoming analog signal can be compared with the
ground applied to the opposite comparator input. The result-
ing comparator output is fed to the Am2502 serial data input,
D, through an exclusive-or gate. At the same time, the sec-
ond input to the same exclusive-or gate is held at a logic 0
level by the additional successive approximation logic
shown in Figure 3. This exclusive-or gate inverts the com-
parator’s outputs whenever a negative signal polarity is de-
tected. This maintains the proper output current coding, i.e.,
all ones for full scale and all zeros for zero scale.

The second clock pulse changes the E/D input back to a logic
1 level because the CC signal changed. It also clocks the D

input signal of the Am2502 to its MSB output, and transfers it
to the SB input of the Am6070. Depending upon the SB input
level, current will flow into the lgg(4+) or log(—) output of the
Am6070.

Nine total clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6070 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal
should not be allowed to change its value during the data
conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6070 output currentto a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier’s
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic 0, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
currentinto the appropriate (+) or (—) output of the Am6070.
The resulting operational amplifier’s output in Figure 1
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the cur-
rents of each of the four Am6070 analog outputs. Resistor
tolerances of 0.1% give 0.1% output measurement error
(approximately 2uA at full scale). The input offset currents
of the A1 and A2 devices also increase output measure-
ment error and this error is most significant near zero
scale. The Am101A and 308 devices, for example, may be
used for A1 and A2 since their maximum offset currents,
which would add directly to the measurement error, are
only 10nA and 1nA, respectively. The input offset voltages
of the A1 and A2 devices, with output resistor values of

ANALOG INPUT

(GROUNDED FOR
SINGLE-ENDED [~ — —

1/4 7486

CLOCK

I3

START 450V
J, 10
5 Vee GND _L

9
c
Am2502 = CONVERSION
7], SUCCESSIVE APPROXIMATION cc °2 O CompLeTE

OUTPUT

1/4 7486
/3

REGISTER (SAR)
+5.0V MSB LsB

14 ]13|12){11] 6| 5| 4| 3

PARALLEL
L DATA
127474 OUTPUT
D

PR

v,
I REF
8oV +10v

||23456785

RREF(+)

Figure 3. Detailed Encoder Connections.

LV 3 189352
E/D SB By B, B, B .
10E(+) 1 B2 By B4 Bg By By
15 v "
'0E(-) Am8070 REF)
COMPANDING
. DTOACONVERTER 12
lop(+) REF (=)
loo(-) v- v+ RREF(-)

Vic

2010
13 131 w_L
—15v +15V =

LIC-248
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2.5kQ), also contribute to the output measurement error by
a factor of 400nA for every mV of offset at the A1 and A2
outputs. Therefore, to minimize error, the offset voltages
of A1 and A2 should be nulled.

The recommended operating range for the reference cur-
rent lgegr is from 0.1mA to 1.0mA. The full scale output
current, lgg, is a linear function of the reference current,
and may be calculated from the equation lgg = 3.8 Iggf.
This tight relationship between Iggg and Igg alleviates the
requirement for trimming the lger current if the Rrgg re-
sistors values are within =1% of the calculated value.
Lower values of Iggg will reduce the negative power sup-
ply current, (I-), and will increase the reference amplifier
negative common mode input voltage range.

The ideal value for the reference current Iggg = Vgee/Rper is
528uA. The corresponding ideal full scale decode and en-
code current values are 2007.751A and 2039.75uA, respec-
tively. A percentage change from the ideal Iggg value pro-
duced by changes in Vggg or Rger values produces the same
percentage change in decode and encode output current
values. The positive voltage supply, V+, may be used, with
certain precautions, for the positive reference voltage Vggg.
Inthis case, the reference resistor Rygr(4.) should be splitinto
two resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current Igge = 528uA. The resistor Rgeg(—)
value should be approximately equal to the Rggg (4 value in
order to compensate for the errors caused by the reference
amplifier's input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the Vg terminal through the resistor Rggp(—)
with the Rrgr(+) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg terminal while the reference current flows from
ground through Rggg(4) into the Vg4 terminal.

The Am6070 has a wide output voltage compliance suit-
able for driving a variety of loads. With Iggg = 528uA and
V- = —15V, positive voltage compliance is +18V and
negative voltage compliance is —5.0V. For other values of
Irer and V-, the negative voltage compliance, Vog(-),
may be calculated as follows:

Voc(_) = (V=) + (2 IRer * 1.5kQ)) + 8.4V.

The following table contains Vgg(—) values for some
specific V—, Iger, and lgg values.

Negative Output Voltage Compliance VoC(—)

:IREF 264uA | 528uA | 1056pA

v— rsM (imA) | (2mA) | (4mA)
—12v —-2.8V -2.0V -04V
—15V —5.8V -5.0v -3.4V
—-18Vv —8.8V -8.0V —6.4V

The V| ¢ input can accommodate various logic input
switching threshold voltages allowing the Am6070 to in-
terface with various logic families. This input should be
placed at a potential which is 1.4V below the desired logic
input switching threshold. Two external discrete circuits
which provide this function for non-TTL driven inputs are
shown in Figure 4. For TTL-driven logic inputs, the V ¢
input should be grounded. If negative voltages are
applied at the digital logic inputs, they must have a value
which is more positive than the sum of the chosen V—
value and +10V.

With a V- value chosen between —15V and —11V, the
Voc(—y the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V- value chosen.

With a V+ value chosen between +5V and +15V, the refer-
ence amplifier common mode positive voltage range and the
V¢ inputvalues are reduced by an amount equivalent to the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS

[+

<
<

2N3904 AT

2N3904

b TOPIN 10 TOPIN 10
4
b = Vie Vie
3 Y
1; 6.2kQ 004A

-5.2v
(See Notes 2 and 3)

Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs. LIC-249

Veer . DIGITAL INPUTS
+10V - ~ +10V +5.0V

L]

87 Bg Bs By By By By SBEMD 15 )
"
VR(+)
IREF Am6070
VR~
m R{-}
20 | v- v Vic
kQ

lu Ln; 10
-5V +15v =

OQUTPUT VOLTAGE (V)
INPUT CODE

(E/D,SB, By, ..., B7) A" “B" “cr DIFF
10111 o
10110111 +5.02 N/A N/A N/A
10 000 0000 +10.00
o111t —5.00 +5.00 —10.00
011101111 +0.02 +5.00 ~4.98
01 000 0000 N/A +5.00 +5.00 0
00 000 0000 +5.00 +5.00 o
001101111 +5.00 +0.02 +4.98
001111111 +5.00 —5.00 +10.00

Figure 5. Resistive Output Connections. LIC-250

Notes: 2. Set the voltage A’ to the desired logic input switching threshold.

3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies.

3-33




Amé6070

ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table 3
Normalized Decoder Output (Sign Bit Excluded)
Chord (C) 0 1 2 3 4 5 6 7

Step (S) 000 001 010 011 100 101 110 1M1

0 0000 0 33 99 231 495 1023 2079 4191

1 0001 2 37 107 247 527 1087 2207 4447

2 0010 4 41 115 263 559 1151 2335 4703

3 0011 6 45 123 279 591 1215 2463 4959

4 0100 8 49 131 295 623 1279 2591 5215

5 0101 10 53 139 31 655 1343 2719 5471

6 0110 12 57 147 327 687 1407 2847 5727

7 0111 14 61 155 343 719 1471 2975 5983

8 1000 16 65 163 359 751 1535 3103 6239

9 1001 18 69 171 375 783 1599 3231 6495

10 1010 20 73 179 391 815 1663 3359 6751

1 1011 22 77 187 407 847 1727 3487 7007

12 1100 24 81 195 423 879 1791 3615 7263

13 1101 26 85 203 439 911 1855 3743 7519

14 1110 28 89 211 455 943 1919 3871 7775

15 11 30 93 219 an 975 1983 3999 8031

Step Size 2 4 8 16 32 64 128 256
The normalized decode current, (I¢, s), is calculated using: where g, 5 is the corresponding normalized current. To ob-
lg,s = 2(2%(S + 16.5) — 16.5) tain normalized encode current values the corresponding
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in

code current, {lgp), in nA is calculated using: Table 3.
lop = (lc, sfl7, 15(norm.)} * Ies (1A)
Table 4

Normalized Encode Level {Sign Bit Excluded)

CHORD 0 1 2 3 4 5 6 7
STEP 000 001 010 011 100 101 110 111
0 0000 1 35 103 239 51 1055 2143 4319
1 0001 3 39 m 255 543 1118 2271 4575
2 0010 5 43 119 271 575 1183 2399 4831
3 0011 7 47 127 287 607 1247 2527 5087
4 0100 9 51 135 303 639 1311 2655 5343
5 0101 " 55 143 319 671 1375 2783 5599
6 0110 13 59 151 335 703 1439 2911 5855
7 o1 15 63 159 351 735 1503 3039 6111
8 1000 17 67 167 367 767 1567 3167 6367
9 1001 19 71 175 383 799 1631 3295 6623
10 1010 21 75 183 399 831 1695 3423 6879
" 1011 23 79 191 415 863 1759 3551 7135
12 1100 25 83 199 431 895 1823 3679 7391
13 1101 27 87 207 447 927 1887 3807 7647
14 110 29 9N 215 463 959 1951 3936 7903
15 111 31 95 223 479 991 2015 4063 8159
Step Size 2 4 8 16 32 64 128 256

Ic,s = 2[2° (S+17) - 16.5]

C = chord no. (0 through 7)
S = step no. (0 through 15)
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.)

Table 5
Decoder Step Size Summary
Resolution &
Step Size Step Size Step Size Step Size in Step Sizeasa % Accuracy of
Normalized in uA with as a % of dB at Chord of Reading at Equivalent
Chord to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC
0 2 05 0.025% 0.60 6.67% Sign + 12 Bits
1 4 1.0 0.05% 0.38 4.30% Sign + 11 Bits
2 8 2.0 0.1% 0.32 3.65% Sign + 10 Bits
3 16 4.0 0.2% 0.31 3.40% Sign + 9 Bits
4 32 8.0 0.4% 0.29 3.28% Sign + 8 Bits
5 64 16.0 0.8% 0.28 3.23% Sign + 7 Bits
6 128 32.0 1.6% 0.28 3.20% Sign + 6 Bits
7 256 64.0 3.2% 0.28 3.19% Sign + 5 Bits
Table 6
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
Normalized to in A with as a % of in dB Down
Chord Full Scale 2007.75uA FS Full Scale from Full Scale

0 30 7.5 0.37% —48.55

1 93 23.25 1.16% —-38.73

2 219 54.75 2.73% -31.29

3 471 117.75 5.86% —24.63

4 975 243.75 12.1% —18.32

5 1983 495.75 24.7% —~12.15

6 3999 999.75 49.8% —6.06

7 8031 2007.75 100% 0
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS

+10V INPUT

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

V VREF DIGITAL INPUTS R.
0‘“05\: DIGITAL INPUTS 5.0k 10V 2‘5:9
= o Y
B; Bg By By By 87 By SBE/D (+) LoGic By Bg Bg By B3 By By SB E/D (+)
1 1oE My, Toe
VRi+) - R(H) AmE070 Ll
i IREF m
REE Ve ANALOG
12 2 ouTPUT
5.0V
20k OP-AMP. 20k02
+ +10V
— ouTPUT 4
%2 5k
= IDEAL VALUES:
IREF = 528rA
LIC-251 IFs = 2007.75¢A Lic-252
LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION
DIGITAL INPUTS DIGITAL INPUTS
VREF e VREF e
(™ RREF Rrer
ZIN=RiIN -— [76, 65 85 B, 85 8, B, SBED
7 U6 U5 B4 B3 B2 By 4]
— |1
Vin SO Ve vawm
L 'ReF
-1 Vre ‘oo Yn—g- o 12
V-

IREF = VIN/RIN * VREF/RREF

IREF = (VREF — VIN//RREF

IFs =4 * IREF lEs ~4 ¢ IREF
LiCc-253 LIC-254
LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT
(Notes 4 & 5)
ATTENUATION

VR oe (|

By Bg Bg By By By By SBE/D () _E_ y m,{‘;ﬁ,’;[ e Am6070 -
hid R toe (_, = ouTeuT

12 Am6070
VRi-)

—j—o

LEFT
CHANNEL
ouTPUT

LIC-255

DISTORTION
ANALYZER

||l-—]

LIC-256

Notes: 4. Low distortion outputs are provided over a 72dB range.

5. Up to 4 channels of output may be selected by E/D and SB logic inputs.
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Reference Amplifier
Total Harmonic Distortion
Versus Frequency (80kHz Filter)
{Notes 6, 7, 8)

I

0.5 T

0.2
0.1
0.05

0.02
0.01
0.005 |-

LARGE SIGNAL
INPUT +5V PEAK
(50% MODULATION)
PSR

0.002

0.001
10 100

TOTAL HARMONIC DISTORTION — %

1.0k 10k 100k

FREQUENCY — Hz

Power Supply Currents
Versus Power Supply Voltages

8.0

. 71

E 70 1—vs. V=L ]

I

£ 60

=

Z 50

3

O 40

-

T 30 I+ vs, V]

2

2 1|

c 20

g [ [

2 1.0} ALLBITS “HIGH" OR “LOW" —| |

& Ifg = 2.0mA

0 L 1 | L | | 1
0 2.0 4.06.080 10 12 14 16 18 20
POSITIVE OR NEGATIVE POWER SUPPLY — V
Bit Transfer Characteristics
(Note 10)
038 T T T T T7T
—IREF = 0.5mA
0.30

£

1025 Pl 02as

£

& 020

-

o©

=

(3]

=

2

&

) \Vo=-12v B2 ———

S .05 NN} = 0.055
NI 0.023
[HTREE [

12 -8 -4 0 4 8 12 16

LOGIC INPUT VOLTAGE -V

TYPICAL PERFORMANCE CURVES

POWER SUPPLY CURRENT —mA RELATIVE OUTPUT —dB

LOGIC INPUT CURRENT ~ uA

Reference Amplifier
Input Frequency Response

4 SMALL SIGNAL
- 100mV PEAK
_g} (1% MODULATION)

ol LT
(LT L LAY

——

1O ARGE SIGNAL " \
—12| (SLEW RATE LIMITED)
1 5V PEAK
—14I' (50% MODULATION)
-16 Lt 1 v 1 it
100  tk 10k 100k 1M 10M
FREQUENCY — Hz
Power Supply Currents
Versus Temperature
8.0 T
7.0 -]
R
6.0
5.0
g = 2.0mA
4.0
30 +__]
2.0
1.0 | ALL BITS “HIGH” OR “LOW" —1—
V4= +15V, V— = —15V
N T

0 L
-75 -50 0 50 100 150

TEMPERATURE - °C

Logic Input Current
Versus Input Voltage
and Logic Input Range

(Note 11)
OrFTTTTT
| IgeF = 05mA
V—=-15V
20 Vi g=0v
10
5.0
0
-12 -8 4 0 4 8 12 16

LOGIC INPUT VOLTAGE - V

OUTPUT CURRENT — mA OUTPUT CURRENT — mA

OUTPUT FULL SCALE CURRENT, Igg — mA

Reference Amplifier
Input Common-Mode Range

{Note 9)
32 —
Ta=Tmin t Twax
2.8 I I
2.4 |—1—
V—=—15V Vit = +15V
20 :
IReF =05mA |
16
1.2
08— IREF = 0.25mA }__
0.4 0
|

0
-14-10 -6 -2 2 6 10 14 18

REFERENCE COMMON-MODE VOLTAGE
AT VRgp PIN -V

Output Current Versus
Output Voltage
(Output Voltage Compliance)
4
: L 1]

3.6 [ .
REF = 1.0mA

32}
281

24 IREF = 0.6mA

L 11

16 =TT

12 IREF = 0.25mA]
03 f =
04

Ta=Tmin © Tmax
V- =15V

0
1

-2 2 6 10 14 18

0
—14 —10 -6

OUTPUT VOLTAGE -V

Output Full Scale Current
Versus Reference Input Current

5.0 T T
| TA=Tmin t©© TMAX
ALL BITS “HIGH"
40
3.0
2.0
1.0
0
[} 05 1.0

REFERENCE CURRENT, IRgf — mA

LIC-257

. THD is nearly independent of the logic input code.

. Similar results are obtained for a high input impedance connection using Vg(—) as an input.

modulation), the bandwidth is 100kHz.

. Positive common mode range is always (V+) —1.5V.

temperature range.

6
7
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (256%
9
0.

. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating

11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.
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APPLICATIONS
The companding D/A converter is particularly suited for ap- Telecommunications applications include:
plications requiring a wide dynamic range. PCM Codec telephone systems

Intercom systems

Military voice communication systems
Radar systems

Voice Encryption

Systems requiring fine control resulting in a constant rate of
change or set point controls are economically achieved
using these devices.

Instrumentation, Control and u-Processor based applica-
tions include:
Digital data recording

PCM telemetry systems Audio Applications:

Servo systems Recording

Function generation Muitiplexing of analog signals
Data acquisition systems Voice synthesis
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SERIAL DATA TRANSCEIVING CONVERTER
(1/2 OF SYSTEM SHOWN)

SEND/RECEIVE O 5V o] [}
TRANSMIT INPUT COMMAND iy 1L
+5V ANALOG IN "HIGH = SEND 4 cLock START
° o LOW = RECEIVE
174
7486
TIME SHARED
———— o BIDIRECTIONAL
J_ SERIAL DATA
= 28 ¢ 1a
= Q
GROUND FOR 3 Ta1268 174 1 16? sl l
NON-DIFFERENTIAL 74126 5 =
INPUTS 9 v+ GND
—| ¢
Am2502
7 (SAR) 2
> ) SUCCESSIVE @ OENDOFCONV. L
e e APPROXIMATION
7486 74126 REGISTER
e MsB LSB
7486 1| 13)12[ 11| 6] 5] 4 3
cL
a p—--
v &
7474
PR
i REF-OI
i +10V
1] 2| 3| 4| s)ef7{8]o
1 /I E/DSB B1 B2 B3 B4 B5 B6 B7 1884k
OE(+)
15 n
/Iog(—i VREF(*+
. < Am6070 N
TIAL 16 lop(+) VREF(-
ANALOG o 17 oo Rer(-)
CURRENT lop(=)
ouTPUT — V- v vic 20kQ

RECEIVE QUTPUT

Notes:

1. Complementary sendireceive commands are required for the
two ends.

2. START must be held low for one clock cycle to begin a send
or receive cycle.

nl ml 1
—15v +15V

"
0]

LIC-258

3. The SAR is used as a serial-in/parallel out register in the re-
ceive mode.

4. CLOCK and START may be connected in parallel at both ends.

5. Conversion is completed in 9 clock cycles.

6. Receive output is available for one full clock cycle.

Metallization and Pad Layout

B3
By B,
Bg By
Bg sB
87
Vie
ED
VA
VREF (+) *
lopi-)
VREF(~} lop(+)
V- '0E (-}
loE(+)

80 X 114 Mils
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Companding D-to-A Converter for Control Systems

Distinctive Characteristics

Tested to A-law tracking specification

Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM, audio, and 8-bit u-P
systems

Output dynamic range of 62 dB

Microprocessor controlled operations

Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance

Low power consumption

GENERAL DESCRIPTION

The Am6071 is a monolithic 8-bit, companding digital-to-
analog (D/A) converter with true current outputs and large
output voltage compliance for fast driving a variety of loads.
The transfer function of the Am6071 consists of 13 linear
segments or chords. A particular chord is identified with the
sign bit input, (SB) and three chord select input bits. Each
chord contains 16 uniformly spaced linear steps which are
determined by four step select input bits. The resulting
dynamic range achieved with this format is 62 dB. Accuracy

and monotonicity are assured by the internal circuit design
and are guaranteed over the full temperature range. The
Am6071 is tested to the A-law tracking specification. Applica-
tions for the Am6071 include digital audio recording, servo
motor controls, electro-mechanical positioning, voice
synthesis, secure communications, microprocessor con-
trolled sound and voice systems, log sweep generators, and
various data acquisition systems.

FUNCTIONAL BLOCK DIAGRAM

CHORD BITS STEPBITS

CONNECTION DIAGRAM
Am6072

78, 8, 8 ‘8 B B B, 8 EB
i T 1 0 0 0 0
3 4 s 6 7 8 9 ?Z 1
1 A
1 e ENCODE/DECODE SELECT: 1= ENCODE 1| €/ v+[] 18 PosITIVE POWER SUPPLY
10F8 1og(+! _
’ CHORD DECODER |5°E‘ g SIGN BIT INPUT: 1=POSITIVE 2 [| B lop(—) | ] 17 DECODER OUT: E/D SB = 00
o —
snen "2“" MOST SIGNIFICANT CHORD BIT NPT 3 [] B1 lop(+) [ ] 16 DECODER OUT: E/D 8= 01
’ STEP 's ‘oo SECOND CHORD BIT INPUT 4 | B2 log(-) [] 15 ENCODER OUT: E/D SB =10
SELECTOR 7
en loo-) | LEAST SIGNIFICANT CHORD BIT INPUT 5 | B3 loe(+) [ ] 14 ENCODER QUT: E/GSB=11
'c
| __I MOST SIGNIFICANT STEP BIT INPUT 6 [| B4 v-[] 13 NEGATIVE POWER SUPPLY
I— p
| ‘ SECOND STEPBIT INPUT 7 [ B5 Vh(-) [ ] 12 NEGATIVE REFERENCE INPUT
seLECToR GeNERATOR THIRD STEPBIT INPUT 8 [] Bg VRi+) [] 11 POSITIVE REFERENCE INPUT
| | | ‘ LEAST SIGNIFICANT STEP BIT INPUT 9 [} B7 Vic [] 10 THRESHOLD CONTROL
fen l ! len
CHORD AND
Sounces wefonk (
L_______ - __j Top View
13 18 10 . . . .
LIC-259 V-0 W Vic 0 Pin 1 is marked for orientation. LIC-260
ORDERING INFORMATION SIMPLIFIED CONVERSION TRANSFER FUNCTIONS
Decoder Encoder
Characteristic Characteristic
Part Number Temperature Accuracy olhaLs 1 ot
Am6071ADM, —55°C to +125°C +1/2 step
Am6071DM —55°C to +125°C +1 step T
e
Am6071ADC 0°C to +70°C +1/2 step (et
o o
Am6071DC 0°C to +70°C +1 step T ReTes POt

DIGITAL
OUTPUT(-)

ANALOG
— OUTRUT(-) Lic-261
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MAXIMUM RATINGS above which useful life may be impaired

Am6071

V+ Supply to V— Supply

36V | Operating Temperature

VL c Swing V—plus 8V to V+ MIL Grade —55°C to +125°C
Output Voltage Swing V- plus 8V to V- plus 36V COM’L Grade 0°C to +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage 118V | Power Dissipation Ta < 100°C 500mwW
Reference Input Current 1.25mA For TA > 100°C derate at 10mw/°C

Logic Inputs

V—plus 8V to V— plus 36V

Lead Soldering Temperature

300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution

+128 Steps

Monotonicity

For both groups of 128 steps and over full operating temperature range

Dynamic Range

62dB, (2010g (17, 15/10, 1))

ELECTRICAL CHARACTERISTICS

These specifications apply forV+ = +15V, V-

=15V, Iger = 5121A,0°C < T < +70°C, for the commercial grade, —55°C < T <

+125C, for the military grade, and for all 4 outputs unless otherwise specified.  Amg071ADM Am6071DM
Am6071ADC Am6071DC
Parameter Description Test Conditions Min. TFyp. Max. Min. Typ. Max. Units
To within £1/2 step at Ty = 25°C
ts Settling Time output switched from 300 | 500 300 | 500 ns
Izs to lgg
Chord Endpoint Accuracy +1/2 *1 Step
Step Nonlinearity Guaranteed by output +1/2 =1 Step
IFs(o) Full Scale Current Deviation | pajren® orror specified 12 =
IFs(E) From Ideal +1/2 *1
VRer = 10.000V
Rrep+ = 19.53k
RREF— = 20kQ2
Alg Output Current Error —5.0V = Vgut < +18V *1/2 +1 Step
Error referred to nominal values
in Table 1.
VReF = 10.000V
RRrep— = 19.53k
: RRer = 20kQ 1740 | 18 1120 14 | Step
| —lo(—
o+~ lo(-—) | Full Scale Symmetry Error ~5.0V < Vgut < +18V 1140 | 118 120 14 | Step
Error referred to nominal values
in Table 1
Additional output
len Encode Current Encode/Decode = 1 318 112 5/8 14 12 3/4 Step
Measured at selected output
Izs Zero Scale Current with 000 0000 input 140 | 1/4 120 112 Step
Algg Full Scale Drift Operating temperature range +1/20| =1/4 +110] =12 | Step
. Full scale current change _ _
Voc Output Voltage Compliance <112 step 5.0 +18 5.0 +18 | Volts
. Output leakage _
Ipis Disable Current Output disabled by E/D and SB 5.0 50 5.0 50 nA
lesr Output Current Range 0 20 | 4.2 0 20| 42 mA
Vi Logic “0" 0.8 0.8
i = Volt
Vin Logic Input Levels Logic 1" Vigc =0V 2.0 20 olts
[ITY] Logic Input Current VN = 5.0V to +18V 40 40 nA
Vis Logic Input Swing V- = -15V -5.0 +18 | -5.0 +18 | Volts
I8 REF— Reference Bias Current -1.0| -4.0 -1.0( —4.0 nA
di/dt Reference Input Slew Rate 0.12 | 0.25 0.12] 0.25 mA/us
PSSlEsy gg‘;”fgf:g&"gf:;:';;’e'zr V+ = 4510 18V, V= = —15V =1/20] =112 =120 =112 Step
PSSlgs to Characteristic Curves) V- = -10.8to —18V, V+ = 15V =110 =172 *=110| *1/2 Step
I+ Power S ly C " V+ = +5.0to +15V, V- = —16V 2.7 4.0 2.7 4.0 mA
wer Su urren
- © PRy Ies = 2.0mA -67|-88 -67/| -88
V—=-15V,Voyr=0 | V+ = 5.0V 114 | 152 114 | 152
- W
Po Power Dissipation Ips = 2.0mA V+ = +15V 141 | 192 1) 192 | ™
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ELECTRICAL CHARACTERISTICS (Cont.)

TABLE |

NOMINAL DECODER OUTPUT CURRENT LEVELS IN A

P CHORD
0 1 2 3 4 5 6 7
0 600 | 16500 | 33.000 | 66.000 | 132.00 | 26400 | 528.00 | 1056.00
1 1500 | 17.500 | 35000 | 70000 | 140.00 | 280.00 | 560.00 | 1120.00
2 2500 | 18500 | 37.000 | 74.000 | 148.00 | 29600 | 592.00 | 1184.00
3 3500 | 19500 | 39.000 | 78.000 | 15600 | 312.00 | 624.00 | 1248.00
) 4500 | 20500 | 41.000 | 82000 | 16400 | 32800 | 686.00 | 1312.00
5 5500 | 21.500 | 43000 | 86.000 | 17200 | 344.00 | 688.00 | 1376.00
6 6500 | 22500 | 45.000 | 90.000 | 180.00 | 360.00 | 720.00 | 1440.00
7 7500 | 23500 | 47.000 | 94.000 | 188.00 | 37600 | 752.00 | 1504.00
8 8500 | 24500 | 49.000 | 98.000 | 196.00 | 392.00 | 784.00 | 1568.00
9 9.500 | 25500 | 51.000 | 102.000 | 204.00 | 408.00 | 816.00 | 1632.00
10 10500 | 26500 | 53000 | 106.000 | 212.00 | 424.00 | 848.00 | 1696.00
1 11500 | 27.500 | 55.000 | 110.000 | 220.00 | 440.00 | 880.00 | 1760.00
12 12.500 | 28.500 | 57.000 | 114.000 | 22800 | 456.00 | 912.00 | 1824.00
13 13.500 | 20500 | 59.000 | 118.000 | 236.00 | 472.00 | 944.00 | 1888.00
14 14500 | 30500 | 61.000 | 122.000 | 244.00 | 48800 | 976.00 | 1952.00
15 15500 | 31.500 | 63.000 | 126.000 | 252.00 | 504.00 | 1008.00 | 2016.00
SS'I'ZEg 1 1 2 4 8 16 32 64
TABLE 2

IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+ 3dBmo)

STEP CHORD
0 1 2 3 4 5 6 7
0 72.11 41.74 356.72 29.70 23.68 17.66 11.64 5.62
1 6257 | 4123 | 3521 2019 | 2317 17.15 11.13 5.11
2 58.13 40.75 34.73 28.71 22.68 16.66 10.64 4.62
3 55.21 40.29 34.27 28.25 22.23 16.21 10.18 417
4 53.03 39.85 33.83 27.81 21.79 15.77 9.75 3.73
5 5128 | 3944 | 3342 | 2740 | 2138 15.36 9.34 332
6 49.83 39.05 33.03 27.00 20.98 14.96 8.94 2.92
7 48.59 38.67 32.65 26.63 20.61 14.59 8.57 2.54
8 47.50 38.31 32.29 26.27 20.24 14.22 8.20 2.18
9 4654 | 37.96 | 3184 | 2592 19.80 | 13588 7.86 184
10 4567 | 3762 | 3160 | 2558 19.56 13.54 7.52 1.50
1 4488 | 3730 | 3128 | 2526 1924 | 1322 7.20 1.18
12 44.15 36.99 30.97 24.95 18.93 12.91 6.89 0.87
13 43.48 36.69 30.67 24.65 18.63 12.61 6.59 0.57
14 42.86 36.40 30.38 24.38 18.34 12.32 6.30 0.28
15 42.28 36.12 30.10 24.08 18.06 12.04 6.02 0.00
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THEORY OF OPERATION

Functional Description

The Am6071 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, Igs,
is specified by the input binary code 111 1111, and is a linear
function of the reference current, Igegg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
E/D input places the Am6073 in the encode mode and current
will flow into the lgg(4) or log(—) output, depending on the
state of the Sign Bit (SB} input. A logic 0 at the E/D input
places the Am6073 in the decode mode.

The transfer characteristic is a piece-wise linear approxima-
tion to the CCITT A-87.6 logarithmic law which can be written
as follows:

Y=018(1+In(A]X]) sgn(X), VA < IX| =1
Y = 0.18 (A X]) sgn (X), o0s<IXls 1A

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
A =876

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D in-
puts. The output current transfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. The two chords closest
to the origin of the transfer function, chord 0 and chord 1, are
made colinear and contiguous. The beginning of chord 0,
specified by the input binary code 000 0000, is offset by
+0.5uA. Each chord can be further divided into 16 steps, all
of the same size. The step size changes from one chord to
another, with the smallest step of 1.0uA found in the first two
chords near zero output current, and the largest step of 64uA
found in the last chord near full scale output current. This
nonlinear feature provides exceptional accuracy for small
signal levels. The accuracy for signal amplitudes corres-

ponding to chords 0 and 1 is very close to that of an 11-bit
linear, binary D/A converter. The ratio (in dB) between the
chord endpoint current, (Step 15), and the current which
corresponds to the preceding step, (Step 14), is maintained
atabout 0.3dB overthe entire dynamic range, with the excep-
tion of chord 0. The difference between the ratios of full scale
current to chord endpoint currents of adjacent chords is
similarly maintained at 6dB over the entire dynamic range.
Resulting signal-to-quantizing distortions due to non-
uniform quantizing levels maintain an acceptably low value
overa40dBrange of input speech signals. Note that the 62dB
output dynamic range for the Am6071 is very close to the
dynamic range of a sign plus 11-bitlinear, binary D/A conver-
ter.

In order to achieve a smoother transition between adjacent
chords, the step size between these chord end pointsis equal
to 1.5 times the step size of the lower chord. Note that this
does not apply to chord 0 and chord 1 where adjacent end
points differ by only one step, because these two chords are
colinear and have the same step sizes. Monotonic operation
is guaranteed by the internal device design over the entire
output dynamic range by specifying and maintaining the
chord end points and step size deviations within the allow-
able limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
62dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching be-
tween the encode, log(+) or log(—), and the decode, lgp(+) or
lop(—). outputs. A typical encode/decode test circuitis shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, {a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the Igg outputs (as determined by
the SB input). When operating in the encode mode as shown

Ry
VREF DIGITAL INPUTS 25k0
A

+10V ———— e
HREF’ 9 |8 6 |5 |4 | =
19.53k02 7 3 |2 1 sy
14
1"

By Bg Bg By By By By SB E/D 10E (1)

VR loE(

| Am6071 OP-AMP —
Ref |, £
z| °- ANALOG
1001 OUTPUT
= v+ V¢ '00(-) 5.0V
Rger— |13 18 10
20k
= —15v +15V = =
LIC-262

IREF = VREF/RREF
IDEAL VALUES: IRgF =512pA, Ifg = 20164A

E/D | SB|B1{B2|B3|Bs|Bs|Bg|B7 Eo

POSITIVE FULL SCALE 0 1 1 1 1 1 1 1 1 5.040V
(+) ZERO SCALE +1 STEP [ 1 0 0 Q 0 0 o 1 0.004V
(+) ZERO SCALE o 1 0 0 0 0 0 0 0 0.0012v
{—) ZERQ SCALE 0 0 o 0 0 0 0 0 0 -0.0012v
{—} ZERO SCALE +1 STEP| 0 o o 0 0 0 0 0 1 —0.004V
NEGATIVE FULL SCALE 0" [ 1 1 1 1 1 1 1 -5.040V

Figure 1. Detailed Decoder Connections.

R

VWA
+15V
DIGITAL INPUTS h
VREF —_—— A Eor
+10Vv 1
a .
ReF+ o s |7 [6 |5 Ja Ja [2 |
19.53 a
«2 | B; Bg Bg B, By B, By SB E/D _15v
VR(+)
i DEVICE
REF UNDER TEST Ry
v AA
Ve
V- v+ Vie +15V
R,
REF-
2060 "’ ||a R - €02
= —15v 415V = Az —
.
%"4 —15v

R{ =Ry =R3=Rg =25k £0.1% LIC-263

LINE SELECTION TABLE

TEST _ ouTPUT
GROUP E/D SB | MEASUREMENT
1 1 1 |loe | (Eo1/Ry)
2 1 0 |logt-) | (Egi/Ry)
3 o 1 |lop# | (Ega/R3)
4 0 0 |lopi-) | (Ega/Rg)

Figure 2. Output Current DC Test Circuit.
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in Figure 3, an offset current equal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, itcannot easily be added externally. As indicated in
the block diagram this required half step of encode current,
lgn. is automatically added to the lgg output through the
internal chip design. This additional current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.5uA, which will bring the ideal encode
current value for step 0 on chord 0 to 1.0uA with respect to
the corresponding decode current value of 0.51A. This addi-
. tional encode half step of current can be used for extension
of the output dynamic range from 62dB to 66dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lpp(+) and lpg(+) and
the outputs lgp(—) and log(—) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6071 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SSI logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/D converter system. The first task
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper START, (S), and CONVERSION COM-
PLETE, (CC), signal levels are set, the first clock pulse sets
the MSB output of the SAR, Am2502, to a logic 0 and sets all
other parallel digital outputs to logic 1 levels. At the same
time, the flip-flop is triggered, and its output provides the E/D
input with a logic 0 level. No current flows into the lgg out-
puts. This disconnects the converter from the comparator
inputs, and the incoming analog signal can be compared
with the ground applied to the opposite comparator input.
The resulting comparator output is fed to the Am2502 serial
datainput, D, through an exclusive-or gate. Atthe same time,
the second input to the same exclusive-or gate is held at a
logic 0 level by the additional successive approximation
logic shown in Figure 3. This exclusive-or gate inverts the
comparator’s outputs whenever a negative signal polarity is
detected. This maintains the proper output current coding,
i.e., all ones for full scale and all zeros for zero scale.

The second clock pulse changes the E/D input back to a logic
1 level because the CC signal changed. It also clocks the D
input signal of the Am2502 to its MSB output, and transfers it
to the SB input of the Am6071. Depending upon the SB input
level, current will flow into the lgg(+) or log(—) output of the
Am6071.

Nine clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6071 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal
should not be allowed to change its value during the data
conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6071 output current to a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier's
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic 0, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
currentinto the appropriate (+) or (—) output of the Am6071.
The resulting operational amplifier's output in Figure 1
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the currents
of each of the four Am6071 analog outputs. Resistor toler-
ances of 0.1% give 0.1% output measurement error (approx-
imately 2u.A at full scale). The input offset currents of the A1
and A2 devices also increase output measurement error and
this error is most significant near zero scale. The Am101A
and 308 devices, for example, may be used for A1 and A2
since their maximum offset currents, which would add di-
rectly to the measurement error, are only 10nA and 1nA
respectively. The input offset voltages of the A1 and A2
devices, with output resistor values of 2.5k(}, also contribute
to the output measurement error by a factor of 400nA for

ANALOG INPUT

{GROUNDED FOR
SINGLE-ENDED [ “‘T
INPUTS}

= 25k2 % $

1/47486

CLOCK

1/47486
L

_L = — SERIAL
DATA
&m 16 8 outeut
. 5 Vee GND - |
—1jC
Am2502 © CONVERSION
7] successive approximaTiON ¢ [O—4——= CompLETE
o REGISTER (SAR} 2
+5.0V ms8 Lse
BB EBRE
oL PARALLEL
Q —— DATA

D

127478 outPuT

PR

VREF

+5.0V +tov

1| 2} 3] 4| 5| 6 7| 8| 9

PREF (+}
19.53%2

14

€/D 5B By B, By By Bg Bg By

Va
/ ‘et
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Figure 3. Detailed Encoder Connections.
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20k82
T

ToE(-)
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ml
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lon(-) v—
13 |
—15v
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every mV of offset. Therefore, to minimize error, the offset
voltages of A1 and A2 should be nulled.

The recommended operating range for the reference current
Iger is from 0.1mA to 1.0mA. The full scale output current,
Igs, is a linear function of the reference current, and may be
calculated from the equation lgs = 3.94 Iggg. This tight re-
lationship between |ggg and Igg alleviates the requirement
for trimming the Iggr current if the Rpgp resistor values
are within +1% of the calculated value. Lower values of
lger will reduce the negative power supply current, (I-),
and will increase the reference amplifier negative com-
mon mode input voltage range.

The ideal value for the reference current |geg = Vgep/Rper is
512uA. The corresponding ideal full scale decode and en-
code current values are 2016uA and 2048uA, respectively. A
percentage change from the ideal |ggr value produced by
changes in Vggr or Rrer values produces the same percen-
tage change in decode and encode output current values.
The positive voltage supply, V+, may be used, with certain
precautions, for the positive reference voltage Vggg. In this
case, the reference resistor Rger(4+) should be split into two
resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current Iggg = 512uA. The resistor Rgep(—)
value should be approximately equal to the Rgeg(4) value in
order to compensate for the errors caused by the reference
amplifier's input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the Vg(_y terminal through the resistor Rrer(—)
with the Rpgg(+) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg(—) terminal while the reference current flows from
ground through Rpgg(4) into the Vg4 terminal.

The Am6071 has a wide output voltage compliance suitable
for driving a variety of loads. With Iggg = 512uA and V-
—15V, positive voltage compliance is +18V and negative

voltage compliance is —5.0V. For other values of lggr and
V-, the negative voltage compliance, Vg¢(—), may be calcu-
lated as follows:

Voc(_) = (V-) + 2(Iggg*1.55kQ) + 8.4V,
where 1.55k(} and 8.4V are equivalent worst case values for
the Am6071.
The following table contains V() values for some specific
V-, Igeg, and Igg values.

Negative Output Voltage Compliance VOC(—)

IRer (ks)
V-
2561A 512uA 1024,.A
(1mA) (2mA) (4mA)
—12v —2.8V —2.0v -0.4v
—15v -5.8V -5.0V ~3.4V
—18v -8.8V -8.0V 6.4V

The V| ¢ input can accommodate various logic input switch-
ing threshold voltages allowing the Am&071 to interface with
various logic families. This input should be placed ata poten-
tial which is 1.4V below the desired logic input switching
threshold. Two external discrete circuits which provide this
function for non-TTL driven inputs are shown in Figure 4. For
TTL-driven logicinputs, the V| ¢ inputshould be grounded. If
negative voltages are applied at the digital logic inputs, they
must have a value which is more positive than the sum of the
chosen V- value and +10V.

With a V- value chosen between —15V and -11V, the
Voc(—) the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V- value chosen.

With a V+ value chosen between +5V and +15V, the refer-
ence amplifier common mode positive voltage range and the
V¢ input values are reduced by an amount equivalent to the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS

2N3904 2N3904

TOPIN 10
Vie

TOPIN 10
Vic

6.2k >R
> (400uA}}

-5.2Vv

LIC-265

(See Notes 2 and 3)

Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs.

DIGITAL INPUTS

bbbl

VREF
+10V

19.53x2

9 |8 |7

By Bg B5 By By By By SBED jop
n v
Ri+) [
o8 (-}
— Am6071
Ll 10D {4}
2| R
20 | v- v vy oot g
Y 17
13 18 _J_|0
= —15v +15V = LIC-266
OUTPUT VOLTAGE (V)
_INPUT CODE
(E/D,SB,By,....B7} | ~a" | “B” | ~c” | DIFF
10 111N 0
10 110 1111 +5.00 | N/A N/A N/A
10 000 0000 +10.00
01111 1111 -500 | +5.00 | —10.00
01110 1111 +000 [ +500 | -5.00
01 000 0000 nja | T80 | +500 0
00 000 0000 +500 | +5.00 0
001101111 +500 [ +0.00 +5.00
00111 1111 +500 | -5.00 [ +10.00

Figure 5. Resistive Output Connections.
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ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table 3
Normalized Decoder Output (Sign Bit Excluded)

CHORD (C)
0 1 2 3 4 5 6 7
STEP (S) 000 001 010 011 100 101 110 111
0 0000 1 33 66 132 264 528 1056 2112
1 0001 3 35 70 140 280 560 1120 2240
2 0010 5 37 74 148 296 592 1184 2368
3 0011 7 39 78 156 312 624 1248 2496
4 0100 9 41 82 164 328 656 1312 2624
5 0101 1 43 86 172 344 688 1376 2752
6 0110 13 45 90 180 360 720 1440 2880
7 011 15 47 94 188 376 752 1504 3008
8 1000 17 49 98 196 392 784 1568 3136
9 1001 19 51 102 204 408 816 1632 3264
10 1010 21 53 106 212 424 848 1696 3392
1" 1011 23 55 110 220 440 880 1760 3520
12 1100 25 57 114 228 456 912 1824 3648
13 1101 27 59 118 236 462 944 1888 3776
14 1110 29 61 122 244 488 976 1952 3904
15 1M1 31 63 126 252 504 1008 2016 4032
STEP SIZE 2 2 4 8 16 32 64 128

The normalized decode current, (I¢,s), where C is chord number and S is step number, is calculated
using: lgg = 25(S + 16.5) forC = 1, and Ic,s =2S + 1 for C = 0. The ideal decode current, (Igp), in uA is
calculated using: lop = (Ic,s/l7,15(norm.)) *IFs(nA), where I¢ g is the corresponding normalized current.

Table 4
Normalized Encoder Output (Sign Bit Excluded)

CHORD (C)
0 1 2 3 4 5 6 7
STEP (S) 000 001 010 011 100 101 110 111
0 0000 2 34 68 136 272 544 1088 2176
1 0001 4 36 72 144 288 576 1152 2304
2 0010 6 38 76 152 304 608 1216 2432
3 0011 8 40 80 160 320 640 1280 2560
4 0100 10 42 84 168 336 672 1344 2688
5 0101 12 44 88 176 352 704 1408 2816
6 0110 14 46 92 184 368 736 1472 2944
7 0111 16 438 96 192 384 768 1536 3072
8 1000 18 50 100 200 400 800 1600 3200
9 1001 20 52 104 208 416 832 1664 3328
10 1010 22 54 108 216 432 864 1728 3456
1 1011 24 56 112 224 448 896 1792 3584
12 1100 26 58 116 232 464 928 1856 3712
13 1101 28 60 120 240 480 960 1920 3840
14 1110 30 62 124 248 496 992 1984 3968
15 mnm 32 64 128 256 512 1024 2048 4096
STEP SIZE 2 2 4 8 16 32 64 128
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.)

Table 5

Decoder Step Size Summary

Step Size | Step Size as Resolution
Step Size Step Size | Step Size in dB at | a % of Reading | & Accuracy
Normalized | in uA with | as a % of Chord at Chord of Equivalent
Chord |to Full Scale| 2016uA F. S.| Full Scale Endpoints Endpoints Binary DAC
0 2 1.0 0.05% 0.58 6.45% Sign + 11 Bits
1 2 1.0 0.05% 0.28 3.17% Sign + 11 Bits
2 4 2.0 0.1% 0.28 3.17% Sign + 10 Bits
3 8 4.0 0.2% 0.28 3.17% Sign + 9 Bits
4 16 8.0 0.4% 0.28 3.17% Sign + 8 Bits
5 32 16.0 0.8% 0.28 3.17% Sign + 7 Bits
6 64 320 1.6% 0.28 3.17% Sign + 6 Bits
7 128 64.0 3.2% 0.28 3.17% Sign + 6 Bits
Table 6
Decoder Chord Size Summary
Chord Endpoints | Chord Endpoints Chord Endpoints | Chord Endpoints
Normalized in A with asa% in dB Down
Chord to Full Scale 2016A F. S. of Full Scale from Full Scale
0 31 15.5 0.77% —42.28
1 63 315 1.56% -36.12
2 126 63.0 3.13% -30.10
3 252 126.0 6.25% —24.08
4 504 252.0 12.5% -18.06
5 1008 504.0 25.0% -12.04
6 2016 1008.0 50.0% -~6.02
7 4032 2016.0 100% 0
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS

10V INPUT

VRer DIGITAL INPUTS
+10V

s L]

M
Ve -
[y Vet AmE6071

5.0k

El

TO A/D
CONVERSION
LOGIC

5.0k = 5.0k

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

VREF DIGITAL INPUTS Ry
+10V — — 2.5k

e L)

ANALOG
2 OUTPUT

| | 5.0V
20k 20k02
10V
= OUTPUT =
25k
N IDEAL VALUES:
IRgr= 512nA
LIC-267 'FS = 2016pA LIC-268
LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION
DIGITAL INPUTS DIGITAL INPUTS
VREF e e VREF e
N Rrer |9 [s |76 fs]a ]3]z ]r RReF
Zn=Rin —-— B, Bg Bs By B By By S8 €/D (r) 8 Bg Bg By By By By SBE/D (s)
in L -V Yoe () Mvawm loE ()
R ner Amé071 iRer Am6071
N 'n:; vin _%. OL‘; Vaia
'REF = VIN/RIN + VREF/RREF IREF = (VREF — VIN/RREF
IFs ~ 4 * IREF IFs =4 ¢ IREF
LIC-269 Lic-270

LOGARITHMIC DIGITAL GAIN CONTROL
(Notes 4 & 5)

ATTENUATION

=~ 6dB/CHORD
VRer ~ .3dB/STEP AA
+10V —_— vV

CHANNEL 25k

2082 OP-AMP

o

RIGHT
CHANNEL
OUTPUT

VR
Am&071

VRi-)

o

LEFT
CHANNEL
OUTPUT

uc-271

REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT

FREQUENCY
RESPONSE
TEST

RF VOLTMETER
OSCILLOSCOPE

DISTORTION
ANALYZER

By Bg B By By By By SBE/D (4)
1,
VR(+) 0E ()

THD
ouTPUT

1.0kQ

l|,—1

Lic-272

Notes: 4. Low distortion outputs are provided over a 72dB range.

5. Up to 4 channels of output may be selected by E/D and SB togic inputs.
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Reference Amplifier
Total Harmonic Distortion
Versus Frequency (80kHz Filter)

{Notes 6, 7, 8)

10
® T
y 08 =
=} See Note 8]
£ 02
o
g o1
2 005
Q
4
g 0.02
Z o
<
= 0.005
2 LARGE SIGNAL

[ INPUT +5V PEAK
5 0002 (40, MODULATION)
P oot
10 00 1.0k 10k 100k

FREQUENCY — Hz

Power Supply Currents
Versus Power Supply Voltages

8.0
< [N
E 70 \—vs.V—_L ]
1
£ 60
&
£ 50
g
> 4.0
-
g 30 1+ vs. V+ —1—1
2 1]
e 20
g P
3 1.0} ALLBITS “HIGH OR “LOW’ —
a Ifs = 2.0mA
0 L 1 ] 1 1 | L L
0 20406080 10 12 14 16 18 20
POSITIVE OR NEGATIVE POWER SUPPLY — V
Bit Transfer Characteristics
(Note 10)
O3 T T T T 11
= IREF = 0.5mA
0.30
£
1025 0204
=
S 0.20
o
£
3 015
et
?__ 0.10 V—=-15V
3 VT_u b2 ——
N 0.055
0.05
AN 83 0.023
LU LT L1

-12 -8 -4 0 4 8 12 16

LOGIC INPUT VOLTAGE — V

TYPICAL PER FORMANCE CURVES

Reference Amplifier
Input Frequency Response

+4
+2
a o0
[ v
5 SMALL SIGNAL ]
E 4 “100mv PEAK i
8 _g | (1% MODULATION}
AR (IR TTASIMA Y
1 AR IEA
S LARGE SIGNAL ~ |\
W —12[ (SLEW RATE LIMITED)
5V PEAK
=14 (50% MODULATION)
-16 LI LU 4 Ly
100 1k 10k 100k ™ oM
FREQUENCY — Hz
Power Supply Currents
Versus Temperature
8.0 T
T 70 -]
| Lt
£ 60
z
5.0
g IFg = 2.0mA
5 40
g 30 +_
2
?
© 20
£
S 1.0[ ALLBITS “HIGH" OR “LOW" ——1
V+=+15V, V- = ~15V

1]
—75 ~50 o 50 100 150
TEMPERATURE - °C

Logic Input Current
Versus Input Voltage
and Logic Input Range

(Note 11)

OTTTTTT
< | IpgF =0.5mA
v V-
£ 20f- Vgm0V
-4
w
o«
-
3 10
°
2
[
z
Q
o 5.0
o
]

.
]
-12 -8 4 0 4 8 12 16

LOGIC INPUT VOLTAGE -V

OUTPUT CURRENT — mA OUTPUT CURRENT — mA

OUTPUT FULL SCALE CURRENT, Igg — mA

Reference Amplifier
Input Common-Mode Range

(Note 9)
32 —
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2.0 -
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0
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Notes:

. THD is nearly independent of the logic input code.

. Similar results are obtained for a high input impedance connection using Vg(—) as an input.

modulation), the bandwidth is 100kHz.

. Positive common mode range is always (V+) —1.5V.

temperature range.

6
7
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of 2.5V peak (256%
)
0.

. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating

11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.
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APPLICATIONS

The companding D/A converter is particularly suited for ap-
plications requiring a wide dynamic range.

Systems requiring fine control resulting in a constant rate of
change or set point controls are economically achieved
using these devices.

Instrumentation, Control and u-Processor based applica-

Telecommunications applications include:
PCM Codec telephone systems
Intercom systems
Military voice communication systems
Radar systems
Voice Encryption

tions include:
Digital data recording
PCM telemetry systems
Servo systems
Function generation
Data acquisition systems

Audio Applications:
Recording

Multiplexing of analog signals

Voice synthesis

Other companding converters offered by Advanced Micro Devices:

If particular interest lies in a companding D/A converter
operating to the D3 compandor tracking specification and
meeting the Bel] System n-255 companding law, see the
Am6072 data sheet.

For a CCITT unit having an A-law characteristic see the
Am6073 data sheet.

u-law applications other than telecommunications systems
are described in the Am6070 data sheet.
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SERIAL DATA TRANSCEIVING CONVERTER
(1/2 OF SYSTEM SHOWN)

SEND/RECEIVE 5V
TRANSMIT INPUT COMMAND ‘? (?—r -l-
*5V ANALOG IN ‘HIGH = SEND ¢ CcLocK START
T LOW = RECEIVE

174

7486
— TIME SHARED
— o BI-DIRECTIONAL
SERIAL DATA
—4— 25 & a4 > BUS
GROUND FOR k> 74126 74 10 !GT 8
NCN-DIFFERENTIAL 74126 — —
INPUTS 9 5 v+ GND -
— C
Am2502
7 (SAR) 2
> o SUCCESSIVE & ENGOFCONV. 1
LY, 4 APPROXIMATION
7‘3‘5 74126 REGISTER
a msB LS8
7486 141312 11| 6| 5| 4| 3
CcL
P

12 e
7474

PR

l +5V

+10V
|l 2| 3l4a)s|6]7|8]|9
u/I - E/DSB B1 B2 B3 B4 BS B6 B7 18.94k02
OE(+)
; 1
® logt=) VREF+]
Am6071 2
orrrestTAL
CURRENT
OUTPUT v+ Vie 20k
RECEIVE OUTPUT ,3l ml 10
-1V +15V 'l‘ =
Lic-274
Notes: 3. The SAR is used as a serial-in/parallel out register in the re-
1. Complementary sendireceive commands are required for the ceive mode.
two ends. 4. CLOCK and START may be connected in parallel at both ends.
2. START must be held low for one clock cycle to begin a send 6. Conversion is completed in 9 clock cycles.
or receive cycle. 6. Receive output is available for one full clock cycle.

Metallization and Pad Layout
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85 8y
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e
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v loE(-)
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Companding D-to-A Converter for PCM Communication Systems

PRELIMINARY INFORMATION

Distinctive Characteristics

Tested to D3 compandor tracking specification
Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM systems

Output dynamic range of 72 dB

Improved pin-for-pin replacement for DAC-86
Microprocessor controlled operations
Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance
Low power consumption

GENERAL DESCRIPTION

The Am6072 is a monolithic 8-bit, companding digital-to-
analog (D/A) data converter with true current outputs and
large output voltage compliance for fast driving a variety of
loads. The transfer function of the Am6072 complies with the
Bell System u-255 companding law, Y = 0.18In (1 + ux}, and
consists of 15 linear segments or chords. A particular chord is
identified with the sign bit input, (SB), and three chord select
input bits. Each chord contains 16 uniformly spaced linear
steps which are determined by four step select input bits. The
resulting dynamic range achieved with this 8-bit format is
72dB. Accuracy and monoticity are assured by the internal
circuit design and are guaranteed over the full temperature

range. The Am6072 is tested to the Bell D3 channel bank com-
pandor tracking specification for pulse code modulation
(PCM) transmission systems. The application of the Am6072
in communication systems provides an increased signal-to-
noise ratio, reduces system signal distortion, and stimulates
wider usage of computerized channel switching. Other appli-
cation areas include digital audio recording, voice synthesis,
and secure communications. When used in PCM communica-
tion systems, the Am6072 functions as a complete PCM de-
coder with additional encoding capabilities which make it ideal
for implementation in CODEC circuits.

FUNCTIONAL BLOCK DIAGRAM

CHORD BITS
B, B, By

STEP BITS
8, Bg Bg By S8 ED

o o o
3 [a s s [7 s |o 2 1
lm o
10F8
CHORD DECODER loe+)
15
)
° ! 10E(-)
SWITCH Pt
STEP 's ‘op(+)
SELECTOR 17
len lop(-)
HE
‘ L3
‘ CHORD PEDESTAL
{ SELECTOR GENERATOR
len f ey
CHORD AND
8IAS
PEDESTAL
o SOURCES NETWORK
VR(-)
13 18 10
Lic-275 w1l e

CONNECTION DIAGRAM
Am6072

ENCODE/DECODE SELECT: 1=ENCODE 1 E €D M v+ ] 18 POSITIVE POWER SUPPLY

2[]ss lon-) [ 17
MOST SIGNIFICANT CHORD BIT INPUT 3 [| B1 loow) [ 18

log(—) [ ] 15

SIGN BIT INPUT: 1= POSITIVE DECODER OUT: E/D SB = 00
DECODER OUT: E/D SB = 01

SECOND CHORD BIT INPUT 4 [] B2 ENCODER OUT: E/D SB =10

LEAST SIGNIFICANT CHORD BIT INPUT 5 [_| B3 I0E(+) [ _] 14 ENCODEROUT: E/GSB =11
MOST SIGNIFICANT STEP BIT INPUT 6 [] Ba V- [T] 13 NEGATIVE POWER SUPPLY
SECOND STEP BIT INPUT 7 [] B5 VR(<) [ ] 12 NEGATIVE REFERENCE INPUT
THIRD STEP BIT INPUT 8 | Bg VR(+) [] 11 POSITIVE REFERENCE INPUT
LEAST SIGNIFICANT STEP BIT INPUT o [| B7 Vic [J 10 THRESHOLD CONTROL
Top View

Pin 1 is marked for orientation. Lic-276

ORDERING INFORMATION

Part Number Temperature Accuracy

—55°C to +125°C
0°C to +70°C

Am6072DM
Am6072DC

Conforms to D3 Spec.

Conforms to D3 Spec.

SIMPLIFIED CONVERSION TRANSFER FUNCTIONS

Encoder
Characteristic

Decoder
Characteristic
DIGITAL
ANALOG -+ OUTPUT(+}
OUTPUT{(+)

DIGITAL

ANALOG
INPUT () INPUT(-)

ANALOG

DIGITAL ey

INPUT (+)

ANALOG
—— OUTPUT(-} DIGITAL

OUTPUT(-)

Lic-277
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MAXIMUM RATINGS above which useful life may be impaired

Am6072

V+ Supply to V— Supply

36V | Operating Temperature

V¢ Swing

V—plus 8V to V+

MIL Grade

—55°C to +125°C

Output Voltage Swing

V—plus 8V to V— plus 36V

COM’L Grade

0°C to +70°C

Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage 118V | Power Dissipation Ta < 100°C 500mwW
Reference Input Current 1.26mA For Ta > 100°C derate at 10mW/°C

Logic Inputs

V—plus 8V to V— plus 36V

Lead Soldering Temperature

300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resotution

+128 Steps

Monotonicity

For both groups of 128 steps and over full operating temperature range

Dynamic Range

72dB, (20 log (17, 15/10, 1))

ELECTRICAL CHARACTERISTICS (Note 1)

These specifications apply for V4+=+15V, V—=—15V, IREF=528uA, 0°C<TA <+70°C, forthe commercial grade, —55°C<Ta
<H1 25°C, for the military grade, and for all 4 outputs unless otherwise specified.

Parameter Description Test Conditions Min. Typ. Max. Unit
s _ oo
ts Settling Time To within .i1 /2 stepat Tp =25°C, _ 300 500 ns
Output switched from Izg to Igs

Chord Endpoint Accuracy

Step Nonlinearity
IEN Encode Current
) VREF = +10,000V

FS Full Scale Current Deviation from Ideal RREF+ = 18.94kQ See Table 1 for absolute accuracy
'gs(E) R - 20k limits which cover all errors related
REF— to the transfer characteristic.
10(+)—1po(=} | Full Scale Current Symmetry Error ~5V < VouT < +18V
Izs Zero Scale Current
Alfs Full Scale Current Drift
Voc Output Voltage Compliance Qutput within limits specified by Table 1 -5 - +18 Volts
IDIs Disable Current Leakage of output disabled by E/D or SB — 5.0 50 nA
IFSR Output Current Range 0 2.0 4.2 mA
ViL Logic Input Logic “'0** - - 0.8 Volts
e Vie=ov

ViH Levels Logic “1 2.0 - - Volts
N Logic Input Current VIN = =5V to +18V - - 40 uA
Vis Logic Input Swing V= -16V -5 - +18 Volts
IBREF— Reference Bias Current - —1.0 —4.0 BA
di/dt Reference Input Slew Rate 0.12 0.25 - mA/us
PSSIES+ Power Supply Sensitivity Over Supply Range V+=+4.5 to +18V, V— = —-15V — 0.005 0.1 dB
PSSIpg_ (Refer to Characteristic Curves) V—=—10.8V to —18V, V+ = +15V - 0.01 0.1
1+ V+ =+5V to +15V, V— = 15V, - 2.7 4.0

Power Supply Current
- pply Furren lpg = 2.0mA — 6.7 88 | ™

—=— = + =45V —
Pp Power Dissipation Y - 2105VAVOUT ov v : 5 114 152 W
F§ = <.0m V+ =+15V - 141 192

Note 1. In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first chord around zero (Cg)
the step size is 0.5uA, while in the last chord near full scale {C7) the step size is 64uA.
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ELECTRICAL CHARACTERISTICS (Cont.)

TABLE 1
ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN pA
STEP CHORD NO.
NO. 0 1 2 3 4 5 6 7
—.250 7.789 24.048 56.112 120.24 24849 505.00 1018.02
0 000 8.250 24.750 67.750 123.75 255.75 519.75 1047.75
250 8.739 26473 59.436 127.36 263.22 534.93 1078.34
250 8.733 25.991 59.998 128.01 264.04 636.10 1080.21
1 .500 9.250 26.750 61.750 131.75 271.75 661.75 1111.75
.750 9.798 27.531 63.553 135.60 279.69 567.86 1144.21
.750 9677 27.934 63.885 135.79 279.59 567.19 1142.39
2 1.000 10.250 28.750 65.750 139.76 287.75 583.75 1175.75
1.250 10.857 29.590 67.670 143.83 296.15 600.80 1210.08
1.250 10.621 29.878 67.771 143.56 295.13 598.28 1204.58
3 1500 11.250 30.750 69.750 147.75 303.75 615.75 1239.75
1.750 11.917 31.648 71.787 152.06 312.62 633.73 1275.95
1.750 11.565 31.821 71.658 1561.33 310.68 629.37 1266.76
4 2.000 12,250 32.750 73.750 155.75 319.75 647.75 1303.75
2.250 12.976 33.706 75.904 160.30 329.09 666.66 1341.82
2250 12.509 33.764 75.544 159.10 326.22 660.46 1328.94
5 2500 13.250 34.750 77.750 163.75 335.75 679.75 1367.75
2.750 14.035 35.765 80.020 168.53 345.55 699.60 1407.69
2.750 13.453 35.707 79431 166.88 341.77 691.56 1391.13
6 3.000 14.250 36.750 81.750 171.75 351.75 711,75 1431.75
3.250 15.094 37.823 84.137 176.77 362.02 732.53 1473.56
3.250 14.397 37.651 83.317 174.65 357.32 72265 1453.31
7 3.500 15.250 38.750 85.750 179.75 367.75 743.75 1495.75
3.750 16.154 39.882 88.254 185.00 378.49 765.47 16239.43
3.750 15.341 39.594 87.204 182.42 372.86 753.74 1515.50
8 4.000 16.250 40.750 89.760 187.75 383.75 715.7% 1559.75
4.250 17.213 41.940 92371 193.23 394.96 798.40 1605.30
4.248 16.285 41537 91.090 190.20 388.41 78483 1577.68
9 4.500 17.250 42.750 93.750 195.75 399.75 807.75 1623.75
4.767 18.272 43.998 96.488 20147 411.42 831.34 1671.16
4720 17.229 43.480 94977 197.97 40395 816.92 1639.87
10 5.000 18.250 44,750 97.750 203.75 415.75 839.75 1687.75
5.296 19.331 46.057 100.604 209.70 427.89 864.27 1737.03
5.192 18.173 45424 98.863 205.74 419.50 847.02 1702.05
1 5.500 19.250 46.750 101.750 211.75 431.75 ‘871,75 1761.75
5.826 19.812 48.115 104.721 217.93 444.36 897.21 1802.90
5.664 19675 47.367 102.750 21352 435.05 878.11 1764.23
12 6.000 20.250 48.760 105.750 219.75 447.75 903.75 1815.75
6.356 20.841 50.174 108.838 22617 460.82 930.14 1868.77
6.136 20.647 49.310 106.636 221.29 450.59 909.20 1826.42
13 6.500 21.250 50.750 109.750 2271.75 463.75 9835.75 1879.75
6.885 21.871 52.232 112.955 234.40 477.29 963.07 1934.64
6.608 21619 51.253 110523 229.06 466.14 940.29 1888.60
14 7.000 22.250 52.750 113.750 235.76 479.75 967.75 1943.75
7415 22900 54.290 117.072 24263 493.76 996.01 2000.51
7.080 22.590 53.197 114409 236.83 48168 971.39 1950.79
15 7.500 23.250 54.750 117.750 243.75 495,75 999.75 2007.75
7.944 23.929 56.349 121.188 250.87 510.23 1028.94 2066.38
STEP 5 1 2 4 1 32 4
SIZE 8 6 6

Minimum, ideal and maximum values are specified for each step. The minimum and maximum values are
specified to comply with the Bell D3 compandor tracking requirements. All four outputs are guaranteed,
the encode outputs being specified to limits a half step higher than those shown above. This takes into
account the combined effects of chord endpoint accuracy, step nonlinearity, encode current error, full
scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, and output
impedance over the specified output voltage compliance range. Note that the guaranteed monotonicity
ensures that adjacent step current levels will not overlap -as might otherwise be implied from the minimum
and maximum values shown in the above table.

TABLE 2
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)
CHORD
[} 1 2 3 4 5 6 7
STEP
o - —44.73 -35.18 —27.82 ~21.20 —-14.90 -8.74 —2.65
1 —69.07 —43.73 -34.51 —27.24 —20.66 -14.37 -8.22 =213
2 —63.05 —4284 -33.88 -26.70 -20.15 -13.87 ~7.73 -1.65
3 -59.53 —4203 —33.30 -26.18 —-19.66 —-13.40 -7.27 -1.19
a4 —57.03 —41.29 -32.75 -25.70 -19.21 -=12.96 —6.83 -0.75
5 -65.10 —4061 —-32.24 —26.24 -18.77 -12.53 —6.41 —0.33
6 -5351 -39.98 -31.75 —24.80 -18.36 -12.13 —6.01 +0.06
7 -52.17 —39.39 —-31.29 —=24.39 -17.96 =11.74 -5.63 +0.44
8 -51.01 —38.84 ~30.85 -23.99 —17.58 -11.37 -5.26 +0.81
9 —49.99 —38.32 —-30.44 -2361 -17.22 -11.02 —491 +1.16
10 —49.07 -37.83 —30.04 —23.25 -16.87 —10.68 —-457 +1.49
" —48.25 =37.37 —29.66 —=22.90 —16.54 -10.35 —4.25 +1.82
12 —47.49 -36.93 —-29.29 —2257 -16.22 -10.03 -3.93 +2.13
13 —46.80 -36.51 —28.95 —22.25 -1591 —-9.73 -363 4243
14 —46.15 -36.11 —28.61 ~21.94 -15.61 -943 -3.34 +2.72
15 —45.55 -35.73 —28.29 —21.63 —15.32 -9.15 —3.06 +3.00

The —37 dBmo and —50 dBmo output points significant for the Bell D3 system specification can be found
between steps 11 and 12 on chord 1, and steps 8 and 9 on chord 0, respectively. Outputs corresponding to
points below —50dB are specified in Table 1 for an accuracy of * a half step.
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THEORY OF OPERATION

Functional Description

The Am6072 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, Igs,
is specified by the input binary code 111 1111, and is a linear
function of the reference current, Iggg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
ED input places the Am6072 in the encode mode and current
will flow into the lgg(+) or log(—) output, depending on the
state of the Sign Bit (SB) input. A logic 0 at the E/D input
places the Am6072 in the decode mode.

The transfer characteristic is a piece-wise linear approxi-
mation to the Bell System u-225 logarithmic law which
can be written as follows:

Y =0.182n (1 + u IXI) sgn (X)

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
p = 255

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D in-
puts. The output current transfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. Each chord can be
further divided into 16 steps, all of the same size. The step
size changes from one chord to another, with the smallest
step of 0.5uA found in the first chord near zero output cur-
rent, and the largest step of 64uA found in the lastchord near
full scale output current. This nonlinear feature provides
exceptional accuracy for small signal levels near zero output
current. The accuracy for signal amplitudes corresponding
to chord 0 is equivalent to that of a 12-bit linear, binary D/A
converter. However, the ratio {in dB) between the chord

endpoint current, (Step 15), and the current which corres-
ponds to the preceding step, (Step 14), is maintained at about
0.3dB over most of the dynamic range. The difference bet-
ween the ratios of full scale current to chord endpoint cur-
rents of adjacent chords is similarly maintained at approxi-
mately 6dB over most of the dynamic range. Resulting
signal-to-quantizing distortions due to non-uniform quantiz-
ing levels maintain an acceptably low value over a 40dB
range of input speech signals. Note that the 72dB output
dynamic range for the Am6072 corresponds to the dynamic
range of a sign plus 12-bit linear, binary D/A converter.

In order to achieve a smoother transition between adja-
cent chords, the step size between these chord end points
is equal to 1.5 times the step size of the lower chord.
Monotonic operation is guaranteed by the internal device
design over the entire output dynamic range by specify-
ing and maintaining the chord end points and step size
deviations within the allowable limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
72dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching bet-
ween the encode, IOEH‘) or 'OE(—)I and the decode, 'ODH—) or
lop(—) outputs. A typical encode/decode test circuitis shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the lgg outputs (as determined by
the SB input). When operating in the encode mode as shown
in Figure 3, an offset current equal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, it cannot easily be added externally. As indicated in
the block diagram this required half step of encode current,

Ry
25k

VREF

L LLILLLLE

RREF+
B; Bg Bg By B3 By By SBE/D ToE ()

10E+.

1
VREF(+}
—

Iper Am6072
VREF (-}

12
V-

llf!
—15v

v+

l‘lﬂ
+15V

RReF-
20k2

IREF = VREF/RREF Lic-278
IDEAL VALUES: IRgF = 528uA, IFg = 2007.75uA
€/D| S8 |B1|Bz|B3|8Bs|Bs5|Bg| By Eo

POSITIVE FULL SCALE 0 1 1 1 1 1 1 1 1 5.019V
(+) ZERO SCALE +1 STEP 0 1 0 0 0 0 0 0 1 0.0012v
(+} ZERO SCALE 4] 1 0 0 0 [} [} 0 0 ov
{—) ZERO SCALE 0 o 0 ] 0 0 0 [ 0 ov
(—) ZERO SCALE +1 STEP 0 0 0 o 0 0 0 0 1 —0.0012V
NEGATIVE FULL SCALE 0 o 1 1 1 1 1 1 1 —5.019v

Figure 1. Detailed Decoder Connections.

DIGITAL INPUTS

S8A0AAA!

By Bg B By By By By SB ED

o1

RRer+
1894
K2

"
VRi+)
DEVICE

12 UNDER TEST

VR(=)

V-
13

RREF-
20k

€0z

- —15v +15V = A2 °
+
Ry
R1=Rg=Rg3=Rgq =25k £0.1% v
LIC-279
LINE SELECTION TABLE
TEST _ UTPUT
GROUP E/D SB | MEASUREMENT
1 1 1 |iget¥ | (Egi/Ry)
2 1 0 |1oet-) | (Epi/Ry)
3 0 1 |1opt | (Ega/R3)
4 o o |iopt- | (Ega/Ra)

Figure 2. Output Current DC Test Circuit.
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lgn, is automatically added to the lgg output through the
internal chip design. This additiona! current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.25uA, which will bring the ideal encode
current value for step 0 on chord 0to +0.254.A with respect to
the corresponding decode current value of 0.0pA. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 72dB to 78dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lgp(+.) and log(+) and
the outputs lop(—) and log(—) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6072 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SSI logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/D converter system. The first task
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper Start, S, and Conversion Complete,
CC, signal levels are set, the first clock pulse sets the MSB
output of the SAR, Am2502, to a logic 0 and sets all other
parallel digital outputs to logic 1 levels. At the same time, the
flip-flop is triggered, and its output provides the E/D input
with alogic 0 level. No current flows into the lgg outputs. This
disconnects the converter from the comparator inputs, and
the incoming analog signal can be compared with the
ground applied to the opposite comparator input. The result-
ing comparator output is fed to the Am2502 serial data input,
D, through an exclusive-or gate. At the same time, the sec-
ond input to the same exclusive-or gate is held at a logic 0
level by the additional successive approximation logic
shown in Figure 3. This exclusive-or gate inverts the com-
parator’s outputs whenever a negative signal polarity is de-
tected. This maintains the proper output current coding, i.e.,
all ones for full scale and all zeros for zero scale.

The second clock pulse changes the E/D input back to a logic
1 level because the CC signal changed. It also clocks the D

input signal of the Am2502 to its MSB output, and transfers it
to the SB input of the Am6072. Depending upon the SB input
level, current will flow into the lgg(4) or Igg(—) output of the
Am6072.

Nine total clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6072 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal
should not be allowed to change its value during the data
conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6072 output currentto a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier's
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic O, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
current into the appropriate (+) or (—) output of the Am6072.
The resulting operational amplifier's output in Figure 2
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the cur-
rents of each of the four Am6072 analog outputs. Resistor
tolerances of 0.1% give 0.1% output measurement error
(approximately 2uA at full scale). The input offset currents
of the A1 and A2 devices also increase output measure-
ment error and this error is most significant near zero
scale. The Am101A and 308 devices, for example, may be
used for A1 and A2 since their maximum offset currents,
which would add directly to the measurement. error, are
only 10nA and 1nA, respectively. The input offset voltages
of the A1 and A2 devices, with output resistor values of

ANALOG INPUT

(GROUNDEDFOR
SINGLE-ENDED [~
+15V
= 25k Saskn

1/4 7486

CLOCK +5.0V

Iy Ly 2
J)H]

- SERIAL
O DATA

OUTPUT

16 8

Vee GND
] I
— c

Am2502 = TONVERSION
© SUCCESSIVE APPROXIMATION cc °2 O Comprete

<

1/4 7486
f
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+5.0V MsB LsB
14 (13)12| 11] 6| 5§ 4] 3
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Figure 3. Detailed Encoder Connections.
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2.5k}, also contribute to the output measurement error by
a factor of 400nA for every mV of offset at the A1 and A2
outputs. Therefore, to minimize error, the offset voltages
of A1 and A2 should be nulled.

The recommended operating range for the reference cur-
rent Iger is from 0.1MA to 1.0mA. The full scale output
current, lgg, is a linear function of the reference current,
and may be calculated from the equation Igg = 3.8 Iggf.
This tight relationship between lgge and Igg alleviates the
requirement for trimming the Igge current if the Rgge re-
sistors values are within =1% of the calculated value.
Lower values of Iggg will reduce the negative power sup-
ply current, (I-), and will increase the reference amplifier
negative common mode input voltage range.

The ideal value for the reference current Iggg = Vgeg/Rper is
528uA. The corresponding ideal full scale decode and en-
code current values are 2007.75uA and 2039.75u A, respec-
tively. A percentage change from the ideal Iggg value pro-
duced by changes in Vggr or Rgep values produces the same
percentage change in decode and encode output current
values. The positive voltage supply, V+, may be used, with
certain precautions, for the positive reference voltage Vgygg.
Inthis case, the reference resistor Rggr (4 should be splitinto
two resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current lggg = 528uA. The resistor Rggg(—)
value should be approximately equal to the Rrgp(4) value in
order to compensate for the errors caused by the reference
amplifier's input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the V(_) terminal through the resistor Rggr(—)
with the Rpgp(4) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg, terminal while the reference current flows from
ground through Rggp(4) into the Vg4 terminal.

The Am6072 has a wide output voltage compliance suit-
able for driving a variety of loads. With Iggr = 528uA and
V- —15V, positive voltage compliance is +18V and
negative voltage compliance is —5.0V. For other values of
lrer and V-, the negative voltage compliance, Vog(-),
may be calculated as follows:

Voci—) = (V=) + (2 » Iggr *» 1.5k2) + 8.4V.

The following table contains Vgc(—) values for some
specific V—, Iggr, and Igg values.

Negative Output Voltage Compliance VQc(—)

::?E*; 264uA | 528uA | 1056uA

A Fs! (1maA) | (2mA) | 4mA)
—-12v -2.8V -2.0v -0.4Vv
—15Vv —-5.8V -5.0v —3.4V
—-18Vv —8.8V -8.0V -64V

The V¢ input can accommodate various logic input
switching threshold voltages allowing the Am6072 to in-
terface with various logic families. This input should be
placed at a potential which is 1.4V below the desired logic
input switching threshold. Two external discrete circuits
which provide this function for non-TTL driven inputs are
shown in Figure 4. For TTL-driven logic inputs, the V| ¢
input should be grounded. If negative voltages are
applied at the digital logic inputs, they must have a value
which is more positive than the sum of the chosen V—
value and +10V.

With a V- value chosen between —15V and -11V, the
Voc(-) the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V- value chosen.

With a V+ value chosen between +5V and +15V, the refer-
ence amplifier common mode positive voltage range and the
V¢ input values are reduced by an amount equivalent to the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS
Ve
1 o
< >
$1ka S0
AT 3904 A" »——szsm
2N3304 2N3904
3K0 b 3k
S e ‘T’S :m 0 $ 20k ANA 52 :w 10
1. <
g 6.2k R 400uA

|||—<

-52v

Lic-281
(See Notes 2 and 3)

Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs.

VREF DIGITAL INPUTS

+10V

B7 B By By By By By SBED . )

+10V

VR(+)
—
IREF Am6072
VR(-
=] VR
20 | v- v+ vy ‘oot
k2
13 18 10
= —15v +15V = LiCc-282
OUTPUT VOLTAGE (V)
_INPUT CODE
{e/D, sB,B1,....B7} | “A" “B" “er DIFF
LCRERRERE 0
10 1101111 +502 | N/A [ N/A N/A
10 000 0000 +10.00
01111111 -5.00 | +5.00 | —10.00
011101111 4002 | +500 | -4.98
01000 0000 Nja | 1590 | +5.00 o
00 000 0000 +5.00 | +5.00 0
001101111 +5.00 | +0.02 | +4.98
001111111 +5.00 | —5.00 | +10.00

Figure 5. Resistive Output Connections.

Notes: 2. Set the voltage “’A’’ to the desired logic input switching threshold.

3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies.
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ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table 3
Normalized Decoder Output {Sign Bit Excluded)
Chord (C) 0 1 2 3 4 5 6 7
Step (S) 000 001 010 011 100 101 110 11
0 0000 0 33 99 231 495 1023 2079 4191
1 0001 2 37 107 247 527 1087 2207 4447
2 0010 4 a4 115 263 559 1151 2335 4703
3 0011 6 45 123 279 591 1215 2463 4959
4 0100 8 49 131 295 623 1279 2591 5215
5 0101 10 53 139 3an 655 1343 2719 5471
6 0110 12 57 147 327 687 1407 2847 5727
7 0111 14 61 1565 343 719 1471 2975 5983
8 1000 16 65 163 359 751 1535 3103 6239
9 1001 18 69 1m7m 375 783 1599 3231 6495
10 1010 20 73 179 391 815 1663 3359 6751
11 1011 22 77 187 407 847 1727 3487 7007
12 1100 24 81 195 423 879 1791 3615 7263
13 1101 26 85 203 439 911 1855 3743 7519
14 1110 28 89 211 455 943 1919 3871 7775
15 1" 30 93 219 47 975 1983 3999 8031
Step Size 2 4 8 16 32 64 128 256

The normalized decode current, {Ig,s), is calculated using:
Ic,s = 2(2%(S + 16.5) — 16.5)
where C = chord number; S = step number. The ideal de-

where Ig, s is the corresponding normalized current. To ob-
tain normalized encode current values the corresponding
normalized half-step value should be added to all entries in

code current, (lpp), in nA is calculated using: Table 3.
lop = {lg, s/l7, 15(norm.)) * IFs (1A)
Table 4
Decoder Step Size Summary
Resolution &
Step Size Step Size Step Size Step Size in Step Sizeasa % Accuracy of
Normalized in pA with as a % of dB at Chord of Reading at Equivalent
Chord | to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC
0 2 0.5 0.025% 0.60 6.67% Sign + 12 Bits
1 4 1.0 0.05% 0.38 4.30% Sign + 11 Bits
2 8 2.0 0.1% 0.32 3.65% Sign + 10 Bits
3 16 4.0 0.2% 0.31 3.40% Sign + 9 Bits
4 32 8.0 0.4% 0.29 3.28% Sign + 8 Bits
5 64 16.0 0.8% 0.28 3.23% Sign + 7 Bits
6 128 32.0 1.6% 0.28 3.20% Sign + 6 Bits
7 256 64.0 3.2% 0.28 3.19% Sign + 5 Bits
Table 5
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
Normalized to in pA with as a % of in dB Down
Chord Full Scale 2007.75uA FS Full Scale from Full Scale

0 30 7.5 0.37% —48.55

1 93 23.25 1.16% —38.73

2 219 54.75 2.73% -31.29

3 a7 117.75 5.86% —24.63

4 975 243.75 1214% -18.32

5 1983 495.75 24.7% -12,15

6 3999 999.75 49.8% —6.06

7 8031 2007.75 100% 0
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS

£10V INPUT

VRer DIGITAL INPUTS
+ov

e LA

B; Bg Bs B4 B3 B2 By SB Ezﬁ )
VRe) OF ()
i Am6072
Ve top 7

vie -

LiC-283

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

18.94
(313
B7 Bg Bg Bg B3 By By SBE/D (1)
n I,
VR oF
I Am6072

VRi-) ANALOG

12 ouTPUT
5.0V
2060
IDEAL VALUES:
IREF = 528rA
IFs = 2007.75:A LIC-284

LOW INPUT IMPEDANCE CONNECTION

DIGITAL INPUTS
Veer

o Fe L]

ZIN=Riy

- By Bg By B4 By By By SBE/D (+)
—— n
Vin Do A o€ ()
Ry —=
N pg Am6072 “
Va-) 'oo
21 v v+ Ve

(Ln 3 10
—15v ey =

IREF = VIN/RIN + VREF/RREF
lrs~4 * IREF

LIC-285

HIGH INPUT IMPEDANCE CONNECTION

DIGITAL INPUTS

By Bg Bg By By By By SBED ()
"
Vae) 'oE ()

! Am6072
V'N—%- o—RE dvp m )

IREF = (VREF — VIN)/RREF
IFs ~4 ¢ IREF

LIC-286

LOGARITHMIC DIGITAL GAIN CONTROL
(Notes 4 & 5)

ATTENUATION

= 6dB/CHORD  CHANNEL 25k0
SELECT AA
—

VReF ~ 3dB/STEP
+10vV

o

RIGHT
CHANNEL
QUTPUT

20k

o

LEFT
CHANNEL
OuTPUT

LiC-287

REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT

FREQUENCY
RESPONSE

RF VOLTMETER
—oscl LLOSCOPE

DISTORTION
ANALYZER

By Bg B By By By By SB E/D ()
I,

VA oE ()

Amé072

2
VR(-)

LIC-288

Notes: 4. Low distortion outputs are provided over a 72dB range.

5. Up to 4 channels of output may be selected by E/D and SB logic inputs.
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Reference Amplifier
Total Harmonic Distortion
Versus Frequency (80kHz Filter)

Reference Amplifier

TYPICAL PERFORMANCE CURVES

Reference Amplifier
Input Common-Mode Range

7. Similar results are obtained for a high input impedance connection using VR(—) @s an input.
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of 2.5V peak (25%

modulation), the bandwidth is 100kHz.

9. Positive common mode range is always (V+) —1.5V.
10. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating

temperature range.

11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.

(Notes 6, 7, 8) Input Frequency Response {Note 9)
1.0 + 3.2 —
¥ o5 I w2 Ta=Tmin ©° Tuax
X ine T 2.8
2 H——H
=} 02 See Note 8 @ [ X v.é ) I J
E o .4
o« 1 2 Y\ ! L ’ -
g2 o0 5 SMALL SIGNAL \ ERPPY Ml dd Med
2 o005 E - 100mV PEAK \ pr} IREF = 0.5mA |
° 3 —6| (1% MODULATION) £ 16
2 o AN TR TTRRIMAT WY 3
2 oo 2 I 5 12
< =
T 0005 g 12 mévﬁziﬁ?fm#em 5 o8 IREF = 0.25mA -
4 1 LAR?E 5SIGNA" « AT °
INPUT +5V PEAK _ 0.4
5% % mopULATION) oL rongaTION) I
"o 100 1.0k 10k 100k 100 1k 10k 100k ™M 10M (114 ~10 -6 -2 2 6 10 14 18
FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE
AT VRep PIN -V
Output Current Versus
Power Supply Currents Power Supply Currents Output Voltage
Versus Power Supply Voltages Versus Temperature (Output Voltage Compliance}
B 8.0 ' ‘ T - 8.0 II_ 44:) I l |
E 70 f—-vs. V=1 | £ 70 — ! [ IREF = 1.0mA
[ | |t g 36
L 6l £ 60
g a I 320 Ta=Tyy o Tyax
£ 50 £ 50 5 28} v-=_15v
S S Ifs = 2.0mA 8o,
S a0 S a0 c & IREF = 0.5mA
% % A 3 20 T
g 30 1+ vs. V¥ —— g a0 e £ 16 | % !
@ & et
Z 20 1] g 20 E 12 IREgF = 0.25mA]
a " OR “1 OW'* © o8
§ 1.0} ALL BITS “HIGH" OR “LOW"" — ] Z 1.0} ALLBITS “HIGH" OR “Low” —|—] |
IEs = 2.0mA & V+ =415V, V—= —15V 04 o
0 [N N R IR SO S N | o PR S S M S S T | 0 |
0 2.0 40608010 12 14 16 18 20 -75 -50 0 530 100 150 -14 -10 ~6 -2 2 6 10 14 18
POSITIVE OR NEGATIVE POWER SUPPLY -V TEMPERATURE — °C OUTPUT VOLTAGE -V
Logic Input Current
Versus Input Voltage
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current
(Note 10) (Note 11) Versus Reference Input Current
e
0.38 T T TTTT 0T TTTT ?5.uT=l T
[!REF = 0.5mA | IgEF = 0.5mA o FTATTMINt Tmax
0.30 < 4 ALL BITS “HIGH"
< 1 V--=-15V Y]
E B1 e 20 V=0V £
.l 0.25 ——0244 2 o
o«
g o020 3 5 30
« 2 o
= (=] 10 w
3 015 5 2 20
5 E] 8
2 =
2 0.10 o 3
5 L] g 50 3.
® 005 = 0055 S e
= 0.023 2
0 5 o
-12 -8 -4 0 4 8 12 16 -2 -8 -4 0 4 8 12 16 '3 (] 05 1.0
LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, Igf — mA Lic-289
Notes: 6. THD is nearly independent of the logic input code.
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TIME SHARED CONVERTER CONNECTIONS

SINGLE CHANNEL PCM CODEC — PARALLEL DATA I/O

CLOCK

s'rAnr_I_ +5.0V
p

RECEIVE I CONVERSION
l COMMAND COMPLETE j— COMMAND
SAMPLE COMMAND +5.0V
FOR A XMT CYCLE A
b0 16 8 [ T A
1/4 7488 = -
ANALOG (Am)LF398 Am3n N g Vee GND 8 16
INPUT cp 2 18
XMT 1/4 7486 Am2502 —
FILTER comp Y ; SUCCESSIVE APPROXIMATION €€ E—’
) o REGISTER (SAR) | Y
l 7 msB Lsa 3
12 ]13|1
25k aress 4 [13[12] 11 65 |a |3 H:J AmaT26 |5
D 7]~
= = ~15V 0 2
= =9 j.. ®
3 4 ;
3
XMT { o 3
ATTENUATOR Q 3
cL J 1 5 3
— o c £
1127474 b
_—— o
PR &1 s 3
>
13 u @
&
] [
45,0V 6 1
HYBRID
: By
13 tole laJuzfo 7 {s 1209 17 14 |13l10 e !3 Am8T26 |5
8 o L L 8 A ""
_r— E B/E 1_ 2
= 16 Am8T26 11 Am8T26 152
4
+5.0V @— R/E R/E —®
+5.0V
ufnlsfz = u|nls |2
RECEIVE = ? s 16
ATTENUATOR | VREF L
1{2]3fa]s 6|7 ]sfe "V +5.0V
1/ = RREF+
SAMPLE COMMAND logw 0 %8 P1 B2 o B B o B 18540
FOR A RECEIVE CYCLE 108 - Am6072 VREF(#)
COMPANDING
{Am)LF398 D TO A CONVERTER
ANALOG VReF(-)
uT
Rreceve | 0V loDt-) y_ v
FILTER

(Am)LF356

Lars

I

LIC-290

APPLICATION INFORMATION

5. Dataconversion for atransmit operation is completedin9
1. To perform a transmit operation cycle the START pulse clock cycles because the SAR must be initialized before
must be held low for one clock cycle; the receive opera- every new conversion. Data conversion for a receive op-
tion is performed without the successive approximation eration corresponds to the Am6072 settling time; the re-
register, SAR. ceiving and transmit data transfers can be done simul-
. XMT and RECEIVE command signals are mutually exclu- taneously by employing separate transmit and receive
sive. data buses and utilizing data storage devices for the re-

. Duration of the RECEIVE command signal must ceive data.
accommodate the Am6072 settling time plus the sam- 6. A sample command pulse for a transmit operation can
pling time required by the sample and hold, (S & H), coincide with the START pulse; its duration depends on
circuit used at the CODEC's analog output. The receiving the sample and hold circuit used at the CODEC’s analog

data must not change during this time. input.

. A XMT command signal must be issued after a high-to- 7. Asample command pulse for a receive operation must be

low transition of the CONVERSION COMPLETE, CC, sig-
nal. Its duration depends on the time required by the
digital time division switch circuitry to sample the 8-bit
parallel transmit data bus.

delayed from a low-to-high transition of the RECEIVE
command signal by an amount equal to the Am6072 set-
tling time. Its termination can coincide with a high-to-low
transition of the RECEIVE command signal.
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TIME SHARED CONVERTER CONNECTIONS (Cont.)

SAMPLE COMMAND

FOR A XMT CYCLE +15V

(Am)LF398 Am311

>

1/4 7486

1/4 7486
L

XMT
COMMAND

1/474126

SINGLE CHANNEL PCM CODEC — SERIAL DATA I/0

START
+6.0V

J

CLOCK
RECEIVE

COMMAND I
1/4 7486

(L

XMT DATA

—
——

RECEIVE DATA
/474126 (L"’ 16 8
5 \” GND
9 ce CONVERSION
Wl P COMPLETE
Am2502 ©<
. 7 SUCCESSIVE APPROXIMATION 2
o REGISTER (SAR} "L
/478126 ms8 LsB
u|3|iz|1n]e |5 [+ |3

cL

Q
127474

D
PR

i +5.0V

c

VREeF
+10v

RREF+

A 18.94kQ

2|3 |45 )6 |7 |8 |9

hd E/D SB By B, By By Bg Bg By

RECEIVE

SAMPLE COMMAND
FOR A RECEIVE CYCLE

ATTENUATOR

J

/
/ loe()
15

VREF{+}

‘ {Am)LF398
ANALOG

L_ receve | OUTPUT
FILTER

I

APPLICATION INFORMATION

1. Before beginning either a transmit or a receive operation,
the START signal must be held low for one complete clock
cycle.

2. XMT and RECEIVE command signals are mutually exclu-
sive. Their durations must accommodate the time required
for conversion of an outgoing or an incoming series of 8 di-
gital bits, respectively.

3. Data conversion for either operation, transmit or receive, is
completed in 9 clock cycles.

2.5k

f
OP-AMP
(Am)mss\J

l0E (-) Am6072
COMPANDING
D TO A CONVERTER

12
VREF(-)

RREF-
20k

2.5k .

-15V +15Vv

LIC-291

4. During the receive cycle the successive approximation re-
gister, SAR, is acting as a serial-in to parallel-out shift re-
gister, with data supplied from data storage devices.

5. A sample command pulse for a transmit cycle must be is-
sued before a XMT command signal; its duration depends
on the sample and hold, S & H, circuit used.

6. A sample command pulse for a receive cycle must be de-
layed by a time equal to the Am6072 settling time after a
high-to-low transition of the CONVERSION COMPLETE,
CC, signal occurs.

8 LINE CODEC TDM PCM/PABX SYSTEM — BLOCK DIAGRAM

I I | Fiiven I
HYBRID :
—— [ ATT... ]
— —
—_— —={ cranneL A
BLINESY —] anaLog S&H vvvy * SUCCESSIVE
—_ =] Twux comp APPROXIMATION
LogiC
HYBRID FILTER, VW -
ATT...
- TO TOMS
TIME-
DIVISION
" MUX
COMPANDING SwITCH
D/A
] . CONVERTER
| furen. | FROM TOMS
ATT...
| I -]
-— s -
~—{ cranneL
-] ANALOG OP-AMP
MUX +
-]
FILTER,
ATT... 1
= Lic-292
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GAIN DEVIATION — dB

COMPANDOR TRACKING SPECIFICATION

SPECIF

BELL D3 SYSTEM

(MAXIMUM)

ICATION

05

Am6072
SPECIFICATION
{MAXIMUM)

0 |

~50 —40 37

-30

-20 -10 0 +3 +10

INPUT SIGNAL LEVEL — dBmo

COMPANDOR TRACKING TEST BLOCK DIAGRAM

1kHz

|——] attenvator b—e] FiLTER |—]  ENCODER
(Am6072)
HP-200CD
OSCILLATOR
OR EQUIVALENT
DECODER
FILTER
® {Am6072)
HP-400D

VOLTMETER
OR EQUIVALENT

(PCM)

LIC-293 LiC-294
D3 NOISE AND DISTORTION SPECIFICATION
The Am6072 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D), is
guaranteed to exceed the minimum values specified for D3 channels as follows:
Input Level 1020 Hz Sinewave S/D, C-Message Weighting
0 to —30 dBmo 33dB
At —40 dBmo 27dB
At —45 dBmo 22dB
DECODER OPERATION DURING SIGNALLING FRAME
VREF DIGITAL INPUTS
+10V _—— z:":n
AAAAAANA!
1:.9'?:5 B7 Bg By By By By By SB E/D 14
. 1 VR
e Ame072 o AnaLoc
VR(-)
12
H';g:r_z v— v+ Vic
Lu lw 10
= -5V +15V = LIC-295

The Am6072 can perform the decoding function in a D3 channel bank system. During signalling frames the
least significant bit; B7, of each 8-bit word is used for signalling messages and only seven bits are used for
sample coding. In order to minimize the quantizing error during these signalling frames, the Am6072 output
is increased by a half step from its corresponding decode output value by switching the E/D input from a
logic level O to a logic 1.

Metallization and Pad Layout

B3
A B2
Bs By

Bg

By

Vic
ED
v

VREF(+) "
lop (-}

VREF(-)
V-

lop (+)
'oE(-)
log(+)

80 X 114 Mils
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Companding D-to-A Converter for PCM Communication Systems

Distinctive Characteristics

Tested to CCITT A-law tracking specification
Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM systems

Output dynamic range of 62 dB

Improved pin-for-pin replacement for DAC-87
Microprocessor controlled operations
Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamic range
Wide output voltage compliance
Low power consumption

GENERAL DESCRIPTION

The Am6073 is a monolithic 8-bit, companding digital-to-
analog (D/A) data converter with true current outputs and
large output voltage compliance for fast driving a variety of
loads. The transfer function ofthe Am6073 complies with the
CCITT A-87.6 companding law, and consists of 13 linear seg-
ments or chords. A particular chord is identified with the sign
bit input, (SB), and three chord select input bits. Each chord
contains 16 uniformly spaced linear steps which are deter-
mined by four step select input bits. The resulting dynamic
range achieved with this 8-bit format is 62dB. Accuracy and
monoticity are assured by the internal circuit design and are
guaranteed over the full temperature range. The Am6073 is

tested to the CCITT A-law compandor tracking specification
for pulse code modulation (PCM) transmission systems. The
application of the Am6073 in communication systems pro-
vides an increased signal-to-noise ratio, reduces system sig-
nal distortion, and stimulates wider usage of computerized
channel switching. Other application areas include digital
audio recording, voice synthesis, and secure communica-
tions. When used in PCM communication systems, the
Am6073 functions as a complete PCM decoder with addi-
tional encoding capabilities which make it ideal for im-
plementation in CODEC circuits.

FUNCTIONAL BLOCK DIAGRAM

CHORD BITS STEP BITS

Vs
By “5 85 57

L
I

CONNECTION DIAGRAM
Amé6073

3 4 | 5 6
Y2
10F8 oer) ENCODE/DECODE SELECT: 1= ENCODE 1 [| E/5 . v+ [] 18 POSITIVE POWER SUPPLY
CHORD DECODER —
’ o . ﬂL SIGN BIT INPUT: 1=PosITIVE 2 [ | sB lop(-) [ ] 17 DECODEROUT: E/D SB = 00
log(-) —
SWITCH 16 MOST SIGNIFICANT CHORD BIT INPUT 3 [] B1 lop(+) [ ] 16 DECODER OUT: E/D S8 = 01
'S 1,
‘ szfs’c‘{’oR ‘fDM SECOND CHORD BIT INPUT 4 [} B2 Aog(—) [ ] 15 ENCODER OUT: E/D SB =10
! 'en lon(-} LEAST SIGNIFICANT CHORD BIT INPUT 5 [| B3 10E(+) j 14 ENCODER OUT: E/DSB =11
c
r____.J " MOST SIGNIFICANT STEP BIT INPUT 6 | B4 v—[T] 13 NEGATIVE POWER SUPPLY -
SECOND STEPBITINPUT 7 [ B5 VR(-) [] 12 NEGATIVE REFERENCE INPUT
CHORD PEDESTAL
SELECTOR SELECTOR THIRD STEP BIT INPUT 8 [T] Bg VR(+) ] 11 POSITIVE REFERENCE INPUT
| ‘ LEAST SIGNIFICANT STEP BIT INPUT 9 [ | B7 Vic [[] 10 THRESHOLD conTROL
. ' N
CHORD AND
PEDESTAL BIAS '
GENERATOR NETWORK
o __l»_ _‘ Top View
13 18 10 . . . .
ve ve vie Pin 1 is marked for orientation. LIC-297
ORDERING INFORMATION SIMPLIFIED CONVERSION TRANSFER FUNCTIONS
Decoder Characteristic Encoder Characteristic
Part Number Temperature Accuracy
DIGITAL
Am6073DM | —55°C to +125°C | Conforms to CCITT QUANALOG - OUTRUTE)
Ame6073DC 0°C to +70°C A-law specification

Other AMD Companding D/A Converters
AmE6070DM, DC Conforms to industrial u-law spec.
Am6071DM, DC Conforms to industrial A-law spec.
AM6072DM, DC Conforms to Bell D3 spec.

DIGITAL
INPUT(-)

ANALOG
INPUT (=}
1

ANALOG

oS INPUT(4)

INPUT (+)

ANALOG
~—— OUTPUT{(-) DIGITAL

OUTPUT(-)
LIC-298
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MAXIMUM RATINGS above which useful life may be impaired

V+ Supply to V— Supply 36V | Operating Temperature

Vi ¢ Swing V— plus 8V to V+ MIL Grade —55°C to +125°C
Output Voltage Swing V- plus 8V to V— plus 36V COM’L Grade 0°Cto +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage +18V | Power Dissipation Ta < 100°C 500mwW
Reference Input Current 1.25mA For Ta > 100°C derate at 10mw/°C
Logic Inputs V—plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution +128 Steps
Monotonicity For both groups of 128 steps and over full operating temperature range
Dynamic Range 62 dB, (20 log (I7,18/1p, 1))

ELECTRICAL CHARACTERISTICS (Note 1)

These specifications apply for V4=+15V, V—=—15V, IREF = 512uA, O°C<TA <+70°C, forthe commercial grade, —55°C<Tp
< +125°C, for the military grade, and for all 4 outputs unless otherwise specified.

Parameter Description Test Conditions Min. Typ. Max. Unit
tg Settling Time To within _*1/2 stepat Tp = 25°C, _ 300 500 ns
Output switched from Izg to Igg
Chord Endpoint Accuracy
Step Nonlinearity
IEN Encode Current
Irs(D) i VREF = T10.0%0V See Table 1 for absol
irelE) Full Scale Current Deviation from ldeal RREF+ = 19.53kQ >ee Table 1 for absolute accuracy
FS R  20kq limits which cover all errors related
olH)—o(-) Eull Scale Current Syfnmetry Error —?\fi—VOUT <18V to the transfer characteristic.
Decode or Encode Pair
Izs Zero Scale Current
AlFs Full Scale Current Drift
Voc Output Voltage Compliance * Output within limits specified by Table 1 -5 - +18 Volts
IDIS Disable Current Leakage of output disabled by E/D or SB - 5.0 50 nA
IFSR Qutput Current Range 0 2.0 4.2 mA
ViL Logic Input Logic 0" Vi =0V - - 0.8 Volts
VIH Levels Logic “1" Lc 2.0 - - Volts
lIN. Logic Input Current VN = =5V to +18V - — 40 HA
Vis Logic Input Swing V—=-15V —5 C— +18 Volts
IBREF— Reference Bias Current - -1.0 —4.0 BA
dl/dt Reference Input Slew Rate 0.12 0.25 - mA/us
PSSIES+ Power Supply Sensitivity Over Supply Range V+=+4.5 t0 +18V, V— = —15V - 0.005 0.1 4B
PSSIEs— (Refer to Characteristic Curves) V—=—10.8V to —18V, V+ = +15V - 0.01 0.1
+ Power Supply Current V¥ =135V to +15V, V— = 15V, — 27 4.0 mA
= Igg = 2.0mA 7 - —-6.7 —8.8
Lo V—=-15V,V =0V V+ =45V - 114 152
Pp Power Dissipation Igg = 2.0mA ouT YTy — 0 192 mW

Note 1. In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first chord around zero {Cq)
the step size is 1.0uA, while in the last chord near full scale (C7) the step size is 64uA.
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ELECTRICAL CHARACTERISTICS (Cont.)

TABLE |
ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN A
CHORD
STEP
0 1 2 3 4 5 6 7
000 | 16032 | 32064 | 64127 | 12825 | 25651 | 513.02 | 102604
[ 500 | 16500 | 33000 | 66000 | 132.00 | 264.00 | 528.00 | 1056.00
1000 | 16982 | 33964 | 67.927 | 13585 | 271.71 | 54342 | 108684
1000 | 17.003 | 34007 | 68014 | 13603 | 27206 | 54411 | 108822
1 1500 | 17.500 | 35000 | 70.000 | 14000 | 280.00 | 560.00 | 1120.00
2000 | 18011 | 36022 | 72044 | 144.09 | 28818 | 57635 | 115270
2103 | 17.975 | 35950 | 71.900 | 14380 | 287.60 | 57520 | 115041
2 2500 | 18500 | -37.000 | 74000 | 14800 | 296.00 | 592.00 | 1184.00

2971 19.040 38.080 76.161 152.32 304.64 609.29 1218.57

2.945 18.947 37.893 75.787 151.57 303.15 606.30 | 1212.59
3 3.500 19.500 39.000 78.000 156.00 312.00 624.00 | 1248.00
4.160 20.069 40.139 80.278 160.56 321.11 642.22 | 1284.44

4.248 19.918 39.837 79.673 159.35 318.69 637.39 127478
4 4.500 20.500 41.000 82.000 164.00 328.00 656.00 1312.00
4.767 21.099 42.197 84.334 168.79 337.58 675.16 1350.31

6.192 20.890 41.780 83.560 167.12 334.24 668.48 1336.96
5 5.500 21.500 43.000 86.000 172.00 344.00 688.00 1376.00
5.826 22.128 44.256 88.511 177.02 354.04 708.09 1416.18

6.136 21.862 43.723 87.447 174.89 349.79 699.57 1399.14
6 6.500 22.500 45.000 90.000 180.00 |  360.00 720.00 1440.00
6.885 23.157 46.314 92.628 186.26 370.51 741.02 1482.05

7.080 22.833 45,667 91.333 182.67 366.33 730.66 1461.33
7 7.500 23.500 47.000 94.000 188.00 376.00 752.00 1504.00
7.944 24.186 48.372 96.745 193.49 386.98 773.96 1547.92

8.025 23.805 47.610 95.220 180.44 38088 | 761.76 1523.51
8 8.500 24.500. | 49.000 98.000 196.00 392.00 784.00 1568.00
9.004 25.215 50.431 100.862 201.72 403.45 806.89 1613.79

8.969 24.777 49.653 99.106 198.21 396.42 792.85 1585.70
9 9.500 25.500 51.000 102.000 204.00 408.00 816.00 1632.00
10.063 26.245 52.489 104.978 209.96 419.91 839.83 1679.66

9.913 26.748 51.496 102.993 205.99 411.97 823.94 1647.88
10 10.500 26.500 63.000 106.000 212.00 424.00 848.00 1696.00
11.122 27.274 64.548 109.095 218.19 436.38 872.76 1745.52

10.857 26.720 53.440 106.879 21376 427.52 855.03 1710.07
n 11.500 27.500 65.000 110.000 220.00 440.00 880.00 1760.00
12.181 28.303 56.606 113.212 226.42 452.85 905.70 1811.39

11.801 27.691 55.383 110.766 221.53 443.06 886.12 | 1722.25
12 12.500 28.500 57.000 114.000 228.00 456.00 912.00 | 1824.00
13.241 29.332 58.664 117.329 234,66 469.32 938.63 | 1877.26

12.745 28.663 57.326 114,652 22930 458.61 917.22 1834.43
13 13.500 29.500 59.000 118.000 236.00 472.00 944.00 | 1888.00
13.894 30.361 60.723 121.446 242.89 485.78 971.57 | 1943.13

14.089 29.635 59.269 118.539 237.08 474.15 948.31 1896.62
14 14.500 30.500 61.000 122.000 244.00 488.00 976.00 1952.00
14.923 31.391 62.781 125.562 261.12 502.25 1004.50 2009.00
15.060 30.606 61.231 122.425 244.85 489.70 979.40 1958.80

15 15.500 31.500 63.000 126.000 252.00 504.00 1008.00 | 2016.00
16.953 32.420 64.840 129.679 259.36 518.72 1037.43 | 2074.87

STEP

SIZE 1 1 2 4 8 16 32 64

Minimum, ideal and maximum values are specified for each step. The minimum and maximum values
are specified to comply with the CCITT A-law compandor tracking requirements. All four outputs are
guaranteed, the encode outputs being specified to limits a half step higher than those shown above. This
takes into account the combined effects of chord endpoint accuracy, step nonlinearity, encode current
error, full scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift,
and output impedance over the specified output voltage compliance range. Note that the guaranteed
monotonicity ensures that adjacent step current levels will not overlap as might otherwise be implied
from the minimum and maximum values shown in the above table.

TABLE 2
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)
STEP CHORD
0 1 2 3 4 5 6 7
] ~-69.11 -38.74 -35.72 ~26.70 ~20.68 -14.66 -8.64 —-2.62
1 ~59.67 -38.23 -32.21 -26.19 -20.17 ~14.15 -8.13 -21
2 -65.13 -372.75 -31.73 -25.71 -19.68 -13.66 -7.64 -1.62
3 ~52.21 -37.29 -31.27 ~25.25 ~19.23 -13.21 -7.19 -1.17
4 -50.03 —-36.85 -30.83 -24.81 -18.79 -12.77 -6.756 -0.73
5 —48.28 -36.44 ~30.42 -24.40 -18.38 -12.36 —6.34 -0.32
6 —46.83 —-36.056 —30.03 —-24.00 -17.98 -11.96 -5.94 +0.08
7 —45.59 —35.67 —29.65 —23.63 -17.61 -11.59 -5.57 +0.46
8 —44.50 -35.31 -29.29 -23.27 -17.24 -11.22 -5.20 +0.82
9 ~43.54 -34.96 —28.94 ~22.92 —16.90 -10.88 -4.86 +1.16
10 —42.67 -34.62 —28.60 —22.58 —16.56 -10.54 -4.52 +1.50
n -41.88 -34.30 -28.28 -22.26 -16.24 -10.22 -4.20 +1.82
12 -41.15 -33.99 -27.97 -21.95 -156.93 -9.91 -3.89 +2.13
13 -40.48 -33.69 —27.67 —21.65 —15.63 -9.61 -3.59 +2.43
14 —39.86 ~33.40 -27.38 -21.36 -15.34 -9.32 -3.30 +2.72
15 —39.28 -33.12 -27.10 —-21.08 —15.06 —9.04 —3.02 +3.00

The —40dBmo, —50dBmo, and —55dBmo output points significant for the CCITT A-87.6 PCM system
specification can be found between steps 13 and 14 on chord 0, steps 4 and 5 on chord 0, and steps 2 and
3 on chord 0, respectively. Outputs corresponding to points below —55dBmo are specified in Table 1 for
an accuracy of + a half step.
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Am6073

THEORY OF OPERATION

Functional Description

The Am6073 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, Igg,
is specified by the input binary code 111 1111, and is a linear
function of the reference current, Iggg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
E/D input places the Am6073 in the encode mode and current
will flow into the lgg(4) or log(—) output, depending on the
state of the Sign Bit (SB) input. A logic 0 at the E/D input
places the Am6073 in the decode mode.

The transfer characteristic is a piece-wise linear approxima-
tion to the CCITT A-87.6 logarithmic law which can be written
as follows:

Y =0.18 (1 + In (A[X])) sgn (X), VA < [X| <1
Y = 0.18 (A IX|) sgn (X), 0=<IXl=1A

where: X = analog signal level normalized to unity
{encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
A = 87.6

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and EDD in-
puts. The output current transfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. The two chords closest
to the origin of the transfer function, chord 0 and chord 1, are
made colinear and contiguous. The beginning of chord 0,
specified by the input binary code 000 0000, is offset by
+0.5uA. Each chord can be further divided into 16 steps, all
of the same size. The step size changes from one chord to
another, with the smallest step of 1.0uA found in the first two
chords near zero output current, and the largest step of 64 A
found in the last chord near full scale output current. This
nonlinear feature provides exceptional accuracy for small
signal levels. The accuracy for signal amplitudes corres-

ponding to chords 0 and 1 is very close to that of an 11-bit
linear, binary D/A converter. The ratio (in dB) between the
chord endpoint current, (Step 15), and the current which
corresponds to the preceding step, (Step 14), is maintained
atabout 0.3dB over the entire dynamicrange, with the excep-
tion of chord 0. The difference between the ratios of full scale
current to chord endpoint currents of adjacent chords is
similarly maintained at 6dB over the entire dynamic range.
Resulting signal-to-quantizing distortions due to non-
uniform quantizing levels maintain an acceptably low value
overa40dB range of input speech signals. Note that the 62dB
output dynamic range for the Am6073 is very close to the
dynamic range of a sign plus 11-bit linear, binary D/A conver-
ter.

In order to achieve a smoother transition between adjacent
chords, the step size between these chord end points is equal
to 1.5 times the step size of the lower chord. Note that this
does not apply to chord 0 and chord 1 where adjacent end
points differ by only one step, because these two chords are
colinear and have the same step sizes. Monotonic operation
is guaranteed by the internal device design over the entire
output dynamic range by specifying and maintaining the
chord end points and step size deviations within the allow-
able limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
62dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching be-
tween the encode, log(+) or log(—), and the decode, lop(+) or
lop(—), outputs. A typical encode/decode test circuitis shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the lgg outputs (as determined by
the SB input). When operating in the encode mode as shown
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