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AmDAC-08
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Am1508
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Am26S11
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Am?2615
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DS7838
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Description

8-Bit High Speed Multiplying D/A Converter . . ............
8-Bit Multiplying D/A Converter . .. ... ...« .cuviuen...
Dual Frequency Compensated Operational Amplifier. .. .. .. ..
Quad RS-232C Line Driver . . . .. .. i it i it et et e ee
Quad RS-232C Line Receiver. . . . . . .. it ie e it e e ie e n
Quad RS-232C Line Receiver. . .. .. ... i nnn.
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Dual Operational Amplifier. . ... ... ... . . 0.
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Quad RS-422 and RS-423 Differential Line Receiver .. .......
Quad Differential Line Receiver. .. . ... ... ...
Quad Bus TransCeiver. . . . v v i it ittt e ettt iee e e
Quad Bus Transceiver. . . . ... i vttt it it i et e e ennann
Quad Bus TransCeiVer. . . . v v v it i et it ettt te e e e naas
QuadBus Transceiver. . . . .. ..ottt i i e ie e eeen
Quad Single-Ended Line Driver . . ... ..... . .00t .a...
Dual Line Receiver . ... ... ..ttt ittt erenennenns

Quad RS-232C Line Receiver. . . ... .............. N
Quad Two-Input OC Bus Transceiver with Three-State Receiver. .
Quad Two-Input OC Bus Transceiver with Parity. . .. ........
Quad Bus Transceiver with Three-State Receiver and Parity. . . . .
Quad Three-State Bus Transceiver with Interface Logic
Quad Three-State Bus Transceiver with Interface Logic. . . ... ..
Quad Three-State Bus Transceiver with Interface Logic. . ... ...
Differential Video Amplifier . . .. ... .. . ... .. ... .....
Voltage Comparator. . . . ... oottt i it i e e e
Voltage Comparator. . . . ... .. it ittt ee e e enan
Dual Voltage Comparator . . . ... .. ...ttt iinrnennn..
8-Bit High Speed Multiplying D/A Converter . .............
Dual Differential Line Receiver .. .. ...................
Dual Differential Line Receiver . .. ... .. ... ... cu.u...
Dual Differential LineDriver. . . . ... ... 0.
Three-State Line Driver . ... .. .. ...ttt i
Three-State Line Driver . . ... ... ... ...,
Dual Differential Line Receiver .. .....................

Dual Differential Line Receiver . . .. ... ... ... ... -

Dual Differential Line Driver. . .. ........ e e e e

Three-State Line Driver . ... ... ......... e e e -

Three-State Line Driver . . ... ...ttt itienenn -

B5MHz Two-Phase MOS Clock Driver . . . .. ... ... vt
Dual Line Receiver . . ... ... .. i iienenann
Dual Line Receiver . . ... ...t iinineennanenns
Dual Sense Amplifier for MOS Memories . . . . ... ..........
Quad Unified Bus Transceiver . ... ... ...t v e nneannns

Quad Unified Bus Transceiver . . ..o v vv v i e it e e ee e e -

JFET Input Voltage Comparator ... ............. R
JFET Input Operational Amplifier . . ... ................
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Product

LF155A
LF156
LF156A
LF157
LF157A
LF211
LF255
LF255A
LF256
LF256A
LF257
LF257A
LF311
LF355
LF355A
LF356
LF356A
LF357
LF357A
LH2101A
LH2111
LH2201
LH2201A
LH2211
LH2301A
LH2311
LM101
LM101A
LM102
LM105
"LM106
LM107
LM108
LM108A
LM110
LM111
LM112
LM118
LM119
LM124
LM124A
LM139
LM139A
LM148
LM149
LM201
LM201A
LM202
LM205
LM206
LM207
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JFET Input Operational Amplifier . . . .................. 7-43
JFET Input Operational Amplifier . . . .................. 7-43
JFET Input Operational Amplifier . . . .................. 7-43
JFET Input Operational Amplifier . . . .................. 7-43
JFET Input Operational Amplifier . . ... ................ 7-43
JFET Input Voltage Comparator . .. ........ccooviinnnnn 2-9
JFET Input Operational Amplifier . . ... ................ 7-43
JFET Input Operational Amplifier . . ... ................ 7-43
JFET Input Operational Amplifier . . .. ................. 7-43
JFET Input Operational Amplifier . . ... ................ 7-43
JFET Input Operational Amplifier . . ... ................ 7-43
JFET Input Operational Amplifier . . .. ................. 7-43
JFET Input Voltage Comparator . . . ... ... e ..., 29
JFET Input Operational Amplifier . . ... .. .............. 7-43
JFET Input Operational Amplifier .. .. ................. 7-43
JFET Input Operational Amplifier . . ................... 7-43
JFET Input Operational Amplifier . . .. ... .............. 7-43
JFET Input Operational Amplifier . . . ... ...... ... ...... 7-43
JFET Input Operational Amplifier . . . .................. 7-43
Dual Operational Amplifier. . ... ...... ... i, 7-99
Dual Precision Voltage Comparator. . . .. ..... ... .. .v.... 2-38
Dual Operational Amplifier. . .. ............... ... .... 7-99
Dual Operational Amplifier. . . .......... ... .. ... 7-99
Dual Precision Voltage Comparator. . . ... .. ..., 2-38
Dual Operational Amplifier. ... . . ... ... ... ... ... ... 7-99
Dual Precision Voltage Comparator. . . .. ................ 2-38
Operational Amplifier ............. e e 7-1
Operational Amplifier ... ... ... ..ttt ennnnn. 7-5
Voltage Follower. . . . .. ... ittt e i iie . 7-10
Voltage Regulator . . ... ..... e e e 9-1
Voltage Comparator/Buffer. . . .. ................u.... 2-1
Frequency Compensated Operational Amplifier . ........... 7-14
Operational Amplifier .. ... ... ... .. it inrnrnn. 7-18
Operational Amplifier .. .. ... ...ttt i, 7-18
Voltage Follower. . ... ... ... . ..ttt iiin.. 7-22
Precision Voltage Comparator . . .. ... ...c.uuu e ennnnn 2-5
Compensated High-Performance Operational Amplifier. . ... ... 7-26
High-Speed Operational Amplifier . . ................... 7-30
Dual Voltage Comparator . . . .. ................ e 2-12
Quad Operational Amplifier . ........................ 7-36
Quad Operational Amplifier .. ....................... 7-36
Low Offset Voltage Quad Comparator. . . . ... v v v nenn... 2-16
Low Offset Voltage Quad Comparator. . . . ..........c.... 2-16
Quad 741 Operational Amplifier .. ... e e e 7-41
Quad 741 Operational Amplifier .. .................... 7-41
Operational Amplifier . . ... .. .. .. . i, 7-1
Operational Amplifier . ... ... ... .. ... 7-5
Voltage Follower. . . . .. .. ittt e e e e i i e e 7-10
Voltage Regulator . . . . .. ... i ittt i et i i 91
Voltage Comparaotr/Buffer. . . ... ..., 21
Frequency Compensated Operational Amplifier . ........... 7-14
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LM208
LM208A
LM210
LM211
LM212
LM216
LM216A
LM218
LM219
LM224
LM224A
LM239
LM239A
LM248
LM249
LM301
LM301A
LM302
LM305
LM305A
LM306
LM307
LM308
LM308A
LM310
LM311
LM312
LM316
LM316A
LM318
LM319
LM324
LM324A
LM339
LM339A
LM348
LM349
MC1488
MC1489
MC1489A
MHO0026
NE555
NE556
N8T26
N8T26A
N8T28
SE555
SE556
SN545240

SN545241

ALPHA NUMERIC INDEX (Cont.)

Description Page

Operational Amplifier .. ... ... e e e e e e 7-18
Operational Amplifier . ... ... ... .. . i 7-18
Voltage Follower. . . . . ..o i 7-22
Precision Voltage Comparator . . . . ..o o v v i i it vt an s 2-5
Compensated, High-Performance Operational Amplifier . . .. ... 7-26
Compensated, High-Performance Operational Amplifier . . .. . .. 7-51
Compensated, High-Performance Operational Amplifier . . ... .. 7-51
High-Speed Operational Amplifier . .................... 7-30

‘Dual Voltage Comparator . . . . .. v o v v ittt iieiae s 2-12
Quad Operational Amplifier . ... ............. e 7-36

Quad Operational Amplifier . ... ... .. ..... ... ...... 7-36

Low Offset Voltage Quad Comparator. . . . ............... 2-16

‘Low Offset Voltage Quad Comparator. . . ... ............. 2-16
Quad 741 Operational Amplifier . ..................... 7-41

Quad 741 Operational Amplifier . ..................... 7-41

Operational Amplifier .. .. .. ...ttt eee e 7-1

Operational Amplifier .. ... ... ... . . i i e 7-5

Voltage Follower. . . . ... ... i i e 7-10

Voltage Regulator . . . .. ... . ... e 91

Voltage Regulator . . . .. . ... i i a 9-1

Voltage Comparator/Buffer. . . .. ... ... ... ... 2-1

Frequency Compensated Operational Amplifier . ........... 7-14

Operational Amplifier .. ... ... i, 7-18

‘Operational Amplifier .. ... .. ... ... . . ... 7-18
Voltage Follower. . . . ..ottt it e e e e 7-22

Precision Voltage Comparator . . . . . . R 2-5

Compensated, High-Performance Operational Amplifier . . .. ... 7-26

Compensated, High-Performance Operational Amplifier . . . ... .. 7-51

Compensated, High-Performance Operational Amplifier . . . . ... 7-51

High-Speed Operational Amplifier .. ................ ... 7-30

Dual Voltage Comparator . . . ... .. cv it it iiein e 2-12

Quad Operational Amplifier . . ... ........... ... ..... 7-36

Quad Operational Amplifier . .. .. ... ... . ..., 7-36

Low Offset Voltage Quad Comparator. . . . . .. ...vuuuunnn.. 2-16

Low Offset Voltage Quad Comparator. . .. .............. . 216

Quad 741 Operational Amplifier . ... ... ............... 7-41

Quad 741 Operational Amplifier ... ................... 7-41

Quad RS-232C LineDriver . . . ... ..ot ii i e e e e 4-7

Quad RS-232C Line Receiver. . . .. ... i ot i i i i 4-10

Quad RS-232C Line Receiver. . . . .. ..o it iin e i e 4-10

BbMHz Two-Phase MOS Clock Driver . . .. .. ... i vi v 6-1

Precision Timer. . .. .......... e e e e e 8-1

Dual Precision Timer . .. . ... . ..ttt i ieen e 8-5

Schottky Three-State Quad Bus Driver/Receiver . . . .. ....... 4-141

Schottky Three-State Quad Bus Driver/Receiver . . ... ....... 4-146

Schottky Three-State Quad Bus Driver/Receiver . . . ... ... ... 4-146

Precision Timer. . . . . .. ... i e e e 8-1

Dual Precision Timer . . . . ... ... ittt i iiaen 8-b

Octal Buffer/Line Driver/Line Receiver
with Three-State OQUtpULS . . . . . ..ottt i it e ie e e e e 4-107
Octal Buffer/Line Driver/Line Receiver
with Three-State QUIPULS . . . . .o ittt it et e e e s 4-107
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SELECTION GUIDE
VOLTAGE FOLLOWERS

OPERATIONAL AMPLIFIERS

UNCOMPENSATED
Page No.

LM101 71 General Purpose, 500nA Ig, 5mV Vos

LM748 7-84 General Purpose, 500nA Ig, 5mV Vos

LM1G1A 75 Improved General Purpose, 75nA |g,
2mV Vos

AM1501 7-90 Dual Improved General Purpose, 75nA
Ig, 2mV Vos

LH2101A 7-99 Dual improved General Purpose, 76nA
Ig, 2mV Vos

725 7-59 Instrumentation, 100nA 1g, 1mV Vos,
0.5uV/°C TCVIO

S§S8S725 7-28 Improved Instrumentation, 70nA lg,
0.1mV Vos, 0.1uV/°C TCVIO

LM108 7-18 Low Input Current Precision, 2nA g,
2mV Vos, 0.2nA 10S

LM108A 7-18 Low Input Current and Offset Voltage
Precision, 2nA Ig, 0.5mV Vos, 0.2nA
10S, 5uV/°C TCVIO

715 7-55 High Speed, 15V/usec slew rate, 760nA

Ig, 5mV Vos

741
741AE

$55741
747

747AE
$85747
AM1558

LMi24
LM124A

LM148
LM149

LM107
LM112
LM216
LM216A
LM118
LF155
LF155A
LF156

LF156A
LF157

LF157A

7-64
764

7-64
7-1

7-7
7-711

7-95

741
7-41

7-14
7-26

7-51

743

743

743

INTERNALLY COMPENSATED

General Purpose, 500nA Ig, 5mV Vos
Improved General Purpose, 80nA Ig,
3mV Vos, 30nA lgg, 50uV/VPSRR
High Performance, 50nA 1g, 2mV Vos
Dual General Purpose, 500nA lg, 5mV
Vos '

Dual Improved General Purpose, 80nA
g, 3mV Vos, 30nA [gs, 50uV/VPSRR
Dual High Performance, 50nA 1g, 2mV
Vos

Dual General Purpose, 500nA ig, 5mV
Vos

Quad General Purpose, 150nA Ig, 5mV
Vos, Single or Dual Supply, 3 to 30V,
TmW/op amp at +5Vv

Quad 741, 500nA g, 5mV Vos

Quad Decompensated, 500nA |g, 5mV
Vos Ay{min.) =5

Improved General Purpose, 75nA Ig,
2mV Vos

Low Input Current Precision, 2nA Ig,
2mV Vos

Very Low Input Current Precision,
150pA 1g, 10mV Vos

Very Low Input Current Precision, 50pA
g, 3mV Vos

High Speed, 50V /usec slew rate, 4mV
Vos, 260nA I

FET input General Purpose, 5mV Vos,
20pA 1gs, 100pA i

FET Input General Purpose, 2mV Vos,
5uV/°C TC V10, 10pA log, 50pA I
FET Input Wideband, 5mV Vos, 20pA
10s. 100pA Ig, 7.5V/usec SR

FET Input Wideband, 2mV Vos, 5uV/°C
TC V9. 10pA Igs, 50pA Ig, 10V/
usec SR

FET Input Wideband Decompensated,
5mV Vos, 20pA 10g, 100pA Ig, 30V/
usec SR (Ay = 5)

FET Input Wideband Decompensated,
2mV Vos, 5uV/°C TC V40, 10pA 10s.
50pA Ig, 40V /usec SR (Ay = 5)

1-10

Page No.
LM102 7-10 Low Input Current, High Speed, 10nA
Ig, 5mV Vos, 20V/usec slew rate, 10102
Rin
LM110 7-22 Improved Low Input Current, High
Speed, 3nA Ig, 4mV Vos, 20V /usec slew
rate, 10'0Q Rin

VOLTAGE COMPARATORS

Page No.

LM111

LH2111

AM1500

LM106
LM119
LM139
LM139A
AME85
AM686
AM687

LF111

2-5

2-38

2-34

2-1

212

2-22

2-30

2-32

29

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

Dual General Purpose, 100nA Ig, 3mV
Vos, 250ns Respo'nse Time, 50V and
50mA OQutput

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

High Speed, 20uA Ig, 2mV Vos, 40ns
Response Time, 24V and 100mA Qutput
Dual General Purpose, 500nA Ig, 4mV
Vos, 80ns Response Time, 35V and 256mA
Output, +5 or +15V Supply

Quad General Purpose, 100nA 1g, 2mV
Vos, Single or Dual Supply 2 to 36V,
1mW/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 Qutput, 10uA I,
2mV Vos, 6.5ns Response Time

FET Input General Purpose, 50pA Ig,
4mV Vos, 250 Response Time, 50V and
50mA Output

VOLTAGE REGULATORS

Page No,

723

LM105

95

91

General Purpose, 2-37V Qutput, 0.15%
load reg., 50V input, 150mA Output
General Purpose, 4.540V Output, 0.05%
load reg., 50V input, 12mA Output

DATA CONVERSION PRODUCTS

Page No.
AM1508 3-7 8-Bit Multiplying D-to-A Converter, Ac-
curacy 0.19%, Settling Time 300nsec typ.
SSS1508A | 3-7 8-Bit Multiplying D-to-A Converter, Ac-
curacy 0.1%, Settling Time 135nsec
DAC-08 31
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LINE DRIVERS

LINE RECEIVERS

DUAL DIFFERENTIAL Use With DUAL DIFFERENTIAL Use With
Page No. Page No.
75109 4-118 | Open collector differential out- 751078 3603 41 Receiver with differential input to | 75110
puts, typical current 6mA, inhibit | 751088 detect signals >25mV. Three:state
controls outputs.
75110 4-118 | 12mA output current version of | 751078 2615 4-38 | Receiver for 3 volt single-ended 2614
Am75109 75108B TTL level data.
8830 4-129 Designed for single 5V supply - 7820 or 751078 4112 | Totem-pole TTL output version of 75109 or
operation 7820A Am363 75110
8831 4-133 | Dual differential device which may | 9615 or 751088 | 4-112 | Open collector TTL output version | 75109 or
also be used as a quad single-ended | 2615 of Am363 . 75110
driver. Three-state output. 8820 4-124 | Designed for +15V common mode | 8830
8832 4-133 | Similarto 8831 butno Vgogclamp | 9615 or using 5V supply
diodes : 2615 8820A 4-124 | Higher speed, tighter spec 8820 8830
9614 4-146 | 5 volt supply driver with comple- 9615 9615 4-38 | £15 volt common mode, 5 volt 9614
mentary outputs supply receivers with uncom-
9621 4-163 | 200mA transient capability with 9620 mitted collector and active pull:up
13082 back matching resistor controls
. 9620 4-159 { +15 volt common mode receiver 9621
ggggﬁ[l)\lf's:1E'3E1'g;(l)AL ElA RS-422, with direct and attenuated inputs
261831 | 4-14 | High-speed, low output skew 26LS32 or QUAD DIFFERENTIAL EIA RS-422,
) 261533 FEDERAL STD 1020
SINGLE ENDED 26LS32 | 4-18 | +7volt common mode, 5 volt 26LS31
. i . i supply, three state output
2614 4-33 nghﬁpeeé .quad driver for multi- 2615 26LS33 418 £15 volt common mode, 5 volt 26LS31
channel, common ground oper-
ation supply, three-state output
SINGLE ENDED, EIA RS-232-C ‘ SINGLE ENDED, EIA-RS-232:C
1488 47 Quad EIA RS-232C driver 1489/ 1489 4-10 Quad E1A RS-232C receiver with 1488
(14 pins) 1489A input threshold hysteresis
2616 444 | Quad 16-pin driver for EIA 2617 1489A 4-10 | Higher threshold version of 1488
RS-232C, CCITT V.24 and MIL- Am1489 i
188C interface 2617 448 | Quad EIA RS-232 receiver speci- 2616
9616 4-151 | Triple EIA RS-232C driver 9617 fied over military tpmperature
(14 pins) range (same pinoutas Am1489A)
9617 4-155 | Triple EIA RS-232 receiver with 9616
adjustable hysteresis

OCTAL BUFFER/DRIVER
Page No.

1748240

1745241

1745242

1745243

17485244

4-107

4-107

4-107

4-107

4-107

Inverting octal buffer/driver with three
state output .
Non-inverting octa! buffer/driver with
three state output

Inverting buffer/driver with two quad
data paths connected input-to-output
Non-inverting buffer/driver with two
quad data paths connected input-to-
output

Non-inverting octal buffér/driver with
three state output and two inverting
enables
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CORE MEMORY MOS-MICROPROCESSOR INTERFACE CIRCUITS
DRIVERS 8080A/9080A
. Page No. ' Page No. .
75325 J 5-38 I Dual high—spegd, 600mA, 24V output 8212 4:94 | 8-Bit input/output port, with storage
: 8216 4-102 | 4-Bit parallel bidirectional bus driver
SENSE AMPLIF!ERS ‘ 8224 6-25 Clock generator and driver
7520 51 Dual high-speed, +4mV threshold, 8226 4-102 | Inverting version 8216
complementary outputs 8228 6-30 | System controller and bus driver
/21 5-1 +7mV version 7520 8238 6-30 | System controller and bus driver with
75234 5-1 Dual high speed, +4mV threshold, in- extended |1OW/MEMW
) ternally compensated '
75235 5-11 +7mV version 75234 X
75238 5-19 Dual high-speed, +t4mV threshold sense MOS MEMORY
amplifiers with test points, internally
compensated DRIVERS
75239 519 | +7mV version 75238 Page No.
7524 5-27 Dual high-speed, +4mV threshold, sepa- 0026 6-1 Dual 5MHz Two-Phase MOS clock driver
rate outputs 0056 6-7 0026 with added Vgp terminal
7525 5-27 +7mV version 7524
SENSE AMPLIFIERS
SPECIAL FUNCT'ONS 3604 6-13 Differential input for signals > 10mV,
. Three-state outputs
75207 6-19 | Totem-pole TTL output 3604
WIDEBAND AMPLIFIERS 75208 6-19 | Open-collector output 3604
Page No.
733 8-12 Differential input and Output, 4(5-
120MHz B. W., 100400 Voltage Gain
Am592 8-9 Differential Input and Output, 40-
120MHz B. W., 100400 Voltage Gain
TIMERS
555 8-1 Single, Precision oscillator/timer
556 8-5 Dual version 555
QUAD BUS TRANSCEIVERS
Device Page No. Output Function Hysteresis (lﬁg::‘i) Comments
Am26S10 4-23 100mA-0.C. Inverting No 20ns SN55/75138 pin out
Am26S11 4.23 100mA-O.C. Non-Inverting to bus; No 22ns Same as Am26S10 except non-inverting
. ) ) Inverting off bus to bus
Am26S12 4-28 100mA-0.C. {nverting Yes-.6V 32ns Same pin out as DS78/8838 and 8738
Am26S12A 4-28 100mA-O.C. Inverting Yes-1.05V 32ns Wider threshold Am26512
Am2805 4-52 100mA-O.C. Inverting No 31ns Has 2-input multiplexer
. {note 2)
Am2906 4-59 100mA-Q.C. inverting No 31ins Has 2-input multiplexer and parity
{note 2)
Am2907 4-66 100mA-0.C. Inverting No 31ns Includes parity
(note 2)
Am2915A 4-73 48mA/3-St. Inverting No 31ns Has 2-input multiplexer
: (note 2)
Am2916A 4-80 48mA/3-St. Inverting No 31ns Has 2-input muitiplexer and parity
) (note 2)
Am2917A 4-87 48mA/3-St. tnverting No 31ns Includes parity
. (note 2)
Am3216 4-103 50mA/3-St. Non-Inverting No 34ns Same as 8216 except different A.C. loading
L spec
Am3226 4-103 50mA/3-St. Inverting No 30ns Same as 8216 except different A.C. {oading
spec
Am78/8838 4-139 50mA-0O.C. Inverting No 38ns Same pin out and function as Am26S12A
and 8738
Am8T26A 4-141 48mA/3-St. Inverting No 19ns * VOH MOS compatible
Am8T28 4-141 48mA/3-St. Non-Inverting No 25ns VOH MOS compatible
(note 3) .
AmB8216 4-102 50mA/3-St. Non-Inverting No 34ns Similar to 8728
. Am8226 4-102 50mA/3-St. Non-Inverting No 30ns Similar to 8T26A

Notes: 1. Typical delay at 25°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,
3. To be announced.
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SELECTION GUIDE (Cont.)

MONOSTABLES (ONE SHOTS)

Initial Min. Pulse Width Power No.
Retri- [ Reset Accuracy Output Variation (%) Dissipation Package
Device No. Description Dual | gerable | Table % tpwins) Temp. Vec {mW typ.) Leads
Am25L8123 Low-Power Schottky version 26123 X X X +10 116 3 +1.0 60 16
Am2600 tow = 55ns to e, with guaranteed < 1% X X X +10 45 +0.5 1.5 95 14
cﬂange over temperature range
Am2602 tpw = 55ns to e, with guaranteed < 1% X "X X +10 45 +0.5 15 175 16
c%ange over temperature range
Am26L02 Low-Power version 2602, tp,y = 100ns to e X 10 110 +0.3 +1.0 50 16
Am26L123 Low-Power version 26123, tpy = 1 20ns o X X 10 120 +0.3 1.0 60 16
Am26S02 High speed Schottky version 2602, tpyy, = 1 X 45 33 0.4 +1.5 240 16
28ns to o
Am26123 tpw = 45ns to e, with guaranteed < 1% X X X +10 45 +0.5 +0.5 230 16
cgange over temperature range. Qutput sta-
bility latch improves noise immunity
Amb54/741.5123 Same as 25L.S123, except no output latch, X X X <10 116 +3.0 1.0 60 16
no Atpw guarantee
Amb4/74123 Same as 26123, except no output latch, X X X +10 45 +2.7 £1.0 230 16
no Atpw guarantee
Amb54/74221 Schmitt-trigger input X +7 30 +0.3 +0.3 130 16
Am9600 Same as 2600, except,no Atpyy guarantee X X +10 50 +15 +1.5 95 14
Am9601 Non-resettable version of 9600, tpyy = 55ns X +10 45 2.7 £1.0 95 14
to
AmS602 Same as 2602, except tpy = 60ns to «<, no X X X +10 50 1.5 1.5 175 16
Atpw guarantee
Am96L02 Same as 26L02, except tpw guaranteed X X X +10 110 +0.3 +0.5 50 16
<1.6% change over temperature range

Note: Contact your AMD sales office for full data.




INDUSTRY CROSS REFERENCE

I AMD* I Fairchild l Intel | Motorola I National T Signetics | InsIﬁxxrzsents |
Manufacturer Identification Cross Reference
L AM I 1A, or None r None l M, MC l DM, DS, LM, MH I None l SN J ‘
Temperature Range Cross Reference
Commercial C C - 14, 34, 86 3, 86, 88 NE, N 72,74,75
Military M ] M 15, 35, 96 1,96, 78 SE, S 52, 64, 65

Package Cross Reference

Hermetic DIP D D C,D L D F. J
Molded DIP P P P P2 N A, B N
Mini-Molded DIP T T — P v p
Flat Pack F F - F F,W w,Q H, U 2Z W
TO-5 Type Can H H - G,R H DB, K, T L
TO-8 Type Can G - - H G - -
*The original manufacturers part number and package code are used for second source devices.
FAIRCHILD FAIRCHILD (Cont.)
9614 D M uA 556 D M
| | | | l L
Device Package Temperature Mfg’s Device Package Temperature
Type Type Range tdent. Type Type Range
AMD AMD - AMD AMD
Fairchild Direct Functional . Fairchild Direct Functional
Replacement Replacement Replacement Replacement

nA101D LLM101D 1A311P LM311N

HAT01H LM101H MA339D LM339D

uA101AD LM101AD ' uA339P LM339N

HA101AF LM101AF MABB5HC NE5S55T

HA101AH LM101AH MABB5HM SEB55T

MAT02H LM102H MABE5TC NE5S55V

uA105H LM105H uAB56DC NEBS56F

uA107H LM107H uAB56DM SE556F

HA108AH LM108AH : uAB56PC NE556

uA108H LM108H uA715DC 715DC

uAT10H LM110H | MA715DM 715DM

uAT11H LM111H uA715HC 715HC

uA139D LM139D MA715HM 715HM

1A1458H AM1458H ) uA723DC 723DC

uA1558H AM1558H MA723DM 723DM

uA201D LM201D HA723HC 723HC

uA201H LM301H MAT23HM 723HM

uA201AD LM201AD uAT725HC 725HC

UA201AF LM201AF uA725HM 725HM

uA201AH LLM201AH uA725PC 725CN

uA207H LM207H uA733DC 733DC

uA208H LM208H uA733DM 733DM

uUA208AH LM208AH MAT733FM 733FM

uA301AD LM301AD uA733HC 733HC

uA301AH LM301AH uA733HM 733HM

HA301AN LM301AN uA741DC 741DC

uA302H LM302H uA741DM 741DM

uA305H LM305H MAT41FM 741FM

uA305AH LM305AH uA741HC 741HC

MA307H LM307H M741HM 741HM

#A308H LM308H HA741ADM 741ADM

MA308AH LM308AH HAT41AFM 741AFM

uA310H LM310H MA741AHM 741AHM

uA311H LM311H HAT741EDC 741EDC




FAIRCHILD {(Cont.)

INDUSTRY CROSS REFERENCE

FAIRCHILD (Cont.)

AMD AMD AMD AMD
Fairchild Direct Functional Fairchild Direct Functional
Replacement Replacement Replacement Replacement
-A741EHC 741EHC 75110PC SN75110N
uA7470C 747DC 7520DC SN7520J
HA747DM 747DM 7520PC SN7520N
MAT747HC 747HC 75207DC SN75207J
uAT47HM 747HM 75207PC SN75207N
UAT747PC 747PC 75208DC SN75208J
UA747ADM 747ADM 75208PC SN75208N
HA747AHM 747AHM 7521DC SN7521J
MAT747EDC 747EDC 7521PC SN7521N
HAT47EHC 747EHC 75234DC SN75234J
uA748DC 748DC 75234PC SN75234N
MAT748DM 748DM 75235DC SN75235J
MAT748FM 748FM 75235PC SN75235N
UA748HC 748HC 75238DC SN75238J
HAT748HM 748HM 75238PC SN75238N
uAT748PC 748PC 75239DC SN75239J
uA760DC AME86DC 75239PC SN75239N
MA760DM AM686DM 7524DC SN7524J
uA760HC AMB86HC 7524PC SN7524N
HA760HM AM686HM 7525DC SN7525J
uA775DM LM139D 7525PC SN7525N
uA775DC LM339D 75325DC SN75325J
HA775PC LM339N 75325PC SN75325N
54123DM SN54123J 9600DC 9600DC
54123FM SN54123W 9600DM 9600DM
55107ADM SN55107BJ 9600FM 9600FM
55107BDM SN55107BJ 9600PC 9600PC
55107AFM SN55107BW 9601DC 9601DC
55107BFM SN55107BW 9601DM 9601DM
55108ADM SN55108BJ 9601FM 9601FM
55108AFM SN55108BW 9601PC 9601PC
55108BDM SN55108BJ 9602DC 9602DC
55108BFM SN55108BW 9602DM 9602DM
55109DM SN55109J 9602FM 9602FM
55109FM SN55109W 9602PC 9602PC
55110DM SN55110J 96L02DC 961L.02DC
55110FM. SN55110W 96L02DM 96L02DM
5520DM SN5520J 96L02FM 96L02FM
5521DM SN5521J 96L02PC 96L02PC
55234DM SN55234J 96S02DC AM26S02DC
55234FM SN55234W 96S02PC AM26S02PC
55235DM SN55235J 9614DC 9614DC
55235FM SN55235W 9614DM 9614DM
55238DM SN55238J 9614FM 9614FM
55238FM SN55238W 9614PC 9614PC
55239DM SN55239J 9615DC 9615DC
55239FM SN55239W 9615DM 9615DM
5524DM SN5524) 9615FM 9615FM-
5525DM SN5525J 9615PC 9615PC
55325DM SN55325J 9616DC 9616DC
55325FM SN55325W 9616DM 9616DM
74123DC SN74123) 9616EDC 9616EDC
74123PC SN74123N 9616EPC 9616EPC
75107ADC SN75107BJ 9616FM 9616FM
75107APC SN75107BN 9616PC’ 9616PC
751078DC SN75107BJ 9617DC 9617DC
75107BPC SN75107BN 9617PC 9617pPC
75108ADC SN75108BJ 9620DC 9620DC
75108APC SN75108BN 9620DM 9620DM
75108BDC SN751088J 9620FM 9620FM
75108BPC SN75108BN 9620PC 9620PC
75109DC SN75109J 9621DC 9621DC
75109PC SN75109N 9621DM . 9621DM
75110DC SN75110J 9621FM 9621FM




INDUSTRY CROSS REFERENCE

FAIRCHILD (Cont.)

MOTOROLA (Cont.)

AMD AMD AMD AMD
Fairchild Direct Functional Motorola Direct Functional
Replacement Replacement Replacement Replacement
9621PC 9621PC MC1489L MC1489L
9640DC AM26510DC MC1489P AM1489PC
9640DM AM26S10DM MC1489AL MC1489AL
9640PC AM26S10PC MC1489AP AM1489APC
9641DC AM26511DC MC1508L8 AM1508L8
9641DM AM26S11DM MC1555G SES555T
9641PC AM26S11PC MC1558G AM1558H
MC1723CG 723HC
MC1723CL 723DC
INTEL MC1723G 723HM
: D8228 MC1723L 723DM
- MC1733CG 733HC
Temperature Package Device MC1733CL 733DC
Range Type Type MC1733F 733EM
AMD AMD MC1733G 733HM
Intel Direct Functional MC1733L 733DM
Replacement Replacement MC1741CG 741HC
D3212 D3212 MC1741CL 741DC
MD3212 MD3212 MC1741F 741FM
P3212 P3212 MC1741G 741HM
D3216 D3216 N8T28F MC1741L 7410M
MD3216 MD3216 S8T28F MC1747CG 747HC
P3216 P3216 N8T28B MC1747CL 747DC
D3226 D3226 N8T26F MC1747G 747HM
MD3226 MD3226 S8T26F MC1747L 747DM
P3226 P3226 N8T268B MC1748CG 748HC
D8212 D8212 MC1748G 748HM
MD8212 AM8212DM MC26S10L © AM26S10DC
P8212 AM8212PC MC26S10P AM26S10PC
D8216 D8216 N8T28F MC3438L AM26S12ADC
MD8216 MD8216 S8T28F MC3438P AM26S12APC
P8216 P8216 N8T28B MC3443L AM26S10DC
D8224 D8224 MC3443P AM26S10PC
MD8224 AM8224DM MC3456L NE556F
P8224 AM8224PC MC3456P NE556A
D8226 D8226 N8T26F MC3486L AM26LS31DC
MD8226 MD8226 S8T26F MC3486P AM26LS31PC
P8226 P8226 N8T268 MC3487L AM26LS32DC
D8228 D8228 MC3487P AM26L.S32PC
MD8228 AM8228DM MC3556L SE556F
P8228 AMS8228PC MC55107L SN55107BJ
D8238 D8238 MC55108L SN55108BJ
MD8238 AM8238DM MC55109L SN55109J
P8238 AM8238PC MC55110L SN55110J
MC5524L SN5524J
MCB525L SN5525J
MC55325L SN55326J
MOTOROLA MC75107L SN75107BJ
MC 14 88 L MC75107P SN75107BN
| L | ! MC75108L SN75108BJ
Ng’s Temperature Device Package MC75108P SN75108BN
lent. Range Type Type MC75109L SN75109J
AMD AMD MC75109P SN75109N
Motorola Direct Functional MC75110L SN75110J
Replacement Replacement MC75110P SN75110N
MC1408L6 AM1408L6 mg;ggz; gm;ggﬁf\l
MC1408L7 AM1408L7 MG7525L SN7525J
MC140818 AM1408L8 MG7525p SN7525N
MC1455G NE555T MC75325L SN75325.
MC1455P1 NES55V MC75325P SN75325N
MC1458G AM1458H MOBT26L  NST26F
MC1488L MC1488L MCBT26P NBT268
MC1488P AM1488PC MGBE01L 9601DC




MOTOROLA (Cont.)

INDUSTRY CROSS REFERENCE
NATIONAL (Cont.)

AMD AMD AMD AMD
Motorola Direct Functional National Direct Functional
Replacement Replacement Replacement Replacement
MC8601P 9601PC DM8602J 89602DC AM2602DC
MC8602L 9602DC AM2602DC DM8602N 9602PC AM2602PC
MC8602P 9602PC AM2602PC DM9601J 9601DM
MC9601L 9601DM AM2602DM DM9601W 9601FM
MC9602L 9602DM AM2602DM DM9602J 9602DM AM2602DM
MLM101AG LM101AH DM9602W 9602FM AM2602FM
MLM105G LM105H DS0026CG MHO0026CJ
MLM107G LM107H DS0026CH MH0026CH
MLM110G LM110H DS0026CJ MMHO0026CL
MLM111F LM111F DS0026CN MHO0026CN
MLM111G LM111H DS0026F DS0026F
MLM111L LM111D DS0026G MH0026G
MLM201AG LM210AH DS0026H MHO0026H
MLM205G LM205H DS0026J MMH0026L
MLM207G LM207H DS0056CG DS0056CG
MLM210G LM210H DS0056CH DS0056CH
MLM211G LM211H DS0056CJ DS0056CJ
MLM211L LM211D DS0056CN DS0056CN
MLM301AG LM301AH DS0056G DS0056G
MLM301API LM301AN DS0056H DS0056H
MLM305G LM305H DS0056J DS0056J
‘MLM307G LM307H DS1488J MC1488L
MLM310G LM310H DS1488N AM1488PC
MLM311G LM311H DS1489J MC1489L
MLM211PI LM311N DS1489N AM1489L
MLM311L LM311D DS1489AJ MC1489AL
MMH0026CG MHO0026CH DS1489AN AM1489APC
MMH0026CL MMHO0026CL DS1603J DS1603J
MMHO0026CPI MH0026CN DS3603J DS3603J
MMHO0026G MHO0026H DS3603N DS3603N
MMHO0026L MMHO0026L DS3604J DS3604J
DS3604N DS3604N
DS78204 DM7820J
D 8 NATIONAL 20 J DS7820AJ DM7820AJ
> b | [ DS7830J DM7830J
K DS7831J DM7831J
Mfg's Temperature . Device Package DS7832J DM7832J
Ident. Range Type Type DS$7835) S8T26F
AMD AMD DS7838J DS7838J AM26S12ADM
National Direct Functional DS88204 DM8820J
Replacement Replacement DS8820N DM8820N
DM54123 SN54123J DS8820A DMBB20AJ
DS8820AN DM8820AN
DM54123W SN54123W ‘
DS8830J DM8830J
DM541L.123J AM26L123DM
DS8830N DM8830N
DM54L.123W AM26L123FM
. DS8831J DM8831J
DM71LS95J tSN541L.5241J
DS8831N DM8831N
DM71L.596J tSN541.5240J
DS8832J DM8832J
DM71L.897J tSN541L.5244J
DS8832N DM8832N
DM71LS98J tSN541.5240J
DS8835J N8T26F
DM74L123J AM26L.123DC
DM74L123N : AM26L123PC DSBB35N N8T268
DS8838J DS8838J AM26S12ADC
DM74123J SN74123J AM26123DC
DS8838N DS8838N AM26S12APC
DM74123N SN74123N AM26123PC
DS55107J SN551078J
DM81L.S95J tSN741.5240J
DS55108J SN55108BJ
DM81LS95N 1SN741.S240N
DS55109J SN55109J
DM81LS96J 1SN74LS241J
DS55110J SN55110J
DM81LS96N tSN74LS241N
DS5520J SN5520J
DM81LS97J tSN74L5241J
DS5521J SN5521J
DM81LS97N tSN74LS241N
DS5524) SN5524)
DM81LS98J tSN741.5240J
DS5525 SN5525J
DM81LS98N tSN74LS240N
DS55325J SN55325J
DM8601J 9601DC
DMS601N 9601PC DS75107J SN75107BJ
DS75107N SN75107BN
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NATIONAL (Cont.)

INDUSTRY CROSS REFERENCE

NATIONAL (Cont.)

AMD AMD AMD AMD
National Direct Functional National Direct Functional
. Replacement Replacement Replacement Replacement

DS75108J SN75108BJ LM101AH LM101AH
DS75108N SN75108BN L.M102D, J LLM102D
DS75109J SN75109J LM102F LM102F
DS75109N SN75109N LM102H LM102H
DS75110J SN75110J LM105F LM105F
DS75110N SN75110N LM105H LM105H
DS7520J SN7520J LM106F LM106F
DS7520N SN7520N LM106H LM106H

- DS75207J SN75207J LM107D, J LM107D
DS75207N SN75207N LM107F LM107F
DS75208J SN75208J LM107H LM107H
DS75208N SN75208N LM108D, J LM108D
DS7521J SN7521J LM108F LM108F
DS7521N SN7521N LM108H LM108H
DS7524J SN75244 LM108AD, J LM108AD
DS7524N SN7524N LM108AF LM108AF
DS7525J SN7525J LM108AH LM108AH
DS7525N SN7525N LM110D, J LM110D
DS75325J SN75325J LM110F LM110F
DS75325N SN75325N LM110H LM110H
LF111D,J LF111D LM111D,J LM111D
LF111F LF111F LM111F LM111F
LF111H LF111H LM111H LM111H
LF155H LLF155H LM112D, J LM112D
LF155AH LF155AH LM112F LM112F
LF156H LF156H LM112H LM112H
LF156AH LF156AH LM118D, J LM118D
LF157H LF157H LM118F LM118F
LF157AH LF157AH LM118H LM118H
LF198H LF198H LM119D, J LM119D
LF211D,J LF211D LM119F LM119F
LF211F LF211F LM119H LM119H
LF211H LF211H LM124D, J LM124D
LF255H LF255H LM124F LM124F
LF256H LF256H LM139D, J LM138D
LF257H LF257H LM139AD, J LM139AD
LF298H LF298H LM139F LM139F
LF311D LF311D LM139AF LM139AF
LF311H LF311H LM148D LM148D
LF355H LF355H LM149D LM149D
LLF355N LF355N LLM201H LM301H
LF355AH LF355AH LM201AD, J LLM201AD
LF356H LF356H LM201AF LM201AF
LF356N LF356N LM201AH LM201AH
LF356AH LF356AH LM202H LM202H
LF357H LF357H LLM205H LM205H
LF357N LF357N LM206H LM206H
LF357AH LF357AH LM207D, J LM207D
LF398H LF398H LM207F LM207F
LH2101AD, J LH2101AD LM207H LM207H
LH2101AF LH2101AF LM208AD, J LM208AD
LH2111D, J LH2111D LM208AF LM208AF
LH2111F LH2111F LM208AH LM208AH
LH2201AD, J LH2201AD LM208D, J LM208D
LH2201AF LH2201AF LM208F LM208F
LH2211D,J LH2211D L.M208H 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




NATIONAL (Cont.)

INDUSTRY CROSS REFERENCE
NATIONAL (Cont.)

AMD AMD AMD AMD
National Direct Functional National Direct Functional
Replacement Replacement Replacement Replacement
LM216AD, J LM216AD LM339D, J LM339D
LM216AF LM216AF LM339AD, J LM339AD
LM216AH LM216AH LM339N LM339N
LM216D, J LM216D LM339AN LM339AN
LM216F LM216F LM348D LM348D
.LM216H LM216H LM348N LLM348N
LM218D, J LM218D LM349D LM349D
LM218F LM218F LM349N LM349N
‘LM218H LM218H LM555CH NES55T
- LM219D, J LM219D LME55CN NE555V
LM219F LM219F LM555H SES55T
LM219H LM219H LM556CJ NES56F
LM224D, J LM224D - LM556CN NEB56A
LM239D, J £M239D LM556J SE5B56F
LM239AD, J LM239D LM723D, J 723DM
LM248D LM248D LM723H - 723HM
LM249D LM249D LM723cD, J 723DC
LM301AD, J LM301AD LM723CH 723HC
LM301AF LM301AF LM725H 725HM
LM301AH LM301AH LM725CH 725HC
LM301AN LM301AN LM725CN 725CN
LM302F LM302F LM725D, J 725DM
LM302H LM302H LM725CD, J 725DC
LM305F LM305F LM733D, J 733DM
" LM305H LM305H LM733H 733HM
LM305AH LM305AH LM733CD, J 733DC
LM306F LM306F LM733CH 733HC
LM306H LM306H LLM741D, J 741DM
LM307D, J LM307D LM741F 741FM
LM307F LM307F LM741H 741HM
LM307H LM307H LM741CD, J ° 741DC
{M308AD, J LM308AD LM741CF 741FC
LM308AF LM308AF LM741CH 741HC
LM308AH LM308AH LM747D,J 747DM
LM308AN LM308AN LM747H 747HM
LMm308D, J LM308D LM747F 747FM
LM308F LM308F LM747CD, J 747DC
LM308H LM308H LM747CP 747PC
'LM308N LM308N LM747CH 747HC
LM310D, J LM310D LM747CN 747PC
LM310F LM310F LM478H 748HM
LM310H LM310H LM748CH 748HC
LM310N LM310N LM748CN 748PC
LM311D, J LM311D LM1458H AM1458H
LM311F LM311F LM1558H AM1558H
LM311N LM311N
LM312D,J LM312D
LM312F LM312F SIGNETICS
LM312H LM312H NE 555 v
LM316AD, J LM316AD
LM316AF LM316AF R S 1
LM316AH LM316AH Temperature Device Package
LM316D, J LM316D Range Type Type
LM316F LM316F AMD AMD
LM316H LM316H Signetics Direct Functional
L M318D, J LM318D Replacement Replacement
.M318F LM318F
LM318H LM318H DM7820F DM7820J
LM318N LM318N DM7830F DM7830J
LM319H LM319H DM8820A DM8820N
LM319D, J LM319D DM8820F DM8820J
LM319N LM319N DM8830A DM8830N
LM324D, J LM324D DM8830F DM8830J
LM324N LM324N LM101F LM101D
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INDUSTRY CROSS REFERENCE

SIGNETICS (Cont.)

SIGNETICS (Cont.)

AMD AMD AMD AMD
Signetics Direct Functional Signetics Direct Functional
Replacement Replacement Replacement Replacement
LM101T LM101H N8T22F . 9601DC
LM101AF LM101AD N8T26B N8T26B
LM101AT LM101AH N8T26F N8T26F
LM107F LM107D N8T26AB N8T26AB
LM107T LM107H N8T26AF N8T26AF
L.M108F LM108D N8T28B N8T28B
LM108T LM108H N8T28F N8T28F
LM108AF LM108AD N8T38B DS8838N
LM108AT LM108AH N8T38F DS8838J
LM111F LM111D N9602B 9602PC
LM111T LM111H N9602F 9602DC )
LM119H LM119H SE529K AMB86HM
LM119D LM119D SE555T SEB55T
LM124F LM124D SE556F SE5S56F
LM139F LM139D SE592A AMB92PC
LM201T LM301H SE592K AM592HM
LM201AF LM201AD SN7520N SN7520N
LM201AT LM201AH SN7521N SN7521N
LM201AV LM201AN SN7524N SN7524N
LM207F LM207D SN7525N SN7525N
LM207T LM207H S54123F SN54123J
LM208F LM208D S54221F SN54221J
LM208T LM208H S9602F 9602DM
LM208AF LM208AD S8T26F S8T26F
LM208AT LM208AH S8T26AF S8T26AF
LM211F LM211D S8T28F S8T28F
LM211T LM211H S8T38F DS7838J
LM219H LM219H MAT23CF 723DC
LM219D LM219D uA723CL 723HC
LM224F LM224D uA723F 723DM
LM239F LLM239D MA723L 723HM
LM301AT LM310AH nA733CA 733PC
LM301AV LM301AN uA733CF 733DC
LM307F LM307D uA733CK 733HC
LM307T LM307H MAT733F 733DM
LM308F LM308D MA733K 733HM
LM308T LM308H uA741CF 741DC
LM308V LM308N uAT741CT 741HC
LM380AF LM308AD UATA1F .741DM
LM308AT LM308AH uA741T 741HM
LM311F LM311D UA747CA 747PC
LM311T LM311H . HA747CF 747DC
LM311V LM311N nA747CK 747HC
LM319H LM319H MAT4TF 747DM
LM319D LM319D HA747K 747HM
LM319A LM319N u748CT 748HC
LM324A LM324N UATABF 748DM
LM324F LM324D MAT48T 748HM
LM339A LM339N
b"gig; I\Lﬂ'\giggl_ TEXAS INSTRUMENTS
MC1489F MC1489L SN 7|5 11|0 '}l
MC1489AF MC1489AL N ;
NE529K AME8EHC Mfg’s Temperature Device Package
NES55T NES55T Ident. Range Type Type
NES55V NES55V Texas ISAMD . AMD |
NEB56A NEB56A irect unctiona
NEG56F NE556F Instruments Replacement Replacement
l:lE592K AMS92HC SN52101AJ LM101AD
741238 SN74123N SN52101AL LM101AH
N74123F SN74123J SN52101AZ LM101AF
‘N74221B SN74221N SN52105L LM105H *
N74221F SN74221J SN52106F A LM106F
N8T22A 9601PC
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INDUSTRY CROSS REFERENCE

TEXAS INSTRUMENTS (Cont.)

TEXAS INSTRUMENTS (Cont.)

Texas A.MD AMD Texas AMD AMD

Instruments Direct Functional Instruments Direct Functional
Replacement Replacement Replacement Replacement

SN52106L LM106H SN55238W SN55238W

SN52107J LM107D SN55239J SN55239J

LM52107L LM107H SN55239W SN55239wW

SN52107Z LM107F SN5524J SN5524J

SN52108AFA LM108AF SN5525J SN5525J

SN52108AJA LM108AD SN55325J SN55325J

SN52108AL LM108AH SN55325W SN55325W

SN52108FA LM108F SN55369J MMHO0026L

SN52108JA LM108D SN72301AJ LM301AD

SN52108L LM108H SN72301AL LM301AH

SN52111FA LM111F SN72305L LM305H

SN52111J LM111D SN72306L LM306H

SN52111L LM111H SN72307J LM307D

SN52118FA LM118F SN72307L LM307H

SN52118JA LM118D .- SN73208AJA LM308AD

SN52118L LM118H SN72308AL LM308AH

SNG2RE5L SEG65T SN72308JA LM308D

SN52723J 723DM SN72308L LM308H

SN52723L 723HM SN72311J LM311D

SN52733FA 733FM SN72311L LM311H

SN52733J 733DM SN72318JA LM318D

SN52733L 733HM SN72318L LM318H

SN52741FA 741FM SN72555L NE555T

SN52741JA 741DM " SN72555P NE555V

© SN52741L 741HM SN72723J 723DC

SN562747FA 747FM SN72723L 723HC

SN52747JA 747DM SN72733J 733DC

SN52747L 747HM SN72733L 733HC

SN52748FA 748FM SN72741JA 741DC

SN52748JA 748DM SN72741L 741HC

SN52748L 748HM SN72747JA 747DC

SN541.5123J tSN54L5123J tAM25LS123DM SN72747L 747HC

SN54LS123W tSN54LS123W tAM25LS123FM SN72748JA 748DC

SN541.123J AM26L.123DM SN72748L 748HC

SN54L123W AM26L123FM SN74L5123J tSN74LS123J tAM25LS123DC

SN541L.5240J tSN54L5240J SN74LS123N tSN74LS123N tAM25LS123PC

SN541.5241J tSN54L.5241J SN74L123J AM26L.123DC

SN545240J '1SN54S5240J SN74L123N AM26L123PC

SN54S241J tSN545241J : SN741.5240J SN74L5240J

SN54123J SN54123J AM26123DM SN74LS240N tSN74L.S240N

SN54123W SN54123W AM26123DM SN74LS5241J SN74LS5241J

SN54221J SN54221J SN74LS241N tSN74LS241N

SN54221W SN54221W SN74L5424) D8224

SN55107AJ SN55107BJ SN74LS424N P8224

SN55107BJ SN55107BJ SN74S240J SN74S240J

SN55108AJ SN55108BJ " SN74S240N 1SN74S240N

SN55108BJ SN55108BJ SN745241J SN74S241J

SN55109J SN55109J SN74S241N tSN74S241N

SN55110J SN55110J SN745412J D8212

SN55114J 9614DM SN745412 P8212

SN55114W 9614FM SN74123J SN74123) AM26123DC

SN55115J 9615DM SN74123N SN74123N AM26123PC

SN55115W 9615FM SN74221J SN74221J

SN55182J DM7820AJ SN74221N SN74221N

SN55182wW DM7820AW SN75107AJ SN74107BJ

SN55183J DM7830J SN75107AN SN75107BN

SN55183wW DM7830W SN75107BJ SN75107BJ

SN5520J SN5520J SN74107BN SN751078BN

SN5521J SN5521J SN75108AJ SN751088J

SN55234J SN55234J SN75108AN SN751088N

SN55234W SN55234W SN75108BJ SN75108BJ

SN55235J SN55235J SN75108BN SN75108BN

SN55235W SN55235W SN75109J SN75109)
SN55238J SN75109N SN7510S9N

SN55238J
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, INDUSTRY CROSS REFERENCE
TEXAS INSTRUMENTS (Cont.)

Texas A-MD AM.D
Instruments Direct Functional
Replacement Replacement
SN75110J SN75110J
SN75110N SN75110N
SN75114J 9614DC
SN75114N 9614PC
SN75115J 9615DC
SN75115N 9615PC
SN75182J DM8820AJ
SN75182N DM8820AN
SN75183J DM8830J
SN75183N DM8830N
SN75188J - MC1488L
SN75188N AM1488PC
SN75189J MC1489L
SN75189N AM1489PC
SN75189AJ MC1489AL
SN75189AN AM1489APC
SN7520J SN7520J
SN7520N SN7520N
SN7521J SN7521J
SN7521N SN7521N
SN75207J SN75207J
SN75207N SN75207N
SN75208J SN75208J
SN75208N SN75208N
SN75234J SN75234J
SN75234N SN75234N
SN75235J SN75235J
SN75235N SN75235N
SN75238J SN75238J
SN75238N SN75238N
SN75239J SN75239J
SN75239N SN75239N
SN7524J SN7524J
SN7524N SN7524N
SN7525J SN7525J
SN7525N SN7525N
SN75325J SN75325J
SN75325N SN75325N
SN75369J MMHO0026CL
SN75369P MHO0026CN

1To be announced.

1-22






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 jndividual 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 10 +70°C —55°C to +125°C
NUMBER Meta! Hermetic Molded Metal Hermetic
Can pip oIP Dice Can oIP Flat Pak Dice
Am592 AMB92HC ~ AMS592DC AMS592PC AM592XC AMS92HM  AM592DM AM592XM
AMB8S AM6BSHL*  AM685DL* AMEBSXL® AME85HM  AMG85DM AMG85XM
Am686 AMEBGHC ~ AME86DC AME8EXC AMBBEHM  AMG8EDM AMEBEXM
AmE87 AM6B87DL* AMB87XL" AMEB7DM AMBBTXM
Am1500 AM1500DC AM1500DM AM1500FM
AM1500DL*> AM1500FL*
Am1501 AM1501DC AM1501DM AMI501FM
AM1501DL* AMIE01FL®
Am1508 AM1408L8 AM1508L8
AM1408L7
AM1408L6
Am1558 AM1458H AM1558H
Am25 Series
Am25L.5123 AM25LS123DC  AM25LS123PC  AM25LS123XC AM25LS123DM  AM25LS123FM  AM25LS123XM
Am26 Series
AmM2600 AM2600DC AM2600PC AM2600XC AM2600DM AM2600FM AM2600XM
Am2602 AM2602DC AM2602PC AM2602XC AM26020M 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
Am26L831 AM26LS31DC AM26LS31PC  AM26LS31XC AM2GLS31DM  AM26LS31FM AM26LS31XM
Am26L532 AM26L532DC AM26LS32PC  AM26LS32XC AM26LS320M  AM26LS32FM AM26LS32XM
Am26L02 AM26L02DC AM26L02PC AM26L02XC AM26L02DM AM26L02FM AM26L02XM
Am26L123 AM26L123DC AM26L123PC  AM26L123XC AM26L123DM  AM2BL123FM AM26L123XM
Am26502 AM26502DC AM26502PC AM26502XC AM26502DM AM26S02FM AM26502XM
Am26510 AM26510DC AM26S10PC AM26S10XC AM265100M AM26S10FM AM26510XM
Am26S11 AM26S11DC AM26511PC AM26S11XC AM26511DM AM26511FM AM26511XM
Am26S12 AM26512DC AM26512PC AM26512XC AM26512DM AM26S12FM AM26512XM
AmM26512A AM26512ADC AM26S12APC  AM26S12AXC AM26S12ADM  AM26S12AFM AM26S12AXM
Am29 Series
Am2905 AM2905DC AM2905PC AM2905XC AM2905DM AM2905FM AM2905XM
AmM2906 AM2906DC AM2906PC AM2906XC AM2906DM AM2906FM AM2906XM
Am2907 AM2907DC AM2907PC AM2907XC AM2907DM AM2907FM AM2907XM
Am2915A AM2915ADC AM2915APC AM2915AXC AM2915ADM AM2915AFM AM2915AXM
Am2916A AM2916ADC AM2916APC AM2916AXC AM2916ADM AM2916AFM AM2918AXM
Am2917A AM2917ADC AM2917APC AM2917AXC AM2917ADM AM2917AFM AM2917AXM
Am32XX Series
Am3212 D3212 P3212 AMB212XC MD3212
Am3216 D3216 P3216 AMB212XC MD3216
Am3226 D3226 P3226 AM8226XC MD3226
DAC-08 DAC-08EQ DAC-08AQ
DAC-08CQ DAC-08Q
DM or DS78/88 Series
DM78/8820 DM88204 DM8820N AMB820X DM7820J DM7820W AM7820X
DM78/8820A DM8820AJ DM8B20AN AMBB20AX DM7820A4 DM7820AW AM7820AX
DM78/8830 DM8830J DM8830N AME830X DM7830J DM7830W AM7830X
DM78/8831 DM8831J DM8831N AMB831X DM7831J DM7831W AM7831X
DM78/8832 DM8832J DM8832N AM8832X DM7832) DM7832W AM7832X
DS78/8838 DS8838) DS8838N DS78384 DS7838W
DS0056 (8 pin) DS0056CH DS0056CN AMO056CX DS0056H AMO056X
DS0056 (12 pin) DS0056CG DS0056G
DS0056 (14 pin} DS0056C) DS0056J
DS16/3603 DS36034 DS3603N AM3603X DS1603) AM1603X
DS3604 DS3604 DS3604N AM3604X
LF155 LF356H LF355N LD355 LF155H LD155
. LF255
LF155A LF355AH LD355A LF155AH LD155A
LF156 LF356H LF356N LD356 LF156H LD156
. LF256
LF156A LF356AH LD356A LF156AH LD156A
.
LF157 LF357H LF357N LD357 LF157H LD157
. LF257H
LF157A LF357AH LD357A LF157AH LD157A
LH2101A LH2301AD LH2101AD CH2101AF
. : LH2201AD LH2201AF
LH2111 LH2311D LH2111D LH2111F
. LH2211D LH2211F
LM101 LM301H LM301D LM301N LD301 LMIO1H  LM101D LM101F LD101
. LM201N LM201H  LM201D LM201F
LM101A LM301AH  LM301AD LM301AN LD301A LM101AH  LM101AD LM101AF LD101A
. LM201AN LM201AH  LM201AD LM201AF
LM102 LM302H LM302D LD302 LM102H  LM102D LM102F LD102
. LM202H  LM202D LM202F
LM105 LM305H LD305 LM105H LD105
. LM305AH LM205H
LM106 LM306H LM306D LD306 LM106H LM106F LD106
. LM206H LM206F
LM107 LM307H LM307D LD307 LMI107H  LM107D LM107F LD107
* LM207H LM207D LM207F
LM108 LM308H LM308D LM308N LD308 LM108H  LM108D LM108F LD108
. LM208H  LM208D LM208F
LM108A LM308AH  LM308AD LM308AN LD308A LM108AH LM108AD LM10BAF LD108A
. LM208AH  LM208AD LM208AF
LM110 LM310H LM310D LM310N LD310 LM110H  LM110D LM110F LD110
N LM210H LM210D LM210F
LM111 LM311H LM311D LM31IN LD311 LM111H  LM111D LMU1F LD111
. LM211H  LM211D LM211F
LF111 LF311H LF311D LFD311 LF111H  LF111D LF11IF LFD111
M LF211H  LF211D LF21IF
LM112 LM312H LM312D LD312 LM112H  L£M112D LM112F LD112
. LM212H  LM212D LM212F
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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
m118 LM318H LM318D LM318N LD318 LM118H * LM118D’ LM118F LD118
* : LM218H  LM218D LM218F
Lm119 LM319H LM3190 LM319N LD319 LM119H  LM119D LM119F LD119
* LM219H  LM219D LM219F
LM124 LM324D LM324N LD324 LM124D LM124F LD124
N LM224D LM224F
LM124A LM324AD LM324AN LD324A LM124AD LM124AF LD124A
* LM224AD LM224AF =
LM139 LM339D tM339 LD339 LM139D LM139F LD139
. LM239D LM239F
LM139A LM339AD LM339AN LD339A LM139AD LM139AF LO139A
. LM239AD LM239AF
LM148 LM348D LM348N LD348 LM148D LD148
e . LM248D
LM149 LM349D LM349N LD349 LM1439D LD149
- . LM249D
LM216 LM316H LM316D LD316
. LM216H  LM216D LM216F LD216
LM216A LM316AH  LM316AD LD316A
. LM216AH  LM216AD LM216AF .D216A
MC1488 MC1488L AM1488PC AM1488XC :
MC1489 MC1489L AM1489PC AM1489XC
MC1489A MC1489AL AM1489APC  AMI1489AXC
MHO026 (8 pin) MHO0026CH MH0026CN AMO026CX MHO0026H AM0026X
MHO026 (12 pin) MH0026CG MH0026G
MHO026 (14 pin) MMH0026CL MMHO0026L
N/SEB55 NESS5V AMS555XC SE555T AMSSEXM
N/SE556 NESEST NES56A AMBEEXC SE556F AMSSEXM
SN54/74 Series
SN54/74123 SN74123) SN74123N AM74123X SN541231 SN54123W AMS54123X
SN54/74221 SN74221J SN74221N AM74221X SN542214 SNB4221W AMS54221X
SN54/74L5123 SN74L5123) SN74LS123N  AM74LS123X SN54L5123J SN54L5123W AM54L5123X
SN54/745240 SN7452400 SN745240N AM745240X ~ SN545240J ’ AM545240X
SN54/745241 SN745241) SN745241N AM745241X SN545241J AMB45241X
SN54/745242 SN745242) SN745242N AM745242X SN5452421 AM545242X
SN54/745243 SN745243) SN745243N AM745243X SN545243) AMS545243X
SN54/745244 SN745244) SN745244N AM745244X SN545244) AMB545244X
SN55/75 Series
SN55/751078 sN7510784 SN75107BN AM75107BX SN55107BJ AMS5107BX
SN55/75108B SN751088BJ SN75108BN AM751088X SN5§1088J AM55108BX
SN55/75109 SN75109) SN75109N AM75109X SN55109J AMS5109%
SN55/75110 SN75110J SN75110N AM75110X SN55110J AMS5110X
SN55/7520" SN7520J SN7520N AM7520X SN55204 SN5520W AMS520X
SN75207 SN75207J SN75207N AM75207X
SN75208 SN75208) SN75208N AM75208X
SN55/7521 SN7521J SN7521N AM7521X SN5521J SN5521W AMS521X
SN55/75234 SN75234) SN75234N AM75234X SN55234J SN55234W AMS55234X
SN55/75235 SN75235) SN75235N AM75235X ) A )
SN55/75238 SN75238) SN75238N AM?5238X SN55238J SN55238W AMB5238X
SN55/75239 SN75239J SN75239N AM75239X SN55239J SN55239W AMS55239X
SN55/7524 SN7524) SN7524N AM7524X SN5524) SN5524W AMS5524X
SN55/7525 SN7525J SN7525N AM7525X SN5525J SN5525W AMS5525%
SN55/76325 SN75325) SN75325N AM75325X SN55325J SN55325W AMB5325X
715 718HC 715DC 718XC 715HM 7150M 715XM
723 723HC 7230C 723PC 723XC 723HM 7230M 723XM
725 725HC 7250C 725CN 725XC 725HM 7250M 725XM
$55725 SS$725CJ  SSS725CP $SS7254  SSS725P )
733 733HC 733DC 733XC 733HM 733DM 733FM 733XM
741 741HC 741DC 741XC 741HM 741DM 741FM 741 XM
741A 741EHC 741EDC 741AHM  741ADM 741AFM
$55741 $55741Cd $557414 .
747 747HC 747DC 747PC 747XC 747HM 747DM 747FM 747XM
747A 747EHC 747EDC 747AHM  747ADM 747AFM
$55747 SSS747CK  SSS747CP SSS747K  SSS747P $S5747M
748 748HC 748DC 748PC 748XC 748HM 748DM 748FM 748XM
BXXX Series
8726 N8T26F N8T268 AMBT26X S8T26F AMBT26X
8T26A NBT26AF N8T26AB AMBT26AX SBT26AF AMBT26AX
8728 N8T28F N8T28B AMBT28X S8T28F AM8T28X
8212 c8212 P8212 AMB212XC AMB8212DM
8216 . c8218 PB216 AMB216XC AMB216DM
8224 D8224 AMB8224PC AMB8224XC AMB224DM
8226 €8226 AMB226PC AMB226XC AM8226DM
8228 c8228 AMB228PC AMB228XC AMB8228DM
8238 08238 AMB238PC AMB238XC AMB238DM
96 Series
9600 9600DC 9600PC AM9E00XC 9600DM 9600FM AMOGO0XM
9601 96010C 9601PC AM9E01XC 9601DM 9601FM AMIBE01 XM
9602 9602DC 9602PC AM9602XC 9602DM 9602FM AMIE02XM
9614 9614DC 9614PC AM9E14XC 9614DM 9614FM AMOE14XM
9615 96150C 9615PC AMIBI5XC 9615DM 9615FM AMIE15XM
9616 9616DC 9616PC AMIE16XC 9616DM
9617 9617DC 9617PC AMIB17XC 9617DM AMOE17XM
9620 9620DC 9620PC AM9620XC 9620DM 9620FM AMS620XM
9621 96210C 9621PC AM9B21XC 9621DM 9621FM AMO621XM
96L02 96L02DC 96L02PC AMIBLO2XC 96L.02DM 96L02FM AMIELO2XM

*Indicates —25°C to +85°C Operating Temperature Range.
For MIL-STD-883A Class B processing order as follows: For all LM100 and LM2100 series devices add/883B suffix.

' Example: LM101AH/883B, LH2111D/883B

For other devices add B suffix.

Example: 741HMB, AM687DMB, AM1500DMB
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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 équally valuable for commercial parts where equipment must perform
reliably with minimum field service.

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

MIL-M-38510—General Specification for Microcircuits
MIL-Q-9858 —Quality Program Requirements
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
linear, MSI, and interface 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-Q-9858 identifies 28 elements of management, planning and control that are necessary in maintaining a quality program. Advanced
Micro Devices complies with all requirements of MIL-Q-9858.

MIL-STD-883 contains 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 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. All other process requirements are the same.

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

All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to
MIL-STD-883, Class C.

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.™

All molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are omitted for solid-package
parts. ' )

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels for each class are
given for Group A (electrical), Group B (mechanical quality measurements 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. Tables |, 11, Il and IV give standard test groupings and quality levels for Class B screened devices, These quality levels are
used as a minimum for all tests.

*Exception is linear 100, 200 and 300 series parts which are marked ‘//883B"".

1-26




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 levels.

All full-temperature-range (—55°C to +125°C) linear, MSI and interface circuits are manufactured to the work-
manship requirements of MIL-M-38510.

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

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.
Full temperature devices identified above—~MIL-M-38510,
Para. 3.7 for workmanship.

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 25°C.
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21

22

23

24

25

101

102

103

104

105

106

107

108

QUALITY GROUP A ELECTRICAL TEST (TABLE 1)

Sampling and quality levels for Class B parts.
MIL-STD-883, Method 5005.

MARK, INSPECT, PACK FOR SHIPMENT

QUALITY INSPECTION, PRE-SHIPMENT

Confirmation of marking, physical quality, and product identity.

QUALITY INSPECTION FOR SHIPMENT RELEASE

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

SHIP TO CUSTOMER (Meets requirements of MIL-STD-883,
Class C; AMD standard product)

OPTIONAL EXTENDED PROCESSING FOR HERMETIC DEVICES
BURN IN
MIL-STD-883, Method 1015: 160 hr, 125°C

FINAL ELECTRICAL TEST
Static functional, 3 temperatures; dynamic or switching, 25°C.

QUALITY GROUP A ELECTRICAL TEST (Table 1)

Sampling and quality levels for Class B parts.
MIL-STD-883, Method 5005.

QUALITY CONFORMANCE TESTS GROUPS B, C, AND D (If required by purchase order)

See Tables 11, 111, and IV. MIL-STD-883, Method 5005.3
DATA PREPARATION AND REVIEW

MARK, INSPECT, PACK FOR SHIPMENT

QUALITY INSPECTION

Confirmation of marking, physical quality, and product
identity.

QUALITY INSPECTION FOR SHIPMENT RELEASE

SHIP TO CUSTOMER (Meets requirements of MIL-STD-883, Class B)

Standard AMD parts with this processing are marked with ‘“—B*’ after part number*.

*Exception is linear 100, 200 and 300 series parts which are marked *//883B"
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QUALIFICATION AND QUALITY CONFORMANCE INSPECTION
Subgroups and LTPD levels as given in MIL-STD-883A, Method 5005.3, for Class B parts.

Table I. Group A Electrical Tests

Subgroups LTPD ";;::Ip(ltl?i:e”
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 5 45
Subgroup 5 — Dynamic tests at maximum rated operating temperature 7 32
Subgroup 6 — Dynamic tests at minimum rated operating temperature 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 7 32
Subgroup 10 — Switching tests at minimum rated operating temperature {Note 2) 10 10
Subgroup 11 — Switching tests at minimum rated operating temperature (Note 2) 10 10

Notes: 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. For qualification only if required on purchase order.

Table I1l. Group B Tests

. Initial
Test Method Conditions LTPD Sample Size
Subgroup 1
Physical dimensions 2016 AMD standard dimensions unless listed by customer 2 devices 2
(no failures)
Subgroup 2 .
a) Resistance to Solvents 2015 Alcohol, mineral spirits, trichloroethane, 3 devices 3
and Freon solvents {no failures)
b) Internal visual and mechanical 2014 : 1 device 1
{no failures)
c) Bond strength 2011 Test Condition D 15 15
leads
)
Subgroup 3
Solderability 2003 Solder temperature 260°C  10°C
15 15
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Table IIl. Group C (Die-Related Tests)

Test Method Condition LFTD San:r:l‘emsli:e
Subgroup 1
a) Operating life test 1005 AMD standard burn-in circuit (1000 hr.) 5 77
b) End point electrical parameters DC room temperature parameters ACC =1
Subgroup 2
a) Temperature cycling 1010 Test condition C: air to air, —65°C to +150°C, 10 cycles 15 15
b) Constant acceleration 2001 Test condition E: 30kG cantrifugal acceleration
Y axis followed by one other axis X or Z.

c) Seal 1014

1. Fine Condition A: helium, or condition B: radioactive tracer

2, Gross Condition C, step 2: fluorocarbon
d) Visual examination Note 3
e) End point electrical parameters DC room temperature parameters.
Note: 3. Visual examlnation shall be In accordance with method 1010 of MIL-STD-883.

Table 1V. Group D (Package Related Tests)
. Initial
Test Method Condition LPTD Sample Size

Subgroup 1
a) "Physical dimensions 2016 15 15
Subgroup 2
a) Lead integrity 2004 Test condition B2 (lead fatigue) . 15 15
b) Seal 1014

I. Fine Condition A: helium, or condition B: radioactive tracer

2. Gross Condition C, step 2: fluorocarbon
Subgroup 3
a) Thermal shock 1011 Test condition B: liquid to liquid, —55°C to +125°C 15 . 15
b} Temperature cycling 1010 Test condition C: air to air, —65°C to +150°C, 100 cycles
c) Moisture resistance 1004 Omit initial conditioning and vibration
d) Seal 1014

I. Fine Condition A: heliym, or condition B: radioactive tracer

2. Gross Condition C, step 2: fluorocarbon
e) Visual examination Note 4
f) End point electrical parameters DC room temperature parameters
Subgroup 4
a) Mechanical shock 2002 ‘Test condition B: 5 shock pulses; 6 directions; 1,500 G 15 15
b) Vibration variable frequency 2007 Test condition A: 20 Hz — 2kHz; 20G, X, Y, Z orientation
c) Constant acceleration 2001 Test condition E: 30kG centrifugal acceleration
d} Seal 1014

I. Fine Condition A: helium, or condition B: radioactive tracer

2. Gross Condition C, step 2: fluorocarbon
e} Visual examination Note 5
f} End point electrical parameters DC room temperature parameters
Subgroup 5
a} Salt atmosphere 1009 Test condition A: 24 hr. 15 15
b) Visual examination Note 6

Notes: 4. Visual examination shall be in accordance with method 1010 or 1011 at a magnification of 5X to 10X.
5. Visual examination shall be performed in accordance with method 2007 for evidence of defects or damage to case, leads, or seals resulting

from testing (not fixturing). Such damages shall constitute a failure.
6. Visual examination shall be in accordance with MIL-STD-883, Method 1009 para. 3.3.1.
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Am106/206/306

Voltage Comparator/Buffer

Distinctive Characteristics ¢ 100% reliability assurance testing in compliance with

® Functionally, electrically, and pin-for-pin ivalen MIL STD 883. R . .
fo thet Na?iloynal LeM 106/%,0633%6pm for-pin equivalent e Electrically tested and optically inspected die for
« Drives RTL, DTL or TTL directly assemblers of hybrid products.
« Output can,switch voltages up to 24 V @ 100 mA e Available in metal can and hermetic flat package.
e Fan-out of 10 with DTL or 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
INPUT
GND. STROBES
APPLICATION

Level Detector With Hysteresis

Upper and Lower Trip Points:
Ry [Vo max - Veerl
Vi = Vgpp + 2o OMAX TREFT
ut REF Rz + R3
and
Rz Vo v - Veesl
R, + R,

Hysteresis = Vi, = V- V;

Vir = Vege +

P Vo ax = Vo md
R, + R,

ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
Part Package Temperature Order Flat Package Metal Can
Number Type Range Number . ’
) ner—={: ® J=In
Am306 MeDt.al Cen  0°Cto+70°C LM306H = B
NANVERTING P
ice 0°Cto +70°C  LD306 I:;U;§:1>_L\3§V.
‘Am206 Metal Can ~ —26°C to +85°C  LM206H = e
TrRoBE O] 2 sTROBE
Metal Can  —B5°Cto +125°C  LM106H M :
Am106 Flat Pak —55°C to +125°C  LM106F
Dice —55°Cto +125°C  LD106
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 - 0V
Differential Input Voltage *5V
Input Voltage *7V
Power Dissipation (Note 1) 600 mW
Qutput 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) - (ote 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 A
Input Bias Current 16 25 10 20 uA )
Voltage Gain 40 40 V/mV
Response Time Note 4 30 40 30 40 ns
Saturation Voltage Vi £ =5mV, |, =100 mA 0.8 2.0 1.0 1.5 v
Output Leakage Current V2 5mV, 8V < Vo <24V 0.02 2.0 0.02 1.0 1A
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage Note 3 6.5 3.0 mV
szf'TfsuI%";f‘;Z;a\%fagg eifitent Tagmies < Ta < Tagnag 5.0 20 3.0 10 #V/°C
Input Offset Current Note 3, I: : Tit::; gi gg 01285 gg Z:
Average Temperature Coefficient | 25°C < T, < Tp(pay 15 50 5.0 25 nA/°C

of Input Offset Current Tapming < Ta < 25°C 24 100 15 75 nA/°C
Input Bias Current 40 45 rA
Input Voltage Range —-7V>V > —-12V +5.0 +5.0 v
Differentia! Input Voltage Range +5.0 +5.0 \
Saturation Voltage Vi < =5mV, I, = 50 mA ' 1.0 1.0 v
Saturation Voltage Vi < —=5my, I, <16 mA 0.4 0.4 \
Positive Output Level Vi 2 5mV, lgyp =400 pA 25 5.5 25 5.5 v
Output Leakage Current Vy25mV, 8V < Vg <24V 100 100 A
Strobe Current Viprobe = 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 \
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 flat 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 response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.
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Am106/206/306
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Am106/206/306

Level Detector and Lamp Driver

—_——
OVERRIDE

Relay Driver

INPUTS
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CII

ADDITIONAL APPLICATIONS

Fast Response Peak Detector

vt=12v
0

0y Ry
Fogess  2k82

)
INPUT

Adjustable Threshold Line Receiver

STROBE
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*Optional for response time control

INPUT (+) ——J

Metallization and Pad Layout
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OUTPUT

STROBE

33 x 46 Mils
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Am111/211/311

Precision Voltage Comparator

Distinctive Characteristics . L. ) !
® 100% reliability assurance testing in compliance with

® The Am111/211/311 are functionally, electrically, MIL-STD-883
and pin-for-pin equivalent to the National ® Electrically tested and optically inspected die for as-
LM 1”/21. 1/311 semblers of hybrid products
® Output Drive — 50V and 50mA ® Mixing privileges for obtaining price discounts. Refer
® |nput Bias Current — 150nA max. to price list.
® Input Offset Voltage — 4mV max. ® Available in Metal Can, Hermetic Dual-In-Line or
e Differential Input Voltage Range — 30V hermetic Flat Packages
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

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 vt oy— COLLECTOR
with all bipolar and MOS circuitry. The inputs and outputs OUTPUT
can be isolated from system ground, and the output can drive NONINVERTING
loads refered to ground or either supply. Strobing and offset INPUT
balancing are available and the outputs can be wire ORed.

INVERTING- o
INPUT

v} EMITTER
BALANCE ~ BALANCE/ OUTPUT
STROBE
CONNECTION DIAGRAM CONNECTION DIAGRAM
Top View Top View
Dual-In-Line Flat Package
Am111/211/311 Am111/211/311
AMITTER O TPB‘:@ e EMITTER OUTPUT L2 10 v
NON \f::‘IER/TEING\L:NPUT D g :2 NON-INVERTING: INPUT T 2 94T COLLECTOR OUTPUT
INVERTING INPUT [ M v INVERTING INPUT 2 8 [——anc
ne =k N 4 7 =0 BALANCE/STROBE
V- ] COLLECTOR OUTPUT _ BALANC
BALANCE [T ] BALANCE/STROBE ves = ¢

Pin 6 is connected to bottom of package. Pin 6 is'connected to bottom of package.
ORDERING INFORMATION CONNECTION DIAGRAM
Top View
Part Package Temperature Order Aml‘\lll’f‘:jlzﬁl;311
Number Type Range Number .
TO-99 0°C to 70°C LM311H ve
Am311 Hermetic DIP 0°Cto 70°C LM311D
Dice 0°C to 70°C LD311 EMITTER OUTPUT £ St
TO-99 —25°C10 +85°C  LM211H non-nveRTING | & eaLances
Am2T1 - ermetic DIP —25°C to +85°C  LM211D sTRoBE
TO-99 —55°Cto +125°C  LM111H eyt Q O BaLance
Ami111  HermeticDIP —B6°Cto +125°C  LM111D MR
Flat Pak —B5°C to +125°C  LM111F
Dice —55°Cto +125°C LD111

Pin 4 is connected to case.
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Am111/211/311
MAXIMUM RATINGS

Voltage from V* to V™ 36V
Voltage from Collector Qutput 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) 500mW
Qutput Short Circuit Duration 10 sec

Operating Temperature Range

—55°C to +125°C

Ami11
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) Am111
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) RL=5002to+5V,VE=0 200 200 ns
Supply Current
Positive (Note 5) 39 7.5 3.9 6.0 mA
Negative (Note 5) 2.6 5.0 2.6 4.5 mA
Voltage Gain . 200 200 V/mvV
. VIN € =5mV, Ic=50mA 0.75 1.5 Volts
Saturation Voltage
VIN < —10mV, Ic = 50 mA 075 | 1.5 Volts
VIN=+5mV, Vo to VE=50V 0.2 10.0 nA
Qutput Leakage Current
. “VIN>+10mV, Vg 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< —-6mV,Ic=8mA 0.23 0.40 Volts
VIN< —10mV, Ic=8 mA 023 | 0.40 } Volts
Output Leakage Current VIN.=>+6 mV, Vg to VE =50V 0.1 0.5 HA
Input Voltage Range +13 +14 13 +14 Volts
Supply Current
Positi\'/e (Note 5) Tp=125°C 2.7 45 mA
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 SmW/°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 otherwlse specified, these specifications apply for V¥ = +15V, V— = —15V, Vg = =15V, and R at collector output = 7.5k{2 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 7.5kQ2 load. These parameters define an error band and take into account the worst case effacts of voltage gain and input impedance.
4, The response time specified (see definitions) is for a 100mV input step with 5mV overdrive.
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Am111/211/311
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Am111/211/311

APPLICATIONS
Offset Balancing Increasing Input
Stage Current*™
1k
Strobing Strobing OFF both

Input and Output Stages**

TTL
STROBE
TTL
STROBE

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

Metallization and Pad Layout
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LF111/LF211/LF311

Voltage Comparators

GENERAL DESCRIPTION

The LF111, LF211 and LF311 are FET input voltage com- current buffering. Leakage testing, long time delay circuits,
parators that virtually eliminate input current errors. Designed charge measurements, and high source impedance voltage
to operate over a 5.0V to *15V range the LF111 can be used comparisons are easily done.

in the most critical applications.

The extremely low input currents of the LF111 allows the use Further, the LF111 can be used in place of the LM111 elimi-
of a simple comparator in applications usually requiring input nating errors due to input currents.
TYPICAL APPLICATIONS
Offset Balancing Strohing Increasing Input Stage Current*

TTL
STROBE

*Increases common-mode slew rate
by a factor of 3.

ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
Dual-In-Line
NC Ij NC
GND [j NC
Part Package Temperature Order
Number Type Range Number eut [} Ne
Metal Can 0°C to +70°C LF311H weor [ vt
LF3qy  Hermetic DIP 0°Cto +70°C LF311D we [] e
Flat Pack 0°C to +70°C LF311F v ouTPUT
. O (]
Dice 0Ctot70°C LFD311 saLance [] g#;gsgs
Metal Can —25°C to +85°C LF211H ‘
LF211 Hermetic DIP —25°C to +85°C LF211D Metal Can Flat Package
Flat Pack —25°C to +85°C LF211F
Metal Can  —55°Cto+125°C  LF111H svo 1 & o=
LE111 Hermetic DIP  —55°Cto +125°C  LF111D :::8: z 3 . E Z;”’“T
Flat Pack -55°Ct0+125°C  LF111F we —] 4 L = savance
Dice —55°Cto +125°C  LFD111 i Y A

Notes: 1. On Metal Can, pin 4 is connected to case.
2. On DIP and Flat Package, pin 1 is marked for orientation.

29



LF111/LF211/LF311

ABSOLUTE MAXIMUM RATINGS

LF111/LF211 LF311
Total Supply Voltage {Vg4) 36V 36V
Output to Negative Supply Voltage (V74) 50V 40V
Ground to Negative Supply Voltage (V14) 30V 30V
Differential Input Voltage +30V +30V
Input Voltage (Note 1) +15V +15V
Power Dissipation {Note 2) 500mwW 500mwW
Qutput Short Circuit Duration 10 seconds 10 seconds

Operating Temperature Range

LF11M —55°C to +125°C
LF211 —25°C to +85°C
LF311 0°C to +70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C
Lead Temperature {Soldering, 10 seconds) 300°C 300°C
ELECTRICAL CHARACTERISTICS (Note 3} LF111/LF211 LF311
Parameters Test Conditions Min. Typ. Max. - Min. Typ. Max. Units
Input Offset Voltage (Note 4) TA =25°C, Rg <50k 0.7 4.0 2.0 10 mV
Input Offset Current (Note 4) Ta =25°C, Vem = 0 (Note 6) 5.0 25 5.0 75 PA
Input Bias Current Ta =25°C, Vgm =0 (Note 6) 20 50 25 150 pA
Voltage Gain Ta = 25°C 200 200 VimV
Response Time (Note 5) Tp=25°C 200 200 ns
VIN € —5.0mV, IgyT =50mA, T = 25°C 075 | 15
Saturation Voltage Volts
VN € —12mV 075 | 15
Strobe On Current Ta=25°C 3.0 3.0 mA
VIN =5.0mV,VouT =35V, Tp =25°C 0.2 10
Output Leakage Current nA
Vin > 12mV 0.2 10
Input Offset Voltage (Note 4) 6.0 15 mv
Input Offset Current (Note 4) Vg =+15V, Vcm = 0 (Note 6) 20 3.0 1.0 nA
Input Bias Current Vg=12*15V, vem =0 (Note 6) 5.0 7.0 3.0 nA
14 14
Input Voltage Range - Volts
-13.5 -13.5
vt>45v,v—=0,1 <8.0mA
SINK < 88m 023 | 04
Saturation Voltage VIN < -8.0mV Volts
VN € —20mV 023 | 04
6utput Leakage Current VIN = 8.0mV, VoyT =35V 0.1 05 HA
Positive Supply Current Ta=25°V 5.1 6.0 5.1 75 mA
Negative Supply Current Ta =25°C 4.1 5.0 4.1 5.0 mA

Notes: 1. This rating applies for +15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to

the negative supply voltage or 30V below the positive supply, whichever is less.

2. The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated tempera-
tures, devices in the TO-5 package must be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction to case.
For the flat package, the derating is based on a thermal resistance of +185°C/W when mounted on a 1/16-inch thick epoxy glass board with ten,
0.03-inch wide, 2-ounce copper conductors. The thermat resistance of the dual-in-line packages is +100° C/W, junction to ambient.

3. These specifications apply for Vg = 15V and —55°C < TA < +125°C for the LF111, unless otherwise stated. With the LF211, however, all
temperature specifications are limited to —25°C < T < +85°C and for the LF311 0°C < T < +70°C. The offset voltage, offset current and bias
current specifications apply for any supply voltage from a single 5.0mV supply up to +15V supplies.

4. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0mA 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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. The response time specified (see definitions) is for a 100mV input step with 5.0mV overdrive.
6. For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves.



LF111/LF211/LF311
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Am119/219/319

Dual Comparator

Distinctive Characteristics

The Am119/219/319 are functionally, electrucally,
and pin-for-pin equivalent to the National LM119/
219/319.

Two independent comparators.

Operates from single 5V supply.

Output drive — 35V and 25mA.

Input bias current — 1uA max. (1.2uA for Am319)
Response time 80ns typical at +15V.

Minimum fan out of 2 each side.

Inputs and outputs isolated from system ground.

High common mode slew rate.

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

Electrically tested and optically inspected die for
assemblers of hybrid products.

Auvailable in Metal Can, Hermetic Dual-In-Line, Herme-
tic Flatpack or Molded DIP packages.

FUNCTIONAL DESCRIPTION

The Am119/219/319 are dual high-speed voltage comparators
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
uncommitted collector of the output stage facilitates RTL,
DTL and TTL interfacing, and driving lamps and relays at
currents up to 25mA. The-device is specified for operation
from power supplies up to £15V and features faster response
than the Am111 at the expense of higher power dissipation.

The Am119 performance is specified over the temperature
range —55°C to 125°C, the Am219 performance is specified
over the temperature range —25°C to 85°C and the Am319
performance is specified over the temperature range 0°C
to 70°C.

FUNCTIONAL DIAGRAM
(One Comparator)

COLLECTOR
OUTPUT

Ve

NON-INVERTING
inpuT O+
INVERTING

INPUT

Ve

(EMITTER OUTPUT)

CONNECTION DIAGRAM
Top View
Dual In-Line

2
3
GND 1

HNPUT'd L

—INPUTZEis 1) ~ivput 1
= Ej@’j +INPUT 2

OUTPUTzd L g [ Jonn2

Pin 6 connected to bottom of package.

]
u|

[Joutpur 1

v+

CONNECTION DIAGRAM
Top View
Flat Package

outPuUT 1] 1' of—av+
GND 1] 3 2:-INPUT2
+INPUT 1 3 1 +INPUT2
~INPUT 1 ; GND 2
v-r—15 OUTPUT 2

Pin 5 connected to bottom of package.

ORDERING INFORMATION

Part Package Temperature Order
Number Type Range Number
TO-99 ojc to +70:c LM319H
Am319 DIP 0°C to +70°C LM319D
Molded DIP 0°C to +70°C LM319N

Dice 0°C to +70°C LD319
TO-99 —25°C to +85°C LM219H
Am219 DIP —25°C to +8SZC LM219D
Flat Pak —25°C to +85°C LM219F
T0O-99 —55°C to +125°C LM119H
Am119 DIP —55:c to +125°C LM119D
Flat Pak ~55°C to +125°C LM119F

Dice —55°C to +125°C LD119.

CONNECTION DIAGRAM
Top View
Metal Can

Pin 6 connected to case.
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MAXIMUM RATINGS (Above which the usefu! life may be impaired)

Am119/219/319

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) 165V
Power Dissipation (Note 2) 500mwW
Output Short Circuit Duration 10s

Operating Temperature Range

Am119 —55°C to +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 mV
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 =15V 8.0 125 8.0 11.5 mA
Negative Vg =15V 3.0 5.0 3.0 4.5
Voltage Gain 8.0 40 10 40
Vin <-5.0mV, Ic = 25mA 0.75 1.5
Saturation Voltage Volts
Vin € —=10mV, Ic = 26mA 0.75 1.5
Vin > +56.0mV, V¢ to Vg = 35V 0.2 2.0
Output Leak A
utput Leakage Current Vin > +10mV, VG to Vg = 35V 0.2 10 .
The Following Specifications Apply Over The Operating Temperature Ranges
Input Offset Voltage (Note 4) Rg <5k 10 7.0 mV
Input Offset Current {Note 4) 300 100 nA
Input Bias Current 1200 1000 nA
Ta>0C 0.23 0.4
. Vin < —8.0mV, ic = 3.2mA
Saturation Voltage Ta< o°C 0.6 Volts
Vin € —12mV, Ig = 3.2mA 0.3 0.4
Output Leakage Current Vip 2 +8.0mV, V¢ to VE = 35V 1.0 10 BA
Vg =15V 13 13
Input Voltage Range Volts
V+t=50V,Vv—=0 1.0 3.0 1.0 3.0

Notes: 1.

For supply voltages less than = 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 1TmA load.’
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance.

6. The response time specified is for a 100mV input step with 5mV overdrive.
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Am119/219/319
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Am119/219/319

INPUTS {

Relay Driver

APPLICATIONS

Window Detector

3
Vur o———

ViN O—

12
Am119/

VT O3] 21931 VouT = 5.0V for
‘ VTS ViN S VuT
VouT =0 for

= VINS ViTorViN 2 VyT

Metallization and Pad Layout

—INPUT2
vt — _—I l———————— +INPUT 2
OUTPUT 1 GROUND 2
GROUND 1 ——— OUTPUT 2
+INPUT 1 VT
—INPUT 1

57 x 78 Mils
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Am139/239/339- Am139A/239A/339A

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 36 Vpe
+1.0Vpc to 218 Vpe
Very low supply current drain (0.8mA)—independent
of supply voltage (1.0mW/comparator) makes these
comparators suitable for battery operation.

o Low input bias current — 35nA
e Low input offset current — 3.0nA and offset

voltage —2.0mV

® [nput common-mode voltage range includes ground
e Differential input voltage range equal to the power

supply voltage .

® Low output saturation voltag

1.0mV at 5.0uA
60mV at 1.0mA

o Qutput voltage compatible with TTL, DTL, ECL,

MOS and CMOS logic systems

FUNCTIONAL DESCRIPTION

The Am139, Am239, Am339, Am339A, Am239A and
Am339A 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

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-

supply voltage. These comparators have a unique characteristic parators,
ORDERING INFORMATION SCHEMATIC DIAGRAM
"
Part Package Temperature Order 10044
Number Type Range Number
Am339 DIP 0°Cto 70°C LM339D
Molded DIP 0°Cto 70°C LM339N ourrt
Dice 0°Cto 70°C 1.D339 +INPUT
Am239 DIP —25°Cto+85°C  LM239D o—
~INPUT
Am139 DIP —-55°C to +125°C LM139D 9
Flat Pack ~55°C to +125°C LM139F a o I
Dice —55°Cto +125°C  LD139 p e = =
Am339A DIP 0°Cto 70°C LM339AD = =
Molded DIP 0°Cto 70°C LM339AN
Dice 0°Cto70°C LD339A CONNECTION DIAGRAM
Am239A DIP _25°Cto+85°C  LM239AD Top View
\% )
Am139A DIP _55°C to+126°C  LM139AD outpuT 2 [H—m “{J oureurs
Flat Pack —55°C to +125°C LM139AF ouwuﬂq 2 13 [ outeura
Dice —55°C 1o +125°C  LD139A vl /Ao
INPUT 1 [j 4 —J 1 npuT 4
INPUT 1+ m ] INPUT 4—
NeUT 2- ] 1 veuT e+
inpuT 2+ [ L [ inpUT 3

Note: Pin 1 is marked for orientation.




Am139/239/339 ¢ Am139A/239A/339A

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

Supply Voltage, V+ 36 Vpg or 218 Vp¢ Qutput Short Circuit to GND {Note 2) Continuous
Differential Input Voltage 36 Vpe Input Current (Vijn —0.3 Vpe) (Note 3) 50 mA
Input Voltage —0.3Vp¢ to +36 Vpc Operating Temperature Range
Am339/A 0°C to +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 =45.0Vpc) (Note 4) Am339 Am139 Am339A Am139A
Parameters Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voitage ' TA =+25°C (Note 9) 2.0 25.0 +2.0 +5.0 1.0 +2.0 +1.0 2.0 mVpc
. lIN(+) Or l|N{—) with Output in A
Input Bias Current (Note 5) Linear Range, TA = +26°C 25 250 25 100 25 250 25 100 nApc
Input Offset Current HIN(+) = IN(—), TA = +25°C +5.0 +50 +3.0 +25 +5.0 +50 +3.0 +25 nApc
tnput Common-Mode Voltage = 425° 0 +_ vt_15 vi_ +_ v
Range (Note 6) Ta=+25"C Vi-15 0 . 0 15 0 Vi-15 DC
Supply Current RL = on all Comparators 08 | 20 08 | 20 08 | 20 08 | 20 |mApc
Ta = +25°C
R| > 15k, Tp = +25°C,
Voltage Gain V* =15 Vpg (To Support 200 200 50 200 50 200 V/mv
Large V4 Swing)
VN = TTL Logic Swing, VREF =
Large Signal Response Time +1.4Vpg, VRL =5.0Vpc, RL = 300 300 300 300 ns
5.1kQ and T = 425°C
. VR, =5.0Vpgand R =5.1 kQ
L . . 1. 1.
Response Time {Note 7) TA=+25°C 1.3 1.3 3 3 us
' VIN(=} > +1.0 VDC. ViN{+) = 0
Output Sink Current and Vo < +1.5 Vpg, Ta = +25°C 6.0 16 6.0 16 6.0 16 6.0 16 mADC
! ViN(=} > +1.0 VDG, Vin(+) = O, v
Saturation Voltage and gk < 4.0 MA, Ta = +25°C 250 500 250 500 250 500 250 500 mVpc
VIN(+) = 1.0 Vpe, ViN(-) = 0
A
Qutput 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 HING+H) — lIN(—) +150 +100 +150 +100 nApc
Input Bias Current LN o ling—) with Output in 400 300 400 300 | nApg
Linear Range
| \
nput Common-Mode Voltage 0 vt-20| 0 vto2o| o vte20| o v*t-20| Voc
ange
Saturation Voltage VIN(—) > 1.0 VDC, ViN(+) = 0 700 700 700 700 | mvpg
and Igjnk < 4.0 mA
VINg+) > 11.0Vpe, ViNg-) = 0 A
Output Leakage Current and Vg =30 Vpe 1.0 1.0 1.0 1.0 HADC
Differential Input Voltage Keep all V' 2 0 Vg lor V™ + +
(Note 8) used) 36 36 v v Voc
Note 1: For hugn temperature operation, the Am339/A must be derated based on a +125° 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 smal! (Pd < 100 mW), provided the output transistors are allowed to saturate.
2:  Short circuits from the output to V¥ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA
independent of the magnitude of V*.
3: 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 v+ 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 will
re-establish when the input voltage, which was negative, again returns to a value greater than —0.3 Vpg.

These specifications applv for vt = +5 0 Vpg and ~55°C < Ta < +125° C, unless otherwise stated. th the Am239/A all temperature specifica-
tions are limited to —25°C < Ta S +85°C and the Am339/A temperature specifications are limited to 0°C < Ta S +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 VY-1.5 V, but either or both inputs can go to +30 Vpc without damage.

The response time specified is for a 100mV input step with 5. omv 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 = 1.4V pg, Rg = 082 with V* from 5.0 Vpg; and over the full input common mode range (0 Vpg to VY -1.5Vpc).
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Am139/239/339 ® Am139A/239A/339A

Supply Current

TYPICAL PERFORMANCE CHARACTERISTICS
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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 wil!
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 Vpg.

It is not normally necessary to use a bypass capacitor across the
power supply line.

The differential input voltage m'ay 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 V1 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 V+) 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 6052 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*=5.0Vpc)
v# Tvi
43kQ %
100k$2 ) 200k < 2.0k2
A V+__ < <

\—

100kQ

o I I | ANV vt —
- f = 100kHz | | I |
0

1/4
Am339/A 0 Vo -
1/4
+ 0.14F 5 Am339/A 0 Vo
+
100k$2 100k
A A

] - — O

I“j_

~

o
°
n

'|HF

100 <L CRYSTAL
200k & f= 100kHz
— 1L
Squarewave Oscillator Crystal Controlled Oscillator
100k
vt AAA v
100k2 3.0k 3.0k
Ve 5.1k$2 N | I I
FHECO)UEI;SY 1/4 o
CONTROL . OUTPUT 1
VOLTAGE 0.01uF Am339/A
INPUT 20k V2 _
V- =
—Q QUTPUT 2
vtz /\/\/
vt =30vpc .

+250mV < Ve < +50Vpc
700Hz < f, < 100kHz

Two-Decade High-Frequency VCO

vt v+ v
3.0k 3.0kQ 3.0k
+Viy O + +Vggg O——— 1 + Vi O +
. 1/4 N 1/4 v 1/4 v
Am339/A o 3.0k Am339/A 0 1.0M Am339/A o
+Vpgg O - +Viy O— AW - vt O—AMWV -
10M 1.0M
AV
9
1.0M
Non-Inverting Comparator
Basic Comparator with Hysteresis Inverting Comparator with Hysteresis-

+VREF O
*Vin O
Vo
STROBE
INPUT

*Or logic gate without pull-up resistor.

Comparing Input Voltages
of Opposite Polarity Output Strobing




Am139/239/339 ¢ Am139A/239A/339A

TYPICAL APPLICATIONS (Cont.)

(vt=50vpe).

Limit Comparator

1/4 DM54XX
1/4
Am339/A Vo
1/4 DMB4XX
Basic Comparator Driving TTL Driving CMOS
(vt=15Vpc)
vt(12v) TV'
- 10k 160ks 3.0kQ
S
*VREF HIGH O—AAA——] 100k82 N
LAMP
174
12 ESN o o = Am339/A Vo
I A 0—44— . +
Rg 0m—
WiN 0" " 0, =
B
1/4 &
= 2R, Am339/A 2N2222 c 3
+VREF LOW O—AMN———
Dy
- D
ALL DIODES

I
1 1N9t4
I
I

VouTr=A*B-*C

Large Fan-In AND Gate

v+

1/4
Am339/A

One-Shot Multivibrator

—>| i<— 1.0ms 5.1k82

Vo 1NS14 2002
<

o

Am339/A

r——o"o

Remote Temperature Sensing
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Am139/239/339 ® Am139A/239A/339A

TYPICAL APPLICATIONS (Cont.)

(vt =15vpg) Tw
10M %mnm 15k
< 40us —=-| f—
— V+
+VIN
14 | I
1.045 —== Am339/A 0
+4.0V 100k O Vo

I

|||—|

One-Shot Multivibrator with input Lock Out
z +15V
D
F:)1M 1N91|4 < 18ke2 v
_J\N\.—DI—- 100k 15k

R

D———‘V\Z/\-——kl— 4 ——AAA———
p R s
10002 o vt — 51k8 — 15V
80pF b2 l I 100k2 A | I
I - 1N914 6.0us 50us 0 0 S O—AAA +
1/4

I' " t
174 1 2 vt
" AmM339/A —0 I | 100kE Am339/A ——O Vo
4 / g . Vo 0 R O—AAA -

= 10l
+15VO—AAN
1.0M 1.0M .
\ ANA *For large ratios
of Rq/Rp, Dqcan
= be omitted.
Pulse Generator Bi-Stable Multivibrator

Metallization and Pad Layout

INPUT 4+
GROUND INPUT 4—

ouTPUT 4 — INPUT 3+
OUTPUT 3 INPUT 3—
OUTPUT 2 INPUT 2+
OUTPUT 2 INPUT 2—
vt " ‘_——INPUT 1+

INPUT 1—

47 x 48 Mils
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Am685

Voltage Comparator

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

® FElectrically and opticaII‘y inspected dice for assemblers
of hybrid products

® Available in metal
packages

Distinctive Characteristics:

® 6.5ns MAXIMUM PROPAGATION DELAY AT 5mV

OVERDRIVE ] o
e 3.0ns Latch setup time can and hermetic dual-in-line
® Complementary ECL outputs

® 509 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
sacrificing the excellent matching characteristics hitherto associated
only with slow, high-performance linear IC's, The circuit has differ-
ential analog inputs and complementary logic outputs compatible
with most forms of ECL. The output current capability is adequate
for driving terminated 5082 transmission lines. 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
sample-hold mode, if the Latch Enable input is HIGH, the com-
parator functions normally. When the Latch Enable is driven LOW,
the comparator outputs are locked in their existing logical states.
If the latch function is not used, the Latch Enable must be con-
nected to ground. .

NON-INVERTING
INPUT [} O TOouTPUT

INVERTING ¢, 0

INPUT IO aoureut

<
S RL
b3

LATCH ENABLE

VT

The outputs are open emitters, therefore external pull-
down resistors are required. These resistors may be in
the range of 50-20082 connected to —2.0 V, or 200—-
200082 connected to —5.2 V.

CIRCUIT DIAGRAM

v
R23 J Rg
15K o 2000
1
- Rg R5K°13
Ryy 30092 3000
27ka . D—4Df- P
ag (] K GND #2 GND #1
4 - v .T Ko
NON-INV 0305!»——1 REE 7017 T
INPUT Q, 2 2L . e
e i Dl
Vo
Ra1 Nz
8202 oz Q24
LATCH R0 o} I\W ra
ENABLE ] 36k Qe 18 L j 22
Rig Ris Ris
oy Qs 27k f2kQ %0 J 3
Qg Q OUTPUT OUTPUT
Rt Ri2 Rig R R4 Rig R2157
30002 1809 1.8KkQ 8202 27k $10e 1209
ORDERING INFORMATION CONNECTION DIAGRAMS
Metal C Top Views Dual-In-Line
‘Metal Can -In-
Part Package Temperature Order - .
Number Type Range Number GND #1 N Dv“Ez. [RC ‘53::0 ?
Am685 Metal Can —30°C to +85°C Am685HL NON NPT O 4[] ne
DIP ~30°C to +85°C Am685DL mveRTNG [ v
Am685  Metal Can  —55°C to +125°C AmB8EHM ve s S soutrur
DIP —55°C to +1 25°C Am685DM INPUT Fotiam 3 ] aoureur
LATCH
Am685 Dice —~30°C to +85°C AmB85XL ENABLE v . o o ne
Dice —55°C to +125°C AmB85XM v e

Note 1: On metal package, pin 5 is connected to case.
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 to +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) 500 mW Minimum Operating Voltage (V¥ to V™) 9.7V

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specifiéd)

DC Characteristics AmB85-L AmES5-M
Symbol Parameter (see definitions) Conditions (Note 3) Min. Max. Min. Max. Units
Rg<1008,Tp=25C -2.0 +2.0 =20 +2.0 mv
Vos Input Offset Voltage Rg <1000 -25 | 425 -30 +3.0 mv
Vog/sT | AV Tr'fpg:tToef’?s':f’\a/;‘ﬂ:g‘;“’ef“c'e"t Rg <1000 -10 | +10 -10 +10 | avrec
. Ta=25°C -1.0 +1.0 -1.0 +1.0 uA
los Input Offset Current 14 1.3 16 +1.6 uA
Ta=25C 10 10 uA
ig Input Bias Current - 13 16 WA
RIN Input Resistance Ta=25°C 6.0 6.0 kQ
CIN Input Capacitance Ta=25°C 3.0 3.0 pF
Vem Input Voltage Range -3.3 +3.3° -3.3 +3.3 v
CMRR Common Mode Rejection Ratio Rg<100%,~-3.3<VcMm <+3.3V 80 80 dB
SVRR Supply Voltage Rejection Ratio Rs <100, AVg = +5% 70 70 dB
Ta=25°C -0.960 | ~0.810 -0.960 -0.810 \
VoOH 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 \%
VoL Output LOW Voltage TA = TA(min) -1.890 | -1.675 | -1.910 | -1.690 v
TA = TA(max.) ~1.825| -1.625 | -1.810 | -1.575 v
1+ Positive Supply Current 22 22 mA
1~ Negative Supply Current . 26 26 mA
Ppiss Power Dissipation ] 300 300 mwW

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

TA(min,) <Ta < 25°C 4.5 6.5 4.5 6.5 ns

tpd+ Input to Output HIGH TA(= T"A)(max ) 50 o5 55 12 e

TA(min.) < Ta <25°C 4.5 6.5 45 6.5 ns

fpd- nput to Qutput LOW TA = TA(max) 50 | 95 55 12 ns

tpg+(E) Latch Enable to Output HIGH TA(min) < TA <25°C 4.5 6.5 a5 65 ns

(Note 4) TA = TA(max.) 5.0 9.5 5.5 12 ns

) Latch Enable to Output LOW TA(min) <TA<25°C | a5 65 | 45 6.5 ns

tpd- {Note 4) Ta=Ta(max) 5.0 95 55 12 ns

TA(min) < TA < 25°C 3.0 3.0 ns

tg Minimum Set-up Time (Note 4) Ti(T:/.\)( A; 40 6.0 ns
B max. - -

th Minimum Hold Time (Note 4) TAlmin) < TA < TA(max.) 1.0 1.0 ns

(E) Minimum Latch Enable Pulse Width TA(min) <Ta < 25°C 3.0 3.0 ns

tow {Note 4) TaA = TA(max.) 4.0 5.0 ns

NOTES: 2: For the metal can package, derate at 6.8 mW/°C far 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, V1 = -2.0V, and R|_= 50£; all switching characteristics are for a 100 mV input step with
5 mV overdrive. The specifications given for Vg, lge Ig, CMRR, SVRR, tod+ and thd- apply over the full-Vop 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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TIMING DIAGRAM

KEY TO TIMING DIAGRAM

LATCH
ENABLE
. —l— Vod
DIFFERENTIAL Vin -1
INPUT
VOLTAGE . I —_——
Vin ‘
Vod
IR A et I
QOUTPUT —— e
thg-
P
QOUTPUT e —— — e —— — _—

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 ti; will not be detected. Changes between

ts and th may or may not be detected.

WAVEFORM INPUTS QUTPUTS
MUST BE WILL BE
STEADY STEADY
way cHange  MIELBE
Vos FROMHTOL  ERonGNS
maY CHANGE &L 8E
FROMLTOH  from LTOH
DON'TCARE;  CHANGING:
ANY CHANGE ~ STATE
PERMITTED UNKNOWN

DEFINITION OF TERMS

Vos

AVQOg/AT

los

RN

Cin

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. i

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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POWER DISSIPATION — The power dissipated by the com-
parator with both outputs terminated in 5082 to -2.0V.

SWITCHING TERMS (refer to Fig. 1)

tod+

tpd_

tpd+(E)

tpd-(E}

ts

th

tow(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
signal 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

V.in Input pulse amplitude

Vgd Input overdrive

Frequency
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MEASUREMENT OF PROPAGATION DELAY

A voltage comparator must be able to respond to input signal levels ranging from a few miilivolts 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. |f 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 the 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 encugh 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.

INPUT TO OUTPUT TO
CHANNEL “A" CHANNEL 8" .
Tpd— tod+
% MATCHED 5052 COAX * * *

+6.0V

UNUSED QUTPUT MUST BE
TERMINATED WITH 60
TO GROUND

1= 100kHz
pw = 30ns
tf = 2508
(10%—90%)

tpg MEASURED
L FROM HERE

< Cc
' INPUT FROM
m

PULSE GEN.

10082

10k

EXPANDED VIEW AT
M8 THRESHOLD REGION
SHOWING PURITY OF 1 +6.0V
g PULSE REQUIRED TO
MAKE ACCURATE DELAY
MEASUREMENTS AT
MILLIVOLT OVERDRIVES

2mV/div

Am216A

~a— 2ns/div—e- +
% % LOW LEAKAGE POLYETHYLENE
OR EQUIV.

200Vod

+15V —15V

Figure 2

The test circuit of Figure 2 provides a means of automatically nulling out the offset voltage 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 509 inputs of the sampling
scope via equal lengths of 50§ coaxial cable. For the conditions shown in the figure, tpd+ is measured at the Q output and tpy- 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 il 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 return 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 should 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 150Q2. 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 weII 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 Ta = 25°C, vt=60v, v-=-52v,
VT =-2.0V, R = 50%2, and switching characteristics are for Vi = 100mV, Vo4 = 5mV.)
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MIN. LATCH ENABLE PULSE WIDTH-ns SET-UP TIME — ns

VOLTAGE GAIN

COMMON MODE LIMITS-V
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PERFORMANCE CURVES (Cont.)

(Unless otherwise specified, standard conditions for all curves are Tp = 25°C, vt=6.0V, V" =-52V,
VT =-2.0V, R = 508, and switching characteristics are for Vin = 100mV, Voq = 5mV.)
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OUTPUT VOLTAGE-V

INPUT BIAS CURRENT—uA

INPUT RESISTANCE-kQ2

SUPPLY CURRENT-mA

PERFORMANCE CURVES (Cont.)

{Unless otherwise specified, standard conditions for all curves are T = 25°C, vt = 6.0V, VT = -6.2V,
VT =-2.0V, R|_ =508, and switching characteristics are for Vi, = 100mV, Vg = 6mV.)
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Am685

TYPICAL APPLICATIONS

o
(T = 25°C)
High-Speed Window Detector -
Vigr O——¢ +
+16mV.
500 Am685
= +
> VREF
INPUT 5082 &
+40mV . > _
502 Ve
+ O OUTPUT . i
= Am685 . ’ i o
_ i 20mv/div |8
Vacr - .
—12mv < ] L
052 5002 Ss0n 10ns/div
—20v
300MHz Line Receiver
INPUTO
+20mV
—O OUTPUT 20mV/div
S
200mV/div
2.0V
1ns/div
High-Speed Sampling ‘ Metallization and Pad Layout
32 x 54 Mils
INPUT .
o ouTPUT
070 +200mV —0 500mV/div
NON-INVERTING
- Amess INPUT T oo
VREF = —
- INVERTING
oo INPUT — ~~GND NO. 2
" > 100mV/div ~
oo 2o
i—
B S el
O 500mV/div _] L
LATCH -
LATCH —20v ey
ENABLE i ENABLE ,
Sns/div

(Sample Rate = 100MHz}
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Am686

Voltage Comparator

Distinctive Characteristics

® 12ns MAXIMUM PROPAGATION DELAY AT 5mV
OVERDRIVE '

® Complementary Schottky TTL outputs

® Fanout of 5 »

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

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

® Available in metal can and hermetic dual-in-line
packages.

FUNCTIONAL DESCRIPTION Metallization and Pad Layout
The AmG86 is a fast voltage comparator manufactured with an
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 I1C’s. The circuit has differentiat 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.

+IN v+

A latch function is provided to allow the comparator to be used in a
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.

LATCH

ENABLE

46 X 53 Mils

GROUND

CIRCUIT DIAGRAM
LATCH .
?ENABLE gaouTPuT ‘ -
R m
Ry Ry J > Rg o Ri2 R1o Rig R11
e {son a0 820 son To0 en 11| %6 27k 620
R33 s 120 “@ Rig R '
L——l)f—4 1 R
1k < o4 Q0 o o 3000 £ 208
Qsg Ds pg 4 ;] 0 26
ﬁF S |08 Q34 Q33
R -
Qar K2 ar % 143052 outeur
Ras ';%5 @ |03 R22 L
‘ 0 82k ae o _ o 9100
NON-INVERTING o mr R1p 3 R23
INPUT 15 1.5k
sl GROUND
a
wvese o ﬁ L oz
32
a .
L‘“ T 7 Q45 t 015 22 a1
ru Ral Ry |Ra Ll R7 | g | j
Q 42 Kk 33333 33 3.3k0
e a, 93 Df—?— Qay | K2 | k2 040 | <2 Jase Joss
R30 Rag Ryg Ry R2s R Roa
4300 20092 6802 5609 15092 1509 1500
v-
ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
Part Package Temperature Order Metal Can Dual-in-Line
Number Type Range Number ne e
- . °
AmGgg  Metal Can 0°Ct070°C  Am686HC NN ash 15[ e
O N .
DIP 0°Ct070°C_ Am686DC VR v 4 sourmr
Metal Can  —55°C to +125°C  AmE86HM R S L 25 coumrr
AmB86 DIP —B5°Cto +126°C  Am686DM R pacurrur " O 12 arouno
. \ v LATCH
Am686 Dice 0°Cto 70°C  Am686XC v OR_§ Ssnoue g "H ewte
. LATCH
Dice —55°Cto +125°C  AmB86XM ot g, "B"
nNe [ i e
Note 1: On metal package, pin 5 is connected to case.
On DIP, pin 6 is connected to case.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

AmG686

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 Vvt = 45,0V £10%, V— = —6.0V +10%

Storage Temperature Range’

—65°C to +150°C

Minimum Operating Voltage (V1 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 < 1000, Tp = 25°C © 30 2.0 mV MAX.
os nout Oftset Voltage Rg < 1002 . 35 3.0 mV MAX.
Average Temperature Coefficient <10 10 10 V/°C MAX
AVos/AT of Input Offset Voltage Rs < 1000 . Vi .
25°C < TA < TA (max.) 1.0 1.0 HA MAX,
los Input Offset Current Ta=TA (min) 13 1.6 2A MAX.
. 25°C < TA < TA (max.) 10 10 A MAX,
Ig Input Bias Current TA = TA (min.) 13 16 LA MAX.
Vem Input Voltage Range +2.7, -3.3 +2.7,-3.3 V MIN.
CMRR Common Mode Rejection Ratio Rg <1008, —3.3V < Vgopm <+2.7V - 80 80 dB MIN.
SVRR Supply Voltage Rejection Ratio Rg < 100Q2 i : 70 70 dB MIN.
VOoH 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 V MAX.
1t Positive Supply Current 42 40 mA MAX.
1~ Negative Supply Current 34 32 mA MAX.
Ppiss Power Dissipation 415 400 mW MAX.
Switching Characteristics (V" = +5.0V, V= =—6.0V, Vi = 100mV, Vod = 5.0mV, C(_ = 15pF) (Note 4)
‘ Propagation Delay, ‘ TA (min.) < Ta < 25°C C 12 12 ns MAX.
pd+ Input to Output HIGH TA=TA (max.) 15 15 ns MAX.
¢ Propagation Delay, TA (min) STA < 25°C 12 12 ns MAX.
pd— Ingut to Output LOW Ta=TA (max.} 15 15 ns MAX.
Difference in Propagation Delay — 98,
Atpy between Outputs Ta=25C 2.0 2.0 ns MAX.

Notes: 2.

3.

4.

For tr;e metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C: for the dual-in-line package, derate at
9mW/°C for operation at ambient temperatures above 115°C.

Unless otherwise specified, vt =
input’step with 5.0mV overdrive,

The outputs of the Am686 are unstable when biased into their linear range. In order to prevent oscillation,

+56.0V, V7 = —6.0V and the Latch Enable input is at Vg|. The switching characteristics are for ays100mV

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.

Propagation Delays as a

Function of Input Overdrive

15 C| = 15pF
. Vin=100mV ]
R tpd+ 4

tod— .

z 12 \ I et “
4 n Ta=125°C L
o NN 70°C
Z 10 g H
5o \
g 4 /NI
a 0
2 7 +-25 ‘C I
A
. 6 —55°C

5 L

1.0 10 100

OVERDRIVE —mV

PROPAGATION DELAY — ns

PERFORMANCE CURVES

Propagation Delays as a
Function of Temperature

15
CL=16pF
141 Vin = 100mv
13} tp
‘pd+ Vod = 2.5mV
12§ tpd— ¢ \\ -
| 5mV
1 Tomy \ ~
10
9 T
A ~ |
8 == ]
el
7
"N
6 20mV —-—100mV —}
<L [
—55-35—-15 5 25 45 65 85 105 125

TEMPERATURE — °C

TIME — ns

Output Rise and Fall Times
as a Function of Temperature

BT
CL=15pF
[ 10%-90%
6
RISE TIM
. N
. \
3 ™
I ——— N
FALL TIME
1 {

0
-65 -35-16 5 256 45 66 85 105125
TEMPERATURE ~ °C
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Am687-Am687A

Dual Voltage 'Comparators

Distinctive Characteristics
® 8.0ns MAXIMUM PROPAGATION DELAY AT 5mV

OVERDRIVE

® Complementary ECL outputs
e 50X line driving capability

® 100% reliability assurance testing in compliance with

MIL-STD-883. :

® Electrically and optically inspected dice for assemblers

of hybrid products.
® Available in the hermetic dual-in-line package.

FUNCTIONAL DESCRIPTION

The Am687 and AmE87A are fast dual voltage comparators con-
structed on a single silicon chip with an advanced high-frequency
process. The circuits feature very short propagation delays as well
as excellent matching characteristics. Each comparator has differ-
ential analog inputs and complementary logic outputs compatible
with most forms of ECL. The output cerrent capability is adequate
for driving terminated 5082 transmission lines. The low input offsets
and short delays make these comparators especially suitable for
high-speed precision analog-to-digital processing.
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
latch functions are provided to allow each comparator to be inde-
pendently used in a sample-hold mode. The Latch Enable inputs
are intended to be driven from the complementary outputs of a
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 comparator outputs are locked in their existing logical states. |f
the tatch function is not used, LE must be connected to ground.

FUNCTIONAL DIAGRAM

NON- NON-
INVERTING INVERTING
INPUT QOUTPUT QOUTPUT INPUT

—C o O
GQOUTPUT GOUTPUT
0—0 —o o0— o
INVERTING INVERTING
INPUT L INPUT

o O
LE LE LE LE
LATCH ENABLE LATCH ENABLE

The outputs are open emitters; therefore external pull-down resistors
are required. These resistors may be in the range of 50-200Q
connected to —2.0V, or 200-2000£2 connected to —5.2V.

CIRCUIT DIAGRAM (Each Comparator)

Rz Rq R20 J 21 l
36092 36002 15k 10092
o Kar vt
| H VQ‘J 36:5 ;gon »
] rqu | a 020
>y 93Ny :”l j; ios ﬂbf—‘ e
‘—ﬁ . ‘___euzg 03 ;1._] r ﬂl
Q18 K0, 07 Dg GND
J I Rig Rig ™ ™ =
<l 6.8 6.8k T
NONNVERTING 0, J(,, R10 79
Qg
WVERTING | . . 27092 2700 -
X oz
LE o——-———-—K]Og } g].xia -—Iﬁow h e Q24
e Q10 s} < e Q22 G ouTPUT
r R3 | QoytPuT
o 012 g oy, {330 K 026 oz .
Ryq Ra’z\% R13 Rig Rq Ris Rg Ry ]’
4300 2000 3k 5609 3.3k 1500 3.3k 150Q
ORDERING INFORMATION METALLIZATION AND CONNECTION DIAGRAM
PAD LAYOUT Top View
Part Package Temperature Order Py
Number Type Range Number 3
- OUTPUT
Am687A DIP —30°C to +85°C AMB87ADL eno
Am687A DIP —55°C to +125°C AM687ADM [ e
Am687 DIP —30°C to +85°C AM687DL" N[ JtE
Am687 DIP —55°C to +125°C AM687DM v
Am687 Dice —-30°Cto +85°C AMB87XL .
y Di —55° +125° . )
‘Am687 ice 55 Cto+125C AMB87XM NON-INY. 8 9 ] NoN N
DIE S1ZE 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, AmB87A-M —55°C to +125°C
Differential Input Voltage BV Storage Temperature Range —65°C to +160°C
Output 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
Rg <1000, T =25°C -3.0 +3.0 -2.0 +2.0 mV
Vos Input Offset Voltage
Rg <1002 -35 +3.5 -3.0 | +3.0 mV
Average Temperature Coefficient _ ¥ _ ¥ o
AVgg/AT of Input Offset Voltage Rg <1000 .10 10 10 10 uV/°C
25°C<TAST -1.0 +1.0 -1.0 +1.0 A
los Input Offset Current A Almax.) K
Ta = Ta(min.) -1.3 +1.3 -1.6 +1.6 BA
25°C<Tpo<T 10 10 A
g Input Bias Current A S Taimax.] K
Ta =TA(min.) 13 16 HA
Vewm Input Voltage Range -33 +2.7 -3.3 +2.7 \%
CMRR Common Mode Rejection Ratio Rg<1009,-3.3< Vcm <+2.7V 80 80 dB
SVRR Supply Voltage Rejection Ratio Rg <1008, AVg = +5% 70 70 dB
Ta=25°C ~0.960| -0.810| -0.960| -0.810 \
VoH Output HIGH Voltage Ta = Ta(min.) . -1.060| -0.890| -1.100| -0.920 \
Ta = Ta(max.) -0.890 | -0.700( -0.850| -0.620 A
Ta=25°C : -1.850 | -1.650 | -1.850| -1.650 Y
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 \Y
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,) 10 125 ns
. T in) <Ta <25°C ' 10 10 ns
tod+: tpd— Propagation Delay, Am687 Almin.) A .
Ta =TA(max.) 14 20 ns
ts Minimum Latch Set-up Time Ta=25°C 4.0 4.0 ns
Notes: 2. Derate at 9mW/°C for operation at ambient temperatures above +11 5°C. .
3. Unless otherwise specified V¥ = +5.0V, V™ = —5.2V, VT = -2.0V, and R = 5082; all switching characteristics are for a 100mV input step with

5mV overdrive. The specifications given for Vos: los, 1B, CMRR, SVRR, tpg+ and thd- apply over the full Vg range and for £5% supply voltages.
The Am687 and Am6E87A 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=125C ot % fo%-00%
2 “ pd— R =500
510 < ! 7 10fRL=500 & / vy = -2.0v y
N L gse vr=—20v |- .22 A 3 LA
> TA=85°C > Nyl
3 N S | Vip=100my 128 <
Yt o
uQJ 8 N u 8 N \l'% E 7
e N TN ° g [
Z N
2 NSNS S |~ ¥ ‘[T RISETIME
g 6 tpd+ n \‘\ NS 5 6 ] RN =
N NN N
g tpd— I’ N & _/“’ofm’d 1 L_FALLTIME
2 apRL=soa oA L THR 2 4
- vr=-20v | AT 1 i &
Vin = 100mV Ta=-557C
2 IR T 2 0
1.0 10 100 —55-35-15 5 25 45 65 85 105 125 ~55-36—-156 5 25 45 65 85 105 125
OVERDRIVE — mV TEMPERATURE — °C . TEMPERATURE — °C
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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
e The Am1500 is a dual 111, but requires 25% less

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

power than two 111 comparators MIL-STD-883
® Qutput Drive — 50V and 50mA ® Available in Hermetic Dual-In-Line or Hermetic Flat
® |nput Bias Current — 150nA max. Packages
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM
. (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 , v ove CO&-&;SJQR
bipolar and MOS circuitry. The inputs and outputs can be ve
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
CONNECTION DIAGRAMS
Top Views
Dual In-Line Flat Package
vtoa N.C. ]
vi_a—{re 16 N.C.

EMITTER OUTPUT — AE
NON-INVERTING INPUT — A:
INVERTING INPUT ~ AD

v-
BALANCE ~ B,

[ _JCOLLECTOR QUTPUT ~ A
[]BALANCE/STROBE - A
BALANCE - A
INVERTING INPUT — B

o e Jw [N =

EMITTER OUTPUT - A( é :
NON-INVERTING INPUT — A . 14
INVERTINGINPUT—AI: ng
12

v

COLLECTORQUTPUT - A
BALANCE/STROBE — A
BALANCE —A
INVERTING INPUT —~ B

~55°C to +125°C

[ INON INVERTING INPUT - B BALANCE - BC {6 |1 NON.INVERTING INPUT - B
BALANCE/STROBE — B[] 10 :]EMIT.TER OUTPUT - B BALANCE/STROBE - B[—]7 10 gmn‘mn OUTPUT - B
COLLECTOR OUTPUT - B £ Y 3 vt -8 ‘ COLLECTOR OUTPUT - 8 - 2 vr-s .
Note: Pin 1 is marked for orientation.
ORDERING INFORMATION
Part Package Temperature Order .
Number Type Range Number
TO-99 0°C to +70°C AM1500DC
Am1500C  Hormetic DIP  0°Cto +70°C  AM1500FC
Am1500L TO-99 -25°C to +85°C AM1500DL
m Hermetic DIP -25°C to +85°C AM1500F L
Hermetic DIP -55°Cto +125°C  AM1500DM
AmI500M " prat pak AM1500FM
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MAXIMUM RATINGS

Am1500

36V

Voltage from V*to V—
Voltage from Collector Qutput to V™
Am1500M, L 50V
Am1500C 40V
Voltage from Emitter Output to V™ 30V
Voltage between Inputs: 130V
Voltage from Inputs to V™ +30V, -0V
Voltage from Inputs to V¥ —30V
Power Dissipation (Note 1) 500mwW
Output Short Circuit Duration 10 sec

Operating Temperature Range

Am1500M ~65°C to +125°C
Am1500L ~25°Cto + 85°C
Am1500C 0°Cto+ 70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10 sec) 300°C
ELECTRICAL CHARACTERISTICS
(Tpa= 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 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 . 80 100 nA
Response Time (Note 4) R| =500Q to +5V, VE =0 200 200 ns
Supply Current—Positive (Note 5) 3.9 7.5 7.0 9.5 mA
) —Negative (Note 5) 26 5.0 4.8 7.5
Voltage Gain 200 200 V/mV
. Vin € —5.0mV, Ic = 50mA 0.75 1.5
Saturation Voltage Vi < —10mV, Ig = 50mA 0.75 1.5 v
Vin > +5.0mV, V¢ to Vg = 50V 0.2 10.0
Output Leakage Current Vip > +10mV, VG to Vg = 40V 0.2 50.0 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
. Vin < —6.0mV, Ic = 8.0mA 0.23 0.40
Saturation Voltage Vin < —10mV, I = 8.0mA 023 040 v
Output Leakage Current Vin = +6.0mV, Vg to Vg =50V 0.1 0.5 KA
Input Voltage Range +13 +14 +13 +14 Vv
Supply Current—Positive {Note 5) _ ° 4.8 6.4
—Negative (Note5) | TA=*125°C 32 44 mA

Notes: 1. For the Flat Package derate atoe.SmW/DC for operation at ambient temperatures above 83°C, and the Dual-In-Line at 9mW/° C for operation at
ambient temperatures above 95 C.

abh WN

. Unless otherwise specified, these specifications apply for V¥ = +15Vv, v— = —15V, Vg = =15V, and R_ at collector output = 7.5k{2 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 load. These parameters define an error band and take into account the worst case effects of voltagse 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,
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Am1500

APPLICATIONS

Strobing

TTL

N2222 STROBE

Offset Balancing

1kQ

Strobing Off Both
Input and Output Stages**

[ ]

2N2222

Increasing Input
Stage Current*

*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

® The LH2111 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 — +30V

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

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

FUNCTIONAL DESCRIPTION

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-
patible with all bipolar and MOS circuitry. The inputs and
outputs can be isolated from system ground, and the output
can drive loads referred to ground or either supply. Strobing
and offset balancing are available and the outputs can be
wire-ORed.

FUNCTIONAL DIAGRAM
(Each Half)

NAAR COLLECTOR
OUTPUT
Ve
NON-INVERTING
INPUT B
INVERTING-
INPUT B/S
B Ve
EMITTER
BALANCE  BALANCE/ OUTPUT
STROBE

Dual-In-Line

EMITTER OUTPUT - AT
NON INVERTING INPUT - A [}
INVERTING INPUT - A[]
v-[p

BALANCE - B[(J6
BALANCE/STROBE - B[]
COLLECTOR OUTPUT - B

CONNECTION DIAGRAMS
Top Views

Flat Package

vt oA}

EMITTER OuTPUT - A2

NON INVERTING INPUT — A ]
INVERTING INPUT — A [}

v 5

BALANCE - B[C]6
7
8

COLLECTOR OUTPUT - A
BALANCE/STROBE — A
gBALANCE-A
[_JINVERTING INPUT - B
4 11— NON-INVERTING INPUT — B
10b—EmiTTER OUTPUT - B
9 v'-8

BALANCE/STROBE - B[]
COLLECTOR QUTPUT - B}

ORDERING INFORMATION

Part Package Temperature Order

Number Type Range Number
DIP 0°C - +70°C LH2311D

LH2311 Flat Pak 0°c - +70°C LH2311F
DIP —25°C-+85°C LH2211D

LH2211 Flat Pak —25°C - +85°C LH2211F
LH2111 DIP —55°C - +125°C LH2111D
Flat Pak —55°C - +125°C LH2111F
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LH2111/2211/2311
MAXIMUM RATINGS

Voltage from V*tto V— ' 36V
Voltage from Collector Output to V™ '

LH2111/LH2211 50V

LH2311 . . 40V
Voltage from Emitter Output to V™ 30V
Voltage between Inputs 30V
Voltage from Inputs to V™ +30V, -0V
Voltage from Inputs to vt ) . —-30V
Power Dissipation {Note 1) 500mwW
QOutput Short Circuit Duration 10 sec
Operating Temperature Range

LH2111 ' —55°C to +125°C

LH2211 - —25°C to 4+85°C

LH2311 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (soldering, 10 sec) : 300°C

ELECTRICAL CHARACTEFHSTICS (T = 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) Ry =500Q to +5V, VE =0 200 - 200 ns
Supply Current—Positivg (Note 5) ) 3.9 75 7.0 9.5 mA

—Negative {Note 5) 2.6 5.0 48 75
Voltage Gain 200 200 VimV
Saturation Voltagev x:m z:?gln\qlvlcl:fg;n:A N 0.75 1.5 078 —1 13 V
Output Leakage Current z:,ﬁ' i :?:n\u/vv\(/:ctc:: 5;52(\1/\'/ ' 0.2 50.0 o2 = 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, Ic =8mA . 023 0.40 v
VN € —10mV, I = 8mA 0.23 0.40
Output Leakage Current ViN > +6mV, Vg to Vg =50V 041 0.5 MA
Input Voltage Range ) £13 +14 +13 +14 \Y
Supply Current—Positiv o 4. 4 .
oty e '—N(:g;atlti:e(i\lN;:esé) TA=125°C 32 3.4 A

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 mwW/° C for operation at
ambient temperatures above 95°C. .

. Unless otherwise specified, these specifications apply for Vvt = 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 coliector cutput 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.

o s wN
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LH2111/2211/2311

INPUT BIAS CURRENT-nA

COMMON MODE LIMITS-V

INPUT VOLTAGE-mV OUTPUT VOLTAGE-V’

g

g

g

g

g

Input Bias Current

. L
Vg =15V |

RAISED: PN

~

LH2111/LH2211

LH2311 NORMAL —
LN

0 .
-55-35-16 5 25 45 65 85 105 125

TEMPERATURE-°C

ommon Mode Limits

- C
vt T
REFERRED TO SUPPLY VOLTAGES
LH2111/LH221
= LH2311
-10 R
-15
R <>
04
— pot
T
02

~56 -35 -15 5 25 45 65 85 105 125

TEMPERATURE-°C

Response Time For
Various Input Overdrives

T T T . T
5 -
5|
4 s Lovas
20mV -
3 \ 'L
5mV ~ N = =
26 \ :
m
1 H
O‘; >
-50
Vg =116V
-1 Tp=25°C
0 02 04 06 08
TIME -us
Supply Current
12 l l
L] e — "]
< |POSITIVE SUPPLY
E |OUTPUT LOW. /‘
=8
€6
serv
>4 /1 NEGATIVE suppLY
g1 1T posimve supeLy
3 2 OUTPUT HIGH
l Ta=25°C
0. .
5 +10 +15

SUPPLY VOLTAGE-V

INPUT VOLTAGE-mV OUTPUT VOLTAGE-V

INPUT OFFSET CURRENT-nA

OUTPUT VOLTAGE -V

PERFORMANCE CURVES

lnpﬁt Offset Current

D VA

:_ LH2‘I11/LH2211
= LH2311

30

20

RAISED!

~
LN( RMAL <

[
-55-35-15 5 26 45 65 85 105 125
TEMPERATURE-°C

Transfer Function

60
cotLecTor] Vi =50V
sol- %UTPUT | (LH2111/LH2211)
MST
40
f vt = aov
30 ’ {LH2311})—
EMITTER t
| outpuT [
201 R =6000 T
Vg =30V ]
10 \ TA=25"CJ
o JUINLLL
-1 -5 .0 5 1

DIFFERENTIAL INPUT VOLTAGE-mV

Response Time For
Various Input Overdrives

e ]
lemvdl] 7 i
2mV. 4
0 i
sl 2
10—/ i
-15 ]
o S|
0 ]
Vg =215V
-100 Tp=25°C]
[) 1 2 3 4

TIME-us

. Supply Current

- N

—

SUPPLY CURRENT-mA

0
LT
= LH2111/1LH2211
[T Lhaan] |
POSITIVE SUPPLY
2] OUTPUT LOW
P
N1 4
8 COVIS LY N
N
NEGATIVE SUPPL —
4 [POSITIVE SUPPLY
| OUTPUT HIGH.
Vg =215V

-55-35-16 5 25 45'65 85 105 125
TEMPERATURE-"C

LEAKAGE CURRENT--A

N WA O

0
100
50

INPUT VOLTAGE-mV OQUTPUT VOLTAGE-V

INPUT VOLTAGE-mV OUTPUT VOLTAGE-V
!
o

10710

101

Offset Error

INPUT RESISTANCE-02

>

E 100

W Ta=25°C 2

© et 7

K 1 Lz -
2 MAX IMUMZ

> Cd 7

= 10 o —A4

% % >

@ X =

Iy v

o sl Y A2 TYpicAL]
- PeT

2

s

: == LH2111/LH2211

] 4= | 12311 E—T

S F—+TVos = Vi 05 * Rslos

> 01 1 Llllgl 111l

g ok 100k ™ 10M

Response Time For
Various Input Overdrives

1
F—20mv.
|_&mV.

l

]

T T
vg=115v |
2mvy / Tp=25°C

0.2 0.4 0.6 08

TIME- us

Response Time For
Various Input Overdrives

5mV

20mv~ \

3 \ * .

2mV

S0 WAN .

Leakage Current

Vs =

= (H2311— L\

415\/ ! ‘[L

LH2111/LH2211

=50V:

45 65 85 105 125

TEMPERATURE~-"C

2-40




LH2111/2211/2311

APPLICATIONS
Strobing Strobing Off Both
Input and Output Stages**
o—_
o—
wazzz o Tbose
TTL
STROBE
Offset Balancing Increasing Input

Stage Current®

1k

*Increases input bias current and common-mode slew rate by a factor of 3. .
**Typical input current = 58 pA with inputs strobed OFF. N

2-41



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
(Tablel) 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

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 additionai 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 thét 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. If the comparator has less
than 10ns delay under these stringent conditions, then it
should be as fast or faster for ahy other circumstances (see

comparator with less than 10ns delay. - Figure 1). The industry standard measurement is with a

Type Logic Propagation .
No. Family Delay Resolution

Am111 TTL 200ns 0.012mV ( '°°:VS::P

HAT10 TTL 4005 1.4mV RS’

Am106 TTL 40ns 0.06mV £ 7 10omy sTeP, 5mv

HA760 TTL 25ns 0.5mV 'g_J o ”, OVERDRIVE

NE527/529 TTL 25ns 0.5mV § H .

MC1650 ECL 12ns 30mV A 3 T3

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

,
—LJ]
Ty<Tp<T3
. T2

>

0
TIME~=

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 overall 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 overall delay time is
obtained when identical stages are cascaded.

A factor not yet 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 1—-2mV range requires close
attention to circuit design, mask layout, and very tight process
control {equivalent to that needed for the high-performance,

A NEW HIGH SPEED COMPARATOR

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, b 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.

R2

OUTPUT 1 O O OUTPUT 2

O BIAS

INPUT 1 © O INPUT 2

Figure 2. Differential cascode amplifier
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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 low. 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 1mV 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 5082 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

Q13

QUTPUT? OUTPUT 2

Ri3

15mA S

~5.2v

INPUT 1 INPUT 2

Figure 3. Basic cascode gain stage

capacity. Since the input common-mode level to the gate
varies with changes in the power suppliés 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 Q OUTPUT

Figure 4. Output gate
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amplifier is shown in Figure 5. A pair of transistors, Qg and
Qg are cross-coupled at the collectors of the input transistors, ’
v Qq and Qg. The current source g is switched on when it is
T desired to enable the latch. If 12 is greater than |14, the positive
feedback via Qg and Qg will hold the circuit in whatever state
% ' it was in when the latch was turned on.
Rq

R2 The simple circuit of Figure 5 is not the best for speed because
. of the added capacitance of Qg and Qg and the fact that they
OUTPUT 1 O O QUTPUT 2 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
[T L 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—Q10, refer-
INPUTH o——<0\ ) INPUT 2 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.

LATCH
EnALE The latch current source {12) must be about TmA greater than

) 1 I the input current source (l{) to ensure positive latching for
I 12

any condition of input signal. Thus, for 5mA in the input
stage, at least 6BmA 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 accompllshed by the
Figure 5. Simple latch circuit 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

vt
25mA 2.5mA
L
2R1 R
p: <
ouTPUT 1,0 ~O QUTPUT 2
BIAS
OUTPUT 10~ QUTPUT 2
¥ S
08 Qz
INPUT 1
v

0——t Qq

N

ViN

LATCH
ENABLE -
B ) '3
2mA QSMA
Figure 6. Cascode with latch Figure 7. Cascode with "parallel’”” transistors
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vt

OUTPUT 1 QUTPUT 2

ﬂ?\/'—o INPUT 2

LATCH-
ENABLE

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 |{ can be 2mA and 13
can be 3mA. :

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, 12 will be switched through Q1g 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 5mA. 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—Qp2,
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 Q1Q 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 wili 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.

v
R2 Ry Ra3 Ry
30082 30052 15k g Fa000
Q1g GND =2 GND =1
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Q23
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r\TC‘m ! Q24
LATCH ‘)o
ENABLE ] ] 22
Ris Rig |
«Q  a2kn B
[T 0,5 QUTPUT OUTPUT
Ry Riz Ry R1g R1a Rig Ri7
30082 1809 1842 8200 27kq t1on 1209

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 f1 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 dioge 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 stibject 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 furthéer 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
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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. If 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; low 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.

I
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:I:_—L
R o

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

EEEEEEEE
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Figure 12. Tpd —""1” for 100mV step input and various

overdrives (input = 5mV/cm, output =
200mV/cm)

\F w—-"
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Figure 13. Tpd -"0" for 100mV step input and various
overdrives {input = 5mV/cm, output =
200mV/cm)

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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H
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Tapt b
° .
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Figure 14. Delay times as a function of input 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 5082 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 thé 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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8 4 T - //
[ [ Tea-o A |
. OUTPUT Tod—
¢ 6
I
w
s 7
P a /J
A
enb >
2}LaTeH
. ~ L~
F— Tapt
o T ]
~85  -15 25 65 105
TEMPERATURE —°C

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.

.Figure 17. Latch enable time and latch aperature time

for 100mV input step, 5mV overdrive
(input = 5mV/cm, 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 bmV 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 I, 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 1.0nA 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,

—= —5.2V, Ry = 50¢] 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-bjt 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 ad 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

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 conversion 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 five-bit 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 Ay AD
SIGNAL l/ B CONVERTER

SAMPLE/HOLD

AMPLIFIER

10-BIT
DIGITAL

OUTPUT

5-BIT —
D-A —
CONVERTER 5BIT
A A-D ——
CONVERTER
DIFFERENCE
AMPLIFIER

T

of decoding for gates.

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

Figure 18. Analog to digital.



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 12-15ns over the temperature range
—55°C < Ta < 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
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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/tpd 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.
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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 (Cf = 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 50052
for unbalanced sources and is approximately 1000 for a
balanced source.

OPTIMUM SOURCE CONDITIONS (Cs = 2pF)

With a source impedance of 10082, 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 = 1002 and for a source impedance between 1k2
and 3k, 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.

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 TMHz 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
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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% @ 26MHz 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
Vx = ———— (VoH - VoL) + VoL and
(R1 +R9)
\% .————R2 (v VoLl +V
Y = OH —VoL!+ VoL
(R1+ Ro)

When V4N = VX, the timing capacitor C will be charging
towards VQH, and when V4[N = 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 VL.

Therefore, the cépacitor will charge to a voltage
Va = Von —e PHLCR v vy

and discharge to a voltage

~tpLH/CR |

Vg =VoL t+e (Vy — Vo)

where tpy and tp 1y = 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:

Vou — Vg
tt=CR 1n ﬁl__f’_
VoH —Va

substituting for V4 and Vg

tt=CR 1n [(%+1) tPHL/CR _q)

Similarily the negative half cycle is given by:

Va -V,

t-=CR1n 9L

Vg — VoL

—=CR 1n[(::—;+ 1) etPLH/CR _q

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

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

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

MINIMUM OPERATING FREQUENCY

For the Am686, 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:
ov Vo '

= —= %
P at CR

e—t/CR

In the circuit,

a) Vo =Vgy — Vg (assuming positive ramp)
and R
1
b) t=CR 1n [(— + 1) ePHL/CR _q]
R
As the slew rate is only critical in determining the lowest

operating frequency, it may be assumed that etPHL/CR =1
(CR >>> tppy ); therefore, Vo = Vg — Vg = Vo — Vy

, R1
Vo = (Voy — Vo) ———— and,t = CR 1n —
oH — VoL Ry + R, "R,
) v (Vou — Vo) Ry Ra
Lp=—= X X —
ot CR Ri + Rz Ry
AV Ry
= x — =
CR R] + R2
where, AV = (Vou — VoL )
The minimum operating frequency
; 1
MIN Ry
2CR 1n —
Ra
substituting
AV R p (R1/Ry + 1)
CR= — 2 fM|N=~x*1ﬂ_2_~__
p Ry + Rg 20V n R1/R2

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

2-53



Am685/Am686/Am687

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

R R R
1 1+1) 1

n—=(— / —
fmin ) Ry Ra Rz )
Ry = — x
a1 " v (1n 1,2
R2 ’ R2
R R
1n~.!_1__2
o Ra Ry
Tav
(in—)2
R2
dF ~
Setting @ Ry
R2
R R
1n—1— -2 =0
Ro Rq
R4 1
R
2
R2

Rq
S — = 3.69112
R2

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

. 1x4.6 1o
N = —— = .513MHz
M X35 1n36

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 Vx thresholds to be both shifted either positive or negative
by an equal amount §V where §V is the sum of all such errors.

The magnitude of these effects may be calculated as follows:

When the capacitor is discharging —

v

v ———XI'\ v
[
i

Al R I . vy
[ | ]
[ [ |w .

6&1_,_l I‘_ _.I I._a‘z
Figure 5.

V(t) = Voe't/CR

dv 1 1
Yoo L yeet/CR _ ——
dt CR CR
8V
5121 =——— CR
Vitq)
—S5VCR
Btz =
Vity)

At~ Negative Pglse Width Change =
Vita) = Vity)
Vity) Vitp)
AsVx = Vi, Vy = Vi

Sty — 8ty = 8§VCR

2
_ 8VCR (Vy —Vx)
VxVy

At~

Similarly for the positive pulse

v
] ———— el
"
[
|
Y] S— bl
- } |f Vv
Il [ ]
kI 2| | .
5ty _.1 I.._ 3ty __.1 I__
Figure 6.
V(t) = Vo (1 _e"Y/CR)
1
Whence, dv/dt = — (Vo — V{y))
CR ,
§VCR
5t1 = —
Vo — Vt1
8VCR
5t2 =—
Vo — Vi,
Positive Pulse Width Change AtT =8ty — 8ty
: 1
" =8VCR —
Vo —V(t,) Vo—V(t) -

In the circuit Vt2 = Vx, Vg = Vy,Vo—Vx = Vy

1 1 Vx -V
Att = 6VCR (~— — —) = §VCR X7y = _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— Vv
Symmetry S = ————— x 100% where T = CR 1nv—
X
2At+
S = — x 100%
2T
SVCR (Vx — Vy) 1
= X
VXVY CR1n VY/VX

Symmetry is worse for maximum value of Vx —Vy. Maximum
value of Vx — Vy occurs when Rq and Ry are arranged for
minimum operating frequency, i.e., R1/Ry = 3.6

Substituing 6V = 5mV

Vx /Ny =36

! V 36 V
[ X ——
26 OH a6 OH

VxVy

Vo = 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:

+4

+2

75

T 1
100\125 Tease - °C
\v= 10MHz
-2
f= 20MHz

Figure.7. Percentage Change in Frequency Versus
Case Temperature.

Am685/Am686/Am687

s--A=B 100
AT l | |
104~
—.1A|—- .
% ——F R
_55/-25/:( 2% 50 1000 125 Tease—°C

201

f=5.0MHz

f=20MHz

2-55

Figure 8. Change in Symmetry Versus Case Temperature.
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Figure 9. Output Waveform at 1.0MHz.
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Figure 10. Output Waveform at 10MHz.



Figure 11. Output Waveform at 24 MHz and Expanded
: Falling Edge Exhibiting <50ps Jitter.
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Figure 12. Change in Pulse Width and Jitter from 25°C to
125°C, f = 10MHz.

Figure 13. Expanded Fall Time Showing Change in Pulse
Width from 25°C to 125°C, f = 1.0MHz,
{Jitter ~ 300ps).
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S Ry
S 1.5k

AAA

M

Am686
+

Figure 14. Circuit and Component Values used in
Obtaining Performance Characteristics.

LOW LEVEL PULSE DETECTOR

Ry Ct
5.0V O —AAA- {1
Rz R3 RS Vout
A_AVAVA 4‘"7‘ -
-[_ Am686
= ¢
ViN O——9 “ + 2Ra
R
Ry Ra YA
Vv
L,
= == Rp=10kS2, Cg = 47pF, Rg = 390k ;
TRANSFER FUNCTION
Vou : Ry =5.1kQ
Ry =100
Ry=Rg= 1k
Cy = 470pF
Cg=2pF
VoL
Ll | il Vin
10 12 20 0 mv
MAXIMUM INPUT PULSE WIDTH = 240ms
MINIMUM INPUT PULSE WIDTH = 1ons
MAXIMUM REP. RATE (20ns, 20mV) CONTINUOUS > 25MHz
MAXIMUM REP. RATE (20ns, 20mV) CONTINUOUS w/o R p, Cc ~ 12MHz

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 Rp) through an
equal-valued resistor (R3).

Positive feedback is provided by Cf which provides a 50-
60mV, 3-4ns pulse, significantly improving the switching time
and narrowing the uncertainty region for pulses just in excess
of the 10mV threshold.




Capacitor Cq 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 puise, 20ns wide and repeated every
20ns, the signal seen across R4 will be as follows:

Am685/Am686/Am687

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
v y of responding to low-level input signals in the millivolt range.
IN R
¢ The Am685 series of sampling comparators can be employed
in the design of a custom one-shot to overcome both’of these
I\L,\I I\l ,\ problems.
t
0 u! = I Figure 18 shows the design of a monostable employing the
AmB86 to generate precision output pulses in the 20-100ns
range and the values shown are for a 50ns pulse width.
Figure 16. Ry C4
1.2k§2 - 9.0pF
By the ninth pulse, the peak signal will be 15.2mV dropping % Dj
to 14.6mV by the end of the pulse; thus, after a pulse train A
of ~10 pulses, the detector will not detect the incoming signal. 24k vy Vour
Additionally, consider the case of a 20ns pulse repeated every = 100F
60 nanoseconds. f
Vx
R2
1.2k

Vin N
mv iy

L] .

 —— gy —

|
@

Figure 17.

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 Cc 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 5mV to maintain
adequate overdrive. Rg and R4 form an attenuator and the
DC voltage level returned to the non-inverting input = 1.7V
x Ra/(R4 + Rp)=4.3mV. Using this network permits the
circuit to work up to 256MHz, or better thana 1 : 1 duty cycle
and removes the limitation imposed by the input A-C
coupling.

1-VorL/V R R \
tow = C(Ra+Rg) In (_M'> (_A) (2+_?)e+tpd/C(RA+RB)
1+VoL/Von’ \Ra+Rg/ \ R; ‘

Figure 18.

The timing diagram illustrates the circuit operation.

Von — Vo!
A

" TIRA+Rgl \ |
Vy “\‘pd S
~
\ l"m

|
T
|
l | DIODE CLAMP
|
|
!

T=(Rp+RglCy

o

VOLTAGE e

vy + |
Vin l
, 4[’ Vin N
i
| OUTPUT
PULSE v
Vout | ; oH
o
t
0 — Vo
Figure 19.
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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 RA 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, Vi thus providing
temperature compensation and a reduction in pulse width
variation from device to device.

Diode D1 shortens the recovery tjme of the timing capacitor
and permits retriggering 30ns after the end of the pulse with
less thana 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:

VReF O—— Vour

Vin 0——

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:

5.0v

Vout

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 frequeptly 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:

Vin '\ Vo
O

- -0 Vo

Veer  R1 ; R

Figure 22.

Drawbacks of this techniqﬁe 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 << propagatjon delay

2. Hysteresis not affected by VQH and V| changes

3. Hysteresis is symmetrical about zero.

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

The hvstqresi‘s is obtained by applying a slight bias to the latch

inputs. The technique is illustrated in the test circuit shown
for the Am687. :

o

. Viy=50-300mV,
f= TkHZ

Vino—] Vo

1.0k — 3
L | x- v
. SWEEP T amp
= ViN

THRESHOLD = V*Ry/(Ry + Rg) L 3
‘tow = *64CRy = 1

Figure 21. Figure 23.
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The hysteresis is essentially symmetrical about zero and
between 15 and +50mV of hysteresis can be generated before Axc
the relationship between the latch voltage and the thresholds AT v sed- Vi = 120mv
become too sensitive.
40 - Vi = 20mv
The hysteresis is independent of changes in the positive supply Vy . 20
voltage and the input common mode range and varies only
with changes in temperature and negative supply voltage. “ 20
10~
; :
4.78 5.2 5.7 v)
_T0 - NEGATIVE SUPPLY
VOLTAGE
=20~
Vi = 20mV
=301+
~HYSTERISIS mv —4.0-T1
+HYSTERISIS o Ame87 50
401 Vi = 120V '
mV v
30 et VN
20 . . . .
o —umT T Figure 25. Change in Hysteresis Versus Change in
2 100 4~ Negative Supply Voltage.
& 90 4 Vv
g 80 -1
& 04
I =
£ 60 - LY Avy Vjy = 80mV
= 50 +— m
] 50 Vg = 30mV
401 Vi ] | — 4.0
X 30 V= 15mV
20 20
10 Vo 1.0
Ll | L [ Ll ey | 1
S A S B B I U B TR B My (A B M N A B 1 t —7 t
-100 -80 —60 -—40 =20 20 40 60 80 100 55 0 Iy 50 126 Te°C
DIFFERENTIAL LATCH VOLTAGE (Vp) — mV -20
-3.0
—4.0
-5.0

Figure 24. Input Hysteresis Versus Latch Voltage, Ta = 25°C.

Figure 26. Cha

COMPARATOR PERFORMANCE SPECIFICATIONS

nge in Hysteresis Versus Case Temperature,

Am687 ELECTRICAL CHARACTERISTICS OVER THE OPERATING
FUNCTIONAL DIAGRAM TEMPERATURE RANGES (Unless Otherwise Specified) Am6BIAL  AmBBIA-M
DC Characteristics AmB87-L Am687-M
Symbol Parameter Conditions (Note 3) Min.  Max. Min. Max.  Units
Rg < 1000, Ta =25°C, 30 | +30 | 20 | +20 mv
vERTING Vos Input Offset Voltage S A
QOUTPUT 0 OUTPUT INPUT Rg <1002 -35 +35 -3.0 +3.0 mv
—o o—9
VoslaT Average Temperature Coeffcient I Re < 10041 0 | +10 | -0 | 0 e
GouTeut GouTPUT | PYos®T ] of inpur Otfset Voitage !
o o—o 9
BCITA<T, -0 | +1o | -10 | 410 A
INVERTING \os Input Offset Current A< Tatmax) ; ‘ by
INPUT Ta = Tatmin) 13 | +13 | <16 | 16 | wA
AL AL 3 T *
<Tas<T, 10 w0 i A
g Input Bias Current ’ ZC<Ta < Taimax.) \ M
&b Ta " Taimin) R 16 WA
G l Vem Input Voitage Range 33 | 27 | -33 | +23 v
LATCH ENABLE N4 LATCH ENABLE CMRR Common Mode Rejection Ratio Rg < 10012, -3.3< Vem < 427V s | i 80 a8
jonRatio | Rs |
SVAR Supply Voltage Rejection Ratio | Rg < 1002, AV = 15% 0 IE2 a8
Ta=25C 0960 -0810| -0960]| -0.810 v
The outputs are open emitters; therefore external pull-down resistors Vou Output HIGH Voltage Ta = Tamin) 1,060 | -0.890 | -1.100 | -0.920 v
are required. These resistors may be in the range of 50-200§ Ta = Taimsx) 0850{ -0.700| -0850| -0.620 v
connected to —2.0V, or 200-200052 connected to —5.2V. n
Ta-25°C 1850 | 1650 -1850( 1650  V
Vou | Outpur LOW Voltage Ta = Ta(min) ~1.890 | -1675 | -1.910| -1.690 v
| Ta = Ta(max) -1825 | <1626 | -1.810] -1.575 v
CONNECTION DIAGRAM I+ | Positive Supply Current s | 32 mA
Top View - | Negative Supply Current | 48 4 mA
coureur o outur Porss | Power Dissipation | | 485 450 mW
. — "
Gourrur [ @ outeur Switching Characteristics (Vin = 100 mV, Vo4 = 5mV)
—
Ta(ming < Ta<25C 80 80 s
ano s ano P ion Delay, AmE874A -
e I
Taimin) € Ta €25°C 10 10 ns
N3 T o tpdm ion Delay, X
CuDAN I pd+ tod Propagation Delay, Am687 o o Tairan 1 » .
v s v ts Minimum Latch Set-up Time Ta=25°C 40 [ a0 ns
e O e Notes: 2. Derate at 9mi/°C for 0paration a¢ ambient temperstures sbove +115°C.
8 3. Unless otherwise specified V¥ = , V™ = —5.2V, V1 = ~2.0V, and R|_ = 50(L; all switching characteristics are for 8 100mV input step with
The AmG87 snd AmGB7A are designed to maet the specifications given in the table after thermal eauilibrium has been established with a trans-
Note 1. Pin 6 is connected to bottom of case. verse air flow of 500 LFPM or greater.




Am685/Am686/Am687

COMPARATOR PERFORMANCE SPECIFICATIONS (Cont.)

Am685

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

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

Note 1:

On metal package, pin 5 is connected to case.
On DIP, pin 6 is connected to case.

amb
3. u less otherwise specified, V"

input step with 5.0mV overdrive,
4. The outputs of tha Am686

8 unstable when
s through the threshold of the comparator must ba at

sed into their |

may be -ppl.ad around the comparator to give a few milfivolts of hysteresis.

¥ range. In order to pravent oscillation,
ast 1V/us. For slower input signals, a sm.

the rate of-chan:

FUNCTIONAL DIAGRAM " Am685-L AmE85-M
Symbol Parameter {see definitions) Conditions (Note 3) Max. lin. Max, Units
v \mpot Offset Ve Rg< 1000, Tp=25°C +20 -20 +2.0 mv
NONINVERTING Souteur d nput Offset Voltage Rs < 1000 +25 -30 430 mv
weut —o
Average Temperature Coefficient .
AVps/aT of Input Offset Voltage Rg < 10092 +10 ~-10 +10 Hv/ieC
INVERTING ~25° =
—0 aoureut Ta=25°C +1.0 1.0 1.0 uA
NPUT
INPU R los Input Offset Current “na 16 e uA
L \ ) < Ta=25C 10 10 BA
& nput Bias Current 13 16 uA
LATCH ENABLE - =
Rin fnput Resistance TA=25C 60 6.0 ka2
vr Tin Input Capaciance Ta=25°C 30 30 oF
The outputs are open emitters, therefore external pull- Vem Input Voltage Range - o -33 | 33 ~33 33 v
down resistors are required. These resistors may be CMRR Common Mode Rejection Ratio Rg < 10082, -3.3< VoM < 433V 80 80 a8
the range of 502008 connected to ~2.0 V, or 20— SVRR Supply Voitage Rejection Ratio R5 <1009, AVg = 15% 70 70 98
20009 connected to —5.2 V. Ta=25°C 0960 | -0810 | -0.960 | -0.810 v
Vou Output HIGH Voltage TA = TA(min.) -1060 | -0.890 | -1.100 | -0.920 v
TA=TA(max) 0890 ( -0.700 | -0850 | -0620 v
Ta=25C 1850 | -1.650 | -1850 | -1.650 v
Vor Output LOW Voltage TA = TA(min.) -1890 | <1675 | -1.910 | -1.69% v
TA=Ta(max) -1.825| -1.625 | -1.810 [ -1.575 v
" Positive Supply Current 22 22 mA
"~ Negative Supply Cunenl 26 26 mA
PDiss | Power Dissipation 300 300 mW
CONNECTION DIAGRAMS
Top Views Switching Characteristics (Vin = 100mV, Vo4 =5mV)
Metal Can s Dual-In-Line 9 ! °
TAtmin) S TA<25°C 45 65 45 65 ns
o 0 o1 A=) o 2 togh Input to Output HIGH Ta = Taiman) 50 05 55 12 s
ne 5
TAlmin) S TAS25°C 45 65 a5 65 ns
" tpa- ( Input to Output LOW Ta Taimoct 50 o5 5s 12 s
e toglE) Latch Enable to Output HIGH Talmin) < TA<25°C 45 65 45 65 "
Soureur pd (Note 4) Ta = TA{max.) 5.0 95 55 12 ns
e g Qouteur € Uatch Enable to Output LOW T TAtmin) S TA<25°C 45 65 a5 65 ns
] " tod- (Note 4) TA = Taimax.) 5.0 95 55 12 ' ns
- LI Ta(min} < Ta < 25°C 30 30 ns
v == s Minimum Set-up Time {Note 4] T“;“‘Y"" A w0 60 -
Note 1: On maetal package, pin § is connected to case. _ A~ TA(max.) . 80 | _J
On DIP, pin B is connected to case, t Winimum Hold Time {Note 4] TA(min) < TA < TA(maxt 70 10 ns
© Minimum Latch Enable Pulse Width TA(min) < TA <25°C 30 30 ns
towl! (Note 4) Ta " TA(max) 4.0 50 ns
NOTES: 2: For the me 6.8 mW/°C for operation at smbiant tempaeratures above +100°C; for tha dual @ package, derat
O C for aneration st embiant temperotures abovs 41057,
3 s spucitied V? = 6.0V, V- = 5.2V, Vr = 20V, and AL = 500 il switching charactaristics re for s 100 mV input sep with
cifications given for Vos, 1o, 15, CMRR, SVRR, t4s and tpg_ 8pply over the full Ve range and for 15% supply
voltages. The AmGS5 is designed to meet the specifications givan in tha table after thermal equilibrium has baen established with a transvarse
air tlow of 500 LFPM or greatar.
4: Owing 1o the difficult and critical nature of switching measurements involving the Iatch, thess parametars can not be tested in production.
Engineering data indicates that at least 95% of the units will meet the specifications given.
Am686 . ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE RANGES (Unless Otherwise Specified)
Symbol Parameter Conditions (Note 3} Am686-C AmG86-M Units
FUNCTIONAL DIAGRAM s Rg < 1000, Tp = 25°C 30 20 mV MAX.
Vvos Input Offset Voltage Rs < 10092 35 30 mV MAX.
Average Temperature Coefficient y 10 VIC MAX.
AVOSIAT | of jnput Offset Voltage fis <1002 o wvr :
25°C<TaA< 1.0 10 A MAX,
Ios Input Offset Current D oS TAS A mac) s e N MAX
NON INVERTING Foureut A= TA min) - 4 u -
neuT i 25°C < TA < TA (max.} 10 10 A MAX.
ig Input Bias Current TA=Ta (min) 13 16 HA MAX,
Mo aouteut Vem 7 427,233 27,33 VMIN,
CMRR Common Mode Rejection Ratio Rs < 1002, ~3.3V < Vom < +2.7V 80 80 dB MIN.
SVRR Supply Voltage Rejection Ratio Rs < 000 70 70 98 MIN.
LATCHENABLE VOH Output HIGH voltage IL=—1.0mA, vs Vs s = Vs (min) 27 25 VMIN.
VoL Output LOW Voltage o vs vs (max.) VMAX.
1"+ Positive Supply Current 42 40 mA MAX.
"~ Negative Supply Current 34 32 mA MAX.
PDISS Power Dissipation a1s 400 mW MAX.
CONNECTION DIAGRAMS
Top Views
I C -In-Ling o e
Metal Can Nl:Jual ! ° . Switching Characteristics (v* = +5.0V, V™ = —6.0V, Vin = 100mV, Vod = 5.0mV, CL = 15pF) (Note 4)
T
“ ,’ 5[] e e Propagation Delay, TA (min) < TA < 25°C 12 12 ns MAX.
wds 1 goumer pd Input to Output HIGH Ta=TA (max) - I . 15 ns MAX.
s o 5 aourer o Propagetion Delay, TA (min) < TA < 25°C 12 12 ns MAX.
wvernmg s o Input to Output LOW TA=TA (max) . A B ns MAX.
ot O} 1217 crouno I — —
de .y stoa opagation Delay Ta=25°C 20 20 0s MAX.
Larcn vl M=t -
ENABLE s e Notes: 2. Fev the metal can package, derate at 6.8mW/ C for operation at ambient temperatures above +95°C; for the dual-in-line package, derate st
ne ~e mW/°C for operation

OV and the Latch Enable input is at VL. The switching characteristics ars for 'a 100m\V

signal

o np
amount of external positive feedback
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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 — +10ppm/°C
© \Wide power supply range — 4.5V to +18V
® Low power consumption — 33mW @ +5V

GENERAL DESCRIPTION

The DAC-08 series of 8-bit monolithic 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 ‘“‘giitch”’ and 'a low power consumption. Monotonic
multiplying performance is attained over more than a 40to 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.

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 ta =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

mMse
vt Vie By

R O
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Lss
[ 8 8g

i 1|i| —

BIAS

NETWORK
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VReelH O
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I o——
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o—1—4

L

15 .

VRef -1 O— - '\1
REFERENCE S
AMPLIFIER bs

AmDAC-08

16 (Ls
comMP O VT

ORDERING INFORMATION

Order Temperature
Number Range Nonlinearity
DAC-08AQ —55°C to +125°C £.1%
DAC-08Q —55°C to +125°C +.19%
DAC-08EQ 0°C ta +70°C +.19%
DAC-08CQ 0°C to +70°C +.39%

CONNECTION DIAGRAM

Top View
Tnggzl;gé?. L—T: =] COMPENSATION

oot (]2 15§ VRer(-!
v-[]s 1] Veept?

lour [ 4 v

MSB By d 5 12["] Bg LSB

8, [ s n[] 87
By [: 7 10 ,EI Bg
8, [ 3 g 2 8g

Note: Pin 1 is marked for orientation.

31




AmDAC-08

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

Operating Temperature V+ supply to V— Supply 36V
O o N —
DAC-08AQ, Q —~55 Cto +125 C Logic Inputs V— to V+ plus 36V
O (o]
DAC-08EQ, CQ 0 Cto+70°C Vic V—to V+
{e] .
Storage Temperature —65°C to +150°C Analog Current Outputs See Fig. 12
Power Dissipation 500mwW Reference Inputs {Vq4, V15) V—to V+
Derate above 100°C 10mW/°C Reference Input Differential Voltage (V14 to V15) 18V
Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (l14) 5.0mA
ELECTRICAL CHARACTERISTICS (Vg = 15V, Iggr = 2.0mA)
AmDAC-08
AmDAC-08A 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'gg“ 85 135 85 135
tg Settling Time switched ON or OFF DAC.OSE ns
Ta =25°C DAG-0BC 85 150 85 150
oLy, ) Each Bit 35 60 35 60 35 60
:P:H Fl;rolpagatlon All Bi Ta=25°C "
PHL elay its
Switched 35 60 35 60 35 60
TClfg Full Scale Tempco +10 450, +10 150 +10 +80 ppm/°C
. Full scale current
Voc Output Voltage Compliance | change < 1/2 LSB -10 +18 -10 +18 -10 +18 Volts
RoyuT > 20Meg (2 typ.
VREF = 10.000V
IFsa Full Scale Current R14, R1g = 5.000k52 1.984 1.992 2.000 1.94 1.99 2.04 194 1.99 2.04 mA
Ta =25°C )
Iess Full Scale Symmetry IFs4 — IFs2 105 4.0 +1.0 +8.0 2.0 +16 uA
125 Zero Scale Current 0.1 1.0 0.2 2.0 02 4.0 LA
— = 5. A . . 2.1 . .
IFSR Output Current Range 5.0V 0 20 21 20 0 20 21 mA
—=_7.0Vto 18V 0 20 4.2 0 20 4.2 0 2.0 42
ViU ) Logic "0 038 08 08
Logic Input Vic =0V Volts
Levels
ViH Logic "1 20 20 2.0
" ) Logic 0" Vin =-10V o -20 | -10 —20 | -10 20 | -10
Logic Input Vic=0v +0.8V . WA
Iy Current Logic “1” Vin =20V 10 0002 | 10 0002 | 10 0.002 10
Vis Logic Input Swing V== —15V -10 +18 -10 +18 —10 +18 Volts
VTHR Logic Threshold Range Vg =15V -10 +13.5 -10 | +13.5 -10 +135 Volts
15 Reference Bias Current ~10 | -30 , 1.0 3.0 —1.0 -3.0 LA
di/dt Reference Input Slew Rate 4.0 8.0 4.0 8.0 4.0 8.0 mA/us
PSSIEg: V¥=45V 1018V +0.0003 | :0.01 +0.0003 | :0.01 10.0003 | :0.01
' L %/%
, Power Supply Sensitivity TS Ta5V o igv - " ; oo oo o/%
FS— IREF = 1.0mA :0.002 | +0.01 10002 | 0.0 10.002 | 0.01
+
| Vs = 15,0V, IRgf = 1.0mA 23 3.8 23 38 23 38
- 43 | -58 —-4.3 5.8 43 | -58
1+ Vg =+5.0V,—15V, 24 38 24 338 24 38
Power Supply Current _ mA
1= 'REF = 2.0mA 64 | -78 —64 | —18 -64 | -78
i .
| Vg = +16V, IRgF = 2.0mA 25 38 25 38 25 338
1~ -65 | —78 -65 -7.8 6.5 -78
50V, IRgp =1.0mA 33 48 33 48 33 48
Pp Power Dissipation +5.0V, —15V, IRgF = 2.0mA 108 136 108 . | 136 108 136 mwW
) +15V, IRgF = 2.0MA 135 174 135 174 135 174
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BASIC CONNECTIONS

MS|

L5 0L L

LsB

I

R
Hr::;: 1] B B2 B3 84 Bs Bg By 8y .
VRer ) O——MA————{ VRer I
ReF AMDAC-08 T
e 2 0%
. f1s v- ' comp v vie /) =—
= 3 I—PB 1B |1
|
L 1 L
0.14F cc 0.14F
L 4 B
Ve vEovie
\ +VREF 255 FOR FIXED REFERENCE, TTL
e
F RREF 256 OPERATION, TYPICAL VALUES
ARE:
Io+10 = Ips FOR ALL VREF = +10.000V
LOGIC STATES RREF = 5.000k
R15 ~ RREF
Cc = 0.01uF

VLc =0V (GROUND)

Figure 1. Basic Positive Reference Operation.

LOWT.C.
45k 14
VREF AAA
sov O M=
TReR (1)~ 20mA AmDAC-08
50k S =10V
POT. & 15
APPROX.
5.0k

Figure 2. Recommended Full Scale Adjustment Circuit.

Ls8 Eg

79111907

RREE 44 A 8y By By B4 Bg Bg By Bg 5.000kS2
I \REF = 2-000mA
=8 —-— ——
= Ris AmDAC-0§ ~ o— AmDAC-08 5.000k82
VREF =) O——AAA—~— ‘o
15 2
B1 B2 B3 B4 BS B6 B7 B8 | lgmA | TgmA Eg Eo
— VREF 255 FULL SCALE 111 1 1 111992 000 | -9.960 000
Ips =~ _RREF X—“256 FULLSCALE-LSB | 1 1 1 1 i 1 1 0 | 1984 | 008 | —9.920 | —040
HALFSCALE+LSB {1 0 0 0 0 0 O 1t | 1008 | .984 | —5.040 | ~4.920
HALF SCALE 10 00 0 00 O |1000 [ 992 | -5000 |—4.960
HALFSCALE-LSB] 0 1 1 1 1 1 1 1| 992 | 1000 | —4.960 | ~5.000
Note 1. RReF Sets Igs; Ry is for Bias ZEROSCALE+LSB | 0 0 0 0 0 0 0 1 | .008 | 198 | —.040 |-9920
Current Cancellation. | ZERO SCALE 0 0 000 0 0 0} .000 | 1992 .000 | -9.960
Figure 3. Basic Negative Reference Operation. Figure 4. Basic Unipolar Negative Operation.
MS8 LS8
5.0kQ
| AARARAN
o .
E 10.000k$2 5.000K0 8y By By By By Bg By Bg
\REF = 2.000mA o VREF 5 “AAA—] A
- +10V
O———1 AmMDAC-08 AmDAC-08
12 10.000kQ - /2
o
vt % Cc Vg
5.0k 5.0k
= 15V l-wv = =
B1 B2 B3 B4 B5 B6 87 B8 | Eg Eo
POS FULL SCALE 11 1 1 1 1 % 1| -8920 | +10.000 B1 B2 B3 B4 B5 B6 B7 B8 | Eg
POSFULLSCALE-LSB [ 1 1 4 1 1 1 1 0| —9840 | +9.920 POS FULL SCALE 111 1 1 1 1 1| +9920
ZERO SCALE +L.SB 1.0 0 0 0 0 0 1 | —008 | +0.160 POSFULLSCALE-LSB | 1 1 1 1 1 1 1 0 | +9.840
ZERO SCALE 1 00000O0GO0TO 0.000 | +0.080 (+) ZERO SCALE 10 00 0 0 O O | +0040
ZERO SCALE —LSB 01 1 1 1 1 1 1| +008 | 0000 (~) ZERO SCALE 001 1 1 1 1 1 1|-0040
NEGFULLSCALE+LSB [ 0 0 0 0 0 0 0 1 | +9920 | -9.940 NEG FULLSCALE+LSB {0 0 0 0 0 O 0 1 | -9.940
| NEG FULL SCALE 0 0 0 0 0 0 0 0 |+10000 | -9.920 NEG FULL SCALE 0 0 0 0 0 0 0 0| -992

Figure 5. Basic Bipolar Output Operation.

Figure 6. Symmetrical Offset Binary Operation.
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RL

——0 o
07O +1gg » R

AmDAC-08

255

=
55 'REF

IFg =

FOR COMPLEMENTARY OUTPUT (OPERATION AS NEGATIVE
LOGIC DAC), CONNECT INVERTING INPUT OF OP-AMP TO G
(PIN 2), CONNECT Ig (PIN 4) TO GROUND

Figure 7. Positive Low Impedance Output Operation.

——O Eo

0TO —Ipg * R,
AmDAC-08 FSTTL

e o 255
FS = 5z IREF

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

Figure 8. Negative Low Impedance Output Operation.

TTL.OTL Vig =V cttav

= 415V

Vry =4V +15V CMOS, HTL, HNIL
V: =476V
™ 9.1k

AmDAC-08 Vie

|

6240 0.14F
Vie

O -52v

SET VOLTAGE AT NODE "A” EQUAL TO DESIRED LOGIC
THRESHOLD.

Figure 9. Interfacing With Various Logic Families.

VReett)

?

| opTioNAL

RREr & RESISTOR

> FOROFFSET
INPUTS

TYPICAL VALUES:
RIN = 5k
T VN = 10V

Figure 10. Pulsed Reference Operation.
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a) Iggg = Peak Negative Swing of .

R
REF 14
VREF ) O—AAA———]

Vig Ri5{OPTIONAL] 15

———
HIGH INPUT
IMPEDANCE

AmDAC-08

RREF ~ R15
b) +VRrer Must Be Above Peak Positive Swing of V.

Figure 11. Accomodating Bipolar References.
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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:

256
=X = .
IFs 256 ~ |REF where IREF = 114

In positive reference applications (Fig. 1), an external positive
reference voltage forces current through Rq4 into the VREF(+)
terminal (pin 14) of the reference amplifier. Alternatively, a
negative reference may be applied to Vggr(-) at pin 15 (Fig.
3); reference current flows from ground through Rq4 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. R45 (nominally equal to Rq4) is used to
cancel bias current errors; Ryg may be eliminated with only a
minor increase in error.

Bipolar references may be accommodated by offsetting VRer
or pin 156 as shown in Fig. 11. The negative common mode
range of the reference amplifier is given by: Vepm— = V—plus
(Irer X 1.0k2) 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, Ry4 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 Vpg
and TCVpg. For most applications the tight relationship
between Iggr and Igg will eliminate the need for trimming
Ireg. If required, full scale trimming may be accomplished by
adjusting the value of R4, 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 |rg and Iggg over a
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 IRgF ranges.

REFERENCE AMPLIFIER COMPENSATION
FOR MULTIPLY!ING 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 R4 values of 1.0, 2.5 and 5.0k$2, minimum values
of C¢ are 15, 37, and 75pF. Larger values of Rq4 require pro-
portionately increased values of C¢ for proper phase margin.
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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 R14 = 1.0k) and C¢ = 16pF, the reference amplifier
slews at 4.0mA/us enabling a transition from Iggg = 0 to
IrRegr = 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 atlows 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 20082 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 (Iggr X 1.0k$2) 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 IRgfF = 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 lp + Top = Igg. Current appears at the “‘true”
output whena “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 Tg as in a negative or inverted logic D/A converter.
Both outputs may be used simultaneously. lf one of the out-
puts is not required it must still be connected to ground or to
a point capable of sourcing Igg; 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 (Iggg * 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 < TmA 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 Iggg = 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:

Pg = (1+) (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 Vpg and TCVps of the reference amplifier will be
very small compared to 10.0V. The temperature coefficient of
the reference resistor R4 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.

3-6

SETTLING TIME

The DAC-08 is capable of extremely fast settling times, typically
85nsecat Iger =2.0mA. Judicious circuit design and careful board
layout must be employed to obtain full performance potential
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 35nsec, 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 Ry > 50082,

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 Iggr 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 IRgr
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 IRgg.

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.



Am1508/1408
SSS1508A/1408A

8-Bit Multiplying D/A Converter

Distinctive Characteristics

Improved direct replacement for MC1508/1408
+0.19% nonlinearity guaranteed over temperature
range
Improved settling time (SSS1508A/1408A)

250ns, typ.

Improved power consumption (SSS1508A/1408A)
157mW, typ.
Compatible with TTL, CMOS logic

Output voltage swing: +0.5V to —5.0V
High speed multiplying input: 4.0mA/us

FUNCTIONAL DESCRIPTION

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 lower 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

shunted to ground, therefore the maximum output current is
255/256 of the reference amplifier input current. For example,
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.
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ORDERING INFORMATION

Part Package Temperature. Order
Number ‘Type Range Number
Hermetic DIP 0°Cto+70°C  AM1408L8
Hermetic DIP 0°C to +70°C  AM1408L7
Hermetic DIP, 0°Cto +70°C  AM1408L6
Am1408 Hermetic DIP 0°Cto+70°C  SSS1408A-8Q
Hermetic DIP 0°Cto +70°C  S$SS1408A-7Q
Hermetic DIP 0°Cto 