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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current
specifications in accordance with Tl's standard warranty. Testing and
other quality control techniques are utilized to the extent T| deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does Tl warrant or represent that any license,
either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or
relating to any combination, machine, or process in which such
semiconductor products or services might be or are used.

Information contained in this data manual supersedes all data for this
technology published by Tl in the United States of America before
January 1989.

Copyright © 1990, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments offers an extensive line of operational amplifiers designed for applications that sense,
amplify, and/or condition analog signals. The technologies represented by these op amps include traditional
bipolar, BIFET, LinCMOS™, Advanced LinCMOS™, and the new Excalibur processes.

This data manual contains:

® a macromodel alphanumeric index,

® an operational-amplifier-to-macromodel cross-reference guide,

* an operational amplifier selection guide with page number reference to the appropriate macromodel,

* an operational amplifier cross-reference guide to competitive devices with a page number reference

to the appropriate macromodel,

a glossary of operational amplifier terms,

* a technical discussion of the macromodel concept and the major advantages and limitations of
macromodels,

¢ a listing of sources for more information,

* a set of macromodel information sheets,

* and a floppy disk that contains all of the modeling parameters presented in the macromodel
information sheets in an easy-to-use format.

The Spice macromodels contained in this manual represent our current line of operational amplifiers with
the exception of the LM2900, the LM3900 (high-gain frequency-compensated Norton amplifiers), and the
uA709 (a bipolar device with two frequency-compensation inputs), which cannot be modeled with PSpice®
Parts™. It is important to note that PSpice® Parts™ is also incapable of modeling input offset voltage and
temperature range variations. Due to these limitations, different input offset and temperature range versions
of the same device are represented by the base device macromodel.

This data manual offers modeling information on Tl's Linear operational amplifier products. The resultant
simulation may vary up to 20% from the data sheet typical specifications. It is therefore recommended
that actual device performance specifications be consulted before a final design or purchase decision is
made. Complete technical data for all Linear operational amplifiers is contained in Texas Instruments 1989
Linear Circuits Data Book, Volume 1 (Literature Number SLYDOO3), with the exception of the following
devices, for which the individual device data sheets must be consuited:

Device Part Number Data Sheet Literature Number
LT1013 SLOS040
LTC1052 SLO3018
LTC7652 SLO3018
TLE2021 SLOS024A
TLE2022 SLOS027
TLE2024 SLOS028
TLE2061 SLOS045
TLE2062 SLOS044
TLE2064 SLOS048
TLE2161 SLOS049

While this data manual offers design and specification data for Linear operational amplifiers only, complete
technical data for any Tl semiconductor product is available from your nearest Tl Field Sales Office, local
authorized TI Distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. Box 809066

Dallas, TX 75380-9066

We sincerely feel that the new 1990 Operational Amplifiers Macromodel Data Manual will be a significant
addition to your library of technical literature from Texas Instruments.

LinCMOS and Advanced LinCMOS are trademarks of Texas Instruments Incorporated.
PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.
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OPERATIONAL-AMPLIFIER-TO-MACROMODEL

CROSS-REFERENCE GUIDE

TO MODEL USE PAGE T0 MODEL USE PAGE
DEVICE MACROMODEL NO. DEVICE MACROMODEL NO.

ICL7652 ICL7652 ................ 3-3 MC3303 MC3403 ................. 3-27
LF347 LF347 . ................. 3-4 MC3403 MC3403 ................. 3-27
LF347B LF347 . ... ... .. ... . .... 3-4 NE5532 NES5634 .. ............... 3-28
LF351 LF351 . ... ... .. ... 3-5 NE6532A NEB534 ................. 3-28
LF353 LF353 . ................. 3-6 NE5S534 NES534 .. ............... 3-28
LF411C LF411C . ................ 3-7 NE65634A NEB534 ................. 3-28
LF412C LF412C ................. 3-8 0oPO7C OPO7C ...... . i 3-29
LM101A LM101A .. ...... ... ..... 3-9 OPO7D OPO7D . ....... ... ....... 3-30
LM107 LM107........ .. ... ..... 3-10 OPO7E OPO7E .................. 3-31
LM108 LM308.................. 3-13 OP27A OP27C . ... .. .. 3-32
LM108A LM308.................. 3-13 OP27C OP27C ... ... 3-32
LM124 LM324.................. 3-15 OP27E OP27E . ................. 3-33
LM148 LM348. . ................ 3-16 OP27G OP27G . .......... ... ... 3-34
LM158 LM3568.................. 3-17 OP37A OP37A ... ... ... ... ... ... 3-35
LM201A LM101A .. .. ... ... ... 3-9 OP37C OP37A . ....... ... ... .... 3-35
LM207 LM107 .. ... ... .. 3-10 OP37E OP37A .. ... ... ... .. .. ... 3-35
LM218 LM318.................. 3-14 OP37G OP37A . ................. 3-35
LM224 LM324.................. 3-16 RC4136 RC4136 ................. 3-36
LM224A LM324.................. 3-156 RC4558 RC4558 ................. 3-37
LM248 LM348.................. 3-16 RC4559 RC45659 .. ............... 3-38
LM258 LM368.................. 3-17 RM4136 RC4136 ................. 3-36
LM258A LM368.................. 3-17 RM4558 RC4558 .. ............... 3-37
LM2900 N/A RV4136 RC4136 ................. 3-36
LM2902 LM324.................. 3-15 RV4558 RC4558 ................. 3-37
LM2904 LM368............... ... 3-17 SE5534 NEG534 .. ............... 3-28
LM301A LM301A ........ ... ..., 3-11 SEB5534A NES5B34 ................. 3-28
LM307 LM307.......... ... .. ... 3-12 TLO22C TLO22C ......... ... ..... 3-39
LM308 LM308.................. 3-13 TLO22M TLO22C ... ... .. ... .. 3-39
LM308A LM308.................. 3-13 TLO31 TLO31 .. ... 3-40
LM318 LM318. . ................ 3-14 TLO31A TLO31 ... . 3-40
LM324 LM324. . ... ... .. ........ 3-15 TLO32 TLO32 ... ... 3-41
LM324A LM324.................. 3-15 TLO32A TLO32 ........ ... ... ... 3-41
LM348 LM348.................. 3-16 TLO34 TLO34 .................. 3-42
LM358 LM3568.................. 3-17 TLO34A TLO34 .................. 3-42
LM358A LM368.................. 3-17 TLO44C TLO44C . ................ 3-43
LM3900 N/A TLO44M TLO44C . ................ 3-43
LT1001 LT1001 . ................ 3-18 TLO5G1 TLOST .. ... ... 3-44
LT1001A LT1001 ......... .. ...... 3-18 TLOG1A TLOBT .. .. ... 3-44
LT1007 LT1007 ................. 3-19 TLO62 TLOB2 ... ... ... ... 3-45
LT1007A LT1007 ................. 3-19 TLO52A TLOB2 . ................. 3-45
LT1008 LT1008 ... .............. 3-20 TLO54 TLOS4 . ... ... ......... 3-46
LT1012 LT1012 ... ... ... ..., 3-21 TLO54A TLOS4 . ............ . ..., 3-46
LT1013 LT1013 ... ... ... ... 3-22 TLO60 TLO6O .................. 3-47
LT1028 LT1028 . ................ 3-23 TLO60A TLO6O .................. 3-47
LT1028A LT1028 ................. 3-23 TLO60B TLO6O .................. 3-47
LT1037 LT1037 ... .. e 3-24 TLO61 TLO6T ... ... . . ... 3-48
LT1037A LT1037 ................. 3-24 TLO61A TLO6T . ... .............. 3-48
LTC1052 LTC1052 . ........ ... ... 3-25 TLO61B TLO6T . ... ... . 3-48
LTC7652 ICL7652 ................ 3-3 TLO62 TLO62 .................. 3-49
MC1458 MC1458 .. .............. 3-26 TLO62A TLO62 . ................. 3-49
MC1558 MC1458 .. .............. 3-26 TLO62B TLO62 .................. 3-49
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OPERATIONAL-AMPLIFIER-TO-MACROMODEL
CROSS-REFERENCE GUIDE

TO MODEL
DEVICE

TLO64
TLO64A
TLO64B
TLOBBAC
TLO66BC
TLO66C
TLOG6I
TLO66M
TLO70
TLO70A
TLO71
TLO71A
TLO71B
TLO72
TLO72A
TLO72B
TLO74
TLO74A
TLO74B
TLO75
TLO8O
TLO8BOA
TLO81
TLO81A
TLO81B
TLO82
TLO82A
TLO82B
TLO83
TLO83A
TLO84
TLO84A
TLO84B
TLO85
TLO87
TLO88
TL136C
TL287
TL288
TL321C
TL3211
TL322C
TL322I
TLC251
TLC251
TLC251
TLC251A
TLC251A
TLC251A
TLC251B
TLC251B

USE PAGE
MACROMODEL NO.
TLOB4 .................. 3-50
TLO64 .................. 3-50
TLOB4 .................. 3-50
TLO66C ................. 3-51
TLO66C ................. 3-51
TLO66C ................. 3-561
TLOBBC ................. 3-51
TLOBBC ................. 3-51
TLO70 ............... ... 3-52
TLO70 ............... ... 3-52
TLO71 ... .. 3-53
TLO71 ... .. 3-63
TLO71 ... .. 3-53
TLO72 ... 3-54
TLO72 ... 3-54
TLO72 ... . ... 3-54
TLO74 . ................. 3-55
TLO74 . ... ... 3-565
TLO74 .................. 3-65
TLO75 ... ... . ... ..., 3-566
TLOBO .................. 3-567
TLOBO .................. 3-567
TLO8T ... 3-58
TLOBT ... 3-58
TLO8BT ... ... 3-568
TLO8B2 .................. 3-59
TLO82 .................. 3-59
TLO82 .................. 3-59
TLOB3 .................. 3-60
TLO83 .................. 3-60
TLO84 .................. 3-61
TLO84 .................. 3-61
TLO84 .................. 3-61
TLO8S .................. 3-62
TLO87 ... ... 3-63
TLO88 .................. 3-64
TL136C ... ... 3-65
TL287 ...l 3-66
TL288 ................ .. 3-67
TL321C ............... .. 3-68
TL321C ... 3-68
TL322C ........ ... . ..., 3-69
TL322C ... ... 3-69
TLC251C (High Bias) .. ... ... 3-70
TLC251C (Low Bias) .. ... ... 3-71
TLC251C (Med Bias) . . ... ... 3-72
TLC251C (High Bias) . . ... ... 3-70
TLC251C (Low Bias) ... ..... 3-71
TLC251C (Med Bias) . . . .. ... 3-72
TLC251C (High Bias). . ... ... 3-70
TLC251C (Low Bias) ... ... .. 3-71

TO MODEL
DEVICE

TLC251B
TLC252
TLC252A
TLC252B
TLC254
TLC254A
TLC254B
TLC25L2
TLC25L2A
TLC25L2B
TLC25L4
TLC25L4A
TLC25L4B
TLC25M2
TLC25M2A
TLC25M2B
TLC25M4
TLC25M4A
TLC25M4B
TLC271
TLC271
TLC271
TLC271A
TLC271A
TLC271A
TLC271B
TLC271B
TLC271B
TLC272
TLC272A
TLC272B
TLC274
TLC274A
TLC2748B
TLC277
TLC279
TLC27L2
TLC27L2A
TLC27L2B
TLC27L4
TLC27L4A
TLC27L4B
TLC27L7
TLC27L9
TLC27M2
TLC27M2A
TLC27M2B
TLC27M4
TLC27M4A
TLC27M4B
TLC27M7

USE PAGE
MACROMODEL NO.
TLC251C (Med Bias) . ... .. .. 3-72
TLC252C . ............... 3-73
TLC252C . ............... 3-73
TLC252C . ............... 3-73
TLC254C ................ 3-74
TLC254C .. .............. 3-74
TLC254C ................ 3-74
TLC25L2C ............... 3-75
TLC25L2C . .............. 3-75
TLC25L2C . .............. 3-75
TLC25L4C . .............. 3-76
TLC25L4C . .............. 3-76
TLC25L4C .. ............. 3-76
TLC26M2C . .............. 3-77
TLC26M2C . .............. 3-77
TLC256M2C . .............. 3-77
TLC25M4C .. ............. 3-78
TLC25M4C . .............. 3-78
TLC25M4C .. ............. 3-78
TLC271C (High Bias)........ 3-79
TLC271C (Low Bias) .. ... ... 3-80
TLC271C (Med Bias) . .. ... .. 3-81
TLC271C (High Bias). .. ... .. 3-79
TLC271C (Low Bias) .. ...... 3-80
TLC271C (Med Bias) . . ... ... 3-81
TLC271C (High Bias) . . ...... 3-79
TLC271C (Low Bias) ........ 3-80
TLC271C (Med Bias) . . ... ... 3-81
TLC272 ... ... 3-82
TLC272 ... . 3-82
TLC272 ... . 3-82
TLC274 ... ... ... ... ..... 3-83
TLC274 ... ............. 3-83
TLC274 ... .. ... ... .. ... 3-83
TLC277 ... .. 3-84
TLC279 ... ... 3-85
TLC27L2. .. ..o 3-86
TLC27L2. ... .. ....... 3-86
TLC27L2. ... 3-86
TLC27L4. .. ... ... ... .. 3-87
TLC27L4. . ... ... 3-87
TLC27L4. ................ 3-87
TLC27L7 . ... ... 3-88
TLC27L9. ................ 3-89
TLC27M2 . . ... ... L 3-90
TLC27M2 . . ... .. 3-90
TLC27M2 .. ... ... ... ... 3-90
TLC27M4 . ... ... ... ... 3-91
TLC27M4 . . . ... ... ... ... 3-91
TLC27M4 .. ... .. .. ... ... 3-91
TLC27M7 . ..o 3-92
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OPERATIONAL-AMPLIFIER-TO-MACROMODEL

CROSS-REFERENCE GUIDE

TO MODEL
DEVICE

TLC27MS
TLC1078
TLC1079
TLC2201
TLC2201A
TLC2201B
TLC2652
TLC2652A
TLC2654
TLC2654A
TLE2021
TLE2021A
TLE2021B
TLE2022
TLE2022A
TLE2022B
TLE2024
TLE2024A

USE
MACROMODEL

TLC27M9 ... ..

TLC1078
TLC1079
TLC2201

PAGE TO MODEL

NO. DEVICE

3-93 TLE2024B

3-94 TLE2061
.......... 3-95 TLE2061A
.......... 3-96 TLE20618B
.......... 3-96 TLE2062
.......... 3-96 TLE2062A
.......... 3-97 TLE2062B
.......... 3-97 TLE2064
.......... 3-98 TLE2064A
.......... 3-98 TLE2064B
.......... 3-99 TLE2161
.......... 3-99 TLE2161A
.......... 3-99 TLE21618B
.......... 3-100 uA709
.......... 3-100 uA741
.......... 3-100 uA747
.......... 3-101 uA748
.......... 3-101

USE PAGE
MACROMODEL NO.

TLE2024 ... ............. 3-101
TLE2061................ 3-102
TLE2061................ 3-102
TLE2061................ 3-102
TLE2062................ 3-103
TLE2062................ 3-103
TLE2062................ 3-103
TLE2064 ... ............. 3-104
TLE2064 . ............... 3-104
TLE2064 .. .............. 3-104
TLE2161................ 3-105
TLE2161................ 3-105
TLE2161 . ... ............ 3-105
N/A

UA741C .............. .. 3-106
UA747C ... ... 3-107
UA748C . ............... 3-108
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

noncompensated, single

military temperature range (Values specified for Tp =25°C)
SUPPLY v [ A B SR
10 B VD 1
VOLTAGE PAGE
DESCRIPTION Ol('v)A (mV) | (nA) |(V/mV)|(MHz) | (V/us) TYPE PACKAGES NO
MIN | MAX | MAX [MAX | MIN | TYP | TYP
High Performance, Bipolar +5 +22 2 75 50 1 0.5 LM101A FK,JG,UW |3-9
i f . i .
H'lgh Performance, Low Bias Current, +2 | 220 2 2 50 1 0.3 LM108 L 313
Bipolar
igh Perf , i }
H.|gh erformance, Low Bias Current +2 | 220 o5 2 80 1 0.3 LM108A L 313
Bipolar
BIFET, Low Power +3.5| 18| 6 0.2 4 1 3.5 | TLO6OM JG 3-47
BIFET, General Purpose +3.5| +18 6 0.2 25 3 13 TLOBOM JG 3-567
General Purpose,Precision Input, Bipolar +9 +18 2 200 T4V5p 1 0.3 uA709AM JJG.UW -
General Purpose, Bipolar +9 | 18| 5 | 500 T“y: 1 | 03| vavosm | Jouw | —
General Purpose, Bipolar ] +2 +22 5 500 50 1 0.5 uA748M JG,U 3-108
industrial temperature range (Values specified for TA = 25°C)
SUPPLY
voLTage | VIO | B | AvD | By | SR PAGE
DESCRIPTION ) (mV) | (nA) [(V/ImV) |(MHz) |(V/u8) TYPE PACKAGES NO
MIN | MAX | MAX [MAX | MIN | TYP | TYP
High Performance, Bipolar +5 | £22 | 2 75 50 1 0.5 LM201A D,JGP |39
BIFET, Low Power +35[ 18| 6 0.2 4 1 3.5 TLO6OI D.JG,P |3-47
BIFET, Low Noise +35| +18 | 6 200 | 80 3 13 TLO70! D.JG.P [3-52
BIFET, Low Power +3.5| £18 6 400 25 3 13 TLO8OI D,JG,P 3-57
noncompensated, single
commercial temperature range (Values specified for Tp = 25°C)
SUPPLY Vv [ A B SR
VOLTAGE | 'O | B | AVD | ™1 PAGE
DESCRIPTION V) (mV) | (nA) {(V/mV) [(MHz) |(V/us) TYPE PACKAGES NO
MIN | MAX [ MAX [MAX | MIN | TYP | TYP
High Performance +5 | t18 | 7.5 250 15 1 7.5 LM301A D,JG,P 3-11
High Performance +2 +18 | 7.5 2 25 1 0.3 LM308 D,JG,P 3-13
High Performance +2 | +18 | 0.5 2 80 1 0.3 LM308A D,JG,P 3-13
BIFET, Low Power +3.56| +18 6 0.2 4 1 3.5 TLO6OAC D,JG,P 3-47
BIFET, Low Power +35[ 18| 3 0.2 4 1 3.5 | TLOBOBC D,JGP [3-47
BIFET, Low Power +3.5] +18 15 0.4 3 1 3.5 TLOBOC D,JG,P 3-47
BIFET, Low Noise +3.6| £18 6 0.2 50 3 13 TLO70AC D,JG,P 3-52
BIFET, Low Noise +3.656| £18 10 0.2 25 3 13 TLO70C D,JG,P 3-52
BIFET, General Purpose +3.5| £18 6 0.2 50 3 13 TLOBOAC D,JG,P 3-57
BIFET, General Purpose +3.5]| +18 15 0.4 25 3 13 TLO8BOC D,JG,P 3-57
General Purpose, Bipolar +9 | 18 | 7.5 |1600| 15 1 0.3 uA709C D,JG,P —
General Purpose, Bipolar +2 +18 6 500 20 1 0.5 uA748C D,JG,P 3-108
TExAs
INSTRUMENTS
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, single

military temperature range

(Values specified for Tp = 25°C)

POST OFFICE BOX 855303 ¢ DALLAS, TEXAS 75265

SUPPLY V| | A B SR
voLTage | ‘10 | B | BVD | F1 PAGE
DESCRIPTION W (mV) | (nA) [(V/mV)|(MHz)}| (V/us) TYPE PACKAGES NO
MIN | MAX | MAX | MAX| MIN | TYP | TYP
High Performance +5 +20 2 75 50 1 0.5 LM107 JJGUW |3-10
Precision +5 +22 |0.015 2 450 0.8 | 0.25] LT1001AM JG,L 3-18
Precision +5 +22 | 0.06 4 400 0.8 | 0.25| LT1001M JG,L 3-18
Low Noise, High Speed, Precision Input +2.5| +22(0.025| 35 7000 8 2.5 | LT1007AM JG,L 3-19
Low Noise, High Speed, Precision Input +2.5| +22 |0.060| 55 5000 8 2.5 LT1007M JG,P 3-19
Ultra Precision +2.5( +£20(0.035| 0.1 300 0.8 2 LT1012M L 3-21
Low Noise, High Performance +4.5| +16 | 0.12 | 150 300 25 15 LT1028AM D,JG,LP |3-23
Low Noise, High Performance +4.5] +20| 0.18 | 300 | 200 25 16 LT1028M D,JG,LP |3-23
Noise, High Speed,
Low Noise. High Spee +2.5| +22|0.025| 35 | 7000| 60 | 15 | LT1037aM | JaL  |3-24
Noncompensated, Ay = 5
Noise, High d,
Low Noise, High Spee +2.5| +22]0.060| 55 | 5000 | 60 | 15 | LT1037M JGL  |3-24
Noncompensated, Ay = 5
Chopper-Stabilized +1.9| +8 |0.005| 0.03] 1000 | 1.2 4 LTC1052M J.JG,L 3-25
Low Noise, High Speed +3.5( +22 [0.025| 40 1000 8 2.8 OP-27A JG,L 3-32
Low Noise, High Speed +3.6] +£22| 0.1 80 700 8 2.8 0oP-27C JG,L 3-32
L Noise, High Speed
ow Noise, High Spee +4 | +22|0.025| 40 | 1000| 40 | 17 | op37a JGL [3-38
Noncompensated, Ay = 5
L Noise, High S| ,
ow Noise, High Speed +4 | £22| 01 | 8o | 700 | 40 | 17 | op-37cC JGL |335
Noncompensated, Ay = 5
Low Noise, High Performance +3 +22 2 800 | 50 10 13 SE5534 FK,JG 3-28
Low Noise, High Performance +3 +22 2 800 50 10 13 SE5534A FK,JG 3-28
BIFET, Low Power, Precision +3.5| +18| 0.8 0.2 5 1.1 2.9 | TLO31AM FK,JG,L 3-40
BIFET, Low-Power, Precision +3.6| 18| 1.5 0.2 5 1.1 2.9 TLO31M FK,JG,L 3-40
BIFET, Precision +3.5| 18| 0.8 0.2 50 3.1 20 TLO51AM FK,JG,L 3-44
BIFET, Precision +3.5( £18 1.5 0.2 50 3.1 20 TLOSTM FK,JG,L 3-44
BIFET, Low Power +1.5( 18 6 0.2 4 1 3.5 TLO61M FK,JG,U 3-48
BIFET, Adjustable, Low-Power +1.2| 18 6 0.2 4 1 3.5 TLO66M FK,JG 3-51
BIFET, Low Noise +3.5| +18 6 0.2 35 3 13 TLO71M FK,JG 3-53
BIFET, General Purpose +3.5| 18 6 0.2 25 3 13 TLO81TM FK,JG 3-58
BIFET, Low V|0 +3.5] 18 3 0.4 50 3 13 TLO88BM JG,U 3-64
T
LinCMOS, Programmable, Low Bias 4 18 10 o (:37 50 0.11 | 0.04| TLC271M FK,JG 3-80
LinCMOS, Programmable, Medium Bias 4 18 10 Ong7 25 0.64 | 0.56| TLC271M FK,JG 3-81
T
LinCMOS, Programmable, High Bias 4 18 10 o gg7 10 2.2 4.6 TLC271M FK,JG 3-79
LinCMOS, Low Noise, Precision 4.6 16 0.2 OT(:(;)1 400 1.9 2.7 | TLC2201AM| D,FK,JG,L,P | 3-96
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single

military temperature range (Values specified for TpA = 25°C)
SUPPLY v \ A 8 SR
1o | h8 VD 1
VOLTAGE PAGE
DESCRIPTION V) (mV) | (nA) [(VImV)|(MH2) | (V/us) TYPE PACKAGES NO
MIN [ MAX | MAX | MAX| MIN | TYP | TYP
inCMOS, Low Noise, Precision, 100%
LinC ow Noise, Frecision a6| 16 | 02 | | 400 | 1.9 | 2.7 [TLc22018M | D.FK.9G.LP |3-96 1
Noise Tested 0.001
T
LinCMOS, Low Noise, Precision 46| 16 | 05 | g& 400 | 1.9 | 2.7 | TLc2201M [D.FK.JG.LP |3-96 c
- (=]
T D.FK,J,JG, b=
LinCMOS, Precision, Chopper Stablilized | 3.8 | 16 |0.001 voyg4 5600 | 1.9 | 2.8 |TLC2652AM Lap 3-97 ‘5
JFK.J,JG,
LinCMOS, Precision Chopper Stabilized 38| 16 [0.003] P | 1000| 1.9 | 2.8 | TLc2652m | P 3.97 g
0.004 L.N.P o
LinCMOS, Low Noise, Precision, Typ D,FK.J,JG, S
a6 | 16 | 0.01 1.9 2 [TLc2654A 3-98
Chopper Stabilized 0.05 | %69 C2654AM LN,P =
LinCMOS, Low Noise, Precision, Typ D,FK,J.JG, b
a6 | 16 | 0.02 1000 | 2.2 2 | TLC2654M 3-98
Chopper Stabilized 0.05 65 LN,P E
Excalibur, High-Speed, Precision 4 40 0.5 25 1000 2 0.9 | TLE2021M | D,FK,JG,L,P |3-99 g
General Purpose +2 +22 5 500 50 1 0.5 uA741M FK,J,JG,U |3-106 [T
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, single

automotive temperature range (Values specified for Tp = 25°C)
SUPPLY
voLTage | Vio | B | Avp [ By | SR PAGE
DESCRIPTION W) (mV) | (nA) [(VImV)|(MHz2) | (V/us)|  TYPE PACKAGES | 18
MIN | max | max | max| min | TYP | TYP
High Performance +5 | £22| 2 75 | 50 1 05| LM207 3-10
High Performance +5 | +20 4 250 50 15 70 LM218 3-14
Chopper-Stabilized +1.9] +8 [0.006] 0.03] 1000 1.2 | 4 | LTC1052C 3-25
Chopper-Stabilized +1.9] +8 [0.006] 0.03] 1000 | 1.2 | 4 | LTC7652C 3-3
Low Noise, High Speed +3.5] +22]0.025] 40 | 1000| 8 | 2.8 | OP27E JGLP [3-33
Low Noise, High Speed +35] +22] 01 | 80 | 700 | 8 | 2.8 | op-27G6 JG.LP_[3-34
Low Noise, High Speed
Noncompensated, Auy > 5 +4 | +22(0.025| 40 | 1000| 40 | 17 0P-37E JGLP |3-35
Low Noise, High Speed,
Noncompensated, Ayt = 5 +4 | 22| 01 | 80 | 700 | 40 | 17 | oP-37G JG,P 3-35
BIFET, Low Power, Precision +3.5| +18| 0.8 0.2 5 1.1 2.9 TLO31AI D,JG,L,P |3-40
BIFET, Low Power, Precision +3.5| +18 1.5 0.2 5 1.1 2.9 TLO31I D,JG,L,P _|3-40
BIFET, Precision +35] +18] 0.8 | 02| 50 | 3.1 [ 20 [ TLO51AI | DJG.LP [3-44
BIFET, Precision +35| +18] 15 | 0.2 | 50 | 3.1 | 20 TLO51! D,JGLP |3-44
BIFET, Low Power £35] +18| 6 | 02| 4 1 3.6 | TLOG1I D,JGP |3-48
BIFET, Adjustable, Low Power +1.2] +18| 6 | 02| 4 1 3.5 | TLOBGI D.JGP 351
BIFET, Low Noise +35] 18| 6 | 0.2 | 50 3 13 TLO71I D.JGP 353
BIFET, General Purpose +35] +18| 6 | 0.2 | 50 3 13 TLO81I D.JGP |3-58
BIFET, Low Offset Voltage +3.5] 18] 05 | 0.2 | 50 3 13 TLO87I D.JGP 363
BIFET, Low Offset Voltage +£3.5] 18| 1 0.2 | 50 3 13 TLOSSI D.JGP |3-64
LinCMOS, Programmable, Low Bias 4 18 5 ng87 50 |0.11] 0.04| TLC271AI D,JGP |[3-80
LinCMOS, Programmable, Medium Bias 4 18 5 ng87 25 | 0.64|056| TLC271A1 | DJGP [3-81
LinCMOS, Programmable, High Bias 4 18 5 ng87 10 | 2.2 | a6 | TLC271A0 D,JGP (379
LinCMOS, Programmable, Low Bias 4 18 2 ng87 50 | 0.11] 0.04| TLC271BI D.JGP [3-80
LinCMOS, Programmable, Medium Bias 4 18 2 Ong7 25 0.64 | 0.56 | TLC2718BI D,JG,P 3-81
LinCMOS, Programmable, High Bias 4 18 2 ng87 10 | 22 | 46| TLC271BI D.JGP [3-79
T
LinCMOS, Programmable, Low Bias 4 18| 10 | oyg7 50 |0.11] 0.04| TLC2711 DJGP |[3-80
T
LinCMOS, Programmable, Medium Bias a | e | 10 | (;’37 25 |0.64]056| TLC271I D.JGP |3-81
T
LInCMOS, Programmable, High Bias a | 8| 10 | 3’37 10 | 22| a6 | TLC2711 DJGP |3.79
T
LinCMOS, Low Noise Precision 46| 16 | 02 | gg1 400 | 1.9 | 2.7 | TLC2201AI | D.JG.LP |3-96
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single

automotive temperature range (Values specified for TpA = 25°C)
SuppLY Vio | iB | Avp | By | SR
DESCRIPTION V°L“T:GE (mV) | A1 [(vimV)| (MH2) [ (vius)|  TYPe | Packaces "SSE
MIN | MAX | MAX | MAX| MIN | TYP | TYP

LinCMOS, Low Noise Precision, 100% | , o | 15 | 0.2 | TP | 400 | 1.9 | 2.7 | Tc220181 | DUG.LP | 3-96

Noise Tested 0.001

LinCMOS, Low Noise Precision 4.6 16 0.5 ngg1 400 1.9 2.7 TLC2201! D,JG,L,P 3-96

LinCMOS, Precision, Chopper Stabilized 3.8 16 |0.001 013'84 5600 | 1.9 2.8 | TLC2652Al | D,J,JG,LN,P| 3-97 g
-

LinCMQS, Precision, Chopper Stabilized 3.8 16 |0.003 Ongai 1000 | 1.9 2.8 TLC26521 | D,J,JG,LN,P| 3-97 [5+]

LinCMOS, Low Noise, Precision, 46| 16 [001| Y | s600| 1.9 | 2 | TLc2654A1 |D.0.G.LNP| 3-98 E

Chopper Stabilized 0.05 )

LinCMOS, Low Noise, Precision, Typ L

Chopper Stabilized 4.6 16 | 0.02 |y ] 1000 1.9 2 TLC26541 |D,J,JG,L,N,P| 3-98 .E

Excalibur, High-Speed, Precision 4 40 | 05 [ 25 [1000] 2 0.9 | TLE2021 | D.FK.JG,L.P | 3-99 —
o
[0
c
&
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, single

industrial temperature range

(Values specified for Tp = 25°C)

SUPPLY
voLtage | VIO | B | Avp | B1 | SR PAGE
DESCRIPTION W) (mV) | (nA) |(V/mV)]| (MHz)| (V/us) TYPE PACKAGES NO
MIN | MAX | MAX | MAX | MIN | TYP | TYP

Chopper-Stabilized — +1.9] +8 [0.0056[0.03]1000] 1.2 | 4 | LTC1052C | J.JG.LN,P [325
Chopper-Stabilized +1.9| +8 [(0.005| 0.03 [ 1000 | 1.2 4 LTC7652C L 3-3
Low Noise, High Speed +3.5| +£22 [(0.025| 40 1000 8 2.8 OP-27E JG,L,P 3-33
Low Noise, High Speed +3.5| £22| 0.1 80 700 8 2.8 OP-27G JG,L,P 3-34
Low Noise, High Speed, Bipolar,
Noncompensated, Ay = 5 +4 +22 |10.025| 40 1000 | 40 17 OP-37E JG,L,P 3-35
Low Noise, High Speed, Bipolar,
Noncompensated, Ay, = 5 +4 +22| 041 80 700 40 17 0P-37G JG,L.P 3-35
BIFET, Low Power, Precision +3.5| +18 | 0.8 0.2 5 1.1 2.9 TLO31AI D,JG,L,P |3-40
BIFET, Low Power, Precision +3.56| +18| 1.6 0.2 5 1.1 2.9 TLO31I D,JG,L,P_|3-40
BIFET, Precision +3.5| +18 | 0.8 0.2 50 3.1 20 TLO51AI D,JG,LP |3-44
BIFET, Precision +3.5[ +18| 1.6 | 0.2 50 3.1 20 TLO51I D,JG,L.P_[3-44
BIFET, Low Power +3.5] +18 6 0.2 4 1 3.5 TLO61I D.JG,P 3-48
BIFET, Adjustable, Low-Power +1.2 18 6 0.2 4 1 3.5 TLO66I D,JG,P 3-51
BIFET, Low Noise +3.5| +18 6 0.2 50 3 13 TLO71I D,JG,P 3-53
BIFET, General Purpose +3.5| +18 6 0.2 50 3 13 TLO81I D.JG.P 3-58
BIFET, Low Offset Voltage +3.56] 18| 0.5 0.2 50 3 13 TLO87I D,JG,P 3-63
BIFET, Low Offset Voltage +3.5| +18 1 0.2 50 3 13 TLO8S8I D.JG,P 3-64
Single LM324, [sis 3 30
High Performance I D/S +1.5| +15 5 -150] 50 0.6 03 L3221l JG.P 368
LinCMOS, Programmable, Low Bias 4 18 5 ngg7 50 0.11 | 0.04] TLC271AI D.JG.P 3-80
LinCMOS, Programmable, Medium Bias 4 18 5 Ong7 25 0.64 | 0.56 | TLC271Al D,JG.P 3-81
LinCMOS, Programmable, High Bias 4 18 5 ngg7 10 2.2 4.6 | TLC271Al D.JG,P 3-79
LinCMOS, Programmable, Low Bias 4 18 2 Ong7 50 0.11 [ 0.04| TLC2718BI D.JG,P 3-80
LinCMOS, Programmable, Medium Bias 4 18 2 Ong7 25 0.64 | 0.56| TLC2718BI D.JG,P 3-81
LinCMOS, Programmable, High Bias 4 18 2 0T0y87 10 2.2 4.6 TLC2718BI D.JG,P 3-79
LinCMOS, Programmable, Low Bias 4 18 | 10 ng87 50 | 0.1 0.04| TLC271I D.JGP |3-80
LinCMOS, Programmable, Medium Bias 4 18 10 OT(;’87 25 0.64 | 0.56 TLC271) D.JG,P 3-81
LinCMOS, Programmable, High Bias 4 18 | 10 ng87 10 | 22 | 46| TLC271 DJGP [3-79
LinCMOS, Precision, Low Noise 4.6 16 0.2 ngg1 400 1.9 2.7 | TLC2201Al D.JG,LP [3-96
LinCMOS, Precision, Low Noise, 100% Typ
Noise Tested 4.6 16 0.2 0.001 400 1.9 2.7 | TLC22018BI D,JG,LP |3-96
LinCMOS, Precision, Low Noise 46| 16 | 0.5 OT(‘)’& 400 | 1.9 | 2.7 | TLc2201 | DJGLP |3-96
LinCMOS, Precision, Chopper Stabililzed 3.8 16 |0.001 OTC‘)/gd 5600 | 1.9 2.8 | TLC2652Al |D,J,JG,LN,P|3-97
. . - Typ D.J.JG,
LinCMOS, Precision, Chopper Stabilized 3.8 16 |0.003 0.004 1000 | 1.9 2.8 TLC26521 LNP 3-97
LinCMGS, Low-Noise, Precision, Typ 0.J,JG,
Chopper Stabilized 4.6 16 0.01 0.05 5600 | 1.9 2 TLC2654Al LN.P 3-98
LinCMOS, Low-Noise, Precision, Typ D.J.JG,
Chopper Stabilized 4.6 16 0.02 0.05 1000 | 1.9 2 TLC2654!1 LN.P 3-98
Excalibur, High-Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE20211 | D,FK,JG,L,P |3-99
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single

commercial temperature range (Values specified for TpA = 25°C)
suPPLY LY . . AL n_ an
voLTage | 'O | 1B | BVD | 21 | ST PAGE
DESCRIPTION ) (mV) | (nA) [(V/ImV)|(MHz)| (V/us) TYPE PACKAGES NO
MIN | MAX | MAX | MAX| MIN | TYP | TYP
BIFET +3.5| £18 10 0.2 25 3 13 LF351 D,JG,P 3-5 1
BIFET +3.5| +18 2 0.2 25 3 13 LF411C D,JG,P 3-7
D.J.JG,

High Performance +2 +18| 7.5 250 25 1 0.5 LM307 NP \2 3-12 c
High Performance +5 +20 10 250 25 15 70 LM318 D,JG,P 3-14 -g'
Precision +5 | +220.025| 2 450 | 0.8 | 0.25| LT1001AC JG,L,P 3-18 4+
Precision +5 | +22| 0.06 4 400 [ 0.8 | 0.25| LT1001C JG,L,P 3-18 E
Low Noise, High Speed, Precision Input +2.5| +22 {0.025| 35 7000 8 1.7 | LT1007AC JG,P 3-19 ‘5
Low Noise, High Speed, Precision Input +2.5{ +22|0.060| 55 5000 8 1.7 LT1007C JG,P 3-19 S
Ultra Precision +25| +20| 0.05 | 0.15| 200 — 0.2 LT1012C L.P 3-21 .E
Low Noise, High Performance +45( +18 | 0.08 | 120 500 75 15 LT1028AC D, JG.LP |[3-23 —
Low Noise, High Performance +45( £18 | 0.13 | 240 | 300 75 15 LT1028C D.JG,LP |3-23 E
Low Noise, High . o
ow Noise, High Speed +25| +22|0025| 35 | 7000 60 | 15 | LT1037AC JGP  |324 c
Noncompensated, Ay = 5 ]
L Noise, Hi .

ow Noise, High Speed +2.5| +22|0.060| 55 | 5000 | 60 | 15 | LT1037C JGP  |3-24 o
Noncompensated, Ay = 5
Low Noise, High Performance +3 +22 4 1500 25 10 13 NE5534 D,JG,P 3-28

Low Noise, High Performance +3 +22 4 1500| 25 10 13 NE5534A D,JG,P 3-28
Ultra-Low Offset Voltage +3 | +22] 0.15 7 120 | 0.6 | 0.3 OP-07C D.JG,P 3-29
Ultra-Low Offset Voltage +3 +22 | 0.15 12 120 0.6 0.3 OP-07D D,JG,P 3-30
Ultra-Low Offset Voltage +3 +22 | 0.075 4 200 0.6 0.3 OP-07E D.JG,P 3-31
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, single

commercial temperature range (Values specified for TA = 25°C)
SUPPLY v ! A B SR
VOLTAGE 10 [ B f AvD | B1 PAGE
DESCRIPTION W) (mV) | (nA) [(V/ImV)] (MH2) | (V/us) TYPE PACKAGES |
MIN | MAX | MAX | MAX| MIN | TYP | TYP
BIFET, Low Power, Precision +3.5| 18| 0.8 | 0.2 5 1.1 [ 2.9 | TLO31AC |[D,FK,JG,LP |3-40
BIFET, Low Power, Precision +3.5| +18| 1.5 | 0.2 5 1.1 | 29| TLO31C |D,FK,JG,L.P|3-40
BIFET, Precision +3.5( 18| 0.8 | 0.2 | 50 | 3.1 20 | TLOS1AC |D,FK,JG,L.P [3-44
BIFET, Precision +3.5] +18[ 1.6 | 0.2 | 50 | 3.1 20 TLO51C | D,FK,JG,L,P |3-44
BIFET, Low Power +3.5| +18| 6 0.2 4 1 3.5 | TLOB1AC D,JG,P |3-48
BIFET, Low Power +35] +18| 3 0.2 4 1 3.5 | TLO61BC D,JGP |3-48
BIFET, Low Power +3.5] 18| 15 | 0.2 3 1 3.5 | TLOB1C D,JGP [3-48
BIFET, Adjustable, Low-Power +1.2|] +18| 6 0.2 4 1 3.5 | TLO66AC D,JGP [3-51
BIFET, Adjustable, Low-Power +1.2] £18] 3 0.2 4 1 3.5 | TLO66BC D.JGP [3-51
BIFET, Adjustable, Low-Power +1.2| 18| 15 | 0.4 3 1 3.6 | TLO66C D,JGP |3-51
BIFET, Low Noise +3.5( +18| 6 0.2 | 50 3 13 | TLO71AC D,JGP |3-53
BIFET, Low Noise +3.5[ +18| 3 0.2 | 50 3 13 | TLO71BC D,JGP [3-53
BIFET, Low Noise +3.5[ +18| 10 | 0.2 | 25 3 13 TLO71C D,JGP [3-53
BIFET, General Purpose +3.5| =18 6 0.2 50 3 13 TLO81AC D.JG,P 3-58
BIFET, General Purpose +3.5| 18| 3 0.2 | s0 3 13 | TLO81BC D,JG,P [3-58
BIFET, General Purpose +3.5] 18 15 0.4 25 3 13 TLO81C D.JG,P 3-58
BIFET, Low Vjg +3.5| +18| 0.5 | 0.2 | 50 3 13 TLO87C D,JGLP [3-63
BIFET, Low V|g +3.5( £18] 1 02| s0 3 13 TLO8SC D.JGLP |3-64
Single LM324, High | S/S 3 30
7 |-250 25 . . 321C P -
Performance D/S 1.5 15 06 03 b J6 3-68
LinCMOS, Programmable, Low Bias 14| 18 5 ng81 30 | 0.1 | 0.04| TLC251AC DJGP [3-71
LinCMOS, Programmable, Medium Bias 1.4 | 18 5 ng31 20 | 0.7 | 0.6 | TLC251AC D.JGP [3-72
T
LinCMOS, Programmable, High Bias 1.4 | 18 5 1o g& 10 | 2.3 | 4.5 | TLC251AC D.JGP [3-70
T
LinCMOS, Programmable, Low Bias 14| 18 2 |, (‘)’31 30 | 0.1 | 0.04| TLC251BC D.JGP [3-71
T
LinCMOS, Programmable, Medium Bias 1.4 | 18 2 | g(; 20 | 0.7 | 0.6 | TLC251BC DJGP [3-72
T
LinCMOS, Programmable, High Bias 14| 18 2 |, gg1 10 | 2.3 | 4.5 | TLC251BC D.JGP [3-70
LinCMOS, Programmable, Low Bias 14| 18 10 ng§1 30 | 0.1 | 0.04| TLC251C DJGP [3-71
LinCMOS, Programmable, Medium Bias 1.4 | 18 10 ng§1 20 | 0.7 | 0.6 | TLC251C D.JGP [3-72
T
LinCMOS, Programmable, High Bias 141 18 | 10 | (;’81 10 | 2.3 | 45| Tic251C | DJGP [3-70
T
LinCMOS, Programmable, Low Bias 3 18 5 0 oyg7 50 | 0.11 | 0.04 | TLC271AC D,JG,P 3-80
T
LinCMOS, Programmable, Medium Bias 3 18 5 o (;’87 25 | 0.64 | 0.56 | TLC271AC D.JG.P |3-81
T
LinCMOS, Programmable, High Bias 3| 8| s | gg7 10 | 22 | 46 | TLc271ac | puce  |3-79
1116 I TeExas b
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single

commercial temperature range (Values specified for T = 25°C
o suppLY [ e | a o | sn
10 B VD 1
VOLTAGE PAGE
DESCRIPTION W) (mV) | (nA) | (VImV)| (MHz) | (V/us) TYPE PACKAGES |\
MIN | MAX | MAX | MAX| MIN | TYP | TYP
LinCMOS, Programmable, Low Bias 3 18 2 ng87 50 | 0.11| 0.04| TLC271BC D.JG,P |3-80
T
LinCMOS, Programmable, Medium Bias 3 18 2 |, gg7 25 | 0.64 | 0.56| TLC271BC D.JG,P |3-81 c
- o
T
LinCMOS, Programmable, High Bias 3 18 2 Y| 10 | 22| 46 | TLc271BC D.JGP |3-79 =
0.007 1]
T
LinCMOS, Programmable, Low Bias 3 18 10 o gg7 50 | 0.11] 0.04| TLC271C D.JG,P 3-80 g
_ : o
) " ) Typ ]
LinCMOS, Programmable, Medium Bias 3 18 10 25 | 0.64 | 0.56] TLC271C D.JG,P 3-81 c
0.007 -
T —
LinCMOS, Programmable, High Bias 3 18 10 0 gg7 10 2.2 4.6 TLC271C D,JG.P 3-79 E
Typ )
LinCMOS, Precision, Low Noise 46| 16 | 02 | .| 400 | 1.9 | 27 |TLC2201AC D.JG.LP |3-96 8
inCMOS, Precision, ise, T
LinCMOS, Precision, Low Noise, 100% | , o | 16 | 02 | ™ | 400 | 1.9 | 2.7 | TLc22018c| DIGLP [3.96 o
Noise Tested 0.001
T
LinCMOS, Precision, Low Noise 4.6 16 0.5 0 gg1 400 1.9 2.7 | TLC2201C D,JG,LP |3-96
T
LinCMOS, Precision, Chopper Stabilized 38 | 16 |0.001 gg4 6600 | 1.9 | 2.8 [TLC2652AC |D,J,JG,L,N,P|3-97
T
LinCMOS, Precision, Chopper Stabilized 38| 16 |0.003, g(; 1000 | 1.9 [ 2.8 | TLC2652C | D,J,JG,L.N,P[3-97
- PR — T
LinCMOS, Low-Noise, Precision sa6| 16 |0o1| ™ 1lseo0o| 1.9 | 2 |Tic2654AC|D.u.JG,LN.P|3-98
Chopper Stabilized 0.05
LinCMOS, Low-Noise, Precision, T
iNCMOS, Low-Noise, Precision 46| 16 |002| ™| 1000| 1.9 | 2 | TLc2e54C |D.uJG.LN.P|3-98
Chopper Stabilized 0.05
Excalibur, High-Speed, Precision 4 40 [ 05 | 25 [ 1000] 2 0.9 | TLE2021C | D.FK,JG,L.P |3-99
General Purpose +2 | £18| 6 500 | 20 1 0.5 | uA741C D.JG,P [3-106
I TEXAS e 117
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, dual

military temperature range

(Values specified for TpA = 25°C)

SUPPLY 1y w | A B SR
VOLTAGE 10 | 7B | AvD | B PAGE
DESCRIPTION W (mV) | (nA) (VImV)| (MHz)| (Vius)|  TYPE | PACKAGES |\
MIN | MAX | MAX | MAX| MIN | TYP | Tvp
High Gain, Low P Bipola S5 3 | 30 | 150| 50 [ 0.6 | 0.2 | Lm158 FKJGU |3-17
igl ain, Low Power, Bipolar oSl =18l =15 . . WG, -
General Purpose +2 | +22| 5 | 500 50 | 1 | 05| MCis68 | FKJG.U |3-26
Precision +5 | £22| 015 | 20 | 1500 | 0.7 | 0.4 | LT1013AM 6L |322
Precision +5 | 22| 03 | 30 | 1200] 0.7 | 0.4 | LT1013Mm WGL  |322
High Performance +4 | +22 5 500 50 3.5 1.7 RM4558 JG 3-37
Low Power 2| 22| 5 |100]| 1 | 05| 05| TLozzm U 3-39
BIFET, Low Power, Precision +35] 18| 08 | 0.2 | 5 | 1.1 | 2.9 | TLO32AM | FKJGL |341
BIFET, Low Power, Precision +35] 18| 15 | 02| 5 | 1.1 | 2.9 | TL032M | FK.JGL |3-41
BIFET, Precision +35| +18| 08 | 0.2 | 50 | 3 | 16 | TLO52AM | FK.JG.L |345
BIFET, Precision +3.5] +18| 1.5 | 02| 50 | 3 | 16 | TLO62M | FK.JG.L |3-45
BIFET, Low Power +35| 18] 6 | 02| 4 1 | 35| TLO62M | FK,JGU |349
BIFET, Low Noise +35| z18| 6 | 02| 35 | 3 | 13 | TLo72m FK,JG  |3-54
BIFET, General Purpose +35| 18| 16 | 0.2 ] 25 | 3 | 13 | TLoszm FK,JG  |3-59
BIFET, General Purpose +3.5| +18 6 0.2 25 3 13 TLO83M FK.,J 3-60
BIFET, General Purpose +35| 18] 3 | 04| 60 | 3 | 13 | TL287Mm JGU  |366
BIFET, General Purpose +35| 18| 3 | 04| 50 | 3 | 13 | TL288M JGU  |367
T
LinCMOS, High Bias a | 18| 10 | ggs 10 | 22 | 53| TLc272m FKJG  |3-82
T
LinCMOS, High Bias a | 18|05 | ggs 10 | 22 | 53| TLIc277™ FKJG  |3-84
T
LinCMOS, Low Bias a | 8| 10 | ggs 50 | 0.1 | 0.05| TLc27L2M | FK.JG  |3-86
T
LinCMOS, Low Bias a | 18| o5 | (‘)’35 50 | 0.1 | 0.05| TLc27L7M | FK.JG  |3-88
T
LinCMOS, Medium Bias a | 18] 10 | ggs 25 | 0.6 | 0.6 | TLC27M2M | FK,JG  |3-90
T
LinCMOS, Medium Bias 4 | 18|05 | ggs 25 | 0.6 | 0.6 |TLc27MIM | FKJG  |3-92
T
LinCMOS, Micro Power, Precision 4 | 18 | o6 | g& 500 | 0.11| 0.5 | TLc1078M |  FK,JG  |3-94
Excalibur, High Speed, Precision 4 40 0.5 25 | 1000 2 0.9 | TLE2022M FK,JG,L [3-100
1418 I Texas
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual

automotive temperature range (Values specified for Tp = 25°C)
suppLy [ 1A o | sm
10| B | Avp | B4
VOLTAGE PAGE
DESCRIPTION ") (mV) | (nA) |(VimV)| (MHz) | (Vius)|  TYPE | PACKAGES | |
MIN | MAX | MAX | MAX| MIN | TYP | TYP
High Gain, Low Power, Bipolar SIS 3 30 5 150 50 0.6 0.2 LM258 D,JG,PU |3-17 1
9 ' $ B D/S| 15| £1.6 i ’ R
o ) sis| 3 | 30
High Gain, Low Power, Bipolar 3 -80 50 0.6 0.2 LM258A D,JG,P,U [3-17 c
D/S| +1.5] +1.5 °
High Gain, Low Power, Bipolar SiS| 3 | 26 ), 250 " | 06 | 0.2 | Lm2804 | puspu 317 -
9 ' i D/S| 15| 13 100 | : Sl ©
High Performance +4 +18 6 ~500| 20 3 1.7 RV4558 D,JG,P 3-37 E
BIFET, Low Power, Precision +3.5| +18| 0.8 0.2 5 1.1 2.9 TLO32AI D,JG,L,P |[3-41 ‘o'
BIFET, Low Power, Precision £35| +18] 15 | 02| 5 | 1.1 | 29 | TLo32 D.JGLP |3-41 -
BIFET, Precision £35| 18] 08 | 02| 50 | 3 | 16 | TLO52AI | D,JGLP |3-45 £
BIFET, Precision $365| 18| 15 | 02| 50 | 3 | 16 | TLo52I D.JGLP |345 —_
BIFET, Low Power t35| z18] 6 | 02| 4 1T | 35| TLO62I D.JGP |349 ©
BIFET, Low Noise £35| 18] 6 | 02| 50 | 3 | 13 | Tlo72l D.JGP |354 g
BIFET, General Purpose +35| 18] 6 | 02| 50 | 3 | 13 | TLo82l D.JGP |359 @
BIFET, General Purpose +3.5| 18 6 0.2 50 3 13 TLO83I D.JG,P 3-60 (O
BIFET, General Purpose +3.5| +18 | 0.5 0.2 50 3 13 TL2871 D,JG.P 3-66
BIFET, General Purpose +35] 18] 1 | 02| 50 | 3 | 13 | TLz88I D.JGP |367
Low Power 15| 18| 8 |-500] 20 | 1 | 0.6 | TL322i D.JG,P |369
T
LinCMOS, High Bias a | 18| 5 | ggs 10 | 2.2 | 53| Tic272a1 | DJGP  |3-82
LinCMOS. High Bias 4 | 181 2 oTovgs 10 | 22| 53 Tice7em | puce 382
T
LinCMOS, High Bias 4 | 18] 10 o'ggs 10 | 22| 53| TLc2721 D.JGP |[3-82
T
LinCMOS, High Bias 4 | 18 |os | ggs 10 | 22| 53| TLc277M D.JGP |3-84
T
LinCMOS, Low Bias a || s | ggs 50 | 0.1 | 0.05| TLc27L2A1 | DUGP |3.86
T
LinCMOS, Low Bias N LE I ggs 50 | 0.1 | 0.05| TLc27t28 | DUGP |3-86
T
LinCMOS, Low Bias 4 | 18| 10 | ggs 50 | 0.1 | 0.05| Tic27t2l | puGe |3-88
T
LinCMOS, Low Bias 4 | 18 |os | ggs 50 | 0.1 | 0.05| TLc27Lm | DpuGe |3-88
T
LInCMOS, Medium Bias a || s | ggs 25 | 0.6 | 0.6 |TLc27M2A1| DuGP [3-90
T
LinCMOS, Medium Bias a || 2 |, ggs 25 | 0.6 | 0.6 [ TLc27m2BI| DUGP  |3-90
a1 1el 10 nggs 25 | os | o8l Ticormat | buge [3so
T
LinCMOS, Medium Bias 4| 18| o5 | ggs 25 | 06 | 0.6 | TLc27M71 | DJGP [3-92
T
LInCMOS, Micro Power, Precision a | 18| o6 [, gg7 500 (0.1 | 0.05| TLC1078! | D.JG.P |3-94
Excalibur, High Speed, Precision 4 | 40 | 05 | 25 | 1000| 2 | 0.9 | TLE20221 | D,JG.LP |3-100
Texas % 119
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, dual

industrial temperature range

(Values specified for TA = 25°C

UOIJ_WIOU| [BIBUSK) 'l

SUPPLY |y e | A B SR
voLTage | 10 | "B | AvVD | Bi PAGE
DESCRIPTION I (mV) | (nA) |(V/mV)| (MHz) | (V/us)|  TYPE | PACKAGES ||
MIN | MAX | MAX | MAX| MIN | TYp | TYp
BIFET, Low Power, Precision +3.5| +18 0.8 0.2 5 1.1 2.9 TLO32AI D,JG,LP [3-41
BIFET, Low Power, Precision 35| 18] 15 | 02| 5 | 1.1 | 2.9 | TLo32l D.JGLP |3-41
BIFET, Precision +3.5] +18] 08 | 0.2 ] 5 | 3 | 16 | TLO52AI | D,JGLP |3-45
BIFET, Precision +35| 18] 15 | 02| 50 | 3 | 16 | TLo52I D.JGLP |3-45
BIFET, Low Power +35| t18| 6 | 02 | 4 1 | 35| TLo621 D.JGP |349
BIFET, Low Noise +35| +18] 6 | 02| 50 | 3 | 13 | TLO072I D,JGP |354
BIFET, General Purpose +3.5| +18 6 0.2 50 3 13 TLO82I D,JG,P 3-59
BIFET, General Purpose +3.5| +18 6 0.2 50 3 13 TLO83I D,JG,P 3-60
BIFET, General Purpose +3.6| +18 | 0.5 0.2 50 3 13 TL2871 D,JG,P 3-66
BIFET, General Purpose £35| 18] 1 | 02| 50 | 3 | 13 | TeLessi D.JGP |367
Low Power +1.5| £18 8 -500 20 1 0.6 TL322i D,JG,P 3-69
T
LinCMOS, High Bias 4| 18| 5 | ggs 10 | 22 | 5.3 | TLc272a1 | DJGP  [3-82
T
LinCMOS, High Bias a | s | o2 | ggs 10 | 22 | 53| TLc272e1 | DuGP |382
T
LinCMOS, High Bias 4 | 18| 10 | ggs 10 | 22 | 53| TLC2721 D.JGP |3.82
LinCMOS, High Bias a | 18| 05 nggs 10 | 22 | 53| TLC2771 D.JG.P |384
T
LinCMOS, Low Bias a || s | ggs 50 | 0.1 | 0.05| TLc27L2A1 | D,JGP |3-86
T
LiInCMOS, Low Bias a | e | 2 | gga 50 | 0.1 | 0.05| TLc27L2BI | D,JGP |[3-86
T
LinCMOS, Low Bias 4 | 8| 10 | ggs 50 | 0.1 | 0.05| TLC27L21 | D,JGP |[3-86
T
LinCMOS, Low Bias a | 8| o5 | ggs 50 | 0.1 | 0.05| TLC27L7I | D,JGP |3-87
T
LinCMOS, Medium Bias a | 18| 5 | (‘)’gs 25 | 0.6 | 0.6 | TLC27M2AI| DUGP |[3-90
T
LinCMOS, Medium Bias a s 2 |, ggs 25 | 0.6 | 0.6 | TLc27m2B1| DuGP  [390
T
LinCMOS, Medium Bias 4 | 18| 10 | ggs 25 | 0.6 | 0.6 | TLc27M21 | DG  |3-90
T
LinCMOS, Medium Bias a | 18|05 | ggs 25 | 06 | 0.6 | TLc27M71 | DJG.P |[3-92
LinCMOS, Micro Power, Precision 4 | 18| 06 ng87 500 | 0.11 | 0.05| TLC10781 | DJG.P |3-94
Excalibur, High Speed, Precision 4 | 40 | 056 | 25 | 1000| 2 | 0.9 | TLE20221 | D,JG.LP |3-100

U
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual

/

commercial temperature range (Values specified for Tp = 25°C)
M SUPPLY
voutage | VIO | B | Avp | B1 | SR PAGE
DESCRIPTION W) (mV) | (nA) | (V/mV)| (MHz) | (V/us)|  TYPE PACKAGES |\ "
MIN | maX | MAX | MAX| MIN | TYP | TYP
BIFET, General Purpose +3.5( +18 10 0.2 25 3 13 LF353 D,JG,P 3-6
BIFET, Low Offset +35] t18] 3 [ 02| 25 3 13 LF412C D,JGP [3-8
] ) sis| 3 30
High Gain, Low Power, Bipolar oSl 215l 215 7 -250| 25 0.6 0.2 LM358 D.JGPU |3-17
sis| 3 30
High Gain, Low Power, Bipolar DS 215] =15 3 -100| 25 0.6 0.2 LM358A D.JGPU |3-17
Precision +5 | +22[0.15 | 20 [ 1500 | 0.7 | 0.4 | LT1013AC JGLP [322
Precision +5 | +22| 0.3 [ 30 [ 1200 0.7 | 0.4 [ LT1013C JGLP [3-22
Precision +5 | +22| 0.8 | 30 | 1200| 0.7 | 0.4 | LT1013D | D.JGLP [3-22
General Purpose +1.5] +18 6 500 20 1 0.5 MC1458 D,JGP,U |3-26
Low Noise +3 | +20| 4 [8o00| 25 | 10 9 NE5532 JG,P 3-28
Low Noise +3 [ £20] 4 [ 800 25 [ 10 9 | NE5532A JG,P 3-28
High Performance +4 +18 6 500 20 3 1.7 RC4558 D,JG,P 3-37
High Performance +4 | 18 6 250 20 4 2 RC4559 D,P 3-38
Low Power B +2 | £18| 5 | 250 | 1 05 | 0.5 | TLO22C D,JG,P [3-39
BIFET, Low Power, Precision +36[ 18] 0.8 | 0.2 5 1.1 | 2.9 | TL032AC | DJGLP [3-41
BIFET, Low Power, Precision +3.5| 18 1.5 0.2 5 1.1 2.9 TLO32C D,JG,LP |3-41
BIFET, Precision +35| 18| 1.5 | 0.2 | 50 3 16 | TLOS2AC | D.JGLP |3-45
BIFET, Precision +35] +t18| 4 | 02| 50 3 16 | TLO52C D.JGLP [3-45
BIFET, Low Power +35| +18| 6 | 02| 4 1 | 3.5 | TLO62AC D.JGP |3-49
BIFET, Low Power +3.5] z18] 3 [o02]| 4 1 3.5 | TLO62BC D.JGP [3-49
BIFET, Low Power " [%35| 18| 15 | 0.4 | 3 1 3.5 | TLO62C D,JGP |3-49
BIFET, Low Noise +365] 18] 6 | 0.2 | 50 3 13 | TLO72AC D.JG.P [3-54
BIFET, Low Noise +35| +18| 3 | 0.2 | 50 | 3 13 | TLO72BC D,JGP |3-54
BIFET, Low Noise +35[ +18] 10 | 0.2 | 25 3 13 | TLO72C D,JG,P [3-54
BIFET, General Purpose +35] +18] 6 | 02| 50 3 13 | TLO82AC D,JGP [3-59
BIFET, General Purpose +35| +18| 3 | 0.2 | 50 3 13 | TLO82BC D,JGP [3-59
BIFET, General Purpose +35] +18| 15 | 0.4 | 25 3 13 | TLO82C D,JGP [3-59
BIFET, General Purpose +35| +18| 6 | 0.2 | 50 3 13 | TLOB3AC D.JG,N |3-60
TeExas
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, dual

commercial temperature range

(Values specified for TA = 25°C)

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265

SUPPLY

voLtage | Vio | 8 | Avp | Bq SR PAGE

DESCRIPTION W) (mV) | (nA) | (V/mV)| (MHz) | (Vius)|  TYPE | PACKAGES | FS
MIN | MAX | MAX | MAX| MIN | TYP | TYP

BIFET, General Purpose +35| 18] 15 | 0.4 | 25 | 3 | 13 | TLO83C D,JGN__|3-60
BIFET, General Purpose +3.56 +18 | 0.5 0.2 50 3 13 TL287C D,JG,P 3-66
BIFET, General Purpose +3.5| +18 1 0.2 50 3 13 TL288C D,JG,P 3-67
Low Power £1.6] £18| 10 |-500] 20 | 1 | 0.6 | TL322C D,JGP_ |3-69
LinCMOS, High Bias 14| 18 5 nggs 10 | 22 | 5.3 | TLcs2ac | pJGP  [3-73
LinCMOS, High Bias 1.4 18 2 nggs 10 2.2 5.3 | TLC252BC D.JG,P 3-73

=

LinCMOS, High Bias 14| 18 | 10 |, ggs 10 | 22 | 53| Tic2s2c | bJGP |3-73
LinCMOS, Low Bias 14| 18| s nggs 30 | 0.1 | 0.05|TLC25L2AC| D.JGP |3-75
LinCMOS, Low Bias 14| 18| 2 nggs 30 | 0.1 | 0.05|TLC25L28C| DUGP |3-75
LinCMOS, Low Bias 14| 18 | 10 oTngs 30 | 0.1 | 0.05| TLc25L2C | DUGP |3-75
LinCMOS, Medium Bias 14] 18| s nggs 20 | 0.6 | 0.6 |TLc2sM2AC| DGR  [3-77
LinCMOS, Medium Bias 14| 18| 2 nggs 20 | 0.6 | 0.6 |TLC25M2BC| D.UGP |3-77
LinCMOS, Medium Bias 14| 18| 10 ngops 20 | 0.6 | 0.6 | TLC25M2C | DJGP |3-77
LinCMOS, High Bias 3| 18| s nggs 10 | 2.2 | 5.3 | TLc272ac | DJGP  |3-82
LinCMOS, High Bias 3 18 2 nggs 10 | 2.2 | 53| TLC2728C | D,JGP |3-82
LinCMOS, High Bias 3 18 | 10 nggs 10 | 2.2 | 53| TLC272C D,JGP [3-82
LinCMOS, High Bias 3| 18] o5 nggs 10 | 22| 53| Tic277c | puGe |3-84
LinCMOS, Low Bias 3| 18] s nggs 50 | 0.1 | 0.05|Tlc27L2ac| DJGP |3-86
LinCMOS, Low Bias 3| 18| 2 nggs 50 | 0.1 | 0.05|TLc27L2BC| DJGP  |3-86
LinCMOS, Low Bias 3| 18] 10 nggs 50 | 0.1 | 0.05| TLc27tec | DJGP  |3-86
LinCMOS, Low Bias 3| 18| os nggs 50 | 0.1 | 0.08| TLc27L7¢ | DJGP |3-88
LinCMOS, Medium Bias 3 18 5 nggs 25 0.6 0.6 |TLC27M2AC D.JG,P 3-90
LinCMOS, Medium Bias 3| 18| 2 nggs 25 | 06 | 06 [TLc27M2BC| DJGP  |3-90
LinCMOS, Medium Bias 3 | 18| 10 nggs 25 | 06 | 06 | TLc27mM2c | DJGP  |3-90
LinCMOS, Medium Bias 3| 18| o5 nggs 25 | 06 | 0.6 | TLC27M7C | DJGP |3-92
LinCMOS, Micro Power, Precision 14| 18 | 06 | V01 500 | 011|005 TLC1O78C | DJGP (394

Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2022C D,JG,LP |3-100

General Purpose +5 +22 6 500 25 1 0.5 uA747C D,J,N 3-107
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad

military temperature range (Values specified for TA = 25°C)
suepLy [ \ R 5 n
0| s | Avp | Bq
VOLTAGE PAGE
DESCRIPTION W) (mV) | (nA) | (V/mV)|(MHz)| (V/us)|  TYPE | PACKAGES |
MIN | MAX | MAX | MAX| MIN | TYP | TYP
General Purpose 3 | 30 | 5 [-150] 50 | 0.6 | 0.13] Lm124 FKJW  |3-15 1
General Purpose +4 +22 5 100 50 1 0.5 LM148 FK,J 3-16
QUAD UA741, High Performance +4 | 22| 4 | 400| 50 | 35 | 1.7 | RM4136 FKJW |3-36
BIFET, Low Power, Precision +3.6| +18| 156 | 02| 5 | 1.1 | 2.9 | TLO34AM FK,J 342 g
BIFET, Low Power, Precision +3.5| 18 4 0.2 5 1.1 2.9 TLO34M FK,J 3-42 -
Low Power +2 | £22| 5 | 100| 72 | 0.6 | 0.5 | TLO44M FKJW  |3-43 ©
BIFET, Precision +36] £18( 156 | 02| 60 | 2.7 | 16 | TLOS4AM FK,J 3-46 £
BIFET, Precision +35| 18| 4 | 02| 50 | 27 | 16 | TLO54M FK.J  |3.46 5
BIFET, Low Power +35| t18| 9 | 0.2 | 4 1 | 35| TLOBA4M FK,JW |3-50 -
BIFET, Low Noise +35| 18] 9 | 02| 356 | 3 13 | TLO74M FK.JW |3.55 £
BIFET, General Purpose +35| 18] 9 | 02| 25 | 3 13 | TLOB4M FKJW |3-61 =
T
LinCMOS, High Bias 4 | 18| 10 | ggs 10 | 22 | 53| TLc274M FKJ  |3-83 o
- c
) . ) Typ )
LinCMOS, High Bias 4 18 | 1.2 10 | 2.2 | 53| TLc279M FK,J 3-85
" on B 0.005 (&)
T
LinCMOS, Low Bias 4 18| 10 | ggs 50 | 0.1 | 0.05| TLC27L4M FK.J 3-87
T
LinCMOS, Low Bias 4 | 18|09 | ggs 50 | 0.1 | 0.05| TLC27LOM FK,J 3-89
T
LinCMOS, Medium Bias 4 18 [ 10 | ggs 20 | 0.6 | 0.6 | TLC27Mam FK,J 3.91
Tvn
LinCMOS, Medium Bias 4 18 | 0.9 oAg(;s 20 | 06 | 0.6 | TLC27MaM FK,J 3-93
T
LinCMOS, Micro Power, Precision 4 | 18 s | gg7 500 | 0.1 | 0.05| TLC1079M | DUGP |[3-95
Excalibur, High Speed, Precision 4 | 40 | 05 | 25 | 1000| 2 | 0.9 | TLE2024M FK,J 3101
Texas 1.23
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, quad

automotive temperature range

(Values specified for TA = 25°C)

SUPPLY
v e | A By | SR
VOLTAGE | ‘10 | 'B | AVD | =1 PAGE
DESCRIPTION W (mV) | (nA) |(VimV)| (MHz) | (V/us)|  TYPE | PACKAGES |
n MIN | MAX | MAX | MAX| MIN | TYP | TYP
Norton Amplifier, Bipolar S/S| 4.5 32 200 1.2 25 0.5 LM2900 UN
I HENE HEE '
=
m Extended Temperature Range LM324 3 26 7 -250 1;8 0.6 0.3 LM2902 D,JNW 3-15
e Bipol SS1 3 1 38 1 g |_s00| 20 | 1 | 06| mcazos 3-27
?D Low Power, Bipolar D/S | =18 =18 - . D,J.N -
= Quad uA741 +45| 18] 6 | 500| 20 | 3 | 1.7 | Rv4136 | DJINW |336
o BIFET, Low Power, Precision £35| 18] 15 | 02| 5 | 1.1 | 2.9 | TLO34Al DIN 342
— BIFET, Low Power, Precision +35| t18| 4 | 02| 5 | 1.1 | 29| TLO3al DN |342
3 BIFET, Precision +35] £t18] 15 | 02 | 50 | 2.7 | 16 | TLO54AI DN |346
o BIFET, Precision $35] 18] 4 | 02| 50 | 27 | 16 | TLOBal DN  |3-46
3 BIFET, Low Power, Precision +3.5| +18 6 0.2 4 1 3.5 TLO64| D,J.N 3-50
& BIFET, Low Noise, Precision 36| 18] 6 | 02| 50 | 3 | 13 | TLO74l D.JN |355
= BIFET, General Purpose +35] 18] 6 |02 50 | 3 | 15 | TLOBAl DIN |36
(=] T
3 LinCMOS, High Bias a | 18| 5 | g& 10 | 2.2 | 5.3 | TLC274A1 DJN |[383
T
LinCMOS, High Bias a s | 2 | g& 10 | 22 | 53| TLc2748i DJN |383
= :
LinCMOS, High Bias a | 18| 10 | 8’31 10 | 22 | 53| TLc274 DJN |[383
T
LinCMOS, High Bias a | s |12 | ggs 10 | 22 | 53| TLC2701 DJN |385
T
LinCMOS, Low Bias a | 8| 5 | ggs 50 | 0.1 | 0.05| TLc27L4AI | DJUN  |3-87
T
LinCMOS, Low Bias a | 18| 2 | ggs 50 | 0.1 | 0.05| TLc27L4BI | DUN  [387
T
LinCMOS, Low Bias a | 18| 10 | ggs 50 | 0.1 | 0.05| TLC27L4l DJN |387
T
LinCMOS, Low Bias 4| 18|09 | Oygs 50 | 0.1 | 0.05| TLC27L9l DJN  |389
T
LinCMOS, Medium Bias a | 18| 5 | ggs 25 | 0.6 | 0.6 |TLC27MaAl| DUN  |3-91
T
LinCMOS, Medium Bias a | 18| 2 | ggs 25 | 0.6 | 0.6 |TLc27M4BI| DJIN  |3-91
T
LinCMOS, Medium Bias a | 18| 10 | ggs 25 | 06 | 0.6 | TLC27M4I | DJUN  |3-91
T
LinCMOS, Medium Bias 4 | 18 | o8 | ggs 25 | 06 | 06| TLcz7mal | DUN  |3-93
T
LinCMOS, Micro Power, Precision a | 18 s | gg7 500 | 0.1 | 0.05| TLc10791 | DUGP |3-95
Excalibur, High Speed, Precision 2 | 40 | 05 | 25 | 1000| 2 | 0.9 | TLE2024l | DW.FK.JN |3-101
1-24 b
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, quad

industrial temperature range

(Values specified for Tp = 25°C)

POST OFFICE BOX 855303 * DALLAS, TEXAS 75265

SUPPLY 1, e | A B SR
voLTage | ‘10 | B | AVD | ®1 PAGE
DESCRIPTION W (mV) | (nA) |(V/mV)| (MHz) | (V/us)|  TYPE | PACKAGES |~
MIN | MAX | MAX | MAX| MIN | TYP | TvP
General Purpose, Bipolar 3 | 30 | 5 |-150] 50 | 0.6 | 0.3 | LM224 D.JNW |315 1
General Purpose, Bipolar 3 | 30 | 3 | -80| 50 | 0.6 | 03| LM224A | DJNW |3.15
General Purpose, Bipolar +4 +18 6 200 25 1 0.5 LM248 D,J.N 3-16 c
sis| 3 | 32
High Gain, Low Power, Bipolar 5 -150| 50 0.6 0.2 LM258 D.J.N 317 (=]
D/S| +1.5]| +22 -
High Gain, Low Power, Bipolar SS1 38 | 82 1 4 go| 50 | 0.6 | 0.2 Lm258A DJN  [317 1
e ' - BP DS | £1.5] 222 : ‘ o £
. 1™
i Iy, Norton Amplifier,
Single Supply, Norton Amplifier SS1 4 | 82 1 | 00] 12| 25| 05| Lm2900 D.JN - (=]
Bipolar D/IS| 2| +16 'E
BIFET, Low Power £365| 18| 15 | 02| 5 | 11 | 2.9 | TLO34AI DN |3-42 -
BIFET, Low Power 35| t18| 4 | 02| & | 1.1 | 29| TLo34 DN |3-42 =
BIFET, Precision £35| £18| 16 | 0.2 | 50 | 2.7 | 16 | TLOBAAI DN __|3-46 -
BIFET, Precision +35| 18| 4 | 02| 50 | 2.7 | 16 | TLOS4I D.JN |3-46 g
BIFET, Low Power, Precision +3.5| +18 6 0.2 4 1 3.5 TLO64| D,J.N 3-50 [T}
BIFET, Low Noise, Precision +3.5[ +18] 6 02| 50 3 13 TLO74 D.JN 3-55 (O]
BIFET, General Purpose +3.5| +18 6 0.2 50 3 13 TLO84I D.J.N 3-61
T
LinCMOS, High Bias a || s | gg1 10 | 22 | 53| TLc274A1 DJN |3-83
T
LinCMOS, High Bias a || 2| g& 10 | 22 | 5.3 | TLc274B DJN [3-83
T
LinCMOS, High Bias a | 8| 10| {“’;’1 10 | 22| 53| Tc2741 DJN |3-83
) . ' Typ
LinCMOS, High Bias a [ 18 oo | Bl 10| 2253 Ticzre DJN |385
LinCMOS, Low Bias a | 18] 5 || 50 | 01 |o005|Tic274a1| DUN |3.87
v.Uuo
T
LiInCMOS, Low Bias a 8| 2 | ggs 50 | 0.1 | 0.05| TLc27L4BI | DN 387
) T
LinCMOS, Low Bias a | 18| 10 | ggs 50 | 0.1 | 0.05| TLC27L4l DJN |[387
T
LiInCMOS, Low Bias 4| 18|09 | ggs 50 | 0.1 | 0.05| TLC27LaN DJN |3-89
T
LinCMOS, Medium Bias a | 8| s | ggs 25 | 0.6 | 0.6 | TLC27MaAI| DUN  |3-91
T
LinCMOS, Medium Bias a || 2| ggs 25 | 0.6 | 0.6 |TLC27M4BI| DUN  |3-91
T
LinCMOS, Medium Bias a | 18| 0 | ggs 25 | 0.6 | 0.6 | TLC27MA4I DJN |39
T
LInCMOS, Medium Bias a | 18|09 | ggs 25 | 06 | 06| Tica7mal | DN |393
T
LInCMOS, Micro Power, Precision a | 18 |ras | (‘)’87 500 | 0.11 | 0.05| TLC10791 | D.JGP |[3-95
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE20241 DW,FK,J,N [3-101
I TEXAS X 125
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OPERATIONAL AMPLIFERS
SELECTION GUIDE

internally compensated, quad

commercial temperature range (Values specified for TA = 25°C)
SUPPLY
V| ! A
voLtage | Vo | B | Avp | B1 | SR PAGE
DESCRIPTION ) (mV) | (nA) [ (VImV)]| (MHz) | (V/us) TYPE PACKAGES NO
MIN | MAX | MAX [ MAX| MIN | TYP | TYP
BIFET, General Purpose +3.5] =18 10 0.2 25 3 13 LF347 D,J.N 3-4
General Purpose 3 30 7 -250| 25 0.6 0.3 LM324 DJNW [3-15
General Purpose 3 30 3 -100| 25 0.6 0.3 LM324A D,JNW [3-15
General Purpose +4 +18 6 200 25 1 0.5 LM348 D,JN 3-16
Single Supply, Norton Amplifier, S/S 4 32
- 200 1.2 2.5 0. JN -
Bipolar D/S| x2 +16 5 LM3900 o
S/S 3 36
, Bipol 10 | -500, 1 3 JN -27
Low Power, Bipolar oSl 215 =18 20 0.6 MC3403 D,J 3
Quad uA741, High Performance +4 +18 6 500 20 3 1.7 RC4136 D,JNW [3-36
BIFET, Low Power, Precision +3.5| +18| 1.6 0.2 5 1.1 2.9 TLO34AC D,J.N 3-42
BIFET, Low Power, Precision +3.5( +18 4 0.2 5 1.1 2.9 TLO34C D,JN 3-42
General Purpose +2 +18 5 250 60 0.5 0.5 TLO44C JNW 3-43
BIFET, Precision +3.5| +18 1.5 0.2 50 2.7 16 TLOS4AC D.JN 3-46
BIFET, Precision +3.5| +18 4 0.2 50 2.7 16 TLO54C D,JN 3-46
BIFET, Low Power +3.5| +18 6 0.2 4 1 3.5 TLO64AC D,J.N 3-50
BIFET, Low Power +3.5| £18 3 0.2 4 1 3.5 TLO64BC D,JN 3-60
BIFET, Low Power +3.5] +18 15 0.4 3 1 3.5 TLO64C D.JN 3-50
BIFET, Low Noise +3.56| +18 6 0.2 50 3 13 TLO74AC D.J.N 3-55
BIFET, Low Noise +3.5| +18 3 0.2 50 3 13 TLO74BC D,J N 3-55
BIFET, Low Noise +3.5] +18 10 0.2 50 3 13 TLO74C D,JN 3-55
BIFET, Low Noise +3.5| +18 10 0.2 25 3 13 TLO75C J,N 3-56
BIFET, General Purpose +3.5] +18 6 0.2 50 3 13 TLO8B4AC D,J.N 3-61
BIFET, General Purpose +3.5( +18 3 0.2 50 3 13 TLO84BC D,J.N 3-61
BIFET, General Purpose +3.5| £18 15 0.4 25 3 13 TLO84C D,J.N 3-61
BIFET, General Purpose +3.5| +18 15 0.4 25 3 13 TLO85C JN 3-62
High Performance, Bipolar +4 +18 6 500 20 3 2 TL136C N 3-65
T
LinCMOS, High Bias 1.4 18 5 o ggs 10 2.2 5.3 | TLC254AC D.J.N 3-74
LinCMOS, High Bias 1.4 18 2 OTgSS 10 2.2 5.3 | TLC254BC D.JN 3-74
T
LinCMOS, High Bias 1.4 18 10 o ggs 10 2.2 5.3 TLC254C D.J.N 3-74
LinCMOS, Low Bias 1.4 18 5 nggs 30 0.1 0.05 | TLC25L4AC D.JN 3-76
LinCMOS, Low Bias 14| 18| 2 nggs 30 | 0.1 | 0.05| TLc2sL4BC| DUN  |378
LinCMOS, Low Bias 1.4 18 10 OT(:C‘:S 30 0.1 0.05| TLC25L4C D.JN 3-76
LinCMOS, Medium Bias 14| 18| s nggs 20 | 0.6 | 0.6 |TLC25MsAC| DUN  |3-78
T
LinCMOS, Medium Bias 14l 18 |2 | ggs 20 | 06 | 0.6 |TLc2sMaBc| DJUN  |3-78
T
LinCMOS, Medium Bias 1.4 18 10 o (;lgs 20 0.6 0.6 | TLC25MA4C DJN 3-78

1.26 Texas *’P

INSTRUMENTS

POST OFFICE BOX 855303 * DALLAS, TEXAS 75265



OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad

commercial temperature range (Values specified for TA = 25°C)
SUPPLY s N A " ~es
Vio | #B | AvD | B1 | SR
VOLTAGE PA
DESCRIPTION W mV) | (nA) [(Vimv)| (MH2) | (vius)|  TYPE | PACKAGES foE
MIN | MAX | MAX | max| min | TvP | Tve
LinCMOS, High Bias 3| 18] s orggs 10 | 22 | 53| TLc27aac | DUN  [3-83 1
LInCMOS, High Bias 3| 18| 2 | ™| 10|22 53] Tcerasc| pun [383
0.005 c
. . ' Typ .Q
LinCMOS, High Bias 3| 18] 10 10 | 22| 53| TLc274c DJN |[3-83 =
0.005 ®
) —— Typ E
LinCMOS, High Bias 3| 18| oo 10 | 22 | 53| TLcz79c DJN |3-85
0.005 =
. . Typ -2
LinCMOS, Low Bias 3| 18| s 50 | 0.1 | 0.05|TLc27L4AC| DUN  |387
0.005 [=
-
=
LinCMOS, Low Bias 3 | 18| 2 YY1 50 | 0.1 | 0.05|Tic27LaBc| DN [3-87 -
0.005 ©
-
) ) Typ (1)
LinCMOS, Low Bias 3| 18| 10 | oF| so |01 |005| Ticoziac | DuN  [387 c
& @
LinCMOS, Low Bias 3| 18| o9 | ggs 50 | 0.1 | 0.05| TLc27Loc | DUN  [3-89 (U
T
LinCMOS, Medium Bias 3 e s | ggs 25 | 0.6 | 0.6 |[TLcz7maac| DunN  [3-91
T
LinCMOS, Medium Bias s || o2 | ggs 25 | 0.6 | 0.6 [TLc27maBc| DUN |39
LinCMOS, Medium Bias 3| 18] 10 nggs 25 | 06 | 06| Tica7Mac | DuN |91
T
LinCMOS, Medium Bias 3 | 18| oo | ggs 25 | 07 | 0.6 [ TLca7Mec | DuN 393
T
LinCMOS, Micro Power, Precision 14| 18 | 105 | g:ﬂ 500 | 0.11 | 0.05| TLc1079c | DUN  [3-95
Excalibur, High Speed, Precision 4 40 0.5 25 | 1000 2 0.9 | TLE2024C | DW,FK,J,N [3-101
I TeExas 1.27
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the
user should compare the specifications of the substitute device with the specifications of the original.

furnished and buyer assumes aii risk in the use
rom the use of the information contained herein.

Texas in blfUl ents makes no warranty as to the infor
thereof. No liability is assumed for damages resulting

Manufacturers are arranged in alphabetical order.

ADVANCED SUGGESTED
LINEAR ) P:gE
DEVICES REPLACEMENT :
ALD1701 or TLC271 3-79,3-80,3-81
ALD1702 or
ALD1703
ANALOG SUGGTEISTED PAGE
DEVICES REPLACEMENT NO.
AD510 or AD517 OP-07 3-29,3-30,3-31
DIRECT SUGGESTED
FAIRCHILD T TI P: g E
REPLACEMENT REPLACEMENT '
uA714 OP-07C 3-29
uA714E OP-07E 3-31
uA714L OP-07D 3-30
uA741 uA741 3-106
uA747 uA747 3-107
uA748 uA748 3-108
uA771 TLO71 3-63
uA771A TLO718B or TLOB1B 3-53 or 3-58
uA771B TLO71A or TLO81A 3-53 or 3-58
uA771L TLO81 3-58
uA772 TLO72 3-54
uA772A TLO72B 3-564
uA7728B TLO72A or TLO82A 3-54 or 3-59
uA772L TLO82 3-69
uA774 TLO74 3-55
uA7748B TLO74A or TLO74B 3-65
uA774L TLO84 3-61
Texas
INSTRUMENTS
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

UONBWIO}U| [RIDUSE)

GENERAL
ELECTRIC

ICL7611, or ICL7612,
or ICL7613
ICL7621
ICL7641
ICL7642

HARRIS

HA2515
HA5130-5
HA5135-5

INTERSIL

ICL7611, or ICL7612,
or ICL7613
ICL7621
ICL7641
ICL7642

LINEAR
TECHNOLOGY

LT1001

LT1007
LT1007A
LT1037
LT1037A

MAXIM

ICL7611, or ICL7612,
or ICL7613
ICL7621
ICL7641
ICL7642

SUGGESTED
Tl
REPLACEMENT
TLC271

TLC272
TLC274 or TLC27L9
TLC27M9

SUGGESTED
TI
REPLACEMENT
LM318
OP-07E
0P-07C

SUGGESTED
TI
REPLACEMENT
TLC271

TLC272
TLC274 or TLC27LY
TLC27M9

DIRECT SUGGESTED
TI Tl
REPLACEMENT REPLACEMENT
LT1001 OP-07C, OP-07D,
or OP-07E
LT1007
LT1007A
LT1037
LT1037A

SUGGESTED
Tl
REPLACEMENT
TLC271

TLC272
TLC274 or TLC27L9
TLC27M9

PAGE
NO.

3-79,3-80,3-81

3-82
3-83 or 3-89
3-93

PAGE

3-14
3-31
3.29

PAGE
NO.

3-79,3-80,3-81

3-82
3-83 or 3-89
3-93

PAGE
NO.

3-18,3-29,3-30,
or 3-31
3-19
3-19
3-24
3-24

PAGE
NO.

3-79,3-80,3-81
3-82

3-83 or 3-89
3-39

1-30
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

DIRECT SUGGESTED
MOTOROLA T TI PAGE
REPLACEMENT REPLACEMENT NO.
MC748 uA748 3-108
MC1458 MC1458 3.26
MC1658 MC1658 3.26
MC1709 uA709 -
MC1741 uA741 3-106
MC1747 uA747 3.107 1
MC3303 MC3303 3.27
MC3403 MC3403 RC4136 3.27,3-36
MC4558 RC4558 3-37 c
MC4741 LM348 316 o
MC34001 TLO71 or LF351 3-53 or 3-5 '6
MC34002 TLO72 or LF353 3-54 or 3-6 £
MC34004 TLO74 or LF347 3-55 or 3-4 c
MC340048 TLO74A or LF3478 3-55 or 3-4 S
£
DIRECT SUGGESTED -
NATIONAL T T P:gE e
REPLACEMENT REPLACEMENT : 2__’
LF347 LF347 TLO74 or TLOB4 3-4,3-55 or 3-61 o
LF3478 LF3478 TLO74A, TLO748B, 3-4,3-55,3-55 o
or TLOB4A or 3-61
LF351 LF351 TLO71 or TLOB1A 3-5,3-53 or 3-58
LF353 LF353 TLO72, TLO72A, 3-6,3-54,3-54,
or TLOB2A or 3-59
LFa11 LFa11 TLOB1A 3-7,3-58
LF411A TLO71A, TLO71B, 3-53,3-53,
TLO81A, or TLOB1B 3-58. or 3-58
LF412 LF412 TLO72A, TLO82A, 3-8,3-54,3-59,
or TLO82B or 3-59
LFa41 TLOB1 3.48
LF441A TLOB1A or TLOB1B 3-48 or 3-48
LF442 TLO62 3.49
LF442A TLO628B 3-49
LF444 TLO64 3-50
LF444A TLOB4A 3-50
LHO044 OP-07C 3-29
LHO044B OP-07D 3-30
LHO044C OP-07E 3-31
LM201A LM201A 3.9
LM207 LM207 3-10
LM218 LM218 3-14
LM224 LM224 3-15
LM248 LM248 3-16
LM258 LM258 317
*i
1-31
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

(Continued)
DIRECT SUGGESTED
NATIONAL T Tl P:ge
REPLACEMENT REPLACEMENT :
LM301A LM301A 3-11
LM307 LM307 3-12
[ ] LM318 LM318 314
LM324 LM324 3-15
LM348 LM348 3-16
LM358 LM358 317
o LM709 uA709 -
) LM741 uA741 3-106
3 LM883 RC4558 3-37
® LM1458 MC1458 3-26
o LM2900 LM2900 -~
- LM2902 LM2902 3-15
S LM2904 LM2904 317
= LM3900 LM3900 -
= LMC660 TLC274 3-83
3
= SUGGESTED
) NEC I PIsGE
= REPLACEMENT 0.
uPC159 LM318 3-14
uPC251 MC1458 3-26
uPC354 0OP-07 3.29,3-30,3-31
uPC801 TLO71, TLOB1A, 3.53,3-58,
or LF351 or 3-5
DIRECT SUGGESTED
PMI T Tl PAGE
REPLACEMENT REPLACEMENT No.
0P-02 uA741 3-106
OP-04 uA747 3-107
0P-07C 0P-07C 3-29
OP-07D OP-07D 3-30
OP-07E OP-07E 3-31
OP-07F RC4136 3-36
OP-14C or OP-14E MC1458 3-26
OP-14J MC1568 3-26
OP-15F TLO71, TLOB1A, 3-63,3-58
or LF351 or 3-5
OP-27E OP-27E 3-33
OP-27G OP-27G 3-34
OP-37E OP-37E 3-35
OP-37G OP-37G 3-35
OP-215F TLO72, TLOB2A, 3-54,3.58,
or LF353 or 3-6
1.32 EXAS
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

DIRECT SUGGESTED
RAYTHEON T T P,:‘gE
REPLACEMENT REPLACEMENT :
RC4136 RC4136 3-36
RC4156 » LM348 3-16
RC4167 LM348 3-16
RC4568 RC4558 3-37
RC4659 RC4659 3-38 1
ca sueeﬁsrso PAGE c
NO. ©
REPLACEMENT =
CAO81A TLO81 3-58 -1
CAOB1A TLO81A 3-58 £
CA082 TLO82 3-59 =
CA082A TLO82A 3-59 K]
CA084 TLO84 3-61 c
DIRECT SUGGESTED e
SIGNETICS T T PASE 4
REPLACEMENT REPLACEMENT : o
NE532 LM358 or TLO22 3-17 or 3-39 (&)
NE5532 NE5532 3-28
NE5532A NE5532A 3.28
NE5534 NE5534 3-28
NE5534A NE5534A 3.28
SE6534 SE5534 3.28
SEB534A SE5534A 3-28
SUGGESTED
SGS-THOMSON m ":GE
REPLACEMENT 0.
TS271 TLC271 3.79,3-80,3-81
TS271A TLC271A 3-79,3-80,3-81
TS2718 TLC2718 3-79,3-80,3-81
15272 TLC272 3-82
TS272A TLC272A 3-82
TS2728 TLC272B 3-82
15274 TLC274 3-83
TS274A TLC274A 3-83
152748 TLC274B 3-83
TS27L2 TLC27L2 3-86
TS27L2A TLC27L2A 3-86
TS27L28 TLC27L2B 3-86
TS27L4 TLC27L4 3-87
TS27L4A TLC27L4A 3-87
TS27L4B TLC27L4B 3-87
TS27M2 TLC27M2 3-90
TS27M2A TLC27M2A 3-90
TS27M28 TLC27M2B 3-90
TS27M4 TLC27M4 3-91
TS27M4A TLC27M4A 3-91
TS27M4B TLC27M4B 3-91
EXAS 1-33
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OPERATIONAL AMPLIFIERS
GLOSSARY

Input Offset Voltage (V|Q)
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero
or other level, if specified.

Average Temperature Coefficient of Input Offset Voltage (avj0)

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the
specified temperature range.

(Vio @ TA(1)) -(Vio @ Ta(2))
av|o =

where T and T, are the specified temperature extremes.
TA() -TA(2) ] A1) A(2) P

Input Offset Current (lj0)

The difference between the currents into the two input terminals with the output at zero volts.

Average Temperature Coefficient of Input Offset Current (aj0)

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the
specified temperature range.

an = | N0 @ Tap)) —lio @ Ta2)
1o TA) - TA2)

] where Ta(1) and Tp(2) are the specified temperature extremes.
Input Bias Current (I|g)

The average of the currents into the two input terminals with the output at zero volts.

Common-Mode Input Voltage (V|c)

The average of the two input voltages.

Common-Mode Input Voitage Range (V|CR)

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly.

Differential Input Voltage (V|p)

The voltage at the noninverting input with respect to the inverting input.

Maximum Peak Output Voltage Swing (Vom)
The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the
quiescent d-c output voltage is zero.
Maximum Peak-to-Peak Output Voltage Swing (Vopp)
The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c
output voltage is zero.
Voltags A
The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output.
Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it.

—
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OPERATIONAL AMPLIFIERS
GLOSSARY

Maximum-Output-Swing Bandwidth (Bom)

The range of frequencies within which the maximum output voltage swing is above a specified value.

Unity-Gain Bandwidth (B1)

The range of frequencies within which the open-loop voltage amplification is greater than unity.

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which
the modulus of the open-loop amplification is unity.

Gain Margin (Am)

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is
such that the output is in phase with the inverting input.

Input Resistance (rj)

The resistance between the input terminals with either input grounded.

Differential Input Resistance (rjd)

The small-signal resistance between the two ungrounded input terminals.

Output Resistance (rg)

The resistance between the output terminal and ground.

Input Capacitance (C;)

The capacitance between the input terminals with either input grounded.

Common-Mode Input Impedance (zj¢)

The parallel sum of the small-signal impedance between each input terminal and ground.

Output Impedance (zq)

The small-signal impedance between the output terminal and ground.

Common-Mode Rejection Ratio (kcmMR. CMRR)

The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change
in input offset voltage.

Supply Voltage Sensitivity (ksys. AV|0/AVee)

The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage rejection ratio.

Supply Voltage Rejection Ratio (kgvR. AVCC/AVIO)

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

TEXAS
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OPERATIONAL AMPLIFIERS
GLOSSARY

Equivalent Input Noise Voltage (Vp)

The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals

of the device that represents the part of the internally generated noise that can properly be represented by a voltage
source.

Equivalent Input Noise Current (Ip)

Y

The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals

of the device that represents the part of the internally generated noise that can properly be represented by a current
source.

Average Noise Figure (F)

The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature
of the input termination(s) is at the reference noise temperature, T, at all frequencies to (2) that part of (1) caused
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band.

Short-Circuit Output Current (I0s)

The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to
a specified point.

General Information

Supply Current (Icc)

The current into the Vo or Vi + terminal of an integrated circuit.

Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp = Vcc+ *lcc+ + Vcc- *Icc--

Crosstalk Attenuation (Vg1/Vg2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel.

Rise Time (t;)

The time required for an output voltage step to change from 10% to 90% of its final value.

Total Response Time (Settling Time) (ttot)

The time between a step-function change of the input signal level and the instant at which the magnitude of the output
signal reaches for the last time a specified level range (+¢€) containing the final output signal level.

Overshoot Factor

The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values
before and after the step-function change of the input signal.

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input.

e
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TECHNICAL DISCUSSION

getting started

If you are familiar with PSpice® and would like to use some of the models on the accompanying macromodel
data floppy disk, you need to know the following:

e The macromodels use the nodal assignments shown in Figure 2-4. Only models for devices with external
compensation use nodes 6 and 7.

o All devices are modeled as one op amp. To model a dual op amp (such as the TLE2062), use two
macromodels in your simulation. To model a quad op amp (such as the TLE2064), use four macromodels.

introduction

While simulation of analog and mixed-mode systems is becoming more common, one major impediment to
widespread analog simulation has been the significant amount of computing time necessary for transistor-level
simulations of the analog components. Although the computing power available at engineers’ workstations
has increased, this advance has been overshadowed by the need to simulate more complex systems.

In response to the need for reduced simulation time and computing power, many simulation tool suppliers have
developed compressed versions of transistor-level products such as the operational amplifier. The term
coined for this compressed tool is “macromodel”. The macromodel allows more efficient simulation and gives
the designer a fairly accurate portrayal of the actual device. Very simply, the macromodel is a pin-out
representation of a specific function. While the macromodel does not take into account all parameters
necessarily associated with a function, it is still an effective tool.

The following discussion highlights the macromodel concept and the major advantages and limitations of
macromodels.

the macromodel

Many available references provide an in-depth technical discussion of the macromodel. The Boyle, et. al.,
paper is probably one of the better-known references on the subject of op amp macromodels. Please refer to
the end of this section for compiete paper references.

The macromodel uses ideal elements in Spice to simulate certain op amp characteristics. This is coupled with
actual transistors in the input stages of the op amp to yield the op amp macromodel. Figures 2-1 through 2-3
show the macromodels for JFET-, NPN-, and PNP-input op amps. These particular macromodels were
derived from MicroSim Corporation’s PSpice® Parts™ simulation software. The PSpice® manual available
from MicroSim contains a detailed discussion of the elements in each of the macromodels shown in
Figures 2-1, 2-2, and 2-3. Table 2-1 provides a reference for the terminology used in all of the macromodel
listings in Section 3 of this manual. Table 2-2 lists and describes the components shown in Figures 2-1, 2-2,
and 2-3. Figure 2-4 shows the nodal assignments for the op amp macromodel that would interface with other
components in a simulation environment. Only models for devices with external compensation use nodes 6
and 7.

the macromodel subcircuit

The macromodel subcircuit is a listing of the code that the simulation software uses to model the device. The
macromodel subcircuits in Section 3 of this manual were created using Parts™ software running on an IBM-
compatible PC. The parameters listed in Table 2-3 were input to the software, and Parts™ generated the
values required for the subcircuit. In creating the 106 subcircuits in Section 3, typical data sheet values or
typical laboratory data were used. These typical values were derived from an extensive characterization
process and truly represent the “typical device”.

Figure 2-5 shows typical Parts™ code for a subcircuit from Section 3. This same format resides on the
macromodel data floppy disk that can be found at the back of this manual.

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.
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TECHNICAL DISCUSSION

TABLE 2-1. MACROMODEL COfMPONENT TABLE 2-2. MACROMODEL COMPONENTS'
PREFIX DEFINITIONS COMPONENT DESCRIPTION
PREFIX DEFINITION cl phase-control capacitor
c capacitor c2 compensation capacitor
d diode cee, Css slew-rate limiting capacitor
e voltage-controlled voltage source dp substrate junction
f current-controlled current source egnd voltage-controlled voltage source
g voltage-controlled current source fo output device
h current-controlled voltage source ga interstage transconductance
i junction FET gem common-mode transconductance
q bipolar transistor iee, iss input-stage current
r resistor hlim voltage-limiting device
v independent voltage source and stimulus i1, j2 input transistors
q1, q2 input transistors 2
r2 interstage resistance
COMP 1 rcl, rc2 input-stage load resistance
rd1, rd2 input-stage load resistance g
INVERTING rel, re2 input-stage emitter resistance ""5
INPUT IN- ree, rss input-stage current-source output resistance [7]
NONINVERTING rol output resttor #1 3
INPUT IN+ ro2 output rgs§tor.#2 .2
i) power dissipation a
COMP 2 vb independent voltage source -
vc, dc output offset limiter (to Vcc) (1]
FIGURE 2-4. OP AMP NODAL ASSIGNMENT ve.de | outpul offset imitar lto Yoe) 2
vlim output current-limiting sensor
vin, din negative supply limit %
vip, di sitive supply limit Q
p, dip | PO pply -
TABLE 2-3. PSpice® INPUTS?
MACROMODEL
SYMBOL DESIGNATION DEFINITION
Vee+ VDD+ + Vpwr positive power supply
Vee-: Vop- - Vpwr negative power supply
VOoM+ + Vout maximum positive output swing
Vom- - Vout maximum negative output swing
SR+ + SR positive-going slew rate
SR- - SR negative-going slew rate
[IT:) Ib input bias current
Avp Av-dc open-loop voltage amplification (dc)
B4 F-0db unity-gain frequency
CMRR CMRR common-mode rejection ratio
Om Phi phase margin (in degrees) at unity-gain frequency
o Ro-dc dc output resistance
2o Ro-ac ac output impedance
los los short-circuit output current
C¢ Cc compensation capacitance

tAdapted from PSpice, MicroSim Corporation, Irvine, CA, 1989.
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*

.subckt TLE2021 1 2 3 45

cl 11 12 6.244E-12
c2 6 7 13.4E-12

de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 547.3E6 -500E6 500E6 500E6 -500E6
ga 6 0 11 12 188.5E-6

gcm 0 6 10 99 335.2E-12

iee 3 10 dc 15.67E-6

hlim 90 O vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 5.305E3

rc2 4 12 5.305E3

rel 13 10 1.467E3

re2 14 10 1.467E3

ree 10 99 14.76E6

rol 8 5 62

ro2 7 99 63

rp 3 4 160.9E3

vb 9 0dc O

ve 3 53 dc 1.400

ve 54 4 dc 1.600

vlim 7 8 dc O

vlip 91 0 dc 3.200

vln 0 92 dc 3.200
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=270)
.ends

FIGURE 2-5. EXAMPLE OF Parts™ OUTPUT FOR TLE2021, TLE2021A, TLE2021B
complexity

One of the main benefits of using macromodels for simulation is their reduced complexity, which in turn
reduces simulation time and/or required computing power. Figure 2-6 illustrates the complexity of a typical
schematic when simulating each component in an op amp. Figure 2-1, in contrast, shows the reduced
complexity of the macromodel equivalent of the same circuit. Compared to Figure 2-6, the branch and node
count in Figure 2-1 is reduced 5 to 10 times, and the number of p-n junctions is reduced 10 to 20 times. These
reductions yield a 5X improvement in macromodel simulation run times compared to device-level simulation
run times.

When simulating op amps, this reduced complexity can lead to increased productivity in the initial design
phase of a program. Design ideas can be loaded quickly into the simulator and evaluated without actual
bench-time analysis. Additionally, device types can be exchanged via software, which also saves
considerable time.

TEXAS {'P
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performance and accuracy

Counting elements in Figures 2-6 and 2-7 reveals that the TLO62 is a relatively simple op amp while the
TLE2062 is relatively complex. However, when both are simulated using macromodels, there is no difference
in compiexity and simulation time. The true difference is revealed in a significant enhancement in performance
when the TLE2062 is used during system simulation.

To check the relative accuracy of the subcircuit representation of the real op amp, simulations were compared
to actual bench measurements. Figures 2-8 through 2-15 show the circuit configurations used for this check.
To perform these comparisons, the data sheet typical parameters were first entered into Parts™ . Parts™ then
generated the subcircuit, which was placed in a simulation environment as shown in Figures 2-8 through 2-15.
The resulting simulation data were then compared against bench data. If the correlation was not satisfactory,
the parametric data input into Parts™ were adjusted and the process repeated until satisfactory correlation
was achieved. Table 2-4 shows the correlation between the macromodel-derived data and bench data for the
TLO62 and TLE2062.

N
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FIGURE 2-6. TLE2062 EQUIVALENT SCHEMATIC (per amplifier)
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FIGURE 2-15. GAIN/PHASE vs FREQUENCY

TABLE 2-4. DATA SHEET vs MACROMODEL PARAMETRIC COMPARISON FOR THE TL062 and TLE2062

TLO62 TLE2062
PARAMETER FIGURE DATA SHEET | MACROMODEL | DATA SHEET | MACROMODEL | UNIT
TYPICAL SIMULATION TYPICAL SIMULATION

VoM + 2-8 135 13.4 13.7 13.65 v

VoM - 2-8 13.5 13.4 13.7 13.65 v

AvD 2-9 6 6.3 230 240 V/imV
| CMRR 2-10 86 90 90 90.5 dB
[los 2-11,2-12 15 50 50 mA

SR + 2-13 3.5 34 3.4 33 Vius

SR - 2-13 3.5 3.4 3.4 3.3 Vs

tr and 2-14 200 208 100 ns

Overshoot factor 2-14 10% 9.6% 8.2%

By 2-15 1 0.975 2 2 MHz

Om 2-15 ' 66° 60° 60°
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limitations

N

1 [ev1uyda )

uolissnosi

These macromodels are intended to help engineers evaluate system designs and make initial product
selections in the beginning stages of the design process. Because of their reduced complexity, the
macromodels do not comprehend or do not accurately represent many device characteristics. For example,
the macromodels do not simulate variations in parametric values due to temperature. While different values
could be substituted to simulate performance at a specific temperature, the macromodels in this manual
provide only 25°C performance characteristics. An abbreviated list of common op amp parameters that are
not modeled are listed below:

input offset voltage

temperature coefficient of input offset voltage
input offset current

common-mode input voltage range
equivalent input noise voltage

equivalent input noise current

temperature effect on component stability

Macromodels are used for board-level simulations, which frequently include digital components. Because
digital components have well-defined /O specs with only two states, digital macromodels often contain
tolerances for timing and other parameters. Analog components, however, have an infinite number of possible
I/0 states that are affected by temperature, supply voltages, and loading considerations. While the digital
model may provide a valid design evaluation for worst-case limits, this is beyond what any one analog model
can do.

Macromodels can very accurately reflect a small set of parameters (e.g., bandwidth or settling time), but since
a macromodel only represents one operating point, this “accurate” model only provides more precision on a
typical specification. Several analog macromodels would be required to support this kind of simulation, and
considering the simplifications in the model, the accuracy may not be sufficient. Thus, Tl has chosen to provide
only typical models at room temperature. These macromodels give a fairly good first- and second-order
simulation of the actual devices. Good design practice dictates the use of minimum and maximum parametric
values over the intended operating temperature range including a thorough evaluation of breadboard circuits
and prototypes. Refer to the device data sheet for complete characterization data.

macromodel references

G. R. Boyle, B. M. Cohn, D. Pederson, and J. E. Solomon, “Macromodeling of integrated circuit operational
amplifiers,” IEEE Journal of Solid-State Circuits, vol. SC-9, pp. 353-364, 1974.

G. Krajewska and F. E. Holmes, “Macromodeling of FET/bipolar operational amplifiers,” IEEE Journal of Solid-
State Circuits, vol. SC-14, pp. 1083-1087, 1979.

C. Turchettiand G. Masetti, “A macromodel for integrated all-MOS operational amplifiers,” IEEE Journal of Solid-
State Circuits, vol. SC-18, pp. 389-395, 1983.

PSpice, MicroSim Corporation, 20 Fairbanks, Irvine, California 92718, 1989. General offices: (714) 770-3022.
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For up-to-date information or assistance on these
Macromodels or any Amplifier Products such as:

Operational Amplifiers
Comparators
Timers

Call: 1-214-997-3389
Operational Amplifier Applications Hotline

Technical data for any TI semiconductor product is available from your
nearest Tl Field Sales Office, local authorized TI Distributor, or by
writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. Box 809066

Dallas, TX 75380-9066
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ICL7652
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Extremely Low Offset Voltage ... 5 pV Max

e Extremely Low Change In Offset Voltage
with Temperature ... 0.003 uV/°C Typ

Low Input Offset Current ... 30 pA Max
e Ayp ... 120dB Min

macromodel — applies to ICL7652, LTC7652

.subckt ICL7652 1 2 3 4 5

*
cl 11 12 4.354E-12
c2 6 7 15.00E-12
css 10 99 1.607E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2)

feeee

(3,0) (4,0) 0

e Common-Mode Input Volta

e sommoen <

e CMRR and kgyR ... 110 dB Min
e Single-Supply Operation

Tol
nEpw Ny

1
the Negative Rail

e No Noise Degradation with External

Capacitors Connected to Vpp -

fb 7 99 poly(5) vb vc ve vlp vlin 0 1.070E9 -1E9 1E9 1lE9 -1E9

ga 6 0 11 12 179.1E-6
gcm 0 6 10 99 17.91E-12
iss 3 10 dc 46.50E-6
hlim 90 O vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 5.584E3
rd2 4 12 5.584E3
rol 8 5 165
ro2 7 99 165
p 3 4 6.667E3
rss 10 99 4.301E6
vb 9 0dc O
ve 3 53 dc .9
ve 54 4 dc .8
vliim 7 8 dc 0
vip 91 0 dc 3
vln 0 92 dc 3
.model dx D(Is=800.0E-18)

.model jx PJF (Is=2.000E-12 Beta=500E-6 Vto=0.05)

.ends

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing ail M' :l':u

of the

semiconductor pmdurcl to which the model relates.

Copyright © 1990, Texas Instruments Incorporated
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LF347
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Bias Current ... 50 pA Typ e Wide Gain Bandwidth ... 3 MHz Typ
e Low Input Noise Current ... e High Slew Rate ... 13 V/us Typ

0.01 pANHz Typ e  Pin Compatible with the LM348
o Low Total Harmonic Distortion

e Low Supply Current ... 8 mA Typ

macromodel — applies to LF347, LF347B

.subckt LF347 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 14.15E6 -10E6 10E6 10E6 -10E6
ga 6 0 11 12 282.8E-6
gem 0 6 10 99 1.590E-9
iss 3 10 dc 195.0E-6
hlim 90 0 vlim 1K
31 11 2 10 jx
1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 50
ro2 7 99 25
rp 3 4 15.00E3
rss 10 99 1.026E6
vb 9 0dc O
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vlim 7 8 dc O
vlp 91 0 dc 25
vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=25.00E-12 Beta=235.1E-6 Vto=-1)
.ends
Macromodels, simuiation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not %
warranted by Tl as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUM E NTS
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



LF351
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Bias Current ... 50 pA Typ o Internally Trimmed Offset Voltage . ..

e Low Input Noise Voltage ... 18 nV/VHz Typ
e Low Input Noise Current ... 0.01 pANHz
' o Low Supply Current ... 1.8 mA Typ

e High Input Impedance ... 1012Q

e Low Total Harmonic Distortion

macromodel — applies to LF351

.subckt LF351

*

cl
c2
dec
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss

ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

©o (' J -
H A9 WOVWOoOWYIODe &

£o

ix

12
9
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92
D(

10 mV Typ
e High Slew Rate ... 13 V/us Typ
e Wide Gain Bandwidth ... 3 MHz Typ
e Pin Compatible with Standard 741

12345
3.498E-12
15.00E-12

EEREERER

poly(2) (3,0)

(4,0) 0 .5 .5

poly(5) vb vc ve vlp vlin 0 28.29E6 -30E6 30E6 30E6 -30E6
11 12 282.8E-6
10 99 1.590E-9

dc 195.0E-6
vlim 1K

10 jx

10 jx
100.0E3
3.536E3
3.536E3

50

25

15.00E3
1.026E6

dec 0

dec 2.200

dc 2.200

dec 0

dec 30

dec 30
Is=800.0E-18)

PJF (Is=12.50E-12 Beta=250.1E-6 Vto=-1)

Macr

models, or other models

provided TI, directly or indirectly, are not
{ representing ail of the

warranted by Tl as full
specifications and operal

characteristics of the

in
semiconductor product to wglch the model relates.

Copyright © 1990, Texas Instruments Incorporated
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LF353

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Bias Current ... 50 pA Typ e High Input Impedance ... 1012 QTyp

e Low Input Noise Current . .. o Internally Trimmed Offset Voltage

0.01 pA~Hz Typ
e Low Input Noise Voltage ... 18 nVAHz Typ

o Wide Gain Bandwidth ... 3 MHz Typ
e High Slew Rate ... 13 V/us Typ

e Low Supply Current ... 3.6 mA Typ

macromodel — applies to LF353

.subckt LF353

*
cl
c2
dec
de
dlp
dln
dp
egnd
fb
ga
gecm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2
rp
rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

(V] [
HF ddWwWouwowuoss

o

0
dx
Ix

12
7
53
5
91
90
3
0
99
0
6

92

12345

3.498E-12

15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vln 0 28.29E6 -30E6 30E6 30E6 -30E6
11 12 282.8E-6
10 99 1.590E-9
dc 195.0E-6
vlim 1K

10 jx

10 jx

100.0E3
3.536E3
3.536E3

50

11.62

15.00E3
1.026E6

dec 0

dec 2.200

dec 2.200

dec O

dec 30

dec 30

D(Is=800.0E-18)
PJF (Is=12.50E-12 Beta=250.1E-6 Vto=-1)

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by TI as fully representing all of the TE

‘ l Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the

semiconductor product to which the model relates. INST RUMENTS
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LF411C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Bias Current ... 50 pA Typ e High Input Impedance ... 1012Q Typ

o Low Input Noise Current ... e Low Total Harmonic Distortion

0.01 pA~NHz Typ

e Low 1/f Noise Corner ... 50 Hz Typ

o Low Supply Current ... 2.0 mA Typ

macromodel — applies to LF411C
.subckt LF411C 123 4 5

*

cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 28.29E6 -30E6 30E6 30E6 -30E6
ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 1.590E-9
iss 3 10 dc 195.0E-6
hlim 90 0 vlim 1K
jl 11 2 10 jx
j2 12 1 10 jx
r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 50
ro2 7 99 25
rp 3 4 15.00E3
rss 10 99 1.026E6
vb 9 0dc O
ve 3 53 dec 2.200
ve 54 4 dc 2.200
vliim 7 8 dc 0
vip 91 0 dc 30
vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model jx PJF (Is=12.50E-12 Beta=250.1E-6 Vto=-1)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or indirectly, are not %
warranted by Tl as fully representing all of the TEXAS
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LF412C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Bias Current ... 50 pA Typ e High Input Impedance ... 1012Q Typ

e Low Input Noise Current ... e Internally Trimmed Offset Voltage

0.01 pA~NHz Typ
e Low Supply Current ... 4.5 mA Typ

o Wide Gain Bandwidth ... 3 MHz Typ
e High Slew Rate ... 13 V/us Typ

macromodel — applies to LF412C

.subckt LF412C 12345
*

cl 11 12 3.498E-12

c2 6 7 15.00E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

£fb 7 99 poly(5) vb vc ve vlp vln 0 28.29E6 -30E6 30E6 30E6 -30E6

ga 6 0 11 12 282.8E-6

gcm 0 6 10 99 1.590E-9

iss 3 10 dc 195.0E-6

hlim 90 O vlim 1K

j1 11 2 10 jx

j2 12 1 10 jx

r2 6 9 100.0E3

rdl 4 11 3.536E3

rd2 4 12 3.536E3

rol 8 5 50

ro2 7 99 25

rp 3 4 15.00E3

rss 10 99 1.026E6

vb 9 0dc O

ve 3 53 dc 2.200

ve 54 4 dc 2.200

vliim 7 8 dc O

vip 91 0 dc 30

vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model jx PJF (Is=12.50E-12 Beta=250.1E-6 Vto=-1)
.ends

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by T as full

unmamlnq all of the

‘ ! Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the

EXAS
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POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



LM101A
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Low Input Currents

o Low Input Offset Parameters

e Adjustable Frequency and Transient

Response Characteristics

o Short-Circuit Protection
e Offset-Voltage Null Capability

macromodel - applies to LM101A, LM201A

o No Latch-Up

o Wide Common-Mode and Differential Voltage
Ranges

e Same Pin Assignments as uA709

e Designed to be Interchangeable with National
Semiconductor LM101A and LM301A

.subckt LM101A 12345617
*

cl 11 12 6.996E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

£fb 7 99 poly(5) vb vc ve vlp vlin 0 53.05E6 -50E6 50E6 S50E6 -50E6

ga 6 0 11 12 156.8E-6

gem O 6 10 99 2.682E-9

iee 10 4 dc 15.06E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 qgx

r2 6 9 100.0E3

rcl 3 11 6.631E3

rc2 3 12 6.631E3

rel 13 10 3.169E3

re2 14 10 3.169E3

ree 10 99 13.28E6

rol 8 5 50

ro2 7 99 25

p 3 4 16.81E3

vb 9 0dc O

ve 3 53 dc 2.700

ve 54 4 dc 2.700

vlim 7 8 dc 0

vip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model qx NPN(Is=800.0E-18 Bf=250)
.ends

Macromodels, simulation models, or other models

warranted

provided Dg II!I’ d
y Tl &

specifications and oper: lng
semiconductor product to whi

Copyright © 1990, Texas Instruments Incorporated
irectly or Imilm'tly, are not I
s ful nprnuovgln st.I" ol' ::u TEXAS
characteristics of the
chihe model rlats. INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265
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LM107

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Currents e Short-Circuit Protection

e No Frequency Compensation Required e No Latch-Up

o Low Input Offset Parameters e Wide Common-Mode and Differential Voltage
Ranges

macromodel — applies to LM107, LM207

.subckt LM107

*

cl 11
c2 6
de 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iee 10
hlim 90
ql 11
q2 12
r2 6
rcl 3
rc2 3
rel 13
re2 14
ree 10
rol 8
ro2 7
rp 3
vb 9
ve 3
ve 54
vlim 7
vlp 91
vln 0
.model dx
.model qx
.ends

12
7
53
5
91
90

3
0
9
0
6
4
0
2
1

9
11
12
10
10
99

5
99

4

0
53

4

8

0
92

12345

6.996E-12
30.00E-12

FEEEE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 53.05E6 -50E6 50E6 50E6 -50E6
11 12 156.8E-6
10 99 2.682E-9
dc 15.06E-6
vlim 1K

13 gx

14 gx

100.0E3
6.631E3
6.631E3
3.169E3
3.169E3
13.28E6

50

25

16.81E3

dec 0

dc 2.700

dc 2.700

de 0

dc 25

dc 25

D(Is=800.0E-18)
NPN (Is=800.0E-18 B£=250)

Macromodels, simulation models, or other models
directly or indirectly, are not

warranted by Ti as fully representing all of the TEXAS ¢

characteristics of the

provided by Ti,

specifications and upnmlng
semiconductor product to whi

Copyright © 1990, Texas Instruments Incorporated

ich the model relates. INST RUM ENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265



LM301A
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Low Input Currents e No Latch-Up
o Low Input Offset Parameters ¢ Wide Common-Mode and Differential Voltage
e Adjustable Frequency and Transient Ranges
' Response Characteristics e Same Pin Assignments as uA709
e Short-Circuit Protection e Designed to be Interchangeable with National

e Offset-Voltage Null Capability Semiconductor LM101A and LM301A

macromodel — applies to LM301A

.subckt LM301A 1234567
*

cl 11 12 7.977E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 ax

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

w

fb 7 99 poly(5) vb vc ve vlp vln 0 42.44E6 -40E6 40E6 40E6 -40E6
ga 6 0 11 12 188.5E-6
gcm 0 6 10 99 3.352E-9 17
iee 10 4 dc 15.14E-6 T’
hlim 90 O vlim 1K e}
ql 11 2 13 qx o
q2 12 1 14 gx E
r2 6 9 100.0E3 o
rel 3 11 5.305E3 (3]
rc2 3 12 5.305E3 )
rel 13 10 1.839E3 E
re2 14 10 1.839E3 a';
ree 10 99 13.21E6 -
rol 8 5 50 -
ro2 799 25 Q
rp 3 4 16.81E3 E
vb 9 0dcoO <
ve 3 53 dc 2.600 'a
ve 54 4 dc 2.600 c
vlim 7 8 dc 0 K]
vlip 91 0 dc 25 ""u‘
vln 0 92 dc 25 -
.model dx D(Is=800.0E-18) -
.model qx NPN(Is=800.0E-18 B£f=107.1) o
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided TI, directly or indirectly, are not ¢
warranted by Tl as fully representing all of the T

specitications and operating characteristics of the 3-11
semiconductor product to which the model relates. INSTRUM ENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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LM307

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Currents e Short-Circuit Protection

e No Frequency Compensation Required e No Latch-Up

e Low Input Offset Parameters o Wide Common-Mode and Differential Voltage
Ranges

macromodel — applies to LM307

.subckt LM307

*

cl
c2
dec
de
dlp
dln
dp
egnd
fb
ga
gcm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92
4

99
7
6
0

10

90

11

12
6
3
3

13

14

10
8

7
3
9
3
54

7
91

0
dx

qx

12
7
53
5
91
90

3
0
9
0
6
4
0
2
1
9

11
12
10
10
99
5
99
4
0
53
4
8
0
92

12345

8.887E-12
30.00E-12

EEEEE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 42.44E6 -40E6 40E6 40E6 -40E6
11 12 188.5E-6
10 99 3.352E-9
dc 15.14E-6
vlim 1K

13 gx

14 gx

100.0E3
5.305E3
5.305E3
1.839E3
1.839E3
13.21E6

50

25

16.81E3

de 0

dc 2.600

dc 2.600

de 0

dc 25

dc 25

D(Is=800.0E-18)
NPN(Is=800.0E-18 B£f=107.1)

3-12

Macromodels, simulation models, or other models
provided by Ti, directly or Indirectly, are not
warranted by TI as fully representing all of the

specifications and up-rmng
semiconductor product to whi

‘ ’ Copyright © 1990, Texas Instruments Incorporated

EXAS
o e mogl elates. INSTRUMENTS
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LM308
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Current ... 200 pA Max at e Supply Voltage Range ... t2Vto +18V

25°C for LM108, LM108A

e Applications:

e Input Bias Current ... 2 nA Max at 25°C for Integrators

LM108, LM108A Transducer Ampiifiers
o Supply Current ... 600 pA Max at 25°C for
LM108, LM108A

e Input Offset Voltage ... 500 uV Max
at Tp = 25°C for LM108A, LM308A

Analog Memories
Light Meters

e Designed To Be Interchangeable with National
LM108 Series and Linear Technology LM108
Series

e Offset Voltage Temperature Coefficient ...
5 uVv/°C Max for LM108A, LM308A

macromodel — applies to LM108, LM108A, LM308, LM308A

.subckt LM308

*

cl
dec
de
dlp
dln
dp
egnd
fb
ga
gcm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
5
54
90
92
4
99
7
6
0

‘QE?OSQ‘:(»O&IQ@

12
53

1234567
6.887E-12
dx
dx
dx
dx

dx
poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vln 0 19.59E6 -20E6 20E6 20E6 -20E6
11 12 122.5E-6

10 99 6.891E-9

dc 6.003E-6

vlim 1K

13 gx

14 gx

100.0E3

8.161E3

8.161E3

-460.3

-460.3

33.32E6

125

125

102.0E3

de
de

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not I

wmm\ca by "d“ full | "prr:““c'tw'n'l" ol' ::a TEXAS 3.13
specifications and operating characteristics of the -
semiconductor product fo which the model relates. INSTRUMENTS
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LM318
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

Internal Frequency Compensation
Input and Output Overload Protection

Same Pin Assignments as General-Purpose
Operational Amplifiers

Small-Signal Bandwidth ... 15 MHz Typ [
Slew Rate ... 50 V/us Min ]
Bias Current ... 250 nA Max (LM218) .

e Supply Voltage Range ... t5Vto 20V
macromodel — appiies to LM218, LM318

.subckt LM318 12345
*

cl 11 12 8.50E-12

c2 6 7 25.00E-12

de 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vlin 0 1.697E6 -2E6 2E6 2E6 -2E6

ga 6 0 11 12 2.474E-3

gcm 0 6 10 99 13.25E-9

iee 10 4 dc 1.750E-3

hlim 90 O vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 424 .4

rc2 3 12 424 .4

rel 13 10 394.7

re2 14 10 39%4.7

ree 10 99 114.3E3

rol 8 5 50

ro2 7 99 50

rp 3 4 9.231E3

vb 9 0dc O

ve 3 53 dc 2.700

ve 54 4 dc 2.700

vlim 7 8 dec O

vip 91 0 dc 21

vln 0 92 dc 21
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=5.833E3)
.ends

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.

TeExas
INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated

*
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LM324
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Wide Range of Supply Voltages:
Single Supply ... 3Vto30V
(LM2902 ... 3Vto26V)
or Dual Supnlies

' o Low Supply Current Drain Independent of
Supply Voltage ... 0.8 mA Typ

e Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
Near Ground

e Internal Frequency Compensation

e Low Input Bias and Offset Parameters:
Input Offset Voltage ... 3 mV Typ
A Versions ... 2mV Typ
Input Offset Current ... 2nA Typ
Input Bias Current ... 20 nA Typ
A Versions ... 15nA Typ

o Differential Input Voltage Range Equal to
Maximum-Rated Supply Voitage ... 32V
(26 V for LM2902)

¢ Open-Loop Differential Voltage
Amplification ... 100 V/mV Typ

macromodel - applies to LM124, LM224, LM224A, LM324, LM324A, LM2902

.subckt LM324
*

12345

cl 11 12 5.544E-12
c2 6 7 20.00E-12
dc 5 53
de 54 5
dip 90 91
dln 92 90
dp 4 3

EEREEE

egnd 99 0 poly(2) (3,0) (4,0) O .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 15.91E6 -20E6 20E6 20E6 -20E6

ga 6 0 11 12 125.7E-6
gem O 6 10 99 7.067E-9
iee 3 10 dc 10.04E-6
hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 7.957E3

rc2 4 12 7.957E3

rel 13 10 2.773E3

re2 14 10 2.773E3

ree 10 99 19.92E6

rol 8 550

ro2 7 99 50

rp 3 4 30.31E3
vb 9 0dc O

ve 3 53 dc 2.100
ve 54 4 dc .6
vliim 7 8 dc 0
vlip 91 0 dc 40

vin $2 dc 40
.model dx D(Is=800.0E-18)
.model qx PNP (Is=800.0E-18 B£f=250)
.ends

C

Operational Amplifier Macromodels E

Macromodels, simuiation models, or mhor modols
provided TI directly or ndlm:ﬂ not
warranted by Tias fully representini H lll ol the
specifications and operating charactel

semiconductor product to which the del eiatos. ) INSTRUMENTS

‘ l Copyright © 1990, Texas Instruments Incorporated
3-15
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LM348
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e uA741 Operating Characteristics

e Low Supply Current Drain ... 0.6 mA Typ

(per amplifier)
e Low Input Offset Voltage
e Low Input Offset Current

macromodel — applies to LM148, LM248, LM348

.subckt LM348 12345

*
cl 11 12 9.461E-12
c2 6 7 30.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0
b 7 99
ga 6 0 11 12 256.2E-6

gem O 6 10 99 4.023E-9

4
0
2
1
9

FEREEE

poly(2) (3,0)

w

iee 10 dc 15.06E-6
hlim 90 vlim 1K

ql 11 13 gqx

q2 12 14 gx

r2 6 100.0E3

rcl 3 11 4.420E3

rc2 3 12 4.420E3

rel 13 10 968

re2 14 10 968

ree 10 99 13.28E6

rol 8 5 150

ro2 7 99 150

rp 3 4 51.28E3

vb 9 0dc O

ve 3 53 dc 3.600

ve 54 4 dc 3.600

vliim 7 8 dc 0

vlip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=250)
.ends

sjapowoJoep Jeidwy jeuonessadg

(4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 4.715E6 -5E6 5E6 5E6 -5E6

Class AB Output Stage
Input/Output Overload Protection

Designed to be Interchangeable with National
LM148, LM248, and LM348.

Macromodels, simulation models, or other models
provided bg Ti, directly or indirectly, are not
warranted by TI as fully representing all of the
3-16  spacifications and operating characteristics of the
semiconductor product to which the model relates.

Exas W

INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated
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LM358
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

Wide Range of Supply Voltages:
Single Supply ... 3Vto 30V
(LM2904 ... 3Vto26V)
or Dual Supplies

Low Supply Current Drain independent of

Supply Voltage ... 0.7 mA Typ

Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing

Near Ground

Internal Frequency Compensation

e Low input Bias and Offset Parameters:
Input Offset Voltage ... 3 mV Typ
A Versions ... 2mV Typ
Input Offset Current ... 2 nA Typ
Input Bias Current ... 20 nA Typ
A Versions ... 15nA Typ

o Differential Input Voitage Range Equal to
Maximum-Rated Supply Voltage ... £32V
(£26 V for LM2904)

o Open-Loop Differential Voltage
Amplification ... 100 V/mV Typ

macromodel — applies to LM158, LM258, LM258A, LM358, LM358A, LM2904

*

subckt LM358 12345
cl 11 12 5.544E-12

c2 6 7 20.00E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2)

fb 7 99

(3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vin 0 15.91E6 -20E6 20E6 20E6 -20E6

Operational Amplifier Macromodels H

ga 6 011 12 125.7E-6

gcm O 6 10 99 7.067E-9

iee 3 10 dc 10.04E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 qx

r2 6 9 100.0E3

rcl 4 11 7.957E3

rc2 4 12 7.957E3

rel 13 10 2.773E3

re2 14 10 2.773E3

ree 10 99 19.92E6

rol 8 550

ro2 7 99 50

rp 3 4 30.31E3

vb 9 0dc O

ve 3 53 dc 2.100

ve 54 4 dc .6

vliim 7 8 dec O

vlp 91 0 dc 40

vln 0 92 dc 40
.model dx D (Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=250)
ends

Macromodels, simulation models, or other models
provided hl T, directly or Indirectly, are not
warranted by Tl as w representing all of the
specifications and operating characteristics of the
semiconductor product to which the mode! relates.

bxas WP

INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265

Copyright © 1990, Texas Instruments Incorporated
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LT1001

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Offset Voltage: e Low Supply Voltage Rejection Ratio:
LT1001AM ... 15 uV Max LT1001AM, LT1001AC ... 110 dB Min
LT1001AC ... 25 uV Max LT1001M, LT1001C ... 106 dB Min

LT1001M, LT1001C ... 60 pV Max

o Low Power Dissipation:

o Low Offset Voltage Temperature Coefficient: LT1001AM, LT1001AC ... 75 mW Max
LT1001AM, LT1001AC ... 0.6 uV/°C Max LT1001M, LT1001C ... 80 mW Max
LT1001M, LT1001C ... 1 uV/°C Max S I

; ” ® Low Peak-to-Peak Equivaient input Noise

o Low Input Bias Current: Voltage ... 0.3 uV Typ

LT1001AM, LT1001AC ... +2 nA Max
LT1001M, LT1001C ... +4 nA Max

e Low Common-Mode Rejection Ratio:
LT1001AM, LT1001AC ... 114 dB Min
LT1001M, LT1001C ... 110 dB Min

macromodel — applies to LT1001, LT1001A
.subckt LT1001 12345

*

cl 11
c2 6
de 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iee 10
hlim 90
ql 11
q2 12
r2 6
rcl 3
rc2 3
rel 13
re2 14
ree 10
rol 8
ro2 7
p 3
vb 9
ve 3
ve 54
vlim 7
vlip 91
vlin 0
.model dx
.model gx
.ends

12
7
53
5
91
90
3
0
9

9
0
6
4
0
2
1

9
11
12
10
10
99

5
99

4

0
53

4

8

0
92

3.822E-12
15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 117.9E6 -100E6 100E6 100E6 -100E6
11 12 84.81E-6
10 99 21.25E-12
dc 3.751E-6
vlim 1K

13 gx

14 gx

100.0E3

13.26E3

13.26E3

-532.7

-532.7

53.32E6

90

90

19.61E3

dc 0

dc 1.700

dc 1.700

dc 0

dc 30

dc 30

D(Is=800.0E-18)
NPN (Is=800.0E-18 Bf=3.750E3)

3-18

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by T as fully representing all of the
specifications and operating characteristics of the

‘ ! Copyright © 1990, Texas Instruments Incorporated

EXAS
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LT1007
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Equivalent Input Noise Voltage: e Input Offset Voltage ... 60 pV Max
3.8 nV/VHz at 1 kHz
4.5 nVVHz at 10 Hz

o Low Peak-to-Peak Equivalent Input Noise
Voltage ... 60 nV Typ from 0.1 Hz to 10 Hz

o SlewRate ... 2.5V/us Typ

o Average Temperature Coefficient of Input
Offset Volitage ... 1 uV/°C Max

Common-Mode Rejection Ratio ...
110 dB Min

o Differential Voltage Amplification:
5 V/uV Min, R = 2kQ
3.5 V/uV Min, R = 600 Q

macromodel — applies to LT1007, LT1007A

.subckt LT1007 12345
*

cl 11 12 3.498E-12

c2 6 7 15.00E-12

dec 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlip vlin 0 241.1E6 -200E6 200E6 200E6 -200E6
ga 6 0 11 12 800.1E-6
gcm 0 6 10 99 212.5E-12
iee 10 4 dc 37.53E-6
hlim 90 0 vlim 1K
ql il 2 13 gx
q2 12 1 14 gx
9

100.0E3
rcl 3 11 1.326E3
rc2 3 12 1.326E3
rel 13 10 -53.24
re2 14 10 -53.24

Operational Amplifier Macromodels H

ree 10 99 5.329E6
rol 8 5 110
ro2 7 99 110
p 3 4 11.41E3
vb 9 0dc O
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vliim 7 8 dc O
vlp 91 0 dc 30
vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=1.250E3)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided TI, directly or indirectly, are not %

warranted by Tl as lulx mmunﬂn(' all of the
specifications and operating characteristics of the

EXAS
semiconductor product to which the model relates. l NST RUM ENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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LT1008

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

Input Bias Current ... +30 pA Typ,
+100 pA Max at 25°C

Input Offset Voltage ..
120 pV Max at 25°C

Offset Voltage Temperature Coefficient . ..

. 30 uV Typ,

Common-Mode Rejection Ratio . ..
114 dB Min at 25°C

High Voltage Amplification with 5-mA Load
Current

Applications:

Precision Instrumentation
Charge integrators

Wide-Dynamic-Range Logarithmic

1.5 pV/°C Max

e Low Peak-to-Peak Noise Voltage ..
at 0.1 Hz to 10 Hz

. 0.5uv

Amplifiers
o Low Supply Current ... 380 pA Typ, Light Meters
600 pA Max at 25°C Low-Frequency Active Filters
Standard Cell Buffers
e Supply Voltage Rejection Ratio ...
114 dB Min at 25°C Thermocouple Amplifiers

macromodel - applies to LT1008

.subckt LT1008 1234567
*

cl 11 12 6.887E-12

de 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£b 7 99 poly(5) vb vc ve vlp vlin 0 141.5E6 -100E6 100E6 100E6 -100E6
ga 6 0 11 12 113.1E-6

gcm O 6 10 99 15.98E-12

iee 10 4 dc 6.000E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3
rcl 3 11 8.841E3
rc2 3 12 8.841E3
rel 13 10 219.5
re2 14 10 219.5
ree 10 99 33.33E6
rol 8 5 125

ro2 7 99 125

sjopowoioeyy saijdwy jeuonesado S

rp 3 4 80.21E3

vb 9 0dc O

ve 3 53 dc 1.600

ve 54 4 dc 1.600

vliim 7 8 dec O

vlip 91 0 dc 8

vln 0 92 dc 8
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=100. 0E3)
.ends

Macromodels, simulation models, or other models

gty Al e, 1 Texas WP
INSTRUMENTS

3-20  specitications and operal Ing characteristics of the
i
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LT1012
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Internally Compensated

o Input Offset Voltage:
LT1012M ... 35 pV Max
LT1012C ... 50 pV Max

o Input Bias Current (LT1012M):
100 pA Max at 25°C

e Peak-to-Peak Noise Voltage ...
0.5uVTypatf= 0.1 Hzto 10 Hz

o Low Supply Current ... 600 pA Max
e CMRR ... 114 dB Min (LT1012M)
® kgVR ... 114 dB Min (LT1012M)

600 pA Max from —55°C to 125°C e 5-mA Load Current with Voltage Gain of

® ay|Q --- 1.5 uV/°C Max

macromodel — applies to LT1012

.subckt LT1012 1 2 3 4

*
cl 11 12 6.887E-12
c2 6 7 30.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4
egnd 99
fb 79
ga 6

EREERE

dc 6.000E-6
vlim 1K
13 gx

iee 10
hlim 90
ql 11
q2 12 14 gx

r2 6 100.0E3
rcl 3 11 8.161E3
rc2 3 12 8.161E3
rel 13 10 -460.6

re2 14 10 -460.6

ree 10 99 33.33E6

rol 8 5 150

ro2 7 99 150

p 3 4 80.21E3
vb 9 0de O

vc 3 53 dc 1.600
ve 54 4 dc 1.600
vliim 7 8 dc 0
vip 91 0 dc 15

vin 0 92 dc 15
.model dx D(Is=800.0E-18)

3
0 poly(2) (3,0) (4,0) 0 .5 .5
9 poly(5) vb vc ve vip vln 0 108.8E6 -100E6 100E6 100E6 -100E6
0 11 12 122.5E-6

gcm 0 610 99 17.31E-12
4
0
2
1
9

200,000 Min (LT1012M)

5

Operational Amplifier Macromodels H

.model gx NPN(Is=800.0E-18 B£f=100.0E3)

.ends

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specitications and operating characteristics of the
semiconductor product to which the model relates.

‘ I Copyright © 1990, Texas Instruments Incorporated

Texas 4.1
INSTRUMENTS
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LT1013

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

Single-Supply Operation: e High Gain ... 1.5 V/uV Min (R = 2kQ),

Input Voltage Range Extends to Ground 0.8 V/uV Min (R = 600 Q) for LT1013A

Output Swings to Ground While Sinking

e Low Supply Current ... 0.5 mA Max

Current at 25°C for LT1013A
¢ :;‘;g,gf::re:}?:: g: -+ 150 pA Max o Low Peak-to-Peak Noise Voltage ...
0.55 uVvV Typ
e Offset Voltage Temperature Coefficient ... .
2 uV/°C Max for LT1013A e Low Current Noise ... 0.07 pAWHz Typ

e Input Offset Current ... 0.8 nA Max
at 25°C for LT1013A

macromodel - applies to LT1013, LT1013A, LT1013D
.subckt LT1013 123 45

sjopowosoeyy Jeyydwy jeuonesadQ m

*
cl
c2
dec
de
dlp
dln

vlim

vlp

vln
.model
.model
.ends

11

14

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
10
10
99
5
99
4
0
53
4
8
0
92

6.495E-12
20.00E-12

Feeeeg

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 3.865E9 -4E9 4E9 4E9 -4E9
11 12 87.97E-6
10 99 98.71E-12
dc 8.030E-6
vlim 1K

13 gx

14 gx

100.0E3

11.37E3

11.37E3

4 .883E3

4.883E3

24.91E6

50

25

87.72E3

dc 0

dc 1.600

dc 1.600

dec 0

dc 25

de 25

D(Is=800.0E-18)
PNP (I1s=800.0E-18 B£f=266.7)

3-22

Macromodels, simulation modsls, or other models
provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the

‘ I Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the

EXAS
semiconductor product to which the model relates. IN ST RU M E NTS
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LT1028
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Very Low Input Noise Voltage ... e Offset Voltage Temperature Coefficient ...

1.1 nVAHz Max, 0.85 nVAHz Typ at 1 kHz 0.8 uV/°C Max for LT1028AM, LT1028AC

for LT1028AM, LT1028AC e Applications:

' ® Low Peak-io-Peak input Noise Voitage ... Low-Noise Frequency Synthesizers
35nVTypatf= 0.1 Hzto 10 Hz High-Quality Audio
Infrared Detectors

e Noise Voltage and Current 100% Tested Accelerometer and Gyro Amplifiers
o Gain-Bandwidth Product ... 50 MHz Min 350-Q Bridge Signal Conditioning

Magnetic Search Coil Amplifiers
e Slew Rate ... 11 V/us Min Hydrophone Amplifiers
¢ Input Offset Voitage ... 40 pV Max

at 25°C for LT1028AM, LT1028AC

macromodel — applies to LT1028, LT1028A

.subckt LT1028 12345
*

cl 11 12 168.4E-12

c2 6 7 30.00E-12

dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vin O 61.89E6 -60E6 60E6 60E6 -60E6
ga 6 0 11 12 14.14E-3
gcm 0 6 10 99 3.985E-9
iee 10 4 dc 450.1E-6
hlim 90 0 vlim 1K
ql 11 2 13 qx
Q2 12 1 14 qx
9

r2 6 100.0E3
rcl 311 70.73
rc2 312 70.73
rel 13 10 -44.22
re2 14 10 -44.22
ree 10 99 444 .4E3
rol 8 5 40

Operational Amplifier Macromodels H

ro2 7 99 40

p 3 4 4.196E3
vb 9 0dc O

ve 3 53 dc 2.700
ve 54 4 dc 2.700
vliim 7 8 dc 0
vlip 91 0 dc 30

vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model qx NPN(Is=800.0E-18 Bf=7.500E3)

.ends
Macromodels, slmulaﬂon molm or other mum Copyright © 1990, Texas Instruments Incorporated
provided directly or indirectly, ars not
“"?l'l'mt'l y Tl ‘n tull npr:'umln ﬂn.ll :l' m 3.03
Specifications and of cl =
SomiCunduor roduc 10 WhICh the model relatet. INSTRUMENTS
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LT1037

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Equivalent Input Noise Voltage: e High Voltage Amplification:
3.8 nVNHz at 1 kHz 7 V/uV Min, R = 2kQ
4.5 nVWHz at 10 Hz 3 V/uV Min, R = 600 Q
o Low Peak-to-Peak Equivalent Input Noise e Low Input Offset Voltage ... 25 pV Max
Voltage ... 60 nV Typ from 0.1 Hz to 10 Hz

e Slew Rate ...
LT1037A

e Low Input Offset Voltage Temperature

11 V/us Min for LT1037 and Coefficient ... 0.6 pV/°C Max
e Common-Mode Rejection Ratio ...
117 dB Min

macromodel — applies to LT1037, LT1037A
.subckt LT1037 12345

s|apowosoey Jaylidwy jeuonesadQ u

*

cl
c2
dec
de
dlp
dln
dp
egnd
£fb
ga
gecm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92
4

99
7
6
0

10

90

11

12

13
14
10

12
7
53
5
91
90
3
0
9

PNODOMANOWO

92

16.49E-12
12.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 126.3E6 -100E6 100E6 100E6 -100E6
11 12 4.524E-3
10 99 1.275E-9
dc 180.0E-6
vlim 1K

13 gx

14 gx

100.0E3

221

221

-66.35

-66.35

1.111E6

35

35

11.31E3

dc 0

dc 2.200

dec 2.200

de 0

dec 25

de 25

D(Is=800.0E-18)
NPN (1s=800.0E-18 B£f=6.000E3)

3-24

Macromodels, llmuuuon models, or other models
rectly or lndlrﬂﬂly are not
warranted by TI as fully representing all of the
characteristics of the

provided by T

specitications and ope:

semiconductor product to which the model relates. l NST RUMENTS

‘ ’ Copyright © 1990, Texas Instruments Incorporated
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LTC1052
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Input Offset Voltage ... 5 pV Max at 25°C

o Temperature Coefficient of input Offset
Voltage ... 0.01 pV/°C Typ

o Long-Term Drift of input Offset Voltage ...

100 nV/mo Typ

o Input Bias Current ... 30 pA Max at 25°C

o Differential Voltage Amplification Over Full
Temperature Range ... 120 dB Min

macromodel - applies to LTC1052, LTC7652
.subckt LTC1052 1 23 45

*

cl 11
c2 6
css 10
dc 5
de 54
dlp 90
dln 92
dp 4
egnd 99
b 7
ga 6
gem 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
p 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vip 91
vln 0
.model dx
.model jx
.ends

12
7
99
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

4.354E-12
15.00E-12
1.607E-12

FRERE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 1.070E9 -1E9 1E9 1lE9 -1E9

11 12 179.1E-6
10 99 17.91E-12
dc 46.50E-6
vlim 1K

10 jx

10 Ix

100.0E3
5.584E3
5.584E3

165

165

6.667E3
4.301E6

de O

de .9

dc .8

de O

dec 3

de 3

D(Is=800.0E-18)
PJF (Is=2.000E-12 Beta=500E-6 Vto=0.05)

e Common-Mode Rejection Ratio Over Full
Temperature Range ... 120 dB Min

e Supply Voltage Rejection Ratio Over Full
Temperature Range ... 120 dB Min

o Single-Supply Operation from 4.75 V to 16 V
(Input Voitage Range Extends to Ground)

o External Capacitors Can Be Returned to
Vpp- with No Noise Degradation

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided by Ti, directly or Indirectly, are not

warranted by Ti as full

Copyright © 1990, Texas Instruments Incorporated
representing all of the EXAS Jw
characteristics of the 3-25
ch the model relates. lNS‘TRUM ENTS

specifications and opera Ing
semiconductor product to whil
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MC1458
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Short-Circuit Protection

e Wide Common-Mode and Differential Voltage e No Latch-Up

Ranges

e No Frequency Compensation Required

e Low Power Consumption

e Designed to be Interchangeable with Motorola

macromodel — applies to MC1458, MC1558
12345

.subckt MC1458

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gem
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92
4

99
7
6
0

10

90

11

12
6
3
3

13

14

=
o

12
7
53
5
91
90
3
0
9

H NO&OO®V

92

D(Is=800.0E-18)

4.664E-12
20.00E-12

EEEEE

poly(2)
poly(5) vb vc ve vlp vln 0 10.61E6 -10E6 10E6 10E6 -10E6
11 12 137.7E-6
10 99 2.574E-9

dc 10.16E-6

vlim 1K

13
14

qx
qx

100.0E3
7.957E3
7.957E3
2.740E3
2.740E3

19.
150
150
18.

dc
dec
dec
de
dc
dc

69E6

11E3
0
2.600
2.600
0

25

25

(4,0) 0 .5 .5

NPN (Is=800.0E-18 Bf=62.50)

MC1558/MC1458 and Signetics S5558/N5558

3-26

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Ti as fully representin
specifications and operating characteristics of the
semiconductor product to which the mode! relates.

all of the

XAS {f’
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS. TEXAS 75265
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MC3403
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Wide Range of Supply Voltages: e Low Input Bias Current
Single Supply ... 3Vto 36V
or Dual Supplies e Internal Frequency Compensation

e Short-Circuit Protection

' ¢ Class AB Output Stage
e True Differential Input Stage . a%salgggd M“(,: g:oglterchangeable with Motorola

macromodel — applies to MC3303, MC3403

.subckt MC3403 12345
*
cl 11 12 7.544E-12
c2 6 7 20.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£fb 7 99 poly(5) vb vc ve vlip vin O 42.44E6 -40E6 40E6 40E6 -40E6
ga 6 0 11 12 130.7E-6
gcm 0 6 10 99 2.235E-9
iee 3 10 dc 12.40E-6
hlim 90 0 vlim 1K
ql 11 2 13 gx
q2 12 1 14 gx
r2 6 9 100.0E3
rcl 4 11 7.957E3
rc2 4 12 7.957E3
rel 13 10 3.529E3
re2 14 10 3.529E3
ree 10 99 16.13E6

EREERE

w

Operational Amplifier Macromodels

rol 8 5 37.50
ro2 7 99 37.50
p 3 4 43.62E3
vb 9 0dc O
ve 3 53 dc 2.600
ve 54 4 dc 2.600
vliim 7 8 dc 0
vlp 91 0 dc 30
vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=30)
.ends
Macromodels, simulation modals, or other models Copyright © 1990, Texas Instruments Incorporated

provided bg TI, directly or indirectly, are not
warranted by Tl as fully representing all of the

specitications and operating characteristics of the
semiconductor product to which the model relates. INST RUM ENTS
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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NE5534
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Equivalent Input Noise Voltage ... e High Slew Rate ... 13 V/us Typ
3.5 nVWHz Typ e Wide Supply Voltage Range ...
e Unity-Gain Bandwidth ... 10 MHz Typ +3Vtot20V
e Common-Mode Rejection Ratio ... o Low Harmonic Distortion
100 dB Typ

e Designed to be Interchangeable with Signetics
in ... 100 V/mV Typ SES534, SES534A, NES534, and NES534A

e Hiah DC Voltaae G
High DC Voltage G

e Peak-to-Peak Output Voltage Swing ...
32V Typ withVcc+ = 18V and
RL = 600 Q

macromodel - applies to NE5532, NE5532A, NE5534, NE5534A, SE5534, SES534A

.subckt NE5534 1234567
*

el 11 12 7.703E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) O .5 .5

w

s|apowoudey soidwy jeuonesddQ

£fb 7 99 poly(5) vb vc ve vlp vin 0 2.893E6 -3E6 3E6 3E6 -3E6
ga 6 0 11 12 1.382E-3
gcm 0 6 10 99 13.82E-9
iee 10 4 dc 133.0E-6
hlim 90 O vlim 1K
ql 11 2 13 gx
q2 12 1 14 gx
r2 6 9 100.0E3
rcl 3 11 723.3
rc2 3 12 723.3
rel 13 10 329
re2 14 10 329
ree 10 99 1.504E6
rol 8 5 50
ro2 7 99 25
rp 3 4 7.757E3
vb 9 0dc O
ve 3 53 dc 2.700
ve 54 4 dc 2.700
vliim 7 8 dc 0
vip 91 0 dc 38
vln 0 92 dc 38
.model dx D(Is=800.0E-18)
.model gqx NPN(Is=800.0E-18 Bf=132)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not ¢
warranted by Tl as fully representing all of the TEXAS

3-28  specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUMENTS
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OP-07C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage ... 60 pV Typ e Single-Chip Monolithic Fabrication

o Temperature Coefficient of Input Offset e Wide Input Voltage Range ... Oto £+14V Typ
Voltage ... 0.5 uV/°C Typ e Wide Supply Voltage Range ...

o Ultralow Noise t3Vto £18V

e No External Components Required e Essentially Equivalent to Fairchild pA714

o Lower Cost Replacement for Chopper Operational Amplifiers

Amplifiers e Direct Replacement for PMI OP-07C

macromodel - applies to OP-07C

.subckt OP-07C 12345
*
cl 11 12 2.887E-12
c2 6 7 30.00E-12
de 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

FEERER

w

£b 7 99 poly(5) vb vec ve vlp vlin 0 147.3E6 -100E6 100E6 100E6 -100E6
ga 6 0 11 12 113.1E-6

gecm O 6 10 99 56.69E-12

iee 10 4 dc 7.501E-6

hlim 90 0 vlim 1K

ql 11 2 13 gqx

q2 12 1 14 gx

r2 6 9 100.0E3
rel 3 11 8.841E3
rc2 3 12 8.841E3
rel 13 10 1.943E3
re2 14 10 1.943E3
ree 10 99 26.66E6
rol 8 5 30

ro2 7 99 30

Operational Amplifier Macromodels

rp 3 4 12.04E3

vb 9 0dc O

ve 3 53 dc 2.900

ve 54 4 dc 2.900

vliim 7 8 dc 0

vlip 91 0 dc 20

vln 0 92 dc 20
.model dx D (Is=800.0E-18)
.model qx NPN(Is=800.0E-18 Bf=5.357E3)
.ends

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided "{ T\, directly or indirectly, are not /)
warranted by TI as fully representing all of the 3.29

spacifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUMENTS
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265
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0P-07D
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage ... 60 uV Typ e Single-Chip Monolithic Fabrication

o Temperature Coefficient of Input Offset e Wide Input Voltage Range ... 0to +14V Typ
Voltage ... 0.7 uV/°C Typ e Wide Supply Voltage Range ...

o Ultralow Noise +3Vto +18V

o No External Components Required e Essentially Equivalent to Fairchild uA714

o Lower Cost Replacement for Chopper
Amplifiers

Operational Amplifiers
e Direct Replacement for PMI OP-07D

macromodel — applies to OP-07D
.subckt OP-07D 1 2 3 4 5

*

cl 11 12 6.996E-12

c2 6 7 30.00E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 115.9E6 -100E6 100E6 100E6 -100E6
ga 6 0 11 12 115.0E-6
gcm 0 6 10 99 204.5E-12
iee 10 4 dc 9.004E-6
hlim 90 O vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 8.696E3

rc2 3 12 8.696E3

rel 13 10 2.947E3

re2 14 10 2.947E3

ree 10 99 22.21E6

rol 8 5 30

ro2 7 99 31.2

p 3 4 11.29E3

vb 9 0dc O

vec 3 53 dc 2.800

ve 54 4 dc 2.800

vliim 7 8 dc 0

vip 91 0 dc 20

vlin 0 92 dc 20

.model dx D(Is=800.0E-18)
.model gqx NPN(Is=800.0E-18 Bf=2.250E3)

.ends

3-30

Macromodels, simulation models, or other models

provided by TI, directly or indirectly, are not I
warranted by TI as fully representing all of the TE_XAS

Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteﬂnics of the

semiconductor product to which the model relates. lN STRUM ENTS
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OP-07E
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Ultralow Offset Voltage ... 30 pV Typ

o Ultralow Offset Voltage Temperature
Coefficient ... 0.3 uV/°C Typ

o Ultralow Noise
e No External Components Required

e Lower Cost Replacement for Chopper
Amplifiers

macromodel — applies to OP-07E

.subckt OP-07E 12345
*
cl 11 12 2.887E-12
€2 6 17 30.00E-12
dc 553
de 54
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

EEEgRE

£b 7 99 poly(5) vb vc ve vlp vlin 0
ga 6 0 11 12 113.1E-6

gecm O 6 10 99 56.69E-12

iee 10 4 dc 7.501E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 8.841E3
rc2 3 12 8.841E3
rel 13 10 1.943E3
re2 14 10 1.943E3
ree 10 99 26.66E6
rol 8 5 30

ro2 7 99 30

p 3 4 12.04E3
vb 9 0dec O

ve 3 53 dc 2.900
ve 54 4 dc 2.900
vliim 7 8 dec O

vlip 91 0 dc 20

vlin 0 92 dc 20
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=5.357E3)
.ends

e Single-Chip Monolithic Fabrication
e Wide Input Voltage Range ... 0to +14V Typ

e Wide Supply Voltage Range ...
+3Vto t18V

o Essentially Equivalent to Fairchild nA714
Operational Amplifiers

e Direct Replacement for PMI OP-07E

147.3E6 -100E6 100E6 100E6 -100E6

Operational Amplifier Macromodels H

Macromodels, simulation models, or oﬂm modcl:
provided hz I, directly or |nllm:ﬁy not
warranted by Ti as ful reprasentin, |II nl the

e adutior rogurt 0 which tne mogel rlates. INSTRUMENTS

‘ ! Copyright © 1990, Texas Instruments Incorporated
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0P-27C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Direct Replacement for PMl and LTC e Very Low Peak-to-Peak Noise Voltage ...
OP-27 Series 90 nV Typ at 0.1 Hz to 10 Hz
e Maximum Equivalent Input Noise Voltage: e Input Offset Voltage ... 100 pV Max
4.5 nVNHz at 1 kHz
8 nV/Hz at 10 Hz e High Voltage Amplification ... 700 V/mV Min

macromodel — applies to OP-27A, OP-27C

3-32

.subckt OP-27C 12345
*
cl 11 12 2.730E-12
c2 6 7 15.00E-12
dec 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 22.86E6 -20E6 20E6 20E6 -20E6
ga 6 0 11 12 852.1E-6
gcm 0 6 10 99 754.1E-12
iee 10 4 dc 42.03E-6
hlim 90 O vlim 1K
ql 11 2 13 gx
q2 12 1 14 gx
r2 6 9 100.0E3
rcl 3 11 1.326E3
rc2 3 12 1.326E3
rel 13 10 94.44
re2 14 10 94.44
ree 10 99 4.759E6
rol 8 5 88
ro2 7 99 87
p 3 4 10.14E3
vb 9 0dcoO
ve 3 53 dec 2.200
ve 54 4 dc 2.200
vliim 7 8 dec 0
vlip 91 O dc 40
vln 0 92 dc 40
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=1.400E3)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or indirectly, are not %
warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the

semiconductor product to which the model relates. lN STRUM E NTS
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0P-27E
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Direct Replacement for PMi and LTC e Very Low Peak-to-Peak Noise Voltage ...
OP-27 Series 80 nV Typ at 0.1 Hz to 10 Hz
e Maximum Equivalent input Noise Voltage: o Low Input Offset Voltage ... 25 uV Max
| gg :w:’/g-: :: : ;:: e High Voltage Amplification ... 1 V/uV Min

macromodel — applies to OP-27E

.subckt OP-27E 1 2 3 4 5
*
el 11 12 2.730E-12
c2 6 7 15.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

kREERE

£fb 7 99 poly(5) vb vc ve vlp vlin 0 67.36E6 -70E6 70E6 70E6 -70E6

ga 6 0 11 12 763.5E-6 3
gem 0 6 10 99 215.2E-12

iee 10 4 dc 42.02E-6

hlim 90 O vlim 1K

ql 11 2 13 gqx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 1.310E3
rc2 3 12 1.310E3
rel 13 10 78.10
re2 14 10 78.10
ree 10 99 4.760E6

Operational Amplifier Macromodels

rol 8 5 35
ro2 7 99 37
p 3 4 9.810E3
vb 9 0dc O
ve 3 53 dc 1.800
ve 54 4 dc 1.800
vliim 7 8 dc 0
vlip 91 0 dc 30
vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=2.100E3)
.ends
Macromodels, llmnlnlon models, or other models Copyright © 1990, Texas Instruments Incorporated
provided directly or indirectly, are not %
warranted by Tl as fully representing all of the

specifications and operating characteristics of the 3-33
semiconductor product to which the model relates. l N STRU MENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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0P-27G
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
o Direct Replacement for PMI and LTC e Very Low Peak-to-Peak Noise Voltage ...
OP-27 Series 90 nV Typ at 0.1 Hz to 10 Hz
e Maximum Equivalent Input Noise Voltage: e Input Offset Voltage ... 100 pV Max

4.5 nV/VHz at 1 kHz
8.0 nV/VHz at 10 Hz

.subckt OP-27G

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92

99

10
90

wn
HFdbdWwowa

o

8o

12
7
53
5
91
90

OrHrNO_MONOWOVWOW

12

92

e High Voltage Amplification ... 700 V/mV Min

2.730E-12
15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 22.86E6 -20E6 20E6 20E6 -20E6
11 12 852.1E-6
10 99 754.1E-12
dc 42.03E-6
vlim 1K

13 gx

14 gx

100.0E3

1.326E3

1.326E3

94 .44

94.44

4.759E6

88

87

10.14E3

dec 0

dec 2.200

dc 2.200

dec 0

dc 40

dec 40

D(Is=800.0E-18)
NPN (I1s=800.0E-18 Bf=1.400E3)

3-34

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.

‘ I Copyright © 1990, Texas Instruments Incorporated
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OP-37A
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
o Direct Replacement for PMl and LTC e Very Low Peak-to-Peak Noise Voltage ...
OP-27 Series 80 nV Typ at 0.1 Hz to 10 Hz
e Maximum Equivalent Input Noise Voltage: e Low Input Offset Voltage ... 25 nV Max
3.8 nV/WHz at 1 kHz

5.5 nV/Hz at 10 Hz e High Voltage Amplification ... 1V/uV Min

macromodel — applies to OP-37A, OP-37C, OP-37E, OP-37G

.subckt OP37A 12345
*
cl 11 12 25.166E-12
c2 6 7 30.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

b 7 99 poly(5) vb vc ve vlp vlin 0 5.683E6 -6E6 6E6 6E6 -6E6

ga 6 0 11 12 7.541E-3 3
gem O 6 10 99 2.125E-9

iee 10 4 dc 510.0E-6

hlim 90 0 vlim 1K

q1 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3
rcl 3 11.132.6
rc2 3 12 132.6
rel 13 10 31.18
re2 14 10 31.18
ree 10 99 392.1E3
rol 8 5 35

ro2 7 99 35

Operational Amplifier Macromodels

rp 3 4 12.05E3
vb 9 0dcoO
ve 3 53 dc 1.900
ve 54 4 dc 1.900
vlim 7 8 dc 0
vip 91 0 dc 30
vlin 0 92 dc 30
.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=25.50E3)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not ¢
warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the 3-35
semiconductor product to which the model relates. INST RUM ENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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RC4136
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Continuous Short-Circuit Protection (]

e Wide Common-Mode and Differential (]
Voltage Ranges

e No Frequency Compensation Required
o Low Power Consumption .
e No Latch-Up

macromodel — applies to RC4136, RM4136, RV4136

.subckt RC4136 12345

*

Unity Gain Bandwidth ... 3 MHz Typ
Gain and Phase Match Between Amplifiers

Designed to be Interchangeable with Raytheon
RM4136, RV4136, and RC4136

Low Noise ... 8 nVAHz Typ at 1 kHz

cl 11 12 2.664E-12

c2 6 7 20.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vlin 0 6.365E6 -6E6 6E6 6E6 -6E6

ga 6 0 11 12 418.0E-6

gcm 0 6 10 99 6.705E-9

iee 3 10 dc 34.28E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 2.652E3

rc2 4 12 2.652E3

rel 13 10 1.122E3

re2 14 10 1.122E3

ree 10 99 5.834E6

rol 8 5 125

ro2 7 99 125

p 3 4 24.67E3

vb 9 0decO

ve 3 53 dc 2.600

ve 54 4 dc 2.600

vliim 7 8 dc 0

vip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model gx PNP(Is=800.0E-18 Bf=121.4)
.ends

3-36

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.
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RC4558
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Continuous Short-Circuit Protection e Unity Gain Bandwidth ... 3 MHz Typ
o Wide Common-Mode and Differential o Gain and Phase Match Between Amplifiers
Voltage Ranges e Low Noise ... 8 nV/VHz Typ at 1 kHz

' * No Frequency Compensation Required e Designed to be Interchangeable with Raytheon
o Low Power Consumption RM4558, RV4558, and RC4558

o No Latch-Up

macromodel — applies to RC4558, RM4558, RV4558

.subckt RC4558 12345
*
cl 11 12 2.664E-12
c2 6 7 20.00E-12
dec 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vin 0 6.365E6 -6E6 6E6 6E6 -6E6
ga 6 0 11 12 418.0E-6
gecm O 6 10 99 6.705E-9
iee 3 10 dc 34.28E-6
hlim 90 O vlim 1K
ql 11 2 13 gqx
q2 12 1 14 gx
r2 6 9 100.0E3
rcl 4 11 2.652E3
rec2 4 12 2.652E3
rel 13 10 1.122E3
re2 14 10 1.122E3
ree 10 99 5.834E6

FEREERER

W

Operational Amplifier Macromodels

rol 8 5 125
ro2 7 99 125
rp 3 4 24.67E3
vb 9 0dc O
ve 3 53 dc 2.600
ve 54 4 dc 2.600
vliim 7 8 dc 0
vip 91 0 dc 25
vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=121.4)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or Indirectly, are not %
warranted by Ti as fully representing all of the

specifications and operating characteristics of the 3-37
semiconductor product to wgl:h the model relates. IN ST RUM E NTS
POST OFFICE BOX 655303 - DALLAS, TEXAS 75265



RC4559

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Matched Gain and Offset Between
Amplifiers

e Unity-Gain Bandwidth ... 3 MHz Min
e Slew Rate ... 1.5 V/us Min

e Low Equivalent Input Noise Voltage ...

2 nV/VHz Max (20 Hz to 20 kHz)

macromodel - applies to RC4559

.subckt RC4559 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dec 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3

FEREE

ga 6 0 11 12 404.0E-6
gcm 0 6 10 99 2.120E-9
iee 3 10 dc 30.08E-6
hlim 90 O vlim 1K

gl 11 2 13A gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 2.652E3

rc2 4 12 2.652E3

rel 13 10 925.5

re2 14 10 925.5

s|jepowoade|y 13yljdwy jeuonesadp N

ree 10 99 6.649E6

rol 8 5 110

ro2 7 99 110

p 3 4 18.52E3

vb 9 0dc O

ve 3 53 dc 2.600

ve 54 4 dc 2.600

vliim 7 8 dc 0

vlip 91 O dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 B£f=375)
.ends

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£fb 7 99 poly(5) vb vc ve vlp vln 0 7.233E6 -7E6 7E6 7E6 -7E6

No Frequency Compensation Required
No Latch-Up

Wide Common-Mode Voltage Range
Low Power Consumption

Designed to be Interchangeable with

Raytheon RC4559

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not l
3.38 w'"ff?'.?l by Tl l‘as lullyI ropvhnsemln nlll 01' ::a
- specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



TL022C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Very Low Power Consumption e Low Input Offset Voltage
o Power Dissipation with +2-V Supplies ... e Internal Frequency Compensation
170 uW Typ e Latch-Up-Free Operation
| e Low input Bias and Offset Currents e Popular Dual Op Amp Pin-Out
o Output Short-Circuit Protection
TLO22M IS NOT RECOMMENDED FOR NEW DESIGNS
macromodel - applies to TL022M, TL022C
.subckt TL022C 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dec 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 3
fb 7 99 poly(5) vb vc ve vlp vlin 0 1.697E6 -2E6 2E6 2E6 -2E6
ga 6 0 11 12 47.13E-6 »
gcm O 6 10 99 6.657E-9 ®
iee 3 10 dc 7.700E-6 b <]
hlim 90 O vlim 1K (=]
ql 11 2 13 gqx £
q2 12 1 14 gx 2
r2 6 9 100.0E3 (3]
rcl 4 11 21.22E3 ©
rc2 4 12 21.22E3 E
rel 13 10 13.95E3 -
re2 14 10 13.95E3 2
ree 10 99 25.97E6 =—
rol 8 5 125 Q
ro2 7 99 125 £
rp 3 4 245.1E3 <
vb 9 0dc O —
ve 3 53 de 2.600 8
ve 54 4 dc 2.600 O
vlim 7 8dc 0 -
vip 91 0 dc 6 ©
vin 0 92 dc 6 ]
.model dx D(Is=800.0E-18) ‘ 8-
.model gx PNP(Is=800.0E-18 Bf=37.50)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided bz TI, directly or indirectly, are not %
warranted by T as fully rsnrommml all of the )
stics of the 3-39

specifications and operating character|
semiconductor product to which the model relates. INS’TRUM ENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLO31

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 800 pV
e High Slew Rate ..
e Low Input Bias Current ... 2 pA Typ

. 29 V/us Typ

macromodel — applies to TL031, TLO31A
.subckt TLO31

*

cl 11
c2 6
css 10
dec 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlp 91
vlin 0
.model dx
.model ijx
.ends

12
7
99
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

D(Is=800.0E-18)

3.498E-12
15.00E-12
11.38E-12

dx
dx
dx
dx
dx

12345

poly(2)
poly(5) vb vc ve vlp vlin 0 936.5E3 -900E3 900E3 900E3 -900E3
11 12 113.1E-6
10 99 2.257E-9

dc 76.50E-6

vlim 1K

10
10

jx
Ix

100.0E3
8.841E3
8.841E3

135
135

138.5E3
2.614E6

de
de
dec
de
de
de

0
1.700
1.800
0
8
8

(4,0) 0 .5 .5

PJF (Is=1.000E-12 Beta=140e-6 Vto=-1)

e Very Low Power Consumption ...
6.5 mW Typ

o Output Short-Circuit Protection

3-40

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as full
specifications and operating characteristics of the
semiconductor product to which the model relates.

representin,

EXAS “'P
INSTRUMENTS
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TLO32
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 800 uV e Very Low Power Consumption ... 13 mW Typ
e High Slew Rate ... 2.9 V/ius Typ e Output Short-Circuit Protection
e Low Input Bias Current ... 2 pA Typ

macromodel - applies to TL032, TL032A

.subckt TL032 12345
*

cl 11 12 3.498E-12

c2 6 7 15.00E-12

css 10 99 11.38E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5

£b 7 99 poly(5) vb vc ve vlp vln 0 936.5E3 -900E3 900E3 900E3 -900E3

ga 6 011 12 113.1E-6

gcm O 6 10 99 2.257E-9

iss 3 10 dc 76.50E-6

hlim 90 O vlim 1K

j1 11 2 10 jx

j2 12 1 10 jix

r2 6 9 100.0E3

rdl 11 8.841E3

rd2 12 8.841E3

rol 5 135

ro2 99 135

4 138.5E3
99 2.614E6

0dec O
53 dc 1.700

4 dc 1.800

8 dc 0

0 dc 8
92 dc 8
D(Is=800.0E-18)
PJF (Is=1.000E-12 Beta=140e-6 Vto=-1)

w

O WU od s

[

rss

ve

:
wn
& w e

vlim

vlp

vln
.model
.model
.ends

fFola

%
Operational Amplifier Macromodels

Macromodels, simulstion models, or other models Copyright © 1980, Texas Instruments Incorporated
provided Dgyl’l, directly or indirectly, are not
warranted by Tl as fully representing all of the T

specifications and ing characteristics of the
m:mlmm product to which the model relates. INST RUM EN]S
POST OFFICE BOX 655303 - DALLAS, TEXAS 75265
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TLO3

4

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 1.5 mV e Very Low Power Consumption ... 26 mW Typ

e High Slew Rate ... 2.9 V/us Typ

e Output Short-Circuit Protection

e Low Input Bias Current ... 2 pA Typ e Monolithic Construction

macromodel — applies to TL034, TLO34A

.subckt TLO034 12345
*

cl 11 12 3.498E-12

c2 6 7 15.00E-12

css 10 99 11.38E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vlin 0 936.5E3 -900E3 900E3 900E3 -900E3

ga 6 0 11 12 113.1E-6

gcm 0 6 10 99 2.257E-9

iss 3 10 dc 76.50E-6

hlim 90 O vlim 1K

j1 11 2 10 jx

j2 12 1 10 jx

r2 6 9 100.0E3

rdl 4 11 8.841E3

rd2 4 12 8.841E3

rol 8 5 135

ro2 7 99 135

rp 3 4 138.5E3

rss 10 99 2.614E6

vb 9 0dc O

ve 3 53 dec 1.700

ve 54 4 dc 1.800

vliim 7 8 dc 0

vlip 91 O dc 8

vln 0 92 dc 8
.model dx D(Is=800.0E-18)
.model jx PJF (Is=1.000E-12 Beta=140e-6 Vto=-1)
.ends

3-42

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not

warranted

y Ti Iul fully representing all of the TEXAS %

specifications and operating characteristics of the
semiconductor product to which the model relates.

INSTRUMENTS
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TL044C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Very Low Power Consumption

o Typical Power Dissipation with +2-V
Supplies ... 340 uyW

o Low Input Bias and Offset Currents
e Output Short-Circuit Protection

e Low Input Offset Voltage

e Internal Frequency Compensation
e Latch-Up-Free Operation

o Power Applied in Pairs

TLO44M IS NOT RECOMMENDED FOR NEW DESIGNS

macromodel — applies to TL044M, TL044C

.subckt TL044C
*

12345

cl 11 12 3.498E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
din 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) O

.5 .5

w

b 7 99 poly(5) vb vc ve vlp vln 0 1.697E6 -2E6 2E6 2E6 -2E6

ga 6 011 12 47.13E-6
gcm 0 6 10 99 6.657E-9
iee 3 10 dc 7.700E-6
hlim 90 O vlim 1K

ql 11 2 13 gx

Q2 12 1 14 qx

r2 6 9 100.0E3

rcl 4 11 21.22E3

rc2 4 12 21.22€E3

rel 13 10 13.95E3

re2 14 10 13.95E3

ree 10 99 25.97E6

rol 8 5 125

ro2 7 99 125

p 3 4 245.1E3

vb 9 0dec O

ve 3 53 dc 2.600

ve 54 4 dc 2.600

viim 7 8 dc 0

vip 91 0 dc 6

vlin 0 92 dc 6
.model dx D(Is=800.0E-18)
.model gqx PNP (Is=800.0E-18 B£f=37.50)
.ends

Operational Amplifier Macromodels

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not l

wurrmlog y Tl‘n full \ uprnounct'ln nl‘ﬂ ol' }:a TEXAS 3.43
specifications and operating characteristics of the -
semiconductor product to which the model relates. INSITRUMENTS
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TLO51

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 800 pV e Low Noise Voltage ... 18 nV/VHz

(TLO51A)

Typatf = 1kHz

e High Slew Rate ... 19.8 V/us Typ at 25°C e Low Input Bias Currents ... 30 pA Typ

o Low Total Harmonic Distortion ... 0.003%
TypatRL = 2kQ

macromodel — applies to TL051, TLO51A

sjapowouoey Jeydwy jeuonesadg OV

.subckt TLO51

*

cl 11
c2 6
dc 5
de 54
dlp 90
dln 92
dp 4
egnd 99
b 7
ga 6
gcm 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vip 91
vln 0
.model dx
.model jx
.ends

12
7
53
5
91
90
3
0
99
0
6
10

92

12345

3.988E-12

15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vln 0 2.875E6 -3E6 3E6 3E6 -3E6
11 12 292.2E-6

10 99 6.542E-9

dc 300.0E-6

vlim 1K

10 jx

10 jx

100.0E3

3.422E3

3.422E3

125

125

11.11E3

666.7E3

de
de
dc
dec
dc 28
dc 28

.700

o wwo

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=185.2E-6 Vto=-1)

3-44

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by TI as fully representing all of the

‘ l Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the

semiconductor product to which the modai relates. ’ l NSTRUMENTS
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TL052
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 800 pV e Low Noise Voltage ... 19 nVAHz
(TLO52A) Typatf = 1kHz
o High Slew Rate ... 17.8 V/us Typ at 25°C e Low Input Bias Currents ... 30 pA Typ

e Low Total Harmonic Distortion ... 0.003%
TypatRL = 2kQ

macromodel — applies to TL052, TL0O52A

.subckt TL052 12345
*
cl 11 12 3.988E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vin 0 2.875E6 -3E6 3E6 3E6 -3E6
ga 6 0 11 12 292.2E-6
gcm O 6 10 99 6.542E-9
iss 3 10 dc 300.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx
j 1

W

.model jx PJF (Is=15.00E-12 Beta=185.2E-6 Vto=-1)
.ends

K7

(']

j2 12 10 jx -8
r2 6 9 100.0E3 £
rdl 4 11 3.422E3 )
rd2 4 12 3.422E3 H
rol 8 5 125 (3]
ro2 7 99 125 b
rp 3 4 11.11E3 -
rss 10 99 666.7E3 o
vb 9 0dcoO =
ve 3 53dc3 r-
ve 54 4 dc 3.700 £
vliim 7 8 dc 0 g
vip 91 0 dc 28 —
vin 0 92 dc 28 ©
.model dx D(Is=800.0E-18) g
=

©

T3

Qo

Q

(@]

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or indirectly, are not {}
warranted by TI as fully representing all of the TEXAS
specifications and operating characteristics of the l 3-45
semiconductor product to which the model relates. NST RUMENTS

POST OFFICE BOX 655303 - DALLAS, TEXAS 75265
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TL054
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Maximum Offset Voltage ... 1.5mV e Low Noise Voltage ... 21 nVNHz
(TLO54A) Typatf = 1kHz

e High Slew Rate ... 15.9 V/us Typ at 25°C e Low Input Bias Currents ... 30 pA Typ

e Low Total Harmonic Distortion ... 0.003% o Monolithic Construction

TypatRL = 2kQ

macromodel — applies to TL054, TLO54A

.subckt TL054

*

cl 11
c2 6
dec 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlip 91
vln 0
.model dx
.model jx
.ends

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

12345

3.988E-12
15.00E-12

FegRE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlip vin 0 2.875E6 -3E6 3E6 3E6 -3E6
11 12 292.2E-6
10 99 6.542E-9
dc 300.0E-6
vlim 1K

10 Ix

10 jx

100.0E3
3.422E3
3.422E3

125

125

11.11E3
666.7E3

de 0

dec 3

dec 3.700

dc 0

dc 28

dc 28

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=185.2E-6 Vto=-1)
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Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or Indirectly, are not

warranted by T as lull¥ nnmnmlnr‘ all of the EXAS

specifications and operating characteristics of the l

semiconductor product to which the model relates. NSTRUMENTS
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TLO60
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1980

e Very Low Power Consumption e Common-Mode Input Voltage Range

o Supply Current ... 200 pA Typ (per

Amplifier)

’ o Wide Common-Mode and Differential
Voitage Ranges

o Low Input Bias and Offset Currents

Includes Vec+
e Output Short-Circuit Protection

High Input Impedance ... JFET-Input Stage
o Latch-Up-Free Operation
o High Slew Rate ... 3.5 V/us Typ

macromodel — applies to TL060, TLO60A, TL060B

.subckt TL060

*

cl
de
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11

5
54
90
92

o 'd =
H ddWowoWw-uomahs

o

jx

12
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8

0
92

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=64E-6 Vto=-1)

1234567
2.332E-12
dx
dx
dx
dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 477.4E3 -500E3 500E3 500E3 -500E3
11 12 62.84E-6
10 99 2.178E-9
dc 35.00E-6
vlim 1K

10 jx

10 3x

100.0E3
15.91E3
15.91E3

200

200

150.0E3
5.714E6

de O

dec 2.130

dc 2.130

dc 0

dc 15

de 15

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the

o Cmaueir produt 0 WhIch fhe modal raales. INSTRUMENTS

‘i Copyright © 1990, Texas Instruments Incorporated
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TLO61

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Very Low Power Consumption e Output Short-Circuit Protection
e Supply Current ... 200 nA Typ (per e High Input Impedance ... JFET-Input Stage
Amplifier)

o Wide Common-Mode and Differential
Voltage Ranges

e iLow II'IPUI Bias and Ofiset Currents

e Internal Frequency Compensation
o Latch-Up-Free Operation
e High Slew Rate ... 3.5 V/us Typ

e Common-Mode Input Voltage Range

Includes Voc+

macromodel — applies to TL061, TLO61A, TL061B

.subckt TLO61

*

cl
c2
de
de
dlp
dln
dp
egnd
fb
ga
gem
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

['d -
P NddWowoWwWwNoss

o
o

dx
Ix

12
7
53
5
91
90
3
0
99
0
6

92

12345

3.498E-12
15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 318.3E3 -300E3 300E3 300E3 -300E3
11 12 94.26E-6
10 99 1.607E-9
dc 52.50E-6
vlim 1K

10 3x

10 jx

100.0E3
10.61E3
10.61E3

200

200

150.0E3
3.810E6

de 0

dc 2.200

dec 2.200

de 0

dec 15

dc 15

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=100.5E-6 Vto=-1)
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Macromodels, :Imumum models, or other models
directly or Inulrmly are not
representing all of the

characteristics of the

provide
\nmnlldhz Ti

as fulll

spocmcmont and operatin,

EXAS
semiconductor product to which the model relates. INST RUMENTS
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TL062
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Very Low Power Consumption e Output Short-Circuit Protection
e Supply Current ... 200 uA Typ (per e High Input Impedance ... JFET-Input Stage
Amplifier)

' o Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents

e Internal Frequency Compensation
o Latch-Up-Free Operation
e High Slew Rate ... 3.5 V/us Typ

e Common-Mode input Voltage Range
Includes Ve

macromodel — applies to TL062, TL062A, TL062B

.subckt TL062 12345
*
el 11 12 3.498E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx 3
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£6 7 99 poly(5) vb vc ve vlp vin 0 318.3E3 -300E3 300E3 300E3 -300E3 5
ga 6 0 11 12 94.26E-6 %
gcm O 6 10 99 1.607E-9 °
iss 3 10 dc 52.50E-6 £
hlim 90 0 vlim 1K )
j1 11 210 3x o
j2 12 110 jx ©
¥r2 6 9 100.0E3 2
rdl 4 11 10.61E3 -
rd2 4 12 10.61E3 9
rol 8 5 200 =
ro2 7 99 200 o
p 3 4 150.0E3 £
rss 10 99 3.810E6 <
vb 9 0dcO -
ve 3 53 dc 2.200 g
ve 54 4 dc 2.200 e
viim 7 8dc 0 -]
vlp 91 0 dc 15 ©
vin 0 92 dc 15 (1]
.model dx D(Is=800.0E-18) Q
.model jx PJF (Is=15.00E-12 Beta=100.5E-6 Vto=-1) o
.ends

Macromodels, simulation models, or other modsis
provided Ti, directly indi
warranted by Ti as full

specitications and ope

or

npmon’t.l:w i ot the T

semiconductor product to W' I:lnbr:‘v‘n.od':ﬁl:m. INST RU M E NTS

‘! Copyright © 1990, Texas Instruments Incorporated
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TL064

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Very Low Power Consumption e Output Short-Circuit Protection
o Supply Current ... 200 pA Typ (per e High Input Impedance ... JFET-Input Stage
Amplifier)

o Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents

e Internal Frequency Compensation
e Latch-Up-Free Operation
e High Slew Rate ... 3.5 V/us Typ

e Common-Mode Input Voitage Range

Includes Voo +

macromodel - applies to TL064, TLO64A, TL064B

.subckt TL064

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6

[t [
H 98 WWOWwOoOWNosan

©o

0
dx
Ix

12
7
53
5
91
90
3
0
99

92

12345
3.498E-12
15.00E-12

FRERE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vin 0 318.3E3 -300E3 300E3 300E3 -300E3
11 12 94.26E-6
10 99 1.607E-9
dc 52.50E-6
vlim 1K

10 jx

10 ix

100.0E3
10.61E3
10.61E3

200

200

150.0E3
3.810E6

de 0

dec 2.200

dec 2.200

dc O

dc 15

dc 15

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=100.5E-6 Vto=-1)

3-50

Macromodels, simulation models, or other models

provided by TI, directly or indirectly, are not

w:rrll'l'llﬂ'Il by Tl d“ 'M"J‘ ruprhosunlln aIII nI’ the T
specifications and operating characteristics of the

semiconductor product to which the model relates. l NSTRUMENTS

‘ ’ Copyright © 1990, Texas Instruments Incorporated
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TL066C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Very Low, Adjustable (“Programmable”)
Power Consumption

e Adjustable Supply Current . ..
5 pAto 200 pA

e Very Low Input Bias and Offset Currents
o Wide Supply Range ... t1.2Vto £18V

o Wide Common-Mode and Differential
Voltage Range

o Output Short-Circuit Protection

e High Input Impedance ... JFET-Input Stage

e Unity-Gain Bandwidth ... 1 MHz Typ
(100 kHz at 25 uW)

o High Slew Rate ... 3.5 V/us Typ
e Internal Frequency Compensation
e Latch-Up Free Operation

e Common-Mode Input Voltage Range
Includes Vcc+

macromodel — applies to TL0O66M, TL066!, TLO66C, TLO66AC, TLO66BC

.subckt TLO66 12345
*

el 11 12 3.498E-12

c2 6 7 15.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) O

£b 7 99 poly(5) vb vc ve vlp
ga 6 0 11 12 94.26E-6

gem 0 610 99 1.171E-8

iss 3 10 dc 52.50E-6

hlim 90 O vlim 1K

j1 11 2 10 jx

j 1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 10.61E3
rd2 4 12 10.61E3
rol 8 5 200
ro2 7 99 200
rp 3 4 150.0E3
rss 10 99 3.810E6
vb 9 0dc O
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vliim 7 8 dc 0
vip 91 0 dc 15
vlin 0 92 dc 15

dx

.model D (Is=800.0E-18)

.5 .5
vlin 0 318.3E3 -300E3 300E3 300E3 -300E3

Operational Amplifier Macromodels H

.model jx PJF (Is=15.00E-12 Beta=100.5E-6 Vto=-1)

.ends

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by T as full rlmuntlnrq all of the
spacifications and operating characteristics of the

semiconductor product to which the model relates. IN ST RU M E NTS

Copyright © 1990, Texas Instruments Incorporated

TeExas Q?
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TLO70

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Low Power Consumption

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

e Low Total Harmonic Distortion . ..
0.003% Typ

macromodel — applies to TL070, TLO70A

.subckt TL070 1234567

*
cl 11 12 5.197E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) O

Common-Mode Input Voltage Range
Includes Vo4

.. 18 nVANHz Typ
. JFET-Input Stage

Low Noise .
High Input Impedance ..
Latch-Up-Free Operation
High Slew Rate ... 13 V/us Typ

fb 7 99 poly(5) vb vc ve vlp vln 0 3.929E6 -4E6 4E6 4E6 -4E6

ga 6 0 11 12 361.3E-6
gcm 0 6 10 99 1.908E-9
iss 3 10 dc 234.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx

r2 6 9 100.0E3
rdl 4 11 2.947E3
rd2 4 12 2.947E3
rol 8 5 150

ro2 7 99 150

rp 3 4 21.43E3
rss 10 99 854.7E3
vb 9 0dc O

ve 3 53 dc 2.180
ve 54 4 dc 2.180
vlim 7 8 dc 0

vlip 91 O dc 25
vln 0 92 dc 25

.model dx D(Is=800.0E-18)

.model jx PJF (Is=32.50E-12 Beta=311E-6 Vto=-1)

.ends

3-52

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Ti as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the mode! relates.

‘ i Copyright © 1990, Texas Instruments Incorporated
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TLO71
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption e Low Noise ... 18 nV/NHz Typ

e Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage

Voltage Ranges e Internal Frequency Compensation

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

e Latch-Up-Free Operation

o High Slew Rate ... 13 V/us Typ
o Low Total Harmonic Distortion ...
0.003% Typ

e Common-Mode Input Voltage Range
Includes Voeo+

macromodel — applies to TL071, TLO71A, TLO71B

.subckt TLO71 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
b 7 99 poly(5) vb vc ve vlp vlin 0 4.715E6 -5E6 5E6 S5E6 -5E6
ga 6 0 11 12 282.8E-6
gem 0 6 10 99 8.942E-9
iss 3 10 dc 195.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx
1

w

j2 12 10 jx

r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 150

ro2 7 99 150

p 3 4 2.143E3
rss 10 99 1.026E6
vb 9 0dc O

ve 3 53 dc 2.200
ve 54 4 dc 2.200
vliim 7 8 dc O

vlp 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)
.ends

Operational Amplifier Macromodels

Macromodels, simulation models, or other models
provided TI, directly or indirectly, are not

warranted by Tl as fully representing all of the ¢
specifications and operating characteristics of the l TEXAS
semiconductor product to which the model relates. NSTRUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265

Copyright © 1990, Texas Instruments Incorporated
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TLO72

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption e Low Noise ... 18 nVAVHz Typ

o Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage

Voitage Ranges
e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

¢ Internal Frequency Compensation
o Latch-Up-Free Operation

e Low Total Harmonic Distortion ...
0.003% Typ

e Common-Mode Input Voltage Range

Includes Voo +

macromodel — applies to TL072, TLO72A, TL072B

W

s|japowoidey 1ayyjdwy jeuonesadQ

.subckt TL072

*

cl 11
c2 6
dc 5
de 54
dlp 90
dln 92
dp 4
egnd 99
£fb 7
ga 6
gcm 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlp 91
vln 0
.model dx
.model jx
.ends

12
7
53
5
91
90
3
0
99
0
6
10

92

12345

3.498E-12

15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vln 0 4.715E6 -5E6 SE6 S5E6 -5E6
11 12 282.8E-6
10 99 8.942E-9
dc 195.0E-6
vlim 1K

10 jx

10 jx

100.0E3
3.536E3
3.536E3

150

150

2.143E3
1.026E6

dc 0

dc 2.200

dc 2.200

dec 0

dec 25

dc 25

D(Is=800.0E-18)
PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)

3-54

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as full

representing all of the

‘l Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the
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TLO74
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Low Power Consumption e Low Noise ... 18 nVAHz Typ
e Wide Common-Mode and Ditferential e High Input Impedance ... JFET-Input Stage
Voltage Ranges

e Internal Frequency Compensation
' e Low Input Bias and Offset Currents

e Output Short-Circuit Protection

o Low Total Harmonic Distortion . ..
0.003% Typ

e Common-Mode Input Voitage Range
Includes Vec+

e Latch-Up-Free Operation
e High Slew Rate ... 13 V/us Typ

macromodel - applies to TL074, TLO74A, TL074B

.subckt TL074 12345
*

cl 11 12 3.498E-12

c2 6 7 15.00E-12

dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 4.715E6 -5E6 S5E6 SE6 -5E6
ga 6 0 11 12 282.8E-6
gcm O 6 10 99 8.942E-9
iss 3 10 dc 195.0E-6
hlim 90 O vlim 1K
j1 11 2 10 jx
1

Operational Amplifier Macromodels H

j2 12 10 3jx
r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 150
ro2 7 99 150
rp 3 4 2.143E3
rss 10 99 1.026E6
vb 9 0dc O
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vlim 7 8 dc 0
vlip 91 0 dc 25
vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided T1, directly or indirsctly, are not

wamaniad by Ti a8 ully representi all of the
specifications and opei

I EXAS
semiconductor product to '\: I:nh:n': mu‘:::r‘ﬂ:'l&' IN STRU M E NTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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TLO75

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Low Power Consumption

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

e Low Total Harmonic Distortion ...
0.003% Typ

o Common-Mode Input Voltage Range
Includes Vec+

macromodel — applies to TL075

.subckt TLO75 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£fb 7 99
ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 8.942E-9
iss 3 10 dc 195.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx
j2 12 1 10 jx
r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 150
ro2 7 99 150
p 3 4 2.143E3
rss 10 99 1.026E6
vb 9 0dc O
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vlim 7 8 dc 0
vip 91 0 dc 25
vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx
.ends

Low Noise ... 18 nV/VHz Typ

High input Impedance ... JFET-Input Stage
Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate ... 13 V/us Typ

poly(5) vb vc ve vlp vln 0 4.715E6 -5E6 SE6 5E6 -5E6

PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)

3-56

Macromodels, simulation models, or other modeis

provided Tl, directly or indirectly, are not
warranted by Ti as full

representing all of the

specifications and opera lng
semiconductor product to whi
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ch the model relates.
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TL08O
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Low Power Consumption e High Input Impedance ... JFET-Input Stage
o Wide Common-Mode and Differential o Latch-Up-Free Operation

Voltage Ranges
| e Low input Bias and Offset Currents

e High Slew Rate ... 13 V/us Typ
e Common-Mode Input Voltage Range

e Output Short-Circuit Protection Includes Voc 4

e Low Total Harmonic Distortion ...
0.003% Typ

macromodel — applies to TL080, TLOSBOA
.subckt TL080 1234567

*

cl
dec
de
dlp
dln
dp
egnd
£fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model

.ends

11

5
54
90
92

4
99

u-g. o w -
] O JAWOOWN®AEM

12
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92
D(

PJF (Is=15.00E-12 Beta=332E-6 Vto=-1)

5.197E-12
dx
dx
dx
dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vlin 0 3.803E6 -4E6 4E6 4E6 -4E6
11 12 377.6E-6

10 99 9.882E-9

dc 234.0E-6

vlim 1K

10 jx

10 jx

100.0E3

2.852E3

2.852E3

150

150

21.43E3

854.7E3

dc
de
dec
de
dc 25

dc 25
Is=800.0E-18)

.200
.200

ONNO

Operational Amplifier Macromodels H

Macromodaets, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated

provided by T, directly or indirectly, are not ¢

!’.‘.’Zx'n"é‘:!. I:m':p'-"' ..."’J:.'.’.”e'": .1‘-1'.'.','. ::: EXAS 3-57
jons -

semiconductor product to wﬁlch the model relates. lNST RUMENTS
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TLO81

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

o Low Total Harmonic Distortion ...
0.003% Typ

macromodel — applies to TL081, TLO81A, TL081B

.subckt TLO081
*

12345

cl 11 12 3.498E-12
c2 6 7 15.00E-12

dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5

High Input Impedance ... JFET-Input Stage
Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate ... 13 V/us Typ

Common-Mode Input Voltage Range
Includes Voo

b 7 99 poly(5) vb vc ve vlp vlin 0 4.715E6 -5E6 S5E6 5E6 -5E6

ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 8.942E-9
iss 3 10 dc 195.0E-6
hlim 90 0 vlim 1K
31 11 2 10 ix

1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 3.536E3

rd2 4 12 3.536E3

rol 8 5 150

ro2 7 99 150

rp 3 4 2.143E3

rss 10 99 1.026E6

vb 9 0dc O

ve 3 53 dc 2.200

ve 54 4 dc 2.200

vliim 7 8 dc 0

vip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)

.model jx PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)

.ends

3-58
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TL082
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption e High Input Impedance ... JFET-Input Stage

o Wide Common-Mode and Differential e Internal Frequency Compensation

Voltage Ranges o Latch-Up-Free Operation

| o Low Input Bias and Offset Currents e High Slew Rate ... 13 Vius Typ

e Output Short-Circuit Protection e Common-Mode Input Voltage Range
e Low Total Harmonic Distortion ... Includes Vec+
0.003% Typ

macromodel — applies to TL082, TL082A, TL082B

.subckt TL082 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) O .5 .5
b 7 99 poly(5) vb vc ve vlp vin 0O 4.715E6 -5E6 5E6 5E6 -5E6

W

ga 6 0 11 12 282.8E-6 L
gem O 6 10 99 8.942E-9 .g
iss 3 10 dc 195.0E-6 o
hlim 90 O vlim 1K E
j1 11 2 10 jx o
j2 12 1 10 jx b
r2 6 9 100.0E3 ©
rdl 4 11 3.536E3 b=
rd2 4 12 3.536E3 -
rol 8 5 150 )
ro2 7 99 150 &=
rp 3 4 2.143E3 a
rss 10 99 1.026E6 E
vb 9 0dc O <
vc 3 53 dec 2.200 -—
ve 54 4 dc 2.200 «
vlim 7 8dc 0 g
vip 91 0 dc 25 —
vlin 0 92 dc 25 E
.model dx D(Is=800.0E-18) )
.model jx PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1) Q
.ends O

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated

provided by TI, directly or indirectly, are not I
warranted by TI as fully representing all of the TEXAS
specifications and operating characteristics of the l
semiconductor product to which the model relates. NST RUMEN]S
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLO83

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption

o Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents

e Output Short-Circuit Protection

e Low Totai Harmonic Distortion ...
0.003% Typ

macromodel — applies to TL083, TLO83A

.subckt TLO83

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1

r2

rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

E. o w L -
OH dbdWOWOWNODE_EOAN

.
x

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

12345

3.498E-12
15.00E-12

feeeeg

e High Input Impedance ... JFET-Input Stage
e Internal Frequency Compensation

e Latch-Up-Free Operation

e High Slew Rate ... 13 V/us Typ

e Common-Mode Input Voltage Range
inciudes Vo4

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 4.715E6 -5E6 5E6 SE6 -5E6

11 12 282.8E-6
10 99 8.942E-9
dc 195.0E-6
vlim 1K

10 jx

10 jx

100.0E3
3.536E3
3.536E3

150

150

2.143E3
1.026E6

dc 0

de 2.200

dc 2.200

dec 0

dc 25

dec 25

D (Is=800.0E-18)
PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1)

3-60

Macromodels, simulation models, or other modeis
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the

an g Istics of the
semiconductor product to which the model relates.
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TLO84
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption e High Input Impedance ... JFET-Input Stage

o Wide Common-Mode and Differential e Internal Frequency Compensation
Voltage Ranges e Latch-Up-Free Operation
e High Slew Rate ... 13 V/us Typ

o Common-Mode Input Voltage Range
e Low Total Harmonic Distortion ... Includes Vg +
0.003% Typ

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

macromodel — applies to TL084, TLO84A, TLO84A

.subckt TL084 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
b 7 99 poly(5) vb vc ve vlp vln 0 4.715E6 -5E6 S5E6 SE6 -5E6

w

ga 6 0 11 12 282.8E-6 i)
gcm 0 6 10 99 8.942E-9 %
iss 3 10 dc 195.0E-6 o
hlim 90 0 vlim 1K £
j1 11 2 10 jx o)
j2 12 1 10 jx o
r2 6 9 100.0E3 ©
rdl 4 11 3.536E3 b
rd2 4 12 3.536E3 -
rol 8 5 150 @
ro2 7 99 150 -
rp 3 4 2.143E3 =%
rss 10 99 1.026E6 £
vb 9 0dc O <
ve 3 53 dc 2.200 —
ve 54 4 dc 2.200 ©
vlim 7 8 dc 0 3
vlip 91 0 dc 25 -
vin 0 92 dc 25 ©
.model dx D(Is=800.0E-18) Q
.model jx PJF (Is=15.00E-12 Beta=270.1E-6 Vto=-1) Q
.ends o
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not %
warranted by Tl as fully representing all of the

specifications and operating characteristics of the 3-61
semiconductor product to which the model relates. INST RUM ENTS
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TLO8S

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Power Consumption

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents
o Output Short-Circuit Protection

e Low Total Harmonic Distortion ...
0.003% Typ

macromodel — applies to TL085

.subckt TLO85 12345
*
cl 11 12 3.498E-12
c2 6 7 15.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3

EEEEE

ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 8.942E-9
iss 3 10 dc 195.0E-6
hlim 90 O vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 3.536E3

rd2 4 12 3.536E3

rol 8 5 150

ro2 7 99 150

rp 3 4 2.143E3

rss 10 99 1.026E6

vb 9 0dc O

ve 3 53 dc 2.200

ve 54 4 dc 2.200

vliim 7 8 dc 0

vlp 91 0 dc 25

vlin 0 92 dc 25
.model dx D(Is=800.0E-18)

sjapowoisoely 19ydwy jeuonesadg B

.ends

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 4.715E6 -5E6 S5E6 5E6 -5E6

High Input Impedance ... JFET-Input Stage
Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate ... 13 V/us Typ

Common-Mode Input Voltage Range
Includes Vo4

.model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1)

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the

3-62

and op g of t
semiconductor praduct ta which the model relates.
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TLO87
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
e Low Input Offset Voltage ... 0.5 mV Max ¢ Internal Frequency Compensation
e Low Power Consumption e Latch-Up-Free Operation
e Wide Common-Mode and Differential e High Slew Rate ... 18 V/us Typ
Voltage Ranges e Low Total Harmonic Distortion ...
o Low Input Bias and Offset Currents 0.003% Typ
e High Input Impedance ... JFET-Input
Stage
macromodel — applies to TL087
.subckt TLO087 12345
*
cl 11 12 3.887E-12
c2 6 7 12.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx 3
egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5
£fb 7 99 poly(5) vb vc ve vlp vin 0 6.189E6 -6E6 6E6 6E6 -6E6
ga 6 0 11 12 282.8E-6 Q
gem 0 6 10 99 3.560E-9 %
iss 3 10 dc 270.0E-6 (=)
hlim 90 0 vlim 1K £
§j1 11 2 10 jx =)
j2 12 1 10 jx o
r2 6 9 100.0E3 (1]
rdl 4 11 3.536E3 b=
rd2 4 12 3.536E3 -
rol 8 5 60 @
ro2 7 99 60 -
rp 3 4 11.54E3 %
rss 10 99 740.7E3 £
vb 9 0dc O g
ve 3 53 dc 2.200 —
ve 54 4 dc 2.200 ©
vliim 7 8dc 0 S
vip 91 0 dc 30 -
vlin 0 92 dc 30 E
.model dx D(Is=800.0E-18) [
.model jx PJF(Is=15.00E-12 Beta=165.3E-6 Vto=-1) =3
.ends o
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided b= TI, directly or indirectly, are not ¢
3-'3""3?«».‘4 I:m’:p'l“rl:zlnmcr;:r.t':ll:r ll.l::ll :'l ::: lN STIQUEXQSENTS 3-63
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TLO8S
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Offset Voltage ... 0.5 mV Max
o Low Power Consumption

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents

e High Input Impedance ... JFET-Input

Stage

macromodel — applies to TL088

Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate ... 18 V/us Typ
Low Total Harmonic Distortion ...
0.003% Typ

.subckt TLO88 12345
*
cl 11 12 3.887E-12
c2 6 7 12.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 6.189E6 -6E6 6E6 6E6 -6E6
ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 3.560E-9
iss 3 10 dc 270.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jix
j2 12 1 10 jx
r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 60
ro2 7 99 60
rp 3 4 11.54E3
rss 10 99 740.7E3
vb 9 0dcoO
ve 3 53 dc 2.200
ve 54 4 dc 2.200
vliim 7 8 dc 0
vlp 91 0 dc 30
vln 0 92 dc 30
.model dx D(Is=800.0E-18)

.model jx
.ends

PJF (Is=15.00E-12 Beta=165.3E-6 Vto=-1)

3-64

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by TI as fully representing all of the

Copyright © 1990, Texas Instruments incorporated

specifications and operating characteristics of the
semiconductor product to which the model relates.
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TL136C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Continuous-Short Circuit Protection e No Latch-Up
o Wide Common-Mode and Differential e Unity-Gain Bandwidth ... 3 MHz Typ

Voltage Ranges
' e No Frequency Compensation Required

e Gain and Phase Match Between Amplifiers

e Low Power Consumption

macromodel — applies to TL136C

.subckt TL136

*

cl
c2

rel

ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92

P déaWwowd

9
0
dx

qx

12
7
53
5
91
90

99

92

12345

2.664E-12

20.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vln 0 6.365E6 -6E6 6E6 6E6 -6E6
11 12 418.0E-6
10 99 6.705E-9
dc 34.28E-6
vlim 1K

13 gqx

14 gx

100.0E3
2.652E3
2.652E3
1.122E3
1.122€3
5.834E6

125

125

24.67E3

dec 0

dc 2.600

dc 2.600

dec 0

de 25

dc 25

D(Is=800.0E-18)
PNP (Is=800.0E-18 Bf=121.4)

W

Operational Amplifier Macromodels

Macromodeis, simulation models, or other models

mrr'n"n't:u"zyTr'ia“slmnl reprasenting all of the TExas ¢

provi

rectly or Indirectly, are not

ey g 0 WhlCh the-mocel eaten. INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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TL287
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Low Input Offset Voltage ... 0.5 mV Max .
e Low Power Consumption .

e Wide Common-Mode and Differential
Voltage Ranges

e Low Input Bias and Offset Currents

e High Input Impedance ... JFET-Input

Stage

macromodel — applies to TL287

Internal Frequency Compensation
Latch-Up-Free Operation

High Slew Rate ... 18 V/us Typ
Low Total Harmonic Distortion . ..
0.003% Typ

.subckt TL287 12345
*

cl 11 12 3.887E-12

c2 6 7 12.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vin 0 6.189E6 -6E6 6E6 6E6 -6E6

ga 6 0 11 12 282.8E-6

gcm 0 6 10 99 3.560E-9

iss 3 10 dc 270.0E-6

hlim 90 0 vlim 1K

j1 11 2 10 jx

j2 12 1 10 jx

r2 6 9 100.0E3

rdl 4 11 3.536E3

rd2 4 12 3.536E3

rol 8 5 60

ro2 7 99 60

rp 3 4 11.54E3

rss 10 99 740.7E3

vb 9 0dc O

ve 3 53 dec 2.200

ve 54 4 dc 2.200

vlim 7 8 dec O

vlip 91 0 dc 30

vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model jx PJF (Is=15.00E-12 Beta=165.3E-6 Vto=-1)
.ends

3-66

Macromodeis, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Ti as fully representing all of the
specifications and opera lng characteristics of the
semiconductor product to which the mode! relates.
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TL288
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage ... 1 mV Max e Internal Frequency Compensation
o Low Power Consumption e Latch-Up-Free Operation

o Wide Comman-Mode and Differential
' Voltage Ranges

High Slew Rate ... 18 V/us Tyn

e Low Total Harmonic Distortion . ..
e Low Input Bias and Offset Currents 0.003% Typ

e High Iinput Impedance ... JFET-Input
Stage

macromodel - applies to TL288
.subckt TL288 12345
*

cl 11 12 3.887E-12
c2 6 7 12.00E-12

de 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx 3

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
£fb 7 99 poly(5) vb vc ve vlip vln 0 6.189E6 -6E6 6E6 6E6 -6E6
ga 6 0 11 12 282.8E-6
gcm 0 6 10 99 3.560E-9
iss 3 10 dc 270.0E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx
1

j2 12 10 jx

r2 6 9 100.0E3
rdl 4 11 3.536E3
rd2 4 12 3.536E3
rol 8 5 60

ro2 7 99 60

rp 3 4 11.54E3
rss 10 99 740.7E3
vb 9 0dc O

vc 3 53 dc 2.200
ve 54 4 dc 2.200
vliim 7 8 dc 0

vlp 91 0 dc 30

vln 0 92 dc 30
.model dx D(Is=800.0E-18)
.model jx PJF (Is=15.00E-12 Beta=165.3E-6 Vto=-1)
.ends

Operational Amplifier Macromodels

provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUM ENTS
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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TL321C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Wide Range of Supply Voltages: .
Single Supply ... 3Vto 30V
or Dual Supplies .

Low Supply Current Drain Independent of
Supply Voltage ... 0.8 mA Typ

e Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
near Ground

e Open-Loop Differential Voltage
Amplification ... 100 V/mV Typ

macromodel ~ applies to TL321C, TL321l

.subckt TL321 12345
*
cl 11 12 4.664E-12
c2 6 7 20.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

Internal Frequency Compensation

Low Input Bias and Offset Parameters:
Input Offset Voltage ... 2 mV Typ
Input Offset Current ... 3 nA Typ
(TL3211)

Input Bias Current ... 45nA Typ

Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... +32V

fb 7 99 poly(5) vb vc ve vlp vln 0 15.91E6 -20E6 20E6 20E6 -20E6

ga 6 0 11 12 132.7E-6
gcm 0 6 10 99 3.974E-9
iee 3 10 dc 10.09E-6
hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 7.957E3

rc2 4 12 7.957E3

rel 13 10 2.759E3

re2 14 10 2.759E3

ree 10 99 19.82E6

rol 8 5 50

ro2 7 99 50

rp 3 4 15.08E3
vb 9 0dc O

ve 3 53 dc 2.600
ve 54 4 dc .6
vlim 7 8 dc 0
vlip 91 0 dc 40

vln 0 92 dc 40
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=111.1)
.ends

3-68

Macromodels, simulation models, or other models

provided by TI, directly or indirectly, are not l
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TL322C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990
o Wide Range of Supply Voltages: e Low Input Bias Current
2:"3:‘:?;::’%0; +3Vto36V e Internal Frequency Compensation
L me aoa o Short-Circuit Protection
' o Ciass AB Ouiput Stage
e True Differential Input Stage
macromodel - applies to TL322C, TL322|
.subckt TL322 12345
*
cl 11 12 7.544E-12
c2 6 7 20.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vin 0 42.44E6 -40E6 40E6 40E6 -40E6
ga 6 0 11 12 130.7E-6 3
gcm 0 6 10 99 2.235E-9
iee 3 10 dc 12.40E-6 »n
hlim 90 0 vlim 1K °
ql 11 2 13 gqx -
q2 12 1 14 gx o
r2 6 9 100.0E3 £
rcl 4 11 7.957E3 o
rc2 4 12 7.957E3 o
rel 13 10 3.529E3 ©
re2 14 10 3.529E3 E
ree 10 99 16.13E6 I
rol 8 5 37.50 é’
ro2 7 99 37.50 P
p 3 4 43.62E3 =3
vb 9 0dc O £
ve 3 53 dc 2.600 <
ve 54 4 dc 2.600 E
vliim 7 8 dc O c
vip 91 0 dc 30 (=}
vin 0 92 dc 30 =
.model dx D(Is=800.0E-18) E
.model qx PNP (Is=800.0E-18 Bf=30) g_
.ends o
Macromodels, simulation models, or other modeis Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not . T Q‘ .
pocikatlons and operaing charscianEics of he EXAS 3-69
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TLC251C (HIGH BIAS)

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Wide Range of Supply Voltages ...

1.4Vto16V

e True Single-Supply Operation

e Common-Mode Input Voltage Range Includes

the Negative Rail

e Low Noise .

macromodel — applies to TLC251, TLC251A, TLC251B
.subckt TLC251H 1 2 34 5

*
cl 11 12 8.392E-12
c2 6 7 20.00E-12
dec 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2)

ERegRE

(3,0)

(4,0) 0 .5 .5

.. 30 nVNHz Typ at 1 kHz

fb 7 99 poly(5) vb vc ve vlp vln 0 1.845E6 -2E6 2E6 2E6 -2E6
ga 6 0 11 12 289.1E-6
gem O 6 10 99 6.471E-9

iss 3 10 dc 90.00E-6

hlim 90 0 vlim 1K
41 11 2 10 jx
j 1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 3.459E3

rd2 4 12 3.459E3

rol 8 5 75

ro2 7 99 75

rp 3 4 10.00E3

rss 10 99 2.222E6

vb 9 0dcO

ve 3 53 dc 1.400

ve 54 4 dc 1.400

vlim 7 8 dc 0

vlp 91 0 dc 15

vln 0 92 dc 15
.model dx D(Is=800.0E-18)

.model jx PJF (Is=500.0E-15 Beta=504E-6 Vto=-.1)

.ends

3-70

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.

EXAS ¢
INSTRUMENTS

POST OFFICE BOX 655303 » DALLAS. TEXAS 75265

Copyright ©'1990, Texas Instruments Incorporated



TLC251C (LOW BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Wide Range of Supply Voltages ... e Common-Mode Input Voltage Range Includes
14Vto16V

o True Single-Supply Operation e Equivalent Input Noise Voltage ... 70 nVNHz

l

the Negative Rail

Typ at 1 kHz

macromodel — applies to TLC251, TLC251A, TLC251B
.subckt TLC251L 1 2 34 5

*

cl
c2
dec
de
dlp
dln
dp
egnd
fb
ga
gem
iss
hlim
j1
j2
xr2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vlin
.model
.model
.ends

11
6
5

54

12

g. © 3] [
OFRPJAWOVOOWN®&E&O

u
x

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
S9
4
99
0
53
4
8
0
92

D(Is=800.0E-18)
PJF (I8=500.0E-15 Beta=197E-6 Vto=-.1)

.73E-12
.00E-12

10
20
dx
dx
dx
dx
dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 530.5E6 -500E6 500E6 S500E6 -500E6
11 12 12.57E-6
10 99 281.4E-12
dc 800.0E-9
vlim 1K

10 jx

10 jx

100.0E3

79.57E3

79.57E3

75

75

1.000E6

250.0E6

dec O

dc 1.300

dec 1.300

dc 0

dec 15

dc 15

w

Operational Amplifier Macromodels

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by T as fully representing all of the

oTiChn Gy prode 1o WhICh th magal sloton” INSTRUMENTS

‘ l Copyright © 1990, Texas Instruments Incorporated
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TLG251C (MEDIUM BIAS)

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Wide Range of Supply Voltages ...

14Vto16V

e True Single-Supply Operation

e Common-Mode Input Voltage Range Includes

the Negative Rail
e Low Noise ... 38 nV/VHz Typ at 1 kHz

macromodel — applies to TLC251, TLC251A, TLC251B
.subckt TLC251M

*

cl
c2
de
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve

vlim

vlp

vln
.model
.model
.ends

11
6
5

54

90

92

»® O JddWOVWOoOWIOas

12
7
53
5
91
90
3
0
99
0
6
10

92

D(Is=800.0E-18)

12345

10.73E-12

20.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5

poly(5) vb vc ve vlp vlin 0 42.44E6 -40E6 40E6 40E6 -40E6
11 12 87.97E-6
10 99 1.970E-9

dc 12.00E-6

vlim 1K

10
10

ix
ix

100.0E3

11
11
75
75

66.
16.

de
dec
dc
de
de
de

.37E3
.37E3

67E3
67E6
0
1.300
1.300
0

15

15

PJF (I18=500.0E-15 Beta=460E-6 Vto=-.1)

3-72

Macromodels, simulation models, or other models
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TLC252C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV Vo e True Single-Supply Operation
e B-Suffix Versions Offer 2-mV Vg e Common-Mode Input Voltage Includes the
Negative Rail

e Wide Range of Supply Voltages ...
| 1.4Vto 16 V e LowNoise ... 25 nV/VHz Typatf = 1 kHz

macromodel — applies to TLC252, TLC252A, TLC252B

.subckt TLC252C 1 2 3 4 5
*
cl 11 12 8.392E-12
c2 6 7 20.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
b 7 99 poly(5) vb vc ve vlip vln 0 1.845E6 -2E6 2E6 2E6 -2E6
ga 6 0 11 12 289.1E-6
gcm 0 6 10 99 6.471E-9
iss 3 10 dc 90.00E-6
hlim 90 0 vlim 1K
31 11 2 10 jx
1

EEEERE

w

j2 12 10 jx

r2 6 9 100.0E3
rdl 4 11 3.459E3
rd2 4 12 3.459E3
rol 8 5 75

ro2 7 99 75

rp 3 4 10.00E3
rss 10 99 2.222E6
vb 9 0dc O

ve 3 53 dc 1.400
ve 54 4 dc 1.400
vliim 7 8 dc 0

vip 91 0 dc 15

vln 0 92 dc 15
.model dx D(Is=800.0E-18)
.model jx PJF (Is=500.0E-15 Beta=504E-6 Vto=-.1)

Operational Amplifier Macromodels

.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not I
warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the 3-73
semiconductor product to which the model relates. INSTRUMENTS
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TLC254C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV V|o
e B-Suffix Versions Offer 2-mV V|o

¢ Wide Range of Supply Voltages ...
14Vto16V

True Single-Supply Operation

Common-Mode Input Voltage Includes the
Negative Rail

Low Noise ... 25 nVWHz Typ atf = 1kHz

macromodel — applies to TLC254, TLC254A, TLC254B

w

sjepowoioep J8ydwy jeuonesadQ

.subckt TLC254C 1 2 3 4 5
*

cl 11 12 8.392E-12

c2 6 7 20.00E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

b 7 99 poly(5) vb vc ve vlp vln 0 1.845E6 -2E6 2E6 2E6 -2E6

ga 6 0 11 12 289.1E-6

gcm 0 6 10 99 6.471E-9

iss 3 10 dc 90.00E-6

hlim 90 0 vlim 1K

j1 11 2 10 3ix

j2 12 1 10 jix

r2 6 9 100.0E3

rdl 4 11 3.459E3

rd2 4 12 3.459E3

rol 8 5 175

ro2 7 99 75

rp 3 4 10.00E3

rss 10 99 2.222E6

vb 9 0dc O

ve 3 53 dc 1.400

ve 54 4 dc 1.400

vliim 7 8 dc 0

vip 91 0 dc 15

vln 0 92 dc 15
.model dx D(Is=800.0E-18)
.model jx PJF (Is=500.0E-15 Beta=504E-6 Vto=-.1)
.ends

3-74

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the TE
specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLC25L2C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV V|o e Common-Mode Input Voltage includes the

e B-Suffix Versions Offer 2-mV V)o
e Wide Range of Supply Voltages ...

14Vto16V
e True Single-Supply Operation

Negative Rail

e Equivalent Input Noise Voltage ... 68 nV/VHz
Typatf = 1kHz

macromodel — applies to TLC25L2, TLC25L2A, TLC25L2B
.subckt TLC25L2C 1 2 3 4 5

*
cl
c2
de
de
dlp
dln

vlim

.model
.model
.ends

11

12

Q- o v -
O NdWOVOWNOsE&O

.
®

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

D(Is=800.0E-18)
PJF (I8=500.0E-15 Beta=197E-6 Vto=-.1)

10.73E-12
20.00E-12

EEERE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 530.5E6 -500E6 500E6 500E6 -500E6
11 12 12.57E-6
10 99 281.4E-12
dc 800.0E-9
vlim 1K

10 jx

10 jx

100.0E3

79.57E3

79.57E3

75

15

1.000E6

250.0E6

dec 0

de 1.300

dc 1.300

dec 0

dc 15

dc 15

w

Operational Amplifier Macromodels

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the

semiconductor product to which the model relates. INSTRUM ENTS

l Copyright © 1990, Texas Instruments Incorporated
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TLC25L4C

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV V|o
e B-Suffix Versions Offer 2-mV V|o

e Wide Range of Supply Voltages ...

14Vto16V

o True Single-Supply Operation

e Common-Mode Input Voltage Includes the

Negative Rail
e Equivalent Input Noise Voltage ..

. 68 nVAHz

Typatf = 1kHz

macromodel — applies to TLC25L4, TLC25L4A, TLC25L4B

sjopowosoely 19ijdwy jeuonesad N

.subckt TLC25L4C 1 2 3 4 5
*

cl 11 12 10.73E-12

c2 6 7 20.00E-12

dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0)

(4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vln 0 530.5E6 -500E6 500E6 500E6 -500E6

ga 6 0 11 12 12.57E-6

gem 0 6 10 99 281.4E-12

iss 3 10 dc 800.0E-9
hlim 90 0 vlim 1K
1 11 2 10 3x

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 79.57E3
rd2 4 12 79.57E3
rol 8 575
ro2 7 99 75
rp 3 4 1.000E6
rss 10 99 250.0E6
vb 9 0dc O
ve 3 53 dc 1.300
ve 54 4 dc 1.300
vliim 7 8 dc 0
vlp 91 0 dc 15
vln 0 92 dc 15
.model dx D(Is=800.0E-18)
.model jx
.ends

PJF (Is=500.0E-15 Beta=197E-6 Vto=-.1)

3-76

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLC25M2C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV V|o
e B-Suffix Versions Offer 2-mV V|

o Wide Range of Supply Voltages ...
14Vto16V

e True Single-Supply Operation

e Common-Mode Input Voltage Includes the
Negative Rail

e LowNoise ... 32nVANHz Typ atf = 1kHz

macromodel — applies to TLC25M2, TLC25M2A, TLC25M2B

.subckt TLC25M2C 1 2 3 4 5

*
cl
c2
de
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb

ve
vlim
vlp
vlin
.model
.model
.ends

11
6
5

54

90

92
4

99

w [
HNdbdWooOwuoabdo

o

£o

ix

12
7
53
5
91
90
3
0
99
0
6
10

92

D(Is=800.0E-18)
PJF (Is=500.0E-15 Beta=460E-6 Vto=-.1)

10.73E-12
20.00E-12

FRegRe

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 42.44E6 -40E6 40E6 40E6 -40E6
11 12 87.97E-6
10 99 1.970E-9

dc 12.00E-6
vlim 1K
10 jx

10 jx
100.0E3
11.37E3
11.37E3
75

75
66.67E3
16.67E6
dec 0

dec 1.300
dec 1.300
dec O

dc 15

dc 15

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by TI as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.

Copyright © 1990, Texas Instruments Incorporated
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TLC25M4C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e A-Suffix Versions Offer 5-mV Vo e Common-Mode Input Voltage Includes the

e B-Suffix Versions Offer 2-mV V|o

e Wide Range of Supply Voltages ...
14Vto16V

e True Single-Supply Operation

macromodel - applies to TLC25M4, TLC25M4A, TLC25M4B

.subckt TLC25M4C 1 2 3 4 5

*

cl 11
c2 6
dec 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlip 91
vln 0
.model dx
.model jx
.ends

12
7
53
5
91
90
3
0
99
0
6
10

92

D(Is=800.0E-18)

10.73E-12
20.00E-12

dx
dx
dx
dx
dx

poly(2)
poly(5) vb vc ve vlp vlin 0 42.44E6 -40E6 40E6 40E6 -40E6

11 12 87.97E-6
10 99 1.970E-9
dc 12.00E-6

vlim 1K

10
10

ix
ix

100.0E3

11
11
75
75

66.
16.

dec
dc
dc
dc
de
dc

.37E3
.37E3

67E3
67E6
0
1.300
1.300
0

15

15

(4,0) 0 .5 .5

PJF (Is=500.0E-15 Beta=460E-6 Vto=-.1)

Negative Rail
e LowNoise ... 32nVAHz Typatf = 1kHz

3-78

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLC271C (HIGH BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o Input Offset Voltage Drift ... 0.1 uV/moTyp,
Including the First 30 Days
o Wide Range of Supply Voltages over

-55°Ct0 125°C ... 5Vto 16V
-40°Cto85°C ... 4Vto16V
0°Cto70°C ... 3Vto16V

o Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

e LowNoise ... 25 nVVHzatf = 1kHz

e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 1012Q Typ

e ESD-Protection Circuitry

e Small-Outline Package Option Also Available
in Tape and Reel

e Designed-in Latch-Up Immunity

macromodel — applies to TLC271, TLC271A, TLC271B

.subckt TLC271HR 1 2 3 4 5
*

cl 11 12 8.0E-12

c2 6 7 15.00E-12

dec 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5
b 7 99 poly(5) vb vc ve vlp vin 0 1.819E6 -2E6 2E6 2E6 -2E6

ga 6 011 12 263.9E-6
gcm 0 6 10 99 14.84E-9
iss 3 10 dc 69.00E-6
hlim 90 0 vlim 1K
j1 11 2 10 ix

1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 3.789E3

rd2 4 12 3.789E3

rol 8 5 75

ro2 7 99 75

rp 3 4 10.53E3

rss 10 99 2.899E6

vb 9 0dc O

ve 3 53 dc 2.200

ve 54 4 dc .7

vlim 7 8 dc

vip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF(Is=350.0E-15 Beta=530E-
.ends

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or indirectly, are not /)

“"I.I'l“.dl by Tldn full ! ronr;sunlln “alll nl' ::o 3.79
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TLC271C (LOW BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage Drift ... 0.1 uV/moTyp, e Equivalent Input Noise Voltage ... 68 nV/VHz
Including the First 30 Days atf = 1kHz

e Wide Range of Supply Voltages over e Output Voltage Range Includes Negative Rail

Specified Temperature Range:
-55°Ct0125°C ... 5Vto16V

o High Input Impedance ... 1012 Q Typ

-40°Cto85°C ... 4Vto16V e ESD-Protection Circuitry
URLIo /U ... o VID IO Y ¢ Small-Outline Package Option Also Available
e Single-Supply Operation in Tape and Reel
e Common-Mode Input Voltage Range e Designed-In Latch-Up Immunity

Extends Below the Negative Rail (C-Suffix,

I-Suffix Types)

macromodel — applies to TLC271, TLC271A, TLC271B
.subckt TLC271L 1 2 3 4 5

W

sjapowoioey) 1ayldwy jeuonesadQ

*

cl 11
c2 6
de 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gem 0
iss 3
hlim 90
j1 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlip 91
vln 0
.model dx
.model jx
.ends

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

9.602E-12
15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 1.119E9 -1E9 1E9 1E9 -1E9
11 12 10.37E-6
10 99 82.36E-12
dc 600.0E-9
vlim 1K

10 jx

10 jx

100.0E3

96.45E3

96.45E3

75

75

714 .3E3

333.3E6

dec 0

dc 1.800

de .7

dc 0

de 25

de 25

D(Is=800.0E-18)
PJF (Is=350.0E-15 Beta=130.4E-6 Vto=0)

3-80

Macromodels, simulation models, or other models
provided by Ti, directly or indirectly, are not
warranted by Tl as fully representing all of the TE

‘i Copyright © 1990, Texas Instruments Incorporated
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TLC271C (MEDIUM BIAS)
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage Drift ... 0.1 puV/moTyp,
Including the First 30 Days

e Wide Range of Supply Voltages over

' Specified Tem,.e.'a:u.'.; Range:

-55°Ct0125°C ... 5Vto 16V
-40°Cto 85°C ... 4Vto 16V
0°Ct070°C ... 3Vto16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

e Low Noise ... 32nV/VHzatf = 1 kHz

e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 1012 Typ

e ESD-Protection Circuitry

¢ Small-Outline Package Option Also Available
in Tape and Reel

¢ Designed-in Latch-Up Immunity

macromodel — applies to TLC271, TLC271A, TLC271B

.subckt TLC271M 1 2 3 4 5
*

cl 11 12 12.044E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5

ga 6 0 11 12 94.26E-6
gcm 0 6 10 99 1.058E-9
iss 3 10 dc 8.4C0OE-6
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 10.61E3

rd2 4 12 10.61E3

rol 8 5 75

ro2 7 99 75

p 3 4 69.93E3

rss 10 99 23.81E6

vb 9 0dc O

ve 3 53 dc 2

ve 54 4 dc .7

vliim 7 8 dec 0

vip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=350.0E-15 Beta=5i5E-6
.ends

.5
fb 7 99 poly(5) vb vc ve vlip vin 0 38.90E6 -40E6 40E6 40E6 -40E6

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided by TI directly or mdiruclly are not
warranted by Ti as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates. lNST RUMENTS

‘ ! Copyright © 1990, Texas Instruments Incorporated
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TLC272
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage:
TLC272B ... 2 mV Max at 25°C,
Vpp=5V

e Input Offset Voltage Drift ... 0.1 pV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0125°C ...4Vto16 V
-40°Ct085°C ... 4Vto16V
0°Cto70°C ... 3Vto 16V

Single-Supply Operation

Common-Mode Input Voltage Range Extends
Below the Negative Rail (C-Suffix, I-Suffix
Types)

Low Noise ... 25 nVWHzatf = 1kHz
Output Voltage Range Includes Negative Rail
High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-in Latch-Up Immunity

macromodel — applies to TLC272, TLC272A, TLC272B

s|jopowodey 19yl dwy jeuonesad N

.subckt TLC272 12345
*

cl 11 12 8.0E-12

c2 6 7 15.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

b 7 99 poly(5) vb vc ve vlp vin 0 1.819E6 -2E6 2E6 2E6 -2E6

ga 6 0 11 12 263.9E-6

gcm 0 6 10 99 14.84E-9

iss 3 10 dc 69.00E-6

hlim 90 0 vlim 1K

j1 11 2 10 jx

j2 12 1 10 jx

r2 6 9 100.0E3

rdl 4 11 3.789E3

rd2 4 12 3.789E3

rol 8 575

ro2 7 99 75

rp 3 4 10.53E3

rss 10 99 2.899E6

vb 9 0dc O

ve 3 53 dec 2.200

ve 54 4 dc .7

vlim 7 8 dc 0

vlip 91 0 dc 25

vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=350.0E-15 Beta=530E-6 Vto=0)
.ends

3-82

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Ti as fully representing ail of the
specifications and operating characteristics of the
semiconductor product to which the madel relates.
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TLC274

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage: (]
TLC274B ... 2 mV Max at 25°C,
Vbp=5V

¢ Input Offset Voltage Drift ... 0.1 uV/mo o

e Wide Range of Supply Voltages over

Typ, Including the First 30 Days

Specified Temperature Range:
-55°Ct0125°C ...4Vto16V .
~40°Cto85°C ... 4Vto16 V
0°Cto70°C ... 3Vto16V

Single-Supply Operation

Common-Mode Input Voltage Range Extends
Below the Negative Rail (C-Suffix, I-Suffix
Types)

Low Noise ... 25 nVWHz atf = 1 kHz
Output Voltage Range Includes Negative Rail
High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-In Latch-Up Immunity

macromodel — applies to TLC274, TLC274A, TLC274B
.subckt TLC274

*

cl
c2
dec
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2
rp
rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

11
6
5

54

90

92

dx
ix

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

12345

8.0E-12

15.

ERERE

00E-12

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 1.819E6 -2E6 2E6 2E6 -2E6

11
10
dc

12 263.9E-6
99 14.84E-9
69.00E-6

vlim 1K

10
10

Ijx
Ix

100.0E3
3.789E3
3.789E3

75
75

10.

53E3

2.899E6

de
de
de
de
dec
dec

0
2.200
7

0

25

25

D(Is=800.0E-18)
PJF (Is=350.0E-15 Beta=530E-6 Vto=0)

Macromodels, simulation models, or other models
irectly or indirectly, are not
H Iully representing all of the

warranted

provided bz qi di
y Tl a
n

perating the
semiconductor product to which the model relates.

Texas ‘"P
INSTRUMENTS
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TLC277
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voltage ... 500 uV Max
at25°C,Vpp =5V

e [nput Offset Voltage Drift ... 0.1 uV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:
=55°Cto125°C ... 4Vic 16V

-40°Ct085°C ... 4Vto16V
0°Cto70°C ... 3Vto 16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel — applies to TLC277

sjepowo.oely 1aydwy jeuonesadp N

.subckt TLC277 12 34 5
*

cl 11 12 6.521E-12

c2 6 7 15.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

Low Noise ... 25 nVAHz atf = 1 kHz
Output Voltage Range Includes Negative Rail
High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available

in Tana and Daal
i 1Aape alivu neer

Designed-In Latch-Up Immunity

fb 7 99 poly(5) vb vc ve vlp vin 0 1.664E6 -2E6 2E6 2E6 -2E6

ga 6 0 11 12 254.5E-6
gcm 0 6 10 99 14.31E-9
iss 3 10 dc 69.00E-6
hlim 90 O vlim 1K

j1 11 2 10 jx

j 1

j2 12 10 ix
r2 6 9 100.0E3
rdl 4 11 3.929E3
rd2 4 12 3.929E3
rol 8 5 85
ro2 7 99 85
rp 3 4 10.53E3
rss 10 99 2.899E6
vb 9 0dc O
ve 3 53 dc 2.20
ve 54 4 dc 0.7
vliim 7 8 dc 0
vlip 91 0 dc 20
vln 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=350.0E-15 Beta=600E-6 Vto=0)

.ends

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the

‘i Copyright © 1990, Texas Instruments incorporated

specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUM ENTS
POST OFFICE BOX 655303 + DALLAS. TEXAS 75265



TLC279
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voltage ... 900 uV Max e Low Noise ... 25 nV/VHz atf = 1 kHz
at 25°C, Vpp = 5V

e Input Offset Voltage Drift ... 0.1 pV/mo
' Typ, inciuding the First 30 Days

e Output Voltage Range Includes Negative Rail
e High Input Impedance ... 1012Q Typ
e Wide Range of Supply Voltages over o [ESD-Protection Clrcuitry
Specified Temperature Range: e Small-Outline Package Option Also Available
-55°Ct0 125°C ...4Vto 16V in Tape and Reel
-40°Cto85°C ... 4Vto 16V
0°Cto70°C ... 3Vto 16V

e Single-Supply Operation

e Designed-In Latch-Up Immunity

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel - applies to TLC279

.subckt TLC279 12345
*

cl 11 12 6.521E-12

c2 6 7 15.00E-12

w

dec 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlip vlin 0 1.664E6 -2E6 2E6 2E6 -2E6
ga 6 0 11 12 254 .5E-6

gcm 0 6 10 99 14.31E-9

iss 3 10 dc 69.00E-6

hlim 90 0 vlim 1K

j1 11 2 10 jx

j 1

Operational Amplifier Macromodels

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 3.929E3

rd2 4 12 3.929E3

rol 8 5 85

ro2 7 99 85

rp 3 4 10.53E3

rss 10 99 2.899E6

vb 9 0dc O

ve 3 53 dc 2.20

ve 54 4 dc 0.7

vlim 7 8 dc 0

vlp 91 0 dec 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)
.model jx PJF (Is=350.0E-15 Beta=600E-6 Vto=0)
.ends

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated

provided by TI, directly or indirectly, are not

*i’
warranted by Tl as fully representing all of the XAS
specifications and operating characlarulslics of the l TE
semiconductor product to which the model relates. NSTRU M ENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLC27L2
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage: e Ultralow Power ... 100 uW Typ at 25°C,

TLC27L2B ... 2 mV Max at 25°C,
Vpp=5V

e Input Offset Voltage Drift ... 0.1 uV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over

Vpp=5V
e Output Voltage Range Includes Negative Rail

e High Input Impedance ... 1012 Q Typ
e ESD-Protection Circuitry

Specified Temperature Range: e Smaii-Outiine Package Option Aiso Avaiiabie

-55°Ct0125°C ...4Vto16V

-40°Cto85°C ... 4Vto16V

0°Cto 70°C ... 3Vto 16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel - applies to TLC27L2, TLC27L2A, TLC27L2B
.subckt TLC27L2 1 2 34 5

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
jl
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vlin
.model
.model
.ends

11
6
5

54

g. © 3 ] =
OH JdbdbWOVWOWNOOba&-:O

Iix

12 8.002E-12
7 15.00E-12
53
5
91
90
3
0 poly(2) (3,0) (4,0) 0 .5 .5

feeee

in Tape and Reel
e Designed-In Latch-Up Immunity

99 poly(5) vb vc ve vlp vln 0 975.8E6 -1E9 1E9 1E9 -1E9

0 11 12 10.37E-6
6 10 99 146.5E-12
10 dc 600.0E-9
0 vlim 1K
2 10 jx
1 10 jx
9 100.0E3
11 96.45E3
12 96.45E3
5 85
99 85
4 689.7E3
99 333.3E6
0dc O
53 dc 1.650
4 dc .7
8 dc O
0 dc 20
92 dec 20
D(Is=800.0E-18)
PJF (Is=350.0E-15 Beta=200E-6 Vto=0)

3-86

Macromodels, simulation models, or other models
provided by TI, airectly or indirectly, are not

warranted by Tl as fully representing all of the TEXAS JU’

specifications and operating characteristics of the

semiconductor product 1o which the model relates. INSTRUM ENTS
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TLC27L4

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage:
TLC27L4B ... 2 mV Max at 25°C,
Vpp=5V
e Input Offset Voltage Drift ... 0.1 uV/mo
Typ, Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Cto 125°C ...4Vto 16V
-40°Cto85°C ... 4Vto16V
0°Cto70°C ... 3Vto16V

o Single-Supply Operation
o Common-Mode Input Voltage Range

Extends Below the Negative Rail (C-Suffix,

I-Suffix Types)

Ultralow Power ... 195 uW Typ at 25°C,
Vpp=5V

Output Voltage Range Includes Negative Rail

High Input Impedance ... 10120 Typ
ESD-Protection Circuitry

Smali-Outline Package Option Also Available

in Tape and Reel
Designed-In Latch-Up Immunity

macromodel — applies to TLC27L4, TLC27L4A, TLC27L4B

.subckt TLC27L4 1 2 3 4 5
*
cl 11 12 8.002E-12
c2 6 7 15.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3

FRREER

egnd 99 0 poly(2) (3.0) (4.0) O

£fb 7 99 poly(5) vb vc ve vlp vln 0 975.8E6 -1E9 1E9 1E9 -1E9

ga 6 0 11 12 10.37E-6
gem O 6 10 99 146.5E-12
iss 3 10 dc 600.0E-9
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 96.45E3
rd2 4 12 96.45E3
rol 8 5 85

ro2 7 99 85

rp 3 4 689.7E3
rss 10 99 333.3E6
vb 9 0dc O

ve 3 53 dc 1.650
ve 54 4 dc .7
vliim 7 8 dc 0
vlip 91 0 dc 20

vlin 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=350.0E-15 Beta=200E-6 Vto=0)

.ends

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by Tl as fully representing all of the

‘ l Copyright © 1990, Texas Instruments Incorporated

specifications and operating characteristics of the
semiconductor product to wglcn the model relates. l NST RUMENTS
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLC27L7
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voltage ... 500 pV Max e Ultralow Power ... 100 uW Typ at 25°C,
at25°C,Vpp =5V Vpp=5V
e Input Offset Voltage Drift ... 0.1 pV/mo e Output Voltage Range Includes Negative Rail

Typ, Including the First 30 Days e High Input Impedance ... 1012Q Typ

o Wide Range of Supply Voltages over
Specified Temperature Range: o - ’ o
-55°Cto 125°C ...4Vto 16V e Smaii-Outiine Package Option Aiso Avaiiabie
-40°Cto85°C ... 4Vto16V in Tape and Reel
0°Cto70°C ... 3Vto16V

e Single-Supply Operation

e ESD-Protection Circuitry

e Designed-In Latch-Up Immunity

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel — applies to TLC27L7

.subckt TLC27L7 1 2 3 4 5
*
cl 11 12 8.002E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 975.8E6 -1E9 1lE9 1lE9 -1E9
ga 6 0 11 12 10.37E-6
gcm 0 6 10 99 146.5E-12
iss 3 10 dc 600.0E-9
hlim 90 0 vlim 1K
j1 11 2 10 jx
1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 96.45E3
rd2 4 12 96.45E3
rol 8 5 85

ro2 7 99 85

p 3 4 689.7E3
rss 10 99 333.3E6
vb 9 0dc O

ve 3 53 dc 1.650
ve 54 4 dc .7
vliim 7 8 dc O
vip 91 0 dc 20

vin 0 92 dc 20
.model dx D(Is=800.0E-18)
.model jx PJF(Is=350.0E-15 Beta=200E-6 Vto=0)

3-88

.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not i
warranted by Ti as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates. INS’TRUMENTS
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TLC27L9

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voitage ... 900 uV Max
at25°C,Vpp =5V

e Input Offset Voltage Drift ... 0.1 uV/mo

| Typ, Including the First 30 Days

e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0125°C ...4Vto 16V
-40°Ct085°C ... 4Vto16V
0°Cto70°C ... 3Vto16V

e Single-Supply Operation

e Common-Mode Input Voitage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel — applies to TLC27L9
.subckt TLC27L9 1 2 3 4 5
*

cl 11 12 8.002E-12
c2 6 7 15.00E-12

dc 553 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) O

Ultralow Power ... 195 uW Typ at 25°C,
Vpp=5V
Output Voltage Range Includes Negative Rail

High Input Impedance ... 1012Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-In Latch-Up Immunity

b 7 99 poly(5) vb vc ve vlp vln 0 975.8E6 -1E9 1E9 1E9 -1E9

ga 6 0 11 12 10.37E-6
gem 0 6 10 99 146.5E-12
iss 3 10 dc 600.0E-9
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 96.45E3
rd2 4 12 96.45E3
rol 8 5 85

ro2 7 99 85

rp 3 4 689.7E3
rss 10 99 333.3E6
vb 9 0dcoO

ve 3 53 dc 1.650
ve 54 4 dc .7
vliim 7 8 dec 0
vip 91 0 dc 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=350.0E-15 Beta=200E-6 Vto=0)

.ends

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided ng TI, directly or indirectly, are not ]
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macromodel — applies to TLC27M2, TLC27M2A, TLC27M2B

s|apowoudey soiduwy jeuonesadQ u

TLC27M2
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Input Offset Voltage:
TLC27M2B ... 2 mV Max at 25°C,
Vpp=5V

e Input Offset Voltage Drift ... 0.1 pV/mo .

Typ, Including the First 30 Days

e Wide Range of Supply Voitages over
Specified Temperature Range:

-55°Ct0125°C ...4Vto16V .
-40°Ct085°C ... 4Vto16V
0°Cto70°C ... 3Vto 16V

Single-Supply Operation

Common-Mode Input Voltage Range Extends
Below the Negative Rail (C-Suffix, I-Suffix

Types)

Low Noise ... 32nVNHz Typatf = 1 kHz
Output Voltage Range Includes Negative Rail
High Input Impedance ... 10120 Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

.subckt TLC27M2 1 2 3 4 5

*

e Designed-In Latch-Up Immunity

3-90

cl 11 12 12.044E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vlin 0 38.14E6 -40E6 40E6 40E6 -40E6
ga 6 0 11 12 84.83E-6
gcm 0 6 10 99 1.693E-9
iss 3 10 dc 8.400E-6
hlim 90 O vlim 1K
31 11 2 10 jx
j2 12 1 10 Ix
r2 6 9 100.0E3
rdl 4 11 11.79E3
rd2 4 12 11.79E3
rol 8 5 85
ro2 7 99 85
rp 3 4 69.93E3
rss 10 99 23.81E6
vb 9 0dc O
ve 3 53 dc 2
ve 54 4 dc .7
vlim 7 8 dc 0
vlip 91 0 dc 20
vln 0 92 dc 20
.model dx D(Is=800.0E-18)
.model jx PJF (Is=50.00E-15 Beta=475E-6 Vto=0)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not
warranted by Ti as fully representing all of the TEXAS %

specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLC27M4

OPERATIONAL AMPLIFIER MACROMODEL

e Input Offset Voltage:
TLC27M4B ... 2 mV Max at 25°C,
Vpp=5V
' e input Oiiset Voitage Driit ... 0.i pvimo
Typ, Including the First 30 Days
e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0 125°C ...4Vto 16V
-40°Cto85°C ... 4Vto16V
0°Cto 70°C ... 3Vto 16V

e Single-Supply Operation
e Common-Mode Input Voltage Range

Extends Below the Negative Rail (C-Suffix,

I-Suffix Types)

JANUARY 1990
Low Noise ... 32nVAHz Typatf = 1kHz
Low Power ... 2.1 mW Typ at 25°C,
Vpp=5V
Output Voltage Range Includes Negative Rail

High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-in Latch-Up Immunity

macromodel - applies to TLC27M4, TLC27M4A, TLC27M4B

.subckt TLC27M4 1 2 3 4 5
*

cl 11 12 12.044E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
din 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .

fb 7 99 poly(5) vb vc ve vlp vlin 0 38.14E6 -40E6 40E6 40E6 -40E6

ga 6 0 11 12 84.83E-6
gcm 0 6 10 99 1.693E-9
iss 3 10 dc 8.400E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 11.79E3

rd2 4 12 11.79E3

rol 8 5 85

ro2 7 99 85

rp 3 4 69.93E3

rss 10 99 23.81E6

vb 9 0dc O

ve 3 53 dc 2

ve 54 4 dc .7

vlim 7 8 dc 0

vip 91 0 dc 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=50.00E-15 Beta=475E-6 Vto=0)

.ends

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided nz Ti, directly or Indirectly, are not l

warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the l

semiconductor product to which the model relates. NST RUMENTS

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265
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TLC27M7
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voltage ..
at25°C,Vpp =5V

e Input Offset Voltage Drift ... 0.1 pV/mo
Typ, Including the First 30 Days

. 500 uV Max

e Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0 125°C ...4Vto 16V
-40°Cto85°C ... 4Vto16V
0°Cto70°C ... 3Vto16V

e Single-Supply Operation

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel — applies to TLC27M7

W
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.subckt TLC27M7 1 2 3 4 5
*

cl 11 12 12.044E-12

c2 6 7 15.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0)

(4,0) 0 .5 .5

Low Noise ... 32nVNHz Typatf = 1kHz
Low Power ... 2.1 mW Typ at 25°C,
Vpp=5V

Output Voltage Range Includes Negative Rail

.. 1012Q Typ
ESD-Protection Circuitry

High Input Impedance .

Small-Outline Package Option Also Available
in Tape and Reel

Designed-In Latch-Up immunity

fb 7 99 poly(5) vb vc ve vlip vin 0 38.14E6 -40E6 40E6 40E6 -40E6

ga 6 0 11 12 84.83E-6
gcm 0 6 10 99 1.693E-9
iss 3 10 dc 8.400E-6
hlim 90 0 vlim 1K

31 11 2 10 3ix

j 1

j2 12 10 jx

r2 6 9 100.0E3

rdl 4 11 11.79E3

rd2 4 12 11.79E3

rol 8 5 85

ro2 7 99 85

p 3 4 69.93E3

rss 10 99 23.81Eé6

vb 9 0dc O

ve 3 53 dc 2

ve 54 4 dc .7

vliim 7 8 dc 0

vip 91 0 dc 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)
.model jx PJF(Is=50,00E-15 Beta=475E-6€ V
.ends

3-92

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by TI as fully representing all of the
specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLC27M9

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Trimmed Offset Voltage ..
at25°C,Vpp = 5V

e Input Offset Voltage Drift ... 0.1 uV/mo
' Typ, Including the First 30 Days

o Wide Range of Supply Voltages over
Specified Temperature Range:
-55°Ct0125°C ...4Vto16V
-40°Cto85°C ... 4Vto 16V
0°Cto70°C ... 3Vto16V

e Single-Supply Operation

. 900 puV Max

e Common-Mode Input Voltage Range
Extends Below the Negative Rail (C-Suffix,
I-Suffix Types)

macromodel — applies to TLC27M9

.subckt TLC27M9 1 2 3 4 5
*
cl 11 12 12.044E-12
c2 6 7 15.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3

EREERE

egnd 99 0 poly(2) (3,0) (4,0) O .

Low Noise ... 32nVNHz Typatf = 1 kHz
Low Power ... 2.1 mW Typ at 25°C,
Vpp=5V

Output Voltage Range Includes Negative Rail

High Input Impedance ... 1012 Q Typ
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

Designed-in Latch-Up Immunity

fb 7 99 pely(5) vb vc ve vlp vlin 0 38.14E6 -40E6 40E6 40E6 -40E6

ga 6 0 11 12 84.83E-6
gecm 0 6 10 99 1.693E-9
iss 3 10 dc 8.400E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 11.79E3
rd2 4 12 11.79E3
rol 8 5 85

ro2 7 99 85

rp 3 4 69.93E3
rss 10 99 23.81E6
vb 9 0dc O
ve 3 53 dc 2
ve 54 4 dc .7
vliim 7 8 dc 0
vip S1 0 dc 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=50.00E-15 Beta=475E-6 Vto=0)

.ends

M i models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not i

warranted by Tl as lull( representing all of the TEXAS

specifications and operaf Ing characteristics of the l

semiconductor product to which the model relates. NsrRUM ENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265
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TLC1078
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Power Dissipation as Low as 10 pW Typ per
Amplifier

e Operates on a Single Silver-Oxide Watch
Battery, Vpp = 1.4 V Min

e V|o ... 450 uV Max in DIP and Small-
Qutline Package

e Input Offset Voltage Drift ... 0.1 uV/moTyp,
Including the First 30 Days

e High-Impedance LinCMOS™ Inputs ...
i = 0.6 pA Typ

macromodel — applies to TLC1078

sjapowoudey soijdwy jeuonnesady N

.subckt TLC1078 1 2 3 4 5
*

€l 11 12 14.602E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

High Open-Loop Gain ... 850,000 Typ
Output Drive Capability > 20 mA
Slew Rate ... 47 V/ims Typ

Common-Mode Input Voltage Range Extends
Below the Negative Rail

Output Voltage Range Includes Negative Rail
ESD-Protection Circuitry

Small-Outline Package Option Also Available
in Tape and Reel

fb 7 99 poly(5) vb vc ve vlp vin 0 522.8E6 -500E6 S500E6 S500E6 -500E6

ga 6 0 11 12 21.68E-6
gcm 0 6 10 99 172.2E-12
iss 3 10 dc 705.0E-9
hlim 90 0 vlim 1K
j1 11 2 10 jx

1
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j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 46.13E3
rd2 4 12 46.13E3
rol 8 5 175
ro2 7 99 75
rp 3 4 689.7E3
rss 10 99 283.7E6
vb 9 0dcO
ve 3 53 dc 1.600
ve 54 4 dc 0.600
vliim 7 8 dc 0
vlip 91 0 dc 25
vln 0 92 dc 25
.model dx D(Is=800.0E-18)
.model jx PJF (Is=350.0E-15 Beta=340E-6 Vto=0)
.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not Q‘
warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the
semiconductor product to which the moda) relates. INS'T RUMENTS
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



TLC1079

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Power Dissipation as Low as 10 uW Typ per
Amplifier

e Operates on a Single Silver-Oxide Watch
Battery, Vpp = 1.4V Min

e Vio ... 850 uV Max in DIP and Small-
Outline Package

e Input Offset Voltage Drift ... 0.1 pV/moTyp,
Including the First 30 Days

e High-Impedance LInCMOS™ Inputs ...
i = 0.6 pA Typ

macromodel - applies to TLC1079
.subckt TLC1079 1234 5
*

cl 11 12 8.002E-12
c2 6 7 15.00E-12

dc 553 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

High Open-Loop Gain ... 850,000 Typ
Output Drive Capability > 20 mA

(¥}

QN s L RV e
Sdlew Hate ... 4/ vims

.o
1

yp

Common-Mode Input Voltagé Range Extends
Below the Negative Rail

Output Voltage Range Includes Negative Rail
ESD-Protection Circuitry

14-Pin Small-Outline Package Option Also
Available in Tape and Reel

fb 7 99 poly(5) vb vc ve vlp vln 0 975.8E6 -1E9 1E9 1E9 -1E9

ga 6 0 11 12 10.37E-6
gem O 6 10 99 146.5E-12
iss 3 10 dc 600.0E-9
hlim 90 0 vlim 1K
j1 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 96.45E3
rd2 4 12 96.45E3
rol 8 5 85

ro2 7 99 85

p 3 4 689.7E3
rss 10 99 333.3E6
vb 9 0dc O

ve 3 53 dc 1.650
ve 54 4 dc .7
viim 7 8 dc 0
vip 91 0 dc 20

vln 0 92 dc 20
.model dx D(Is=800.0E-18)

.model jx PJF (Is=350.0E-15 Beta=200E-6 Vto=0)

.ends

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not l

wmla'vlnnn' by T ﬂax "‘"‘ﬁ vapv;u?‘m “alll nl' ::o 3.95
specifications and operating characteristics of the -
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TLC2201
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e TLC2201B is 100% Tested for Noise: [
25 nVNHz Max atf = 10 Hz
12 nV/VHz Max at f = 1 kHz

. 200 uV Max
e Excellent Offset Voltage Stability with .

Temnerature 0.8 uv/°C Tun
Temperature ... 0.0 pv/°C Typ

e Low Input Offset Voltage ..

Low Input Bias Current ... 1 pA Typ
atTp = 25°C

Fully Specified for Both Single-Supply and
Split-Supply Operation

Common-Mode Input Voltage Range Includes

the Negative Rail

macromodel ~ applies to TLC2201, TLC2201A, TLC2201B

.subckt TLC2201 1 2 3 4 5
*
cl 11 12 4.054E-12
c2 6 7 15.00E-12
de 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 2.986E6 -3E6 3E6 3E6 -3E6
ga 6 0 11 12 179.1E-6
gcm 0 6 10 99 318.5E-12
iss 3 10 dc 40.50E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx
j2 12 1 10 jx
r2 6 9 100.0E3
rdl 4 11 5.584E3
rd2 4 12 5.584E3
rol 8 5 188
ro2 7 99 187
rp 3 4 9.091E3
rss 10 99 4.938E6
vb 9 0dc O
ve 3 53 dc .9
ve 54 4 dc .8
vliim 7 8 dec 0
vip 91 0 dc 3
vln 0 92 dc 3
.model dx D(Is=800.0E-18)
.model jx PJF (Is=500.0E-15 Beta=600E-6 Vto=0)
.ends
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Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by TI as fully representing all of the
specitications and operating characteristics of the
semiconductor product to which the model relates.
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TLC2652
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1930

e Extremely Low Offset Voltage ... 1 uV Max e CMRRand kgyR -.- 120 dB Min
o Extremely Low Change in Offset Voltage e Single-Supply Operation

with Temperature ... 0.003 uV/°C Typ

e Common-Mode Input Voltage Range Includes

| e LowinputOffset Current ... 500 pA Max the Negative Ralil

atTp = -55°Cto 125°C

e No Noise Degradation with External

e Ayp ... 135dB Min Capacitors Connected to Vpp -

macromodel — applies to TLC2652, TLC2652A
.subckt TLC2652 1234 5

*

cl 11
c2 6
css 10
dec 5
de 54
dlp 90
dln 92
dp 4
egnd 99
fb 7
ga 6
gcm 0
iss 3
hlim 90
31 11
j2 12
r2 6
rdl 4
rd2 4
rol 8
ro2 7
rp 3
rss 10
vb 9
ve 3
ve 54
vlim 7
vlip 91
vln 0
.model dx
.model jx
.ends

12
7
99
53
5
91
90
3
0
99

12

92

D(Is=800.0E-18)
PJF (I18=2.000E-12 Beta=500E-6 Vto=0.05)

4.354E-12
15.00E-12
1.607E-12

FEEERER

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 1.070E9 -1E9 1E9 1E9 -1E9
11 12 179.1E-6
10 99 17.91E-12
dc 46.50E-6
vlim 1K

10 jx

10 jx

100.0E3

5.584E3

5.584E3

165

165

6.667E3

4.301E6

de 0

de .9

dc .8

dec 0

de 3

de 3

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
, directly or Indirectly, are not
representing all of the

provided b

warranted Zy T’t!l as ful : n
e, Drodue 0 which the madel rolates. INSTRUMENTS

‘! Copyright © 1990, Texas Instruments Incorporated
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TLC2654
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

¢ Input Noise Voltage:
0.5uVp-pTyp,f=0to1Hz
1.5uV p-p Typ,f = 0to 10 Hz
47 nVNHz Typ, f = 10 Hz
13 nVNHz Typ, f = 1kHz

o High Chopping Frequency ... 10 kHz Typ
e No Clock Noise Below 10 kHz

e No Intermodulation Error Below 5 kHz

o Low Input Offset Voltage ... 10 pV Max

e Excellent Offset Voltage Stability with
Temperature ... 0.3 uV/°C Max

macromodel — applies to TLC2654, TLC2654A

w
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.subckt TLC2654 1 2 3 4 5
*

cl 11 12 4.354E-12

c2 6 7 15.00E-12

css 10 99 12.75E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

Ayp ... 135dB Min
CMRR ... 110 dB Min
ksyR ... 120 dB Min
Single-Supply Operation

Common-Mode Input Voltage Range Includes
the Negative Rail

No Noise Degradation with External
Capacitors Connected to Vpp -

fb 7 99 poly(5) vb vc ve vlp vln 0 1.903E9 -2E9 2E9 2E9 -2E9

ga 6 0 11 12 179.1E-6
gcm 0 6 10 99 100.7E-12
iss 3 10 dc 55.50E-6
hlim 90 0 vlim 1K
j1 11 2 10 jx

1
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j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 5.584E3
rd2 4 12 5.584E3
rol 8 5 165
ro2 7 99 165
rp 3 4 6.667E3
rss 10 99 3.604Eé6
vb 9 0dcO
ve 3 53 dc .9
ve 54 4 dc .8
vlim 7 8 dc 0
vip 91 0 dc 3
vln 0 92 dc 3
.model dx D(Is=800.0E-18)
.model jx PJF (Is=25.00E-12 Beta=400e-6 Vto=0)
.ends
Macromodels, simulation models, or other modeis Copyright © 1990, Texas Instruments incorporated
provided by Ti, directly or indirectly, are not Q‘
warranted by Tl as fully representing all of the TEXAS

specifications and operating characteristics of the

semiconductor product to wglch the model relates. lN STRU M E NTS

POST OFFICE BOX 655303 « DALLAS. TEXAS 75265



TLE2021

OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Supply Current ... 230 pA Max

e High Unity-Gain Bandwidth ... 2 MHz Typ
e High Slew Rate ... 0.7 V/us Min

o Supply Current Change Over Military Temp
Range ... 10 pA Typ

o Specified for Both 5-V Single-Supply and
+15 V Operation

o Phase-Reversal Protection

High Open-Loop Gain ... 6.5 V/uV
(136 dB) Typ

Low Offset Voitage ... 100 uV Max
Offset Voltage Drift with Time ...
0.005 pV/mo Typ

Low Input Bias Current ... 50 nA Max

Low Noise Voltage ... 19 nV/VHz typ

atf = 10 Hz

macromodel — applies to TLE2021, TLE2021A, TLE2021B

.subckt TLE2021

*
cl 11 12 6.244E-12
c2 6 7 13.4E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2)

12345

EREERE

(3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vlin 0 547.3E6 -500E6 500E6 500E6 -500E6

ga 6 0 11 12 188.5E-6
gcm O 6 10 99 335.2E-12
iee 3 10 dc 15.67E-6
hlim 90 O vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 5.305E3

rc2 4 12 5.305E3

rel 13 10 1.467E3

re2 14 10 1.467E3

ree 10 99 14.76E6

rol 8 5 62

ro2 7 99 63

rp 3 4 160.9E3

vb 9 0dc O

ve 3 53 dc 1.400

ve 54 4 dc 1.600

vliim 7 8 dc O

vip 91 0 dec 3.200

vln 0 92 dc 3.200
.model dx D(Is=800.0E-18)
.model qx PNP (Is=800.0E-18 B£f=270)
.ends

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided ng TI, directly or indirectly, are not

warranted by Tl as lu|l¥ representing all of the TEXAS

specifications and operating characteristics of the l

semiconductor product to which the model relates. NS’T RUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265
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TLE2022
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Supply Current ... 500 pA Max e High Open-Loop Gain ... 10 V/uV
e High Unity-Gain Bandwidth ... 2.8 MHz (140 dB) Typ
Typ e Low Offset Voltage ... 150 uV Max
e High Slew Rate ... 0.7 V/us Min e Offset Voitage Drift with Time . ..
e Supply Current Change Over Military Temp 0.005 uV/mo Typ
Range ... 37 pA Typ e Low Input Bias Current ... 50 nA Max
e Specified for Both 5-V Single-Supply and e Low Noise Voltage ... 19 nVAHz typ
+15 V Operation atf= 10 Hz

o Phase-Reversal Protection

macromodel — applies to TLE2022, TLE2022A, TLE2022B

.subckt TLE2022 1 2 3 4 5
*
cl 11 12 6.814E-12
c2 6 7 20.00E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 45.47E6 -50E6 S50E6 S50E6 -50E6
ga 6 0 11 12 377.9E-6
gem O 6 10 99 7.84E-10
iee 3 10 dc 18.07E-6
hlim 90 0 vlim 1K
ql 11 2 13 gx
q2 12 1 14 gx
r2 6 9 100.0E3
rcl 4 11 2.842E3
rc2 4 12 2.842E3
rel 13 10 -31.95
re2 14 10 -31.95
ree 10 99 11.07E6

w

EERERE
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rol 8 5 250

ro2 7 99 250

rp 3 4 137.2E3

vb 9 0dc O

ve 3 53 dc 1.300

ve 54 4 dc 1.500

vliim 7 8 dc 0

vip 91 0 dc 3

vlin 0 92 dc 3
.model dx D(Is=800.0E-18)
.model gx PNP (Is=800.0E-18 Bf=257.1)
.ends

Macromodels, simulation models, or other models

prnvlde‘ddbg I;!i nlr7ctly or indirectly, Iliral ;u.:n T i
warranted by T as fully representing all of the XAS
3-100 specitications and operating characteristics of the E

semiconductor product to which the model relates. lN SrRU M E NTS

POST OFFICE BOX 655303 « DALLAS. TEXAS 75265
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TLE2024
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Supply Current... 1 mA Max e High Open-Loop Gain ... 7 V/uV (137 dB) Typ
e High Unity-Gain Bandwidth ... 2.8 MHz Typ e Low Offset Voltage ... 500 uV Max
' e High Siew Rate ... 0.7 V/us Min e Offset Voltage Drift with Time ...

e Supply Current Change Over Military Temp
Range ... 50 pA Typ

e Specified for Both 5-V/Gnd and £ 15 V
Operation

e Phase-Reversal Protection

0.005 pV/mo Typ

e Low Input Bias Current ... 50 nA Max
e Low Noise Voltage ... 19 nVAWHz typ

atf = 10 Hz

macromodel — applies to TLE2024, TLE2024A, TLE2024B

.subckt TLE2024 1 2 3 4 5

* -
cl 11 12 6.814E-12
c2 6 7 20.00E-12

dec 553 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

b 7 99 poly(5) vb vc ve vlp vlin 0 22.73E6 -20E6 20E6 20E6 -20E6

ga 6 0 11 12 372.9E-6
gcm 0 6 10 99 1.572E-9
iee 3 10 dc 18.10E-6
hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3

rcl 4 11 2.842E3

rc2 4 12 2.842E3

rel 13 10 -31.90

re2 14 10 -31.90

ree 10 99 11.05E6

rol 8 5 250

ro2 7 99 250
p 3 4 137.2E3
vb 9 0dec O
ve 3 53 dc 1.500
ve 54 4 dc 1.500
vliim 7 8 dc 0
vlip 91 0 dc 3
vin 0 92 de 3

.model dx D(Is=800.0E-18)
.model gx PNP (1s=800.0E-18 Bf=180)

Operational Amplifier Macromodels H

.ends
Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by Ti, directly or indirectly, are not I
warranted by T as full rspmanlln? all of the TEXAS 3.101

specifications and operating characteristics of the
semiconductor product to which the model relates. INST RUMENTS
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TLE2061
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Excellent Output Drive Capability: e Wide Operating Supply Voltage Range ...
Vo= t25VMinatR = 100 Q, Vet = £3.5Vto x20V
Vect = 25V

Vo = 125V Minat R = 600 Q,

e High Open-Loop Gain ... 280 V/mV Typ

Veet = 215V e Low Offset Voltage ... 500 pV Max
e Low Supply Current ... 255 pA Typ o Low Offset Voltage Drift with Time ...
0.04 pV/mo Typ

e High Unity-Gain Bandwidth ... 2.1 MHz Typ
e High Slew Rate ... 3.4 V/us Typ

e Low Input Bias Current ... 5pA Typ

macromodel - applies to TLE2061, TLE2061A, TLE2061B
.subckt TLE2061 1 2 345

*

cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2

rss
vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

s|j@powoioey saudwy jeuonesadQ u

11
6
5

g. o w [
O NdWOWOWNDE&-ON

ix

12
7
53
5
91
90
3
0
99
0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

1.457E-12
15.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 4.357E6 -4E6 4E6 4E6 -4E6
11 12 188.5E-6
10 99 3.352E-9
dc 51.00E-6
vlim 1K

10 jx

10 jx

100.0E3
5.305E3
5.305E3

280

280

113.2E3
3.922E6

dc 0

dec 2

dec 2

dc 0

dc 50

dc 50

D(Is=800.0E-18)
PJF (Is=2.000E-12 Beta=423E-6 Vto=-1)

Macromodels, simulation models, or other models
provided T1, directly or indirectly, are not
warranted by Ti as fully representing all of the
3-102 specitications and operating characteristics of the

‘i Copyrignt © 1990, Texas Instruments Incorporated
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TLE2062
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features
e Excellent Output Drive Capability: o Wide Operating Supply Voltage Range ...

Vo= t25VMinatRL = 100 Q,
Vect: = £5V
Vo = 125V Minat R_ = 600 Q,

Veet = £3.5Vto £20V
e High Open-Loop Gain ... 280 V/mV Typ

Veet = 15V e Low Offset Voltage ... 1 mV Max
o Low Supply Current ... 280 uA Typ e Low Offset Voitage Drift with Time ...
per Amplifier 0.04 uV/mo Typ

e High Unity-Gain Bandwidth ... 2.1 MHz Typ

Low Input Bias Current ... 5pA Typ

e High Slew Rate ... 3.4 V/ius Typ

macromodel — applies to TLE2062, TLE2062A, TLE2062B
.subckt TLE2062 1 2 34 5

*

cl

c2
dec
de
dip
dln
dp
egnd
fb
ga
gcm
iss
hlim
j1

j2
r2
rdl
rd2
rol
ro2

rss

ve
ve
vlim
vlp
vlin

.model

modal 4

.ends

11
6
5

54

90

92

ug. © u - -
% ORJBAWOOWND®EDAN

12
7
53
5
91
90
3
0

0
6
10
0
2
1
9
11
12
5
99
4
99
0
53
4
8
0
92

1.457E-12
15.00E-12

FREERE

poly(2) (3,0)
99 poly(5) vb vc ve vlp vin 0 4.357E6 -4E6 4E6 4E6 -4E6
11 12 188.5E-6
10 99 3.352E-9

dc 51.00E-6
vlim 1K
10 jx
10 jx
100.0E3
5.305E3
5.305E3
280

280
113.2E3
3.922E6
dc 0

dec 2

dec 2

de 0

dec 50
dc 50

D(Is=800.0E-18)
PJF (I1a=2.000E-12 Beta=423E-6 Vto=-1)

(4,0) 0 .5 .5

Operational Amplifier Macromodels H

Macromodels, simulation models, or other models
provided bgyﬂ, directly or indirectly, are not

TI as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLE2064
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Excellent Output Drive Capability:
Vo= t25VMinatR = 100 Q,
Veet = 5V
Vo = £125V Minat R = 600 Q,
Vec: = 215V

o Low Supply Current ...
per Amplifier

e High Unity-Gain Bandwidth ... 2.1 MHz Typ
e High Slew Rate ... 3.4 V/us Typ

280 pA Typ

Wide Operating Supply Voltage Range ...
Vee: = £3.5Vto 20V

High Open-Loop Gain ... 280 V/mV Typ
... 1.5 mV Max

Low Oftset Voltage Drift with Time ...
0.04 pV/mo Typ

Low Input Bias Current ... 5 pA Typ

Low Offset Voltage

macromodel — applies to TLE2064, TLE2064A, TLE2064B

.subckt TLE2064
*

12345

cl 11 12 1.457E-12
c2 6 7 15.00E-12
dc 5 53 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx
egnd 99 0 poly(2)

W

(3,0)

ga 6 0 11 12 188.5E-6
gcm 0 6 10 99 3.352E-9
iss 3 10 dc 51.00E-6
hlim 90 0 vlim 1K
31 11 2 10 3jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 5.305E3
rd2 4 12 5.305E3
rol 8 5 280

ro2 7 99 280

rp 3 4 113.2E3
rss 10 99 3.922E6
vb 9 0dc O
ve 3 53 dc 2

ve 54 4 dc 2
vliim 7 8 dc O
vlp 91 0 dc 50

sjepowouoepy J9ydwy jeuonesadQ

vln 0 92 dc 50
.model dx D(Is=800.0E-18)

(4,0) 0 .5 .5
fb 7 99 poly(5) vb vc ve vlp vln 0 4.357E6 -4E6 4E6 4E6 -4E6

.model jx PJF (Is=2.000E-12 Beta=423E-6 Vto=-1)

.ends

Macromodels, simulation models, or other models
provided by TI, directly or indirectly, are not
warranted by T as fully representing all of the
3-104 specifications and operating characteristics of the
semiconductor product to which the model relates.
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TLE2161
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

available features

e Excellent Output Drive Capability:
Vo= t25VMinatR = 100 Q,

Vect = t5V
Vo= 125V Minat R = 600 Q,
Veet = 215V

o Low Supply Current ... 255 pA Typ

o Decompensated for High Slew Rate and
Gain-Bandwidth Product:
Ayp = 5Min
Slew Rate = 10 V/us Typ

Gain-Bandwidth Product = 6.5 MHz Typ

o Wide Operating Supply Voltage Range ...
Veet = £3.5Vito 20V

e High Open-Loop Gain ... 280 V/mV Typ
e Low Offset Voltage ... 500 pV Max

o Low Offset Voltage Drift with Time ...
0.04 pV/mo Typ

e Low Input Bias Current ... 5 pA Typ

macromodel - applies to TLE2161, TLE2161A, TLE2161B

.subckt TLE2161 1 2 3 4 5
*
cl 11 12 125.4E-14
c2 6 7 5.000E-12
dc 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2)

feeee

(3,0)

ga 6 0 11 12 201.1E-6
gcm O 6 10 99 3.576E-9
iss 3 10 dc 45.00E-6
hlim 90 0 vlim 1K
31 11 2 10 jx

1

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 4.973E3
rd2 4 12 4.973E3
rol 8 5 280

ro2 7 99 280

rp 3 4 113.2E3
rss 10 99 4.444E6
vb 9 0dc O

ve 3 53 dc 2

ve 54 4 dc 2
vliim 7 8 dc 0
vip 91 0 dc 50
vlin 0 92 dc 50

dx

.model D(Is=800.0E-18)

(4,0) 0
fb 7 99 poly(5) vb vc ve vlp vlin 0 4.085E6 -4E6 4E6 4E6 -4E6

.5 .5

Operational Amplifier Macromodels H

.model jx PJF (Is=1.000E-12 Beta=480E-6 Vto=-1)

.ends

Macromodels, simulation models, or other models

Copyright © 1990, Texas Instruments Incorporated

et e % Texas W
y ul
specications and oparating characterscs f he INSTRUMENTS 3-105

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



uA741C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Short-Circuit Protection e Low Power Consumption

o Offset-Voltage Null Capability ¢ No Latch-Up

e Large Common-Mode and Differential e Designed to be Interchangeable with Fairchild
Voltage Ranges HA741M, pA741C

e No Frequency Compensation Required

macromodel — applies to uA741

.subckt UA741

*
cl
c2
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

w

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

s|apowo.depy Jayiidwy jeuonesadQ

11
6
5

54

90

92

99

10
90
11
12

13
14
10

12
7
53
5
91
90
3
0
9

H NO&®&®OOOVW

10

92

12345

4.664E-12
20.00E-12

EEERE

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 10.61E6 -10E6 10E6 10E6 -10E6
11 12 137.7E-6
10 99 2.574E-9
dc 10.16E-6
vlim 1K

13 qgx

14 gx

100.0E3
7.957E3
7.957E3
2.740E3
2.740E3
19.69E6

150

150

18.11E3

de 0

dc 2.600

dc 2.600

de 0

dc 25

dc 25

D (Is=800.0E-18)
NPN (Is=800.0E-18 Bf=62.50)

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not i
3.106 w:vrmlug’ by T d“ lullyI vepvhesenlin all of the
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uA747C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

o No Frequency Compensation Required e Wide Common-Mode and Differential Voltage
o Low Power Consumption Ranges

e Short-Circuit Protection ® No Latch-Up

Y Offset-Voltage Null Capability . :‘::?’Lg;’:d ;:: ;:7 Igterchangeable with Fairchild

macromodel — applies to uA747

.subckt UA747 12345
*

cl 11 12 4.664E-12

c2 6 7 20.00E-12

de 553 dx
de 54 5 dx
dlp 90 91 dx
dln 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

£fb 7 99 poly(5) vb vc ve vlp vln 0 10.61E6 -10E6 10E6 10E6 -10E6

ga 6 0 11 12 137.7E-6 :3
gem O 6 10 99 2.574E-9

iee 10 4 dc 10.16E-6

hlim 90 0 vlim 1K

ql 11 2 13 gx

q2 12 1 14 gx

r2 6 9 100.0E3
rcl 3 11 7.957E3
rc2 3 12 7.957E3
rel 13 10 2.740E3
re2 14 10 2.740E3
ree 10 99 19.69E6
rol 8 5 150

ro2 7 99 150

rp 3 4 18.11E3
vb 9 0dec O

ve 3 53 dc 2.600
ve 54 4 dc 2.600
vliim 7 8 dc O
vlp 91 0 dec 25

vlin 0 92 dc 25
.model dx D (Is=800.0E-18)
.model gx NPN(Is=800.0E-18 Bf=62.50)
.ends

Operational Amplifier Macromodels

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not
warranted by TI as fully representing all of the

specifications and operating characteristics of the
semiconductor product to which the model relates. INSTRUMENTS
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uA748C
OPERATIONAL AMPLIFIER MACROMODEL

JANUARY 1990

e Frequency and Transient Response o Low Power Consumption

Characteristics Adjustable
e Short-Circuit Protection

e No Latch-Up
e Same Pin Assignments as uA709

o Offset-Voltage Null Capability

o Wide Common-Mode and Differential
Voltage Ranges

macromodel — applies to uA748

.subckt UA748

*

cl
dc
de
dlp
dln
dp
egnd
fb
ga
gcm
iee
hlim
ql
q2
r2
rcl
rc2
rel
re2
ree
rol
ro2

vb
ve
ve
vlim
vlp
vln
.model
.model
.ends

sjopowoudely 1aijdwy jeuonesado RS

11
5
54
90
92
4
99
7
6
0
10
90

0
dx

qx

12
53
5
91
90
3
0
9

9
0
6
4
0
2
1

9
11
12
10
10
99

5
99

4

0
53

4

8

0
92

1234567

7.977E-12
dx
dx
dx
dx
dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vlin 0 42.44E6 -40E6 40E6 40E6 -40E6
11 12 188.5E-6
10 99 3.352E-9
dc 15.14E-6
vlim 1K

13 gx

14 gx

100.0E3
5.305E3
5.305E3
1.839E3
1.839E3
13.21E6

50

25

16.81E3

dec 0

dc 2.600

dc 2.600

dec 0

dec 25

dec 25

D(Is=800.0E-18)
NPN (Is=800.0E-18 Bf=107.1)

Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated
provided by TI, directly or indirectly, are not l
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MACROMODEL DATA FLOPPY DISK

general information

The files on the accompanying disk can be used to simulate any of the conventional operational amplifiers in
TI's broad product line. Since each of these models simulates the total op amp and not just the individual
circuit components that make up an op amp, the simulation time and the size of the computer required to
perform the simulation are both dramatically reduced. In fact, these models can be used on systems as small
as a PC running PSpice®, which allows the design engineer to take advantage of the more readily available
simulation systems and save simulation time without sacrificing accuracy. To gain these advantages, the
macromodel does not model all data sheet parameters. This limitation is certainly offset by the performance
and accuracy of the many device characteristics that can be simulated. Refer to the technical discussion in
Section 2 for more detailed information about macromodels and their advantages and limitations.

copying this disk
Please feel free to distribute copies of this disk to your colleagues and associates.

data manual orders and updates

To receive updates to this manual as they are developed or to order another data manual for a colleague or
associate, please fill in and mail the accompanying business reply card.

minimum system requirements

IBM PC, XT, AT, or compatible

DOS

Appropriate Spice simulator (e.g., PSpice®)
360K-byte floppy disk drive

getting started
To use the models on the accompanying disk, you need to know the following:

e The macromodels use the nodal assignments shown in Figure 2-4. Only models for devices with external

compensation use nodes 6 and 7.
® All devices are modeled as one op amp. To model a dual op amp (such as the TLE2062), use two
macromodels in your simulation. To model a quad op amp (such as the TLE2064), use four macromodels.

to view available files

® Insert diskette in drive A.
e After the A> prompt, enter: DIR
e Select desired file and enter: TYPE filename.MOD

to use files

The files contained on the accompanying macromodel data floppy disk are ASClI! files. Follow the instructions
that came with your simulator to access and use these models.

Macromodel Data Floppy Disk

Texas “f‘ s
INSTRUMENTS :
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TI Sales Offices

ALABAMA: Huntsville (205) 837-7530.

ARIZONA: Phoenix (602) 995-1007;
Tucson (602) 292-2640.
CALIFORNIA: lrvlno (714) 660-1200;
Rosevllle (916) 786-9208;

San Diego (619) 278-9601;

Santa Clara (408) 980-9000;
Torrance (213) 217.7010;

Woodland Hills (818) 704-7759.

COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.
FLORIDA: Attamonte Spvmg‘ (305) 260-2116;
Ft. Lauderdale (JOS) 973 85

Tampa (813) 885-74

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Ariington Heights (312) 640-2925.

INDIANA: Carmel (317) 573-6400;
Ft. Wayne (219) 424-5174.

IOWA: Cedar Rapids (319) 395-9550.
KANSAS: Overland Park (913) 451-4511,
MARYLAND: Columblia (301) 964-2003.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN: Farmington Hills (313) 553-1569;
Grand Rapids (616) 957-4200.

MINNESOTA: Eden Prairie (612) 828-9300.
MISSOURI: St. Louls (314) 569-7600.

NEW JERSEY: Iselin (201) 750-1050.

NEW MEXICO: Albuquerque (505) 345-2555.
NEW YORK: East Syracuse (315) 463-9291;
Melviite (516) 454-6
Pittsford (716) 385-6770;
Poughkeepsie (914) 473-2900.

NORTH CAROLINA: Charlotte (704) 527-0933;
Raleigh (919) 876-2725.

OHIO: Beachwood (216) 464-6100;
Beaver Creek (513) 427.6200.

OREGON: Beaverton (503) 643-6758.
PENNSYLVANIA: Blue Bell (215) 825-9500.
PUERTO RICO: Hato Rey (809) 753-8700.
TENNESSEE: Johnson City (615) 461-2192.

TEXAS: Austin (512) 250’7655.
Houston (713) 7

Richardson (2" 600-5062.
San Antonio (512) 496-1779.

UTAH: Murray (801) 266-8972.
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfleld (414) 782-2899.
CANADA: Nornn. Ontarlo (613) 726-1970;

Richmond Hill, Ontario (416} 504- 181
St. Laurent, Quebec (514) 3

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660-8105;
Santa Clara (408) 748-2220;

GEORGIA: Norcross (404) 662-7945.
ILLINOIS Arlington Heights (312) 640-2909.
MASSACHUSETTS: Waltham (617) 895-9196.
TEXAS: Richardson (214) 680-5066.

CANADA: Nepean, Ontarlo (613) 726-1970.

TI1 Distributors

TI AUTHORIZED DISTRIBUTORS
Arrow/Klerulff Electronics Group
Arrow (Canada)

Future Electronics (Canada)
GRS Electronics Co., Inc.
Hall-Mark Electronics

Marshall Industries

Newark Electronics

Schweber Electronics

Time Electronics

Wyle Laboratorles

Zeus Components

~OBSOLETE PRODUCT ONLY —
Rochester Electronics, Inc.
Newburyport, Massachusetts
(508) 462-9332

MARYLAND: Arrow/Kierulff (301) 995-6002;
Hall-Mark (301) 988-9800; Marshall (301) 235-9464;
Schweber (301) 840-5900; Zeus (301) 997-1118.
MASSACHUSETTS Arrow/Klerultf (508) 658-0900;
Hall-Mark (508) 667-0902; Marshall (506) 658-0810;
Schweber (617) 275-5100; Time (617) 532-6200;
Wyle (617) 273-7300; Zeus (617) 863-8800.

Y

MICMIGAN: D Mlerultf (313) 462-2200;
ark (313) 462-1205; M all (313) 525-5850;

Newark (313) 967-0600; Schweber (313) 525-8100;

Grand Raplds: Arrow/Kierulff (616) 243-0912.

MINNESOTA: Arrow/Kierulff (GI?? 830-1800;
Hall-Mark (612) 941-2600; Marshall (612) 559-2211;
Schweber (612) 941-5280.

MISSOURI: St. Louls: Arrow/Kierultf (314) 567-6888;
Hall-Mark (314) 291-5350; Marshall (314) 291-4650;
Schweber (314) 739-0526.

NEW HAMPSHIRE: Arrow/Kierult{ (603) 668-6968;
Schweber (603) 625-2250.

NEW JERSEY: Arrow/Kierulf! (201) 538-0900,
(609) 596-8000; GRS Electronics (609) 964-8560;
Hall-Mark (201) §75-4415, (201) 882-9773,

(609) 235-1900; Marshall (201) 882-0320,

(609) 234-9110; Schweber (201) 227-7880.

NEW MEXICO: Arrow/Kierultf (505) 243-4566.

NEW YORK: Lon

Isiand:

ALABAMA: Arrow/Kierulff (205) 837-6955;
Hall-Mark (205) 837-8700; Marshall (205) 881-9235;
Schweber (205) 895-0480.

ARIZONA: Arrow/Kierultt (602) 437-0750;
Hall-Mark (602) 437-1200; Marshall (602) 496-0290;
Schweber (602) 431-0030; Wyle (602) 866-2888.

CALIFORNIA: Los Anqolﬂ/Orlngo County:
Arrow/Kierultf (818) 70 7500 (714) 838-5422;
Hall-Mark (818) 773-4500, (714) 669-4100;

Marshall (818) 407-0101, (818) 459-5500,

(714) 458-5395; Schweber (818) 880-9686;

(714) 863-0200, (213) 320-8090; Wyle (818) 880-9000,
714) 863-9953; Zeus (714) 921-9000; (818) 889-3838;
acramento: Hall-Mark (916) 624-9781;

Marshall (916) 635-9700; Schweber (915) 364-0222;

Wyle (916) 638-5282;

San Diego: Arrow/Kierultf (619) 565-4800;

Hall-Mark (619) 268-1201; Marshall (619) 578-9600;

Schweber (619) 450-0454; Wyle (619) 565-9171;

San Francisco Bay Area: Arrow/Kierultf (408) 745-6600,

Hall-Mark (408) 432-0900; Marshall (408) 942-4600;

Schweber (408) 432-7171; Wyle (408) 727-2500;

Zeus (408) 998-5121.

COLORADO: Arrow/Kierulff (303) 790-4444;
Hall-Mark (303) 790-1662; Marshall (303) 451-8383;
Schweber (303) 799-0258; Wyle (303) 457-9953.

CONNETICUT: Arrow/Kierulff (203) 265-7741;
Hall-Mark (203) 271-2844; Marshall (203) 265-3822;
Schweber (203) 264-4700.

FLORIDA: Ft. Lauderdale:

Arrow/Kierultf (305) 429-8200; Hall-Mark (305) 971-9280;
Marshall (305) 977-4880; Schweber (305) 977-7511;
Oriando: Arrow/Kierulff (407) 323-0252;

Hali-Mark (407) 830-5855; Marshall (407) 767-8585;
Schweber (407) 331- 7555 Zlul (407) 365-3000;
Tampa: Hall-Mark (813) 530-

Marshall (813) 576-1399; Schwcbor (813) 541-5100.

GEORGIA: Arrow/Kierulff (404) 449.8252
Hall-Mark (404) 447-8000; Marshall (404) $23-5750;
Schweber (404) 449-9170.

ILLINOIS: Arrow/Kierulff (312) 250-0500;
Hall-Mark (312) 860-3800; Marshall (312) 490-0155;
Newark (312) 784-5100; Schwobu (312) 364-3750.

INDIANA: Indianapolis: Arrow/Kierultf (317) 243-9353;
Hall-Mark (317) 872-8875; Marshall (317) 297-0483;
Schweber (317) 843-1050.

IOWA: Arrow/Kierulff (319) 395-7230;

Schweber (319) 373-1417,

KANSAS: Kansas City: Arrow/Kierulff (913) 541-9542;
Hall-Mark (913) 888-4747; Marshall (913) 492-3121;
Schweber (913) 492-2922.

\ U
TEXAS
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(518) 231-1009; Hall-Mark (516) 737-0600;
Marghall (515) 273 212‘ Schweber (516) 334-7474;
Zeus (914) 9.
Rochester: A"omKlurum 716) 427-0300;
Hali-Mark (716) 1254300 arshall (716) 235-7620;
Schweber (716) 424-2222;
Syracuse: Mlunall (607) 798-1611.

NORTH CAROLINA: Arrow/Kierultf (919) 876-3132,
(919) 725-8711; Hall-Mark (919) 872-0712;
Marshall (919) 878-9882; Schweber (919) 876-0000.

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990;
Hall-Mark (216) 349-4632; Marshall (216) 248-1788;
Schweber (216) 464-2970;

Columbus: Hall-Mark (614) 888-3313;

Dayton: Arrow/Kierulff (513) 435-5563;

Marshall (513) 898-4480; Schweber (513) 439-1800.

OKLAHOMA: Arvow/KIlruIN (918) 252-7537;
Schweber (918) 622-8003.

OREGON: Arrow/Kieruiff (503) 645-6456;
Marshall (503) 644-5050; Wyle (503) 640-6000.

PENNSYLVANIA: Arrow/Kierult! (412) 856-7000,
(215) 928-1800; GRS Electronics (215) 922-7037;
Marshall (412) 963-0441; Schweber (215) 441-0600,
(412) 963-6804.

TEXAS: Austin: Arrow/Kierulft (512) 835-4180;
Hall-Mark (512) 258-8848; Marshail (512) 837-1991;
Schweber (512) 339-0088; Wyle (512) 834-9957;
Dallas: Arrow/Kierulff (214) 380-6464;

Hall-Mark (214) 553-4300; Marshall (214) 233-5200;
Schweber (214) 661-5010; Wyle (214) 235-9953;
Zeus (214) 783-7010;

El Paso: Marshall (915) 593-0706;

Hounon Arrow/Kierultf (713) 5304700

Hall-Mark (713) 781-6100; Marshall (713) 895-9200;
Schweber (713) 784-3600; Wyle (713) 879-9953.

UTAH: Arrow/Kierultf (801) 973-6913;
Hall-Mark (801) 972-1008; Marshail (801) 485-1551;
Wyle (801) 976-9953

WASHINGTON: Arrow/Kierultf (206) 575-4420;
Marshall (206) 486-5747; Wyle (206) 881-1150.

WISCONSIN: Arrow/Kierultf (414) 792-0150;
Hall-Mark (414) 797-7844; Marshall (414) 797-8400;
Schweber (414) 784-9020.

CANADA Calgary: Future (403) 235 5325;
Future (403) 438-28!

Mnntv Arrow Canada (514) 735 5511,
Future (514) 694-771

Ottawa: Arrow Canada (613) 226-6903;
Future (613) 820-8313;

Quebec City: Arrow Canada ma; a'n 7500
Toronto: Arrow Canada (416) 672.

Future (416) 638-4771; Marshall (415) 574 2161;
Vancouver: Arrow Canada (604) 291-2986;
Future (604) 294-1166.

Customer
Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (214) 995-6611
(8:00 a.m. — 5:00 p.m. CST)
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TI Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 35805, (205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
AZ 85021, (602) 995-1007, TUCSON: 818 W. Miracle
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640.

CALIFORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA
92714, (714) 660-1200; Roseville: 1 Sierra Gate
Plaza, Roseville, CA 95678, (916) 786-9208;
Sen : 4333 View Ridge Ave., Suite 100,
S-n D»la CA 92123, (619) 278-9601;
: 5353 Betsy Rau Dr., Santa Clara, CA

95054 (409) 980-9000; Torrance: 690 Knox St.,
Torrance, CA 90502, (113) 217 7010;

Woodland Hills: 21220 Erwin St., Woodland Hills,
CA 91367, (818) 704-7759

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Auror: 0 80012, (303) 368-8000

TICUT: 9 Barnes ial Park
Rd., Barnes Industrial Park, Wallingford,
CT 06492, (203) 269-0074.

FLORIDA: Altamonte Springs: 370 S. North Lake Bivd,
Alumonto Spnngl, FL 32701, (305) 260-2116;

Lauderdale: 2950 N.W. 62nd St.
Fl Lludsrdah FL 33309, (305) 973-8502;
Tampa: 4803 vana Rd., Suite 390,
Tampa, FL 33634, (813) 885-7411.

GEORGIA: Norcross: 5515 Spalding Drive, Norcross,
GA 30092, (404) 662-7900

ILLINOIS: Arfington Heights: 515 W. Aigonquin,
Arlington Heights, IL 60005, (312) 640-2925

INDIANA F| lem 2020 Inwood Or.,
46815, (219) 424-5174;
Ca mel: 0 Congrennonal Dr., Carmel, IN 46032,
317) 573- 8400.

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201,
Cedar Rapids, IA 52402, (319) 395-9550.

KANSAS: Overland Park: 7300 College Bivd., Lighton
Plaza, Overland Park, KS 66210, (913) 451-4511

MARYLAND: Columbia: 8815 Centre Park Dr.,
Columbia MD 21045, (301) 964-2003.

MASSACHUSETTS: Waltham: 950 Winter St.,
Waltham, MA 02154, (617) 895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, Mi 48018, {313) 553-1569.

Grand : Orchard Vista Dr. S.E.,

Grand Rapids, MI 49508, (616) 957-4200.

MINNESOTA: Eden Praire: 11000 W. 78th St.,
Eden Prairie, MN 55344 (612) 828-9300.

MISSOUR!: St. Louis: 11816 Borman Drive,
St. Louis, MO 63146, (314) 569-7600.

NEW JERSEY: Iselin: 485E U.S. Route 1 South
Parkway Towers, Iselin, NJ 08830 (201) 750-1050.

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy
NE, Albuquerque, NM 87107, (505) 345-2555

NEW YORK: East Syracuse: 6365 Collamer Dr..
East Syracuse, NY 13057, (315) 463-9291;
Moelville: 1895 Walt Whitman Rd., P.0O. Box 2936,
Melville, NY 11747, (516) 454-6600;

Pittsford: 2851°CIovov St., Pittsford, NY 14534,

(716) 385-677
Poughkeepsie: 385 South Rd., Poughkeepsie,
NY 126801, (914) 473-2900

NORTH CAROLINA: Chariotte: 8 Woodiawn Green,
Woodlawn Rd., Charlotte, NC 28210, (704)

§27-0933; Raleigh: 2808 Highwoods Bivd., Suite 100,

Raleigh, NC 27625, (919) 876-2725.

OHIO: Beachwood: 23775 Commerce Park Rd.,
Beachwood, OH 44122, (216) 464-6100;
Beavercreek: 4200 Colonel Glenn Hwy.,
Beavercreek, OH 45431, (513) 427-8200

OREGON: Beaverton: 6700 SW 106th St., Suite 110,

Beaverton, OR 97005, (503) 643-6758

PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy,
Blue Bell, PA 19422, (215) 825-9500

PUERTO RICO: Hato Rey: Mercantil Plaza Bidg.,
Suite 505, Hato Rey, PR 00918, (809) 753-8700

TENNESSEE: Johnson City: Erwin Hwy,
P.O. Drawer 1255, Johnson City, TN 37605
(615) 461-2192.

TEXAS: Austin: 12501 Research Bivd., Austin, TX

78759 (512) 250-7655; Richardson: 1001 €
mpbell Rd., Richardson, TX 75081,

(2\4) 630 5082; Houston: 9100 Southwest Frwy.,

S n, TX 77074, (713) 778.6692;

Sen An tonio: 1000 Central Furkway South,

San Antonio, TX 78232, (512) 496-1779

UTAH: Murray: 5201 South Green St., Suite 200,
Murray, UT 84123, (801) 266-8972

WASHINGTON: Redmond: 5010 148th NE, Bidg B,
Suite 107, Redmond, WA 98052, (206) 881-3080

WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite
160, Brookfield, Wi 53005, (414) 782-2899

CANADA: Nepean: 301 Moodie Drive, Mallorn Center,

Nepean, Ontario, Canada, K2H9C4

(613) 726-1970. Richmond Hill: ZBO Centre St. E.,
Richmond Hill LAC1B1, Ontario, Canada

(416) 884-9181; St. Laurent: Ville St. Laurent
Quebec, 9460 Trans Canads Hwy., St. Laurent,
Quebec, Canada H4S1R7, (514) 336-1860

ARGENTINA: Texas Instruments Argentina Viamonte
1119, 1053 Capital Federal, Buenos Aires, Argentina,
541/748-3699

AUSTRALIA (& NEW ZEALAND): Texas Instruments
Australia Ltd.: 6-10 Talavera Rd., North Ryde
(Sydney), New South Wales, Australi 2113,

2 + 887-1122; 5th Floor, 418 St. Kilda Road,
Melbourne, Victoria, Australia 3004, 3 + 267-4677;
171 Philip Highway, Elizabeth, South Australia 5112,
8 + 255-2066.

AUSTRIA: Texas Instruments Ges.m.b.H
Industriestrabe B/16, A-2345 Brunn/Gebirge,
2236-846210.

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11

Avenue Jules Bondetlaan 11, 1140 Brussels, Belgium,

(02) 242-3080.

BRAZIL: Texas Instruments Electronicos do Brasil
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424
Sao Paulo, Brazil, 0815-6166

A/S, Mai j 46E,

2730 Hnrlnv Dcnmlrk 2-917400.

FINLAND: Texas Instruments Finland OY:
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (30)
0-481-422.

FRANCE: Texas Instruments France: Paris Office, BP
67 8-10 Avenue Morane-Saulnier, 78141 Velizy-
Villacoublay cedex (1) 30 70 1003.
GERMANY (Fod Republic of Gcrmlny) Texas

mbH: .
8050 Frei nu 8161 +80-4591; Kuv(uerstendumm
195/196, 1000 Berlin 15, 30 + 882-7365; I, Hagen
.19, 4300 Essen, 201-24250;
Klrchhouto trasse 2, 3000 Hannover 51,

6:

§11+648021; Maybachstrabe 11, 7302 Ostfildern
2-Nelingen, 711 + 34030

*p

Texas
INSTRUMENTS

HONG KONG: Texas Instruments Hong Kong Ltd., 8th
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon,
Hong Kong, (852) 3-7351223.

IRELAND: Texas Instruments (ireland) Limited
7/8 Harcourt Street, Stillorgan, County Oublin, Eire,
1781677

ITALY: Texas Instruments ltalia S.p.A. Divisione
Semiconduttori: Viale Europa, 40, 20093 Cologne
Monzese (Milano), (02) 253001; Via Castello della
Magliana, 38, 00148 Roma, (06) 5222657

Via Amendola, 17, 40100 Bologna, (051) 554004

JAPAN: Tokyo Marketing/Sales (Headquarters):
Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F,
413 ra. Minato-ku, Tokyo 108, Japan.

Texas instruments Japan Lid.: Ni
Dwm Bidg. 5F, 30 Imabashi 3-chome, Higashi-ku,
Osaka 541, Japan, 06-294-1881; Daini Toyota West
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku,
ngovl 450, 052 503 8691; D.uchl Selmel B!dg 6F,

0752 23 5471; Donchr Olymplc Tachlklwa E!Idp 6F,
1.25-12 Akebono-cho, Tachikawa 190, Tokyo,
0425-27-6426; Matsumoto Showa Bidg. 6F, 2-11
Fukashi 1-chome, Matsumoto 390, Nagano-ken.
0263- 33 1000 Vokohlml Nuhlguchi KN Bldg 6F,
2-8- . Nishi-ku, Y
045-. 322 6741 Nlhor\ Seimei Kyoto Ylslk! Bldg 5F,
843-2 Higashi
Shlokouu Shimogyo-ku, Kyoto 600, 075 341 7713;
2697-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita-
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho-
mura, Inashiki-gun 300-04, Ibaragi-ken,
0298-85-2541.

KOREA: Texas Instruments Korea Ltd., 28th FI., Trade
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul,
Korea 2 +551-2810

MEXICO: Texas Instruments de Mexico S.A.: Alfonso
Reyes— 115, Col. Hipodromo Condesa, Mexico, D.F.,
Mexico 06120, 525/525-3860.

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor
Mannai Bldg.. Diplomatic Area, P.O. Box 26335,
Manama Bahrain, Arabian Gulf, 973 + 274681

NETHERLANDS: Texas Instruments Holland B.V
19 Hogehilweg, 1100 AZ Amsterdam — Zuidoost,
Holland 20 + 5602911

NORWAY: Texas Instruments Norway A/S: PB106.
Refstad 0585, Oslo 5, Norway, (2) 155090.

PEOPLES REPUBLIC OF CHINA: Texas Instruments
China Inc., Beijing Representative Office, 7-05 Citic
Bidg., 19 Jianguomenwai Dajie, Beijing. China, (861)
5002255, Ext. 3750

PHILIPPINES: Texas Instruments Asia Ltd.: 14th Fioor,
Ba- Lepanto Bidg., Paseo de Roxas, Makati, Metro
Manila, Philippines, 817-60-31

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich,
2650 Moreira Da Maia, 4470 Maia, Portugal,
2-948-1003

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Instruments Singapore (PTE) Ltd.,
Asia Pacific Division, 101 Thompson Rd. #23-01,
United Square, Singapore 1130, 350-8100.

SPAIN: Texas Instruments Espana, S.A : C/Jose
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58

Texa:
Corporation lSvengehhalcn) S-164- 93 S(ockhclm
Sweden, 8 - 752-5800.

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
6, CH-8953 Dietikon (Zuerich) Switzerland,
1-740 2220.

TAIWAN: Texas instruments Supply Co., 9th Floor
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan,
Republic of China, 2 + 713-9311

UNITED KINGDOM: Texas Instruments Limited

Manton Lane, Bedford, MK41 7PA, England, 0234
270111
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