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INTRODUCTION

The rapid advance in high-tech digital processing creates new demands for microprocessor-compatible circuits
that can sense, amplify, and convert analog signals or provide regulated power to a system. In this volume,
Texas Instruments presents specifications and technical information on our broad line of integrated circuits
designed for applications that involve analog signal conditioning. That product line includes:

® Operational amplifiers

® Voltage comparators

® Regulators

® Power supply monitors

® Switching-mode power supply circuits
® Hall-effect circuits

® Current mirrors '

® Floppy-disk circuits for control, reading, or writing
® Timers

® A/D converters

® Video amplifiers

@® Analog switches

These circuits span the recent rapid development of integrated circuit technology from classical bipolar through
BIFET™ and BIDFET™ to Ti’s new LinCMOS™ processing that provides a step-function improvement in input
impedance, power dissipation, and threshold stability. New surface-mount packages include both plastic and
ceramic chip carriers and the small-outline packages that increase board density with little impact on power
handling capability.

Ordering information and mechanical data are in the Appendix. Section 1 contains an alphanumeric index that
lists page numbers for all the device types included, and each data sheet section provides a functional selection
guide to the devices in that section.

While this volume offers design and specification data only for Linear components, complete technical data
for any Tl semiconductor product is available from:

Texas Instruments Texas Instruments
Literature Response Center Customer Response Center
P.O. Box 401560 (214) 995-6611

Dallas, Texas 75240

If you need sales assistance with any Tl semiconductor products, please contact your nearest Tl field sales
office or Tl authorized distributor. A listing can be found at the back of this data book.
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THERMAL INFORMATION

THERMAL RESISTANCE

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rgyc(°C/W) RgJA(°C/W)
D plastic dual-in-line 8 51 172
14, 16 33 131
FH ceramic chip carrier 20, 28 35 104
FK ceramic chip carrier 20 35 91
FN plastic chip carrier 20 37 114
J ceramic dual-ln-lfne 14 thru 20 60 122
(glass-mounted chips)
J ceramic dualvln-l.lneT 14 thru 20 29t 91t
(alloy-mounted chips)
JG ceramic dual-in-line
. 8 58 151
(glass-mounted chips)
JG ceramic dual-erm—Ilne'r s 26t 119t
(alloy-mounted chips)
LP plastic plug-in 3 40 160
LU plastic plug-in 3 40 178
14 thru 20 72 143
N plastic dual-in-line 28 45 100
40 40 100
P plastic dual-in-line 8 79 172
U ceramic flat 10, 14 55 185
W ceramic flat 14, 16 60 125

1 In addition to those products so designated on their data sheets, all devices having a type number prefix of “’SNC’’ or ““SNM,"’ or a
suffix of ‘“/883B’'’ have alloy-mounted chips.

D FH, FK FN J Jo JG
PACKAGE PACKAGE PACKAGE PACKAGE PACKAGE PACKAGE
Lp Lu N P u w
PACKAGE PACKAGE PACKAGE PACKAGE PACKAGE PACKAGE

.

e
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THERMAL INFORMATION

PLASTIC PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the
maximum operating free-air temperature.
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THERMAL INFORMATION

PLASTIC PACKAGES (CONTINUED)
These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the
maximum operating free-air temperature.
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THERMAL INFORMATION

FLAT PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the
maximum operating free-air temperature.

DISSIPATION DERATING CURVE

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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THERMAL INFORMATION

CERAMIC DUAL-IN-LINE PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the
maximum operating free-air temperature.
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tn addition to those products so designated on their data sheets, all devices having a type number prefix of ““SNC’’ or ’SNM"’, or a suffix
of “//883B'’ have alloy-mounted chips.
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SELECTION GUIDE

noncompensated, single

OPERATIONAL AMPLIFIERS

military temperature range (values specified for Tp = 25°C)
DEVICE Bq SR Vio B Avp SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/us) [ (mV) (nA) | (V/ImV) (v) PACKAGES PAGE
TYP TYP MAX MAX MIN MIN MAX
TLOBOM BIFET, Low Power 3 13 6 0.2 25 +3.5 +18 JG 3-135
uA709AM | General Purpose 1 0.3 2 200 45 Typ +5 +18 J,JG,UuwW 3-215
uA709M General Purpose 1 0.3 5 500 45 Typ +18 J,JG,U,W 3-215
LM108 High Performance 1 0.3 2 2 50 +5 +18 JG 3-26
LM101A High Performance 1 0.5 2 75 50 +5 +22 FH,FK,JG,UW | 3-17
uA748M General Purpose 1 0.5 5 500 | +10 +2 +22 JG,U 3-229
'TLO60M BIFET, Low Power 1 3.5 6 0.2 4 +1.56 +18 JG 3-103
industrial temperature range (values specified for Tp = 25°C)
DEVICE Bq SR Vio [T Ayp SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/us) [ (mV) (nA) (V/imV) (V) PACKAGES PAGE
TYP TYP MAX MAX MIN MIN MAX
TLO701 BIFET, Low Noise 13 13 6 200 50 +3.5 +18 D,JG.P 3-125
TLO8O! BIFET, Low Power 3 13 6 200 50 +3.5 +18 JG,P 3-135
LM208 High Performance 1 0.3 2 2 50 +5 +18 D,JG,P 3-25
LM201A High Performance 1 0.5 2 75 50 +5 +22 D.JG,P.W 3-17
TLO6O! BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,JG,P 3-103
commercial temperature range (values specified for T = 25°C)
DEVICE Bq SR | Vio | I8 AvD |SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | Vius) | (mV) (nA) (V/imV) (V) PACKAGES PAGE
TYP TYP MAX MAX MIN MIN MAX
TLO70AC | BIFET, Low Noise 3 13 6 0.2 50 +3.5 +18 D,JG,P 3-125
TLO70C BIFET, Low Noise 3 13 10 0.2 25 +3.5 +18 D,JG,P 3-125
TLOBOAC | BIFET, Low Power 3 13 6 0.2 50 +3.5 +18 JG,P 3-135
TLO8BOC BIFET, Low Power 3 13 15 0.4 25 +3.5 +18 JG,P 3-135
uA709C General Purpose 1 0.3 7.5 1500 15 +18 JG,P 3-2156
LM308 High Performance 1 0.3 7.5 7 25 +5 +18 D,JG,P 3-25
uA748C General Purpose 1 0.5 6 500 20 +2 +18 D,JG,P 3-229
TLOBOAC | BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,JG,P 3-103
TLO60BC | BIFET, Low Power 1 3.5 3 0.2 4 +1.5 +18 D,JG,P 3-103
TLO60C BIFET, Low Power 1 3.5 15 0.2 3 +1.5 +18 D,JG,P 3-103
LM301A High Performance 1 7.5 50 75 25 +5 +18 D,JG,P,W 3-17
TEXAS
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SELECTION GUIDE

internally compensated, single

military temperaturé range (values specified for TA = 25°C)
DEVICE ) Bq SR | Vio 8 AvD | SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/gs) | (mV) (nA) (V/mV) (V) PACKAGES | PAGE
TYP | TYP | MAX MAX MIN MIN MAX
TL291M High Speed 20 50 +4 +18 JG 3-155
SE5534 High Performance 10 13 2 800 50 +3 +20 FH,FK,JG,U 3-91
SE5534A |High Performance 10 13 2 800 50 +3 +20 FH,FK,JG,U 3-91
tM110 Unity-Gain Voltage 10 30 4 3 1 +5 +18 JG 3-27
Follower
TLO81TM BIFET, General Purpose 3 - 13 6 0.2 25 +4 +18 FH,FK,JG 3-135
TLO88M BIFET, Low V|o 3 13 3 0.4 50 +3.5 +18 JG,U 3-145
TLO71M BIFET, Low Noise 3 13 6 0.2 35 +5 +18 FH,FK,JG 3-125
TLC271AM|LinCMOS, Programmable| 2.3 4.5 5 | 0.001 Typ 10 4 16 FH,FK,JG 3-165
TLC271BM | LinCMOS, Programmable| 2.3 4.5 2 | 0.001 Typ 10 4 16 FH,FK,JG 3-165
TLC271M |LinCMOS, Programmable| 2.3 4.5 10 | 0.001 Typ 10 4 16 FH,FK,JG 3-165
TLC277M |LinCMOS, High Bias 2.3 4.5 0.5 | 0.001 Typ 10 4 16 FH,FK,JG 3-201
uA741M General Purpose 1 0.5 5 500 50 +2 +22 FH,FK,J,JG,U | 3-223
LM107 High Performance 1 0.5 2 75 50 +2 +22 J,JG,U.W 3-21
TLO61M BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 FH,FK,JG,U 3-103
TLO66M BIFET, Adjustable 1 3.5 6 0.2 4 +1.2 +18 FH,FK,JG 3-113
Low-Power
OP-012A  |Precision Low-Input 0.8 0.12 | 0.15 2 80 +5 +20 JG 3-71
Current
0OP-012B Precision Low-Input 0.8 0.12 0.3 2 80 +5 +20 JG 3-71
Current (
0oP-012C Precision Low-Input 0.8 0.12 1 5 40 +5 +20 JG 3-71
Current
TLC27M7M| LinCMOS, Programmable| 0.7 0.6 0.5 | 0.001 Typ 20 4 16 FH,FK,JG 3-201
TL321M High Performance 0.6 0.3 5 - 150 50 3 30 FH,FK,JG 3-157
uA702M General Purpose 0.5 11 2 500 6000 _2 _1; JGU 3-201
TLC27L7M | LinCMOS, Programmable | 0.1 0.04 0.5 | 0.001 Typ 30 4 16 FH,FK,JG 3-201
automotive temperature range (values specified for TA = 25°C)
DEVICE Bq SR Vio [T Ayp | SUPPLY VOLTAGE
NUMBER DESCRIPTION (MH2) | (V/us) | (mV) (nA) (Vimv) (V) PACKAGES | PAGE
TYP TYP | MAX MAX MIN MIN MAX
LM218 High Performance 15 70 4 250 50 +5 +20 D,JG,P 3-43
TLC271Al | LinCMOS, Programmable| 2.3 4.5 5 0.001 Typ 7 3 16 D,JG,P 3-165
TLC271BI | LinCMOS, Programmable| 2.3 4.5 2 0.001 TYP 7 3 16 D,JG,P 3-165
TLC2711 LinCMOS, Programmable| 2.3 4.5 10 0.001 Typ 7 3 16 D,JG,P 3-165
TLC2771 LinCMOS, Programmable| 2.3 4.5 0.5 0.001 Typ 10 3 16 D,JG,P 3-201
LM207 High Performance 1 0.5 2 75 50 +2 +22 JNW 3-21
TLC27M71| LinCMOS, Medium Bias 0.7 0.6 0.5 0.001 Typ 20 3 16 D,JG,P 3-201
TLC27L7!1 | LinCMOS, Low Bias 0.1 0.04 0.5 0.001 Typ 30 3 16 D,JG,P 3-201
TLC261AI | LinCMOS, Programmable 12 5 0.001 Typ 2 16 D,JG,P 3-199
TLC261BI | LinCMOS, Programmable 12 2 0.001 Typ 2 16 D,JG,P 3-199
TLC2611 LinCMOS, Programmable 12 10 0.001 Typ 2 16 D,JG,P 3-199
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SELECTION GUIDE

internaily compensated, single

industrial temperature range (values specified for TA = 25°C)
DEVICE B SR [ vio g AvD | SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) (V/us) | (mV) (nA) (V/imV) V) PACKAGES PAGE
TYP TYP | MAX | MAX MIN MIN MAX
TLO87I BIFET, Low Offset 25 13 0.5 0.2 50 +4 +18 D,JG,P 3-145
LM210 Unity-gain Voltage 20 30 4 3 +5 +18 JG,P 3-27
Follower
TLO711 BIFET, Low Noise 3 13 6 0.2 .50 +3.5 +18 D,JG,P 3-125
TLO81I BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 JG,P 3-135
TLO88I BIFET, Low V|o 3 13 1 0.2 50 +4 +18 D,JG,P 3-145
TLO66I BIFET, Adjustable 1 3.5 6 0.2 4 +1.2 +18 D.JG,P 3-113
Low-Power
TLO61! BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,JG,P 3-103
TL3211 High Performance 0.6 0.3 5 -150 50 3 30 JG,P 3-157
commercial temperature range (values specified for Tp = 25°C)
DEVICE By SR Vio [T: Avp SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz2) | (V/ps) | (mV) (nA) (VimV) (V) PACKAGES PAGE
TYP TYP | MAX MAX MIN MIN MAX
LM310 Unity-Gain Voltage 20 30 7.5 7 +5 +18 JG,P 3-27
Follower
TL291C High Speed 20 50 +4 +18 JG,P 3-155
LM318 High Performance 15 70 10 250 25 +5 +20 D,JG,P 3-43
NES534 High Performance 10 6 4 1500 25 +3 +20 JG,P 3-91
NE5534A | High Performance 10 6 4 1500 25 +3 +20 JG,P 3-91
OP-227E | Low Noise 8 2.8 ]0.08 +40 800 JN 3-77
OP-227F | Low Noise 8 2.8 |0.12 +55 800 JN 3-77
OP-227G | Low Noise 8 2.8 |0.18 +80 700 JN 3-77
TLO87C BIFET, General Purpose 3 13 0.5 0.2 50 +5 +18 D,JG,P 3-145
TLO71AC | BIFET, Low Noise 3 13 6 0.2 50 +3.5 +18 D,JG,P 3-125
TLO71BC | BIFET, Low Noise 3 13 3 0.2 50 +3.5 +18 D,JG,P 3-125
TLO71C BIFET, Low Noise 3 13 10 0.2 25 +3.5 +18 D,JG,P 3-125
TLO81AC | BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 JG,P 3-135
TLO81BC | BIFET, General Purpose 3 13 3 0.2 50 +3.5 +18 JG,P 3-135
TLO81C BIFET, General Purpose 3 13 15 0.4 25 +3.5 +18 JG,P 3-135
TLO88C BIFET, Low V|0 3 13 1 0.2 50 +4 +18 D,JG,P 3-145
TLC277C | LinCMOS, High Bias 2.3 4.5 0.5 [0.001 Typ 10 Typ 3 16 D,JG,P 3-201
uA741C General Purpose 1 0.5 6 500 20 +2 +18 D,JG,P 3-223
LM307 High Performance 1 0.5 7.5 250 25 +2 +18 D,J,JG,N,PW | 3-21
TLO61AC | BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,JG,P 3-103
TLO61BC | BIFET, Low Power 1 3.5 3 0.2 4 +1.5 +18 D,JG,P 3-103
TLO61C BIFET, Low Power 1 3.5 156 0.2 3 +1.5 +18 D,JG,P 3-103
TLOB6AC | BIFET, Adjustable 1 3.5 6 0.2 4 +1.2 +18 D,JG,P 3-113
Low-Power
TLO66BC | BIFET, Adjustable 1 3.5 3 0.2 4 +1.2 +18 D,JG,P 3-113
Low-Power
TLO66C BIFET, Adjustable 1 3.5 15 0.4 3 +1.2 | 18 D,JG,P 3-113
Low-Power
TLOB8C BIFET, Buffer 1 7 15 0.4 +1.5 18 LP 3-123
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SELECTION GUIDE

internally compensated, single

commercial temperature range (continued) (values specified for Tp = 25°C)
DEVICE By sk | vio B Ayp | SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/ps)| (mV) (nA) (V/mV) (V) PACKAGES PAGE
TYP TYP MAX MAX MIN MIN MAX
TLC251AC|LiInCMOS, Programmable| 0.7 0.6 5 | 0.001 Typ 10 Typ 1 16 D,JG,P 3-165
TLC251BC |LinCMOS, Programmable| 0.7 | 0.04 2 | 0.001 Typ 10 Typ 1 16 D,JG,P 3-165
TLC251C |LinCMOS, Programmable| 0.7 0.04 10 | 0.001 Typ 10 Typ 1 16 D,JG,P 3-165
TLC271AC |LInCMOS; Programmable| 0.7 0.04 5 | 0.001 Typ 10 Typ 3 16 D,JG,P 3-165
TLC271BC |LinCMOS, Programmable| 0.7 0.04 3 | 0.001 Typ 1C Typ 3 16 D,JG,P 3-165
TLC271C [LinCMOS, Programmable| 0.7 | 0.04 10 | 0.001 Typ 10 Typ 3 16 D,JG,P 3-165
TLC27M7C|LinCMOS, Medium Bias | 0.7 0.6 0.5 | 0.001 Typ 20 3 16 D,JG,P 3-201
uA714C Ultra-Low Offset Voltage| 0.6 0.17 | 0.15 +7 100 +3 +18 JG,P 3-219
uA714E Uitra-Low Offset Voltage| 0.6 0.17 |0.075 +4 200 +3 +18 JG,P 3-219
uA714L Ultra-Low Offset Voltage| 0.6 0.17 | 0.25 +30 50 +3 +18 JG,P 3-219
TL321C High Performance 1 0.6 0.3 7 | -250 25 3 30 JG,P 3-157
OP-07C Ultra-Low Offset 0.6 0.3 | 0.15 +7 100 +3 +18 JG,P 3-67
OP-07D Ultra-Low Offset 0.6 0.3 | 0.15 +12 400 Typ +3 +18 JG,P 3-67
OP-07E Ultra-Low Offset 0.6 0.3 | 0.75 +4 150 +3 +18 ~ JG,P 3-67
OP-12E Precision Low-Input 0.2 | 0.12 | 0.15 2 80 +5 +20 D,JG,P 3-71
Current
OP-12F Precision Low-Input 0.2 | 0.12 0.3 2 80 +5 +20 D,JG,P 3-71
Current
OP-12G Precision Low-Input 0.2 0.12 1 5 40 +5 +20 D,JG,P 3-71
Current
TLC27L7C |LinCMOS, Low Bias 0.1 0.04 0.5 | 0.001 Typ 30 3 16 D,JG,P 3-201
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SELECTION GUIDE

internally compensated, dual

military temperature range

(values specified for Tp = 25°C)

DEVICE By SR Vio hs AvD SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/imV) [\ PACKAGES PAGE
TYP TYP | MAX MAX MIN MIN MAX
TL292M High Frequency 20 50 JG 3-1565
RM4558 High Performance 3 1.7 5 500 50 +22 JG 3-87
TLO72M BIFET, Low Noise 3 13 6 0.2 35 +3.5 +18 FH,FK,JG 3-125
TLO82M BIFET, General Purpose 3 13 16 0.2 25 +3.5 +18 FH,FK,JG 3-135
TLO83M BIFET, General Purpose 3 13 6 0.2 25 +3.5 +18 FH,FK,J 3-135
TLO88M BIFET, General Purpose 3 13 3 0.4 50 +3.5 +18 JG,U 3-145
TL288M BIFET, General Purpose 3 13 3 0.4 50 +3.5 +18 JGU 3-145
TLC272AM |LInCMOS, High Bias 2.3 4.5 5 10.001 Typ 10 4 16 FH,FK,JG 3-175
TLC272BM |LInCMOS, High Bias 2.3 4.5 2 [0.001 Typ 10 4 16 FH,FK,JG 3-175
TLC272M LinCMOS, High Bias 2.3 4.5 10 }0.001 Typ 10 4 16 FH,FK,JG 3-175
TLC27L2AM |LinCMOS, Low Bias 2.3 4.5 5 [0.001 Typ 30 4 16 FH,FK,JG 3-175
TLC27L2BM |LinCMOS, Low Bias 2.3 4.5 2 [0.001 Typ 30 4 16 FH,FK,JG 3-175
TLC27L2M  |LInCMOS, Low Bias 2.3 4.5 10 ]10.001 Typ 30 4 16 FH,FK,JG 3-175
TLC27M2AM|LInCMOS, Medium Bias 2.3 4.5 5 [0.001 Typ 20 4 16 FH,FK,JG 3-175
TLC27M2BM|LinCMOS, Medium Bias 2.3 4.5 2 |0.001 Typ 20 4 16 FH,FK,JG 3-175
TLC27M2M |LinCMOS, Medium Bias 2.3 4.5 10 [0.001 Typ 20 4 16 FH,FK,JG 3-175
MC1558 General Purpose 1 0.5 5 500 50 +2 +22 FH,FK,JG,U 3-53
TL322M Low Power 1 0.6 8 | -500 200 Typ +1.5 +18 JG 3-161
TLO62M BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 FH,FK,JG,U 3-103
LM158 High Gain 0.6 5 |[-150 50 3 30 FH,FK,JG,U 3-36
TLO22M Low Power 0.5 0.5 5 100 72 +2 +22 V] 3-95
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SELECTION GUIDE

internally compensated, dual

automotive temperature range

(values specified for Tp = 25°C)

DEVICE By SR Vio B Avp SUPPLY VOLTAGE
NUMBER DESCRIPTION (MH2) | (V/us) | (mV) (nA) (VimV) V) PACKAGES | PAGE
TYP TYP | MAX MAX MIN MIN MAX
LM2904 High Gain 5 1 7 |-250 100 Typ +3 +26 D,JG,P,U 3-36
RV4558 High Performance 3 1.7 6 500 1 50 +5 +18 D,JG,P 3-87.
TLC272Al | LinCMOS, High Bias 2.3 4.5 5 ]0.002 Typ | 10 3 16 D,JG,P 3-175
TLC2728BI LinCMOS, High Bias 2.3 4.5 2 |0.002 Typ 10 3 16 D,JG,P 3-175
TLC272I LinCMOS, High Bias 2.3 4.5 10 |0.002 Typ 10 3 16 D,JG,P 3-175
TLC27L2Al | LinCMOS, Low Bias 2.3 4.5 5 [0.002 Typ 30 3 16 D,JG,P 3-175
TLC27L28BI | LiInCMOS, Low Bias 2.3 4.5 2 10.002 Typ 30 3 16 D,JG,P 3-175
TLC27L21 LinCMOS, Low Bias 2.3 4.5 10 |0.002 Typ 30 3 16 D,JG,P 3-175
TLC27M2Al | LInCMOS, Medium Bias 2.3 4.5 5 |[0.002 Typ 20 3 16 D,JG,P 3-175
TLC27M28BI | LInCMOS, Medium Bias 2.3 4.5 2 10.002 Typ 20 3 16 D,JG.P 3-175
TLC27M2! | LInCMOS, Medium Bias | 2.3 4.5 10 |0.002 Typ | 20 3 16 D,JG,P 3-175
TL322I Low Power 1 0.6 8 0.5 20 +1.5 +18 D,JG,P 3-157
industrial temperature range (values specified for TpA = 25°C)
B1 SR Vio [T: Ayp | SUPPLY VOLTAGE
::;I::R DESCRIPTION (MHz) | (V/gs) [ (mV) (nA) (VImV) (V) PACKAGES | PAGE
TYP TYP |MAX MAX MIN MIN MAX
TLO72! BIFET, Low. Noise 3 13 6 0.2 50 +3.5 +18 D,JG,P 3-125
TLO82I BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 JG,P 3-135
TLO83I BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 J.N 31 35
TL2871 BIFET, General Purpose 3 13 0.5 0.2 50 +3.5 +18 D,JG,P 3-145
TL288! BIFET, General Purpose 3 13 0.5 0.2 50 +3.5 +18 D,JG,P 3-145
TLO62| BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,JG,P 3-103
LM258 High Gain 0.6 5 - 150 50 3 30 D,JG,PU [ 3-36
LM258A | High Gain 0.6 3 -80 50 3 30 D,JG,P,U 3-36
TLC262A! | LInCMOS, Programmable 12 5 0.001 Typ 2 16 D,JG.P 3-199
TLC262BI | LInCMOS, Programmable 12 2 0.001 Typ 2 16 D,JG,P 3-199
TLC2621 LinCMOS, Programmable 12 10 0.001 Typ 2 16 D,JG.P 3-199
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SELECTION GUIDE

internally compensated, dual

commercial temperature range (values specified for Tp = 25°C)

DEVICE By SR | Vio I8 Avp | SUPPLY VOLTAGE

NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/mV) (v) PACKAGES | PAGE

TYP TYP [MAX MAX MIN MIN MAX

TL292C High Frequency 20 50 +4 +18 JG,P 3-1565
NE5532 Low Noise 10 9 4 800 15 +3 +20 JG,P 3-63
NE5532A Low Noise 10 9 4 800 15 +3 +20 JG,P 3-63
RC4559 High Performance 4 2 6 250 20 +18 D.P 3-101
RC4558 High Performance 3.5 1.7 5 500 50 +18 D.JG, P 3-103
TLO72AC BIFET, Low Noise 3 13 6 0.2 50 +3.56 +18 D,JG,P 3-145
TLO72BC BIFET, Low Noise 3 13 3 0.2 50 +3.56 +18 D,JG,P 3-145
TLO72C BIFET, Low Noise 3 13 10 0.2 25 +3.5 +18 D,JG,P 3-145
TLO82AC BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 JG,P 3-155
TLO82BC BIFET, General Purpose 3 13 3 0.2 50 +3.5 +18 JG,P 3-1565
TLO82C BIFET, General Purpose 3 13 15 0.4 25 +3.5 +18 JG,P 3-155
TLO83AC BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 JN 3-155
TLO83C BIFET, General Purpose 3 13 15 0.4 25 +3.5 +18 JN 3-155
TL287C BIFET, General Purpose 3 13 0.5 0.2 50 +3.5 +18 D,JG,P 3-155
TL288C BIFET, General Purpose 3 13 0.5 0.2 50 +3.6 +18 D,JG,P 3-155
TLC252AC |LinCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 1 16 D,JG,P 3-175
TLC252BC |LinCMOS, High Bias 2.3 4.5 2 0.001 Typ 10 1 16 D,JG,P 3-175
TLC252C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ 10 o 16 D,JG,P 3-175
TLC25L2AC |[LinCMOS, Low Bias 2.3 4.5 5 0.001 Typ 30 1 16 D.JG,P 3-175
TLC25L2BC |LINCMOS, Low Bias 2.3 4.5 2 0.001 Typ 30 1 16 D,JG,P 3-175
TLC25L2C LinCMOS, Low Bias 2.3 4.5 10 0.001 Typ 30 1 16 D,JG,P 3-175
TLC25M2AC |LinCMOS, Medium Bias | 2.3 4.5 5 0.001 Typ 20 1 16 D,JG,P 3-175
TLC25M2BC | LinCMOS, Medium Bias | 2.3 4.5 2 0.001 Typ 20 1 16 D,JG,P 3-175
TLC25M2C |LinCMOS, Medium Bias | 2.3 4.5 10 0.001 Typ 20 1 16 D,JG,P 3-175
TLC272AC |LinCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 3 16 D,JG,P 3-1756
TLC272BC |[LinCMOS, High Bias 2.3 4.5 2 0.001 Typ 10 3 16 D,JG,P 3-175
TLC272C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ 10 3 16 D,JG,P 3-175
TLC27L2AC |LinCMOS, Low Bias 2.3 4.5 5 0.001 Typ 20 3 16 D,JG,P 3-175
TLC27L2BC |[LinCMOS, Low Bias 2.3 4.5 2 0.001 Typ 20 3 16 D,JG,P 3-175
TLC27L2C (LinCMOS, Low Bias 2.3 4.5 10 0.001 Typ 20 3 16 D,JG,P 3-175
TLC27M2AC | LinCMOS, Medium Bias | 2.3 4.5 5 0.001 Typ 20 3 16 D,JG,P 3-175
TLC27M2BC [LinCMOS, Medium Bias | 2.3 4.5 2 0.001 Typ 20 3 16 D,JG,P 3-175
TLC27M2C |LinCMOS, Medium Bias | 2.3 4.5 10 0.001 Typ 20 3 16 D,JG,P 3-175
MC1458 General Purpose 1 0.5 6 500 20 +1.5 +18 D,JG,P,U 3-563
TL322C Low Power 1 0.6 10 -500 20 +1.5 +18 D,JG,P 3-161
TLO62AC BIFET, Low Power 1 3.5 6 0.2 4 +1.2 +18 D,JG,P 3-103
TLO62BC BIFET, Low Power 1 3.5 3 0.2 4 +1.2 +18 D,JG,P 3-103
TLOB2C BIFET, Low Power 1 3.5 15 0.2 3 +1.2 +18 D,JG,P 3-103
LM358 High Gain 0.6 7 - 250 25 3 30 D,JG,P,U 3-36
LM358A High Gain 0.6 3 -100 25 3 30 D,JG,P,U 3-36
TLO22C Low Power 0.5 0.5 5 250 60 +2 +18 JG,P 3-95
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SELECTION GUIDE

internally compensated, quad

military temperature range " (values specified for TA = 25°C)
DEVICE Bq SR Vio B Ayp |SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/imV) (V) PACKAGES | PAGE
TYP TYP | MAX MAX MIN MIN MAX
TL294M High Frequency 20 50 +4 +18 J 3-155
RM4136 High Performance 3.5 1.7 4 400 50 +4 +22 FH,FK,J.W | 3-83
TLO74M BIFET, Low Noise 3 13 9 0.2 35 +3.5 +18 FH.FK,J W [ 3-125
TLO84M BIFET, General Purpose 3 13 9 0.2 25 +3.5 +18 FH,FK,JW | 3-135
TLC274AM |LInCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 1 16 FH,FK,J 3-187
TLC274BM |LinCMOS, High Bias 2.3 4.5 2 0.001 Typ 10 1 16 FH,FK,J 3-187
TLC274M LinCMOS, High Bias 2.3 4.5 10 0.001 Typ 10 1 16 FH,FK,J 3-187
LM148 General Purpose 1 0.5 5 100 50 +22 FH,FK,J 3-33
MC3503 General Purpose 1 0.6 5 -500 50 +1.5 +18 J 3-57
TLO64M BIFET, Low Power 1 3.5 9 0.2 4 *1.5 +18 FH,FK,JW | 3-103
TLC27M4AM|LINCMOS, Medium Bias | 0.7 0.6 5 0.001 Typ 20 1 16 FH,FK,J 3-187
3 TLC27M4BM|LInCMOS, Medium Bias | 0.7 0.6 2 0.001 Typ 20 1 16 FH,FK,J 3-187
TLC27M4M |LinCMOS, Medium Bias | 0.7 0.6 10 0.001 Typ 20 1 16 FH,FK,J 3-187
LM124 General Purpose 0.6 0.5 5 - 150 50 3 30 FH,FK,J W _ [ 3-29
o TLO44M Low Power 0.5 0.5 5 100 72 +2 +22 FH,FK,J,W | 3-99
° TLC27L4AM |LiInCMQOS, Low Bias 0.1 0.04 5 0.001 Typ 30 1 16 FH,FK,J 3-187
Q TLC27L4BM [LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ 30 1 16 FH,FK,J 3-187
90 TLC27L4M  |LInCMOS, Low Bias 0.1 0.04 10 0.001 Typ 30 1 16 FH,FK,J 3-187
=]
=]
Q  automotive temperature range (values specified for Tp = Ta 25°C)
> DEVICE Bq SR | Vio B Ayp |SUPPLY VOLTAGE
3 NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/mV) (V) PACKAGES | PAGE
© TYP TYP | MAX MAX MIN MIN MAX
E:; RV4136 High Performance 3 1.7 6 500 20 +4.5 +32 D,J,NW 3-83
® [LM2900 General Purpose 25 | 0.5 200 1.2 +4.5 £32 JN 3-47
a TLC274AI LinCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 1 16 D;J.N 3-187
TLC274BI LinCMOS, High Bias 2.3 4.5 2 0.001 Typ 10 1 16 D,J.N 3-187
TLC2741 LinCMOS, High Bias’ 2.3 4.5 10 0.001 Typ 10 1 16 D,J.N 3-187
MC3303 General Purpose 1 0.6 8 -500 20 3 36 D,J.N 3-187
TLC27M4ALl | LInCMOS, Medium Bias | 0.7 0.6 5 0.001 Typ 20 -1 16 D,J.N 3-187
TLC27M48BI | LiInCMOS, Medium Bias | 0.7 0.6 2 0.001 Typ 20 1 16 D,J.N 3-187
TLC27M41 | LInCMOS, Medium Bias [ 0.7 0.6 10 0.001 Typ | 20 1 16 D,J,N 3-187
LM2902 General Purpose 0.6 7 - 250 100 Typ 3 26 D,J,NW 3-29
TLC27L4Al | LinCMOS, Low Bias 0.1 0.04 5 0.001 Typ 30 1 16 D,JN 3-187
TLC27L4BI [ LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ 30 1 16 D,JN 3-187
TLC27L4I LinCMOS, Low Bias 0.1 0.04 10 0.001 Typ 30 1 16 D,J.N 3-187
TLC264AlI LinCMOS, Programmable 12 5 0.001 Typ 2 16 D,J,N 3-199
TLC264BI LinCMOS, Programmable 12 2 0.001 Typ 2 16 D, JN 3-199
TLC2641 LinCMOS, Programmable 12 10 0.001 Typ 2 16 D,J,N 3-199
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SELECTION GUIDE

internally compensated, quad

industrial temperature range

(values specified for Tp = Tp 25°C)

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

DEVICE Bq SR Vio [T Ayp | SUPPLY VOLTAGE
NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/imV) [\2] PACKAGES | PAGE
TYP | TYP | MAX MAX MIN MIN MAX
TLO74! BIFET, Low Noise 3 13 6 0.2 50 +3.56 +18 D,J.N 3-125
TLO84!| BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 J.N 3-125
LM248 General Purpose 1 0.5 6 200 25 +18 D,J,N 3-33
TLOB4I BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,J,N 3-103
LM224 General Purpose 0.6 5 -150 50 30 D,J NW 3-135
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SELECTION GUIDE .

internally compensated, quad

commercial temperature range (values specified for T = 25°C)

DEVICE Bq SR Vio liB Ayp [SUPPLY VOLTAGE

NUMBER DESCRIPTION (MHz) | (V/ps) | (mV) (nA) (V/imV) (V) PACKAGES | PAGE

TYP TYP | MAX MAX MIN MIN MAX
TL294C High Frequency 20 50 +4 +18 JN 3-155
RC4136 High Performance 3 1.7 6 500 20 +4 +18 D, J.NW 3-83
TLO74AC BIFET, Low Noise 3 13 6 0.2 50 +3.5 +18 D,J,N 3-125
TLO74BC BIFET, Low Noise 3 13 3 0.2 50 +3.5 +18 D,J,N 3-125
TLO74C BIFET, Low Noise 3 13 10 0.2 25 +3.5 +18 D,J,N 3-125
TLO75C BIFET, Low Noise 3 13 13 0.2 25 +3.56 +18 N 3-125
TLO84AC BIFET, General Purpose 3 13 6 0.2 50 +3.5 +18 J.N 3-135
TLO84BC BIFET, General Purpose 3 13 3 0.2 50 +3.5 +18 JN 3-135
TLO84C BIFET, General Purpose 3 13 15 0.4 25 +3.5 +18 JN 3-135
TLO85C BIFET, General Purpose 3 13 15 0.4 25 | +3.5 +18 N 3-135
TL136C High Performance 3 2 6 500 3 Typ +4 +18 D,JN 3-151
LM3900 General Purpose 2.5 0.5 1.2 +4.5 +18 JN 3-47
TLC254AC [LinCMOS, High Bias 2.3 4.5 5 0.001 Typ| 10 1 16 D,JN 3-187
TLC254BC | LinCMOS, High Bias 2.3 4.5 2 0.001 Typ| 10 1 16 D,J,N 3-187
TLC254C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ| 10 1 16 D,J.N 3-187
TLC274AC |LinCMOS, High Bias 2.3 4.5 5 0.001 Typ| 10 3 16 D,J,N 3-187
TLC274BC | LinCMOS, High Bias 2.3 4.5 2 0.001 Typ| 10 3 16 D,JN 3-187
TLC274C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ| 10 3 16 D,JN 3-187
LM348 General Purpose 1 0.5 6 200 25 +18 D,J.N 3-187
MC3403 General Purpose 1 0.6 10 - 500 20 +1.5 +18 D,J.N 3-567
TLOB4AC BIFET, Low Power 1 3.5 6 0.2 4 +1.5 +18 D,J.N 3-103
TLO64BC BIFET, Low Power 1 3.5 3 0.2 4 +1.5 +18 D,J.N 3-103
TLO64C BIFET, Low Power 1 3.5 15 0.2 3 +1.5 +18 D,JN 3-103
TLC25M4AC| LiInCMOS, Medium Bias | 0.7 0.6 5 0.001 Typ| 20 1 16 - D,JN 3-187
TLC25M4BC| LInCMOS, Medium Bias | 0.7 0.6 2 0.001 Typ| 20 1 16 D,JN 3-187
TLC25M4C |LinCMOS, Medium Bias | 0.7 0.6 10 0.001 Typ| 20 1 16 D,J.N 3-187
TLC27M4AC| LinCMOS, Medium Bias | 0.7 0.6 5 0.001 Typ| 20 3 16 D,J.N 3-187
TLC27M4BC| LinCMOS, Medium Bias | 0.7 0.6 2 0.001 Typ| 20 3 16 D,J,N 3-187
TLC27M4C |LinCMOS, Medium Bias | 0.7 0.6 10 0.001 Typ| 20 3 16 D,J.N 3-187
LM324 General Purpose 0.6 7 - 250 25 3 30 D,J.NW 3-29
LM324A General Purpose 0.6 7 -100 25 3 30 D,JN,W 3-29
TLO44C General Purpose 0.5 0.5 5 250 60 +2 +18 JNW 3-99
TLC25L4AC | LInCMOS, Low Bias 0.1 0.04 5 0.001 Typ| 30 1 16 D,J,N 3-187
TLC25L4BC [LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ| 30 1 16 D,J.N 3-187
TLC25L4C |LinCMOS, Low Bias 0.1 0.04 10 0.001 Typ| 30 1 16 D,J,N 3-187
TLC27L4AC | LinCMOS, Low Bias 0.1 0.04 5 0.001 Typ| 30 3 16 D,JN 3-187
TLC27L4BC |LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ| 30 3 16 D,JN 3-187
TLC27L4C |LinCMOS, Low Bias 0.1 0.04 10 0.001 Typ| 30 3 16 D,J.N 3-187
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. GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

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 (ayi0)

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.

(v T )=V Ta2)
ayv|io = [ 0 @;'A:()1—)TA(2l)o @ Taw) ] where Ta(1) and Ta(2) are the specified temperature extremes.
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 («)j0)

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.

s (o @ Ta(1) - (o @ TA(2))
o TA() - TA(2)

]where TA(1) and TA(2) are the specified temperature extremes.

Input Bias Current (l|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 Voltage Range (V|CR)
The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly.
Differential Input Voltage (Vip)
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-¢
output voltage is zero.

Large-Signal Voltage Amplification (Ay)
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.

TExas .
INSTRUMENTS
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

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.
Phase Margin (¢m)

The absolute vaiue 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-laop 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 (rjq)

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

Output Resistance (rg)

The resistance between the output terminal and ground.

Input Capacitance (C;j)

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 (kcmR. 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 (kgvs. AV]0/AVCC)

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 (ksyR., 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.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

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)

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, TQ, 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 (10s)

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

Supply Current (Icc)

The current into the Vcc or Vcc + 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: Atno load: Pp = VcCc+ * Icc+ + Vee- * Icc—--

Crosstalk Attenuation (Vg1/Vo2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel.
Rise Time (ty)

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.

Slew Rate (SR)

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

TeExas 3-15
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LINEAR

TYPES LM101A, LM201A, LM301A

INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
CIRCUITS D961, OCTOBER 1979—REVISED AUGUST 1983
® Low Input Currents D. JG, OR P DUAL-IN-LINE PACKAGE

W

Operational Amplifiers
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TOP VIEW
Low Input Offset Parameters ( !
N1/comp 11 U s comp
® Frequency and Transient Response IN- ]2 ; %VCC
Characteristics Adjustable IN+ []3 s oUT +
® Short-Circuit Protection Vee-[Js s % OFFSET N2
® Offset-Voltage Null Capability
W FLAT PACKAGE
® No Latch-Up (TOP VIEW)
® Wide Common-Mode and Differential ne 7T ne
Voltage Ranges ne 02 1300 Ne
® Same Pin Assignments as uA709 N1/COMP E 3 12[] comp
. - [a 1
Designed to be Interchangeable with :x+ 5 10% Xﬁg*
National Semiconductor LM101A and E
LM301A vee- (s o[ ] OFFSET N2
Nc [z 8[] NC
description
The LM101A, LM201A, and LM301A are high- " "':'L‘;L‘:( A
performance operational amplifiers featuring very low F:-'II'\OP VIEW)
input bias current and input offset voltage and current
to improve the accuracy of high-impedance circuits NC [1e1 10 j NC
using these devices. The high common-mode input N1/COMP []2 o[ comp
voltage range and the absence of latch-up make these IN- [3 8 % vee+
amplifiers ideal for voltage-follower applications. The IN+ e 701 ouT
devices are protected to withstand short-circuits at vee- [s 6] OFFSET N2
the output. The external compensation of these
amplifiers allows the changing of the frequency
response (when the closed-loop gain is greater than LM101A
unity) for applications requiring wider bandwidth or FH OR FK CHIP-CARRIER PACKAGE
higher slew rate. A potentiometer may be connected (TOP VIEW)
between the offset-null inputs (N1 and N2), as shown %
in Figure 7, to null out the offset voltage. S o
e =
The LM101A is characterized for operation over the LZ) = g 8 g
full military temperature range of —55°C to 125°C, — T
the LM201A is characterized for operation from 3 21
—25°C to 85°C, and the LM301A is characterized NC 18] NC
for operation from 0°C to 70°C. IN— 17{0 vee+
NC 16(] NC
symbol IN+ 1501 ouT
NC 14[] NC
9
NONINVERTING 3
INPUT IN+ z
OUTPUT z2g===
INVERTING _ >
INPUT IN— NC—No internal connection
N1/ N2
COomP
Copyright © 1983 by Texas Instruments Incorporated
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM101A LM201A LM301A | UNIT
Supply voltage Ve + (see Note 1) 22 22 18 \"
Supply voltage Vcc — (see Note 1) -22 -22 -18 \
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 +15 \Y
Voltage between either offset null terminal (N1/N2) and V¢ - -05t02 | -0.5t02 -0.5 to 2 \
Duration of output short-circuit {(see Note 4) unlimited unlimited unlimited
Continuous fotai power dissipation at (or below) 500 500 500 mwW
25°C free-air temperature (see Note 5)
Operating free-air temperature range -551t0 125 | —25 to 85 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 | ~65 to 1560| °C
Lead temperature 1,6 mm (1/16 inch) FH, FK, JG, U, or W package 300 300 300 oc
from case for 60 seconds
Lead temperature 1,6 mm (1/16 inch) D or P package 260 260 oc

from case for 10 seconds

w

siayydwy jeuonesadQ

NOTES:

. Differential vol are at the

All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4 and Veg -«

ting input terminal with respect to the inverting input terminal.

1.
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volits, whichever is less.
4

. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit applies at (or below)
125°C case temperature or 75 °C free-air temperature. For the LM201A only, the unlimited duration of the short-circuit applies at (or below)
85°C case temperature or 75°C free air temperature.

5. For operation above 25 °C free-air

p refer to Di:

alloy-mounted; LM201A and LM301A chips are glass-mounted.

Derating Curves, Section 2. In the J and JG packages, LM101A chips are

3-18
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature,

Cc = 30 pF (see Note 6)

LM101A, LM201A LM301A
PARAMETER TEST CONDITIONS MIN _ TYP MAX | MIN _TYP MAX UNIT
0,
Vio Input offset voltage Vo =0V Fuﬁiafge 06 2 2 712 %
Average temperature
ayio coefficient of Vo =0V Full range 3 15 6 30 rvieC
input offset voltage
ho Input offset current 26°C 1.5 10 3 50 nA
Full range 20 70
Average temperature Ta = —55°C to 26°C 002 02
e Ta = 25°C to MAX 0.01 0.1 o
a0 f.:oefflment of TA = 0°C to 25°C 0.02 0.6 nA/°C
input offset current Ta = 25°C to 70°C 0.01 0.3
B Input bias current 25°C 30 75 70 250 nA
Full range 100 300
VICR Fommon-mode See Note 7 Full range +15 +12 \ 3
input voltage range
Vec: = 215V, 25°C 24 28 24 28
Maximum peak-to-peak R = 10 kQ Full range 24 24
Voprp ) v "
output voltage swing Vec: = 215V, 25°C 20 26 20 26 P
RL = 2kQ Full range 20 20 .9
L ) " . Vees = 215V, 250C 50 200 25 200 :E
Avb arge-signal t':h.ffer'entlal Vo = £10V, VimV o
voltage amplification RL > 2 ko Full range 25 15 E
[ Input resistance 25°C 1.5 4 0.5 2 MQ <
Common-mode . 25°C 80 98 70 90 —
CMRR rejection ratio Vic = VicR min Full range 80 70 dB g
Supply voltage 25°C 80 98 70 96 =
kgyR  rejection ratio dB -
(A Vce/A Vi) Full range 80 70 E
No Load, 25°C 1.8 3 1.8 3 3
Icc Supply current Vo=0V, mA
Sew Note 7 MAX 12 25 @]
TAll char are d under open-loop diti with zero common-mode input voltage unless otherwise specified. Full range for LM101A is

—55°C to 125°C, for LM201A is ~25°C to 85°C, and for LM301A is 0°C to 70°C.
NOTES: 6. Unless otherwise noted, Vcc+ = +5V to £20 V for LM101A and LM201A, and Voo = £5 V to 15 V for LM301A. All typical values

are at Vg = =16 V.

7. For LM101A and LM201A, Voo = %20 V. For LM301A, Voo = 15 V.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

siaydwy jeuonesadQ u

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

4

Vees =115V
<
I s
E LM301A
£
£
o
3
i
o
5
H
2
T4 LM101A
2 LM201A

0
—75 50 —25 25 50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 1

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE
400 ——
£ | RL=2kQ
7 Ta=25°C
200 /', =
AT
|
100
:
5 % LM301A 1>
LM101A{—>|
£ 20 LM201AT
9
Q
zZ 10

0 2 4 6 8 10 12 14 16 18 20
1Vec: I-Supply Voltage—V

FIGURE 4

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
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I
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11g—Input Bias Current—nA
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. | ]
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FIGURE 2

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

Vs
FREQUENCY
107 T
108 Xf(::z:kz:;s v
105 e

103

2

2

Ayp-Differential Voltage Amplification

10-1
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FIGURE 5

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE (WITH
SINGLE-POLE COMPENSATION)
vs FREQUENCY

Vecs =18 V|

e
R A
il
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NG

I
T T
k] [
100 k ™ 0M
f—Frequency—Hz

FIGURE 3

VOpp—Maximum Peak-to-Peak Output Voltage—V
>
1

k 10k

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8

Veee =15V
6 RL=2kQ 4
> CL = 100 pF
s a [ Cc=30pF
o
H ) OUTPUT Ta=25°C
3
5
g 0
3 N / INPUT \
K
s
5 -4
T Y
-6

0 10 20 30 40 50 60 70 80 90
t=Time—us

FIGURE 6

TYPICAL APPLICATION DATA

R2

Vo__R2

vi

cc=

R1 -
R1+R2

R1

30 pF

R1-R2
R3 “RivRz

FIGURE 7— INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR

TYPES LM107, LM207, LM307

INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
CIRCUITS D962, DECEMBER 1970—REVISED AUGUST 1983
® Low Input Currents LM107 . . . J OR W PACKAGE
® No Frequency Compensation Required LM207, LM307 . . . W PACKAGE
(TOP VIEW)
® Low Input Offset Parameters
ne [ Uia[] nc
® Short-Circuit Protection Ne [z 13% NC
® No Latch-Up Nc s 12 N
- . . N- [J4 00 vees
® Wide Common-Mode and Differential IN+ 5 1000 ouT
Voltage Ranges vec- s 90 NC
ne Oz 8[] NC

description

The LM107, LM207, and LM307 are high-
performance operational amplifiers featuring very low
input bias current and input offset voltage and current
to improve the accuracy of high-impedance circuits
using these devices.

The high common-mode input voltage range and the
absence of latch-up make these amplifiers ideal for
voltage follower applications. The devices are short-
circuit protected and the internal frequency
compensation ensures stability without external
components.

The LM107 is characterized for operation over the full
military temperature range of —55°C to 125°C, the
LM207 is characterized for operation from —25°C to
85°C, and the LM307 is characterized for operation
from 0°C to 70°C.

LM107 . . . JG PACKAGE
LM207, LM307 .. . D, JG, OR P PACKAGE
(TOP VIEW)

NC [ U s[J NC

IN- 2 7[J Vec+
IN+ (3 &[] ouT
vee- ¢ s[dnC

W

LM107 . . . U FLAT PACKAGE

(TOP VIEW)
NC [J®1 10[]J] NC
NC [J2 o[ comp
N~ [J3  s[Jvce+
IN+ []a 7[0 ouTt
Vee- U5 6[] NC

NC—No internal connection

Operational Amplifiers

symbol
NONINVERTING
INPUT IN+ -t sTRUT
INVERTING our
INPUT IN— p
Texas 3-21
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

LM107 LM207 LM307 UNIT
Supply voltage Ve 4 (see Note 1) 22 22 18 Vv
Supply voltage Vo — (see Note 1) -22 -22 -18 \%
Differential input voltage (see Note 2) +30 +30 +30 Vv
Input voltage (either input, see Notes 1 and 3) +16 +156 +15 \"
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 500 mW
Operating free-air temperature range —-551t0 125 | —25 to 85 0O to 70 °C
Storage temperature range —-65 to 150 | —65 to 150 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds
JG, U, or W package 300 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds
D or P package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Ve 4+ and Ve -
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

4. The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit applies at (or below)

125°C case temperature or 75 °C free-air temperature. For the LM207 only, the unlimited duration of the short-circuit applies at (or below) 85°C

case temperature or 75°C free air temperature.
5. For operation above 25°C free-air

p refer to Dissipation Derating Curves, Section 2.

3-22

Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (see Note 6)

LM107, LM207 LM307
M Tl TIONS 4
PARAMETER EST CONDITIONS MIN  TYP MAX | MIN TYP MAX uniT
\Y Input offset volta Vo =0 25°C 0.6 2 2 75 mv
e =
0 o 9 0 Full range 3 10

Average temperature

ay)o coefficient of Vo =0 Full range 3 15 6 30 wVv/ec
input offset voltage

25°C 1.5 10 3 50

| Input offset t Vo =0 A
10 nput offset curren o) Fall range T 70 n
Ta = —55°C to 25°C 0.02 0.2
Average temperature 5
fficient of TA = 25°C to MAX 0.01 0.1 nA/OC
coe
o«  ottet . TA = 0°C to 25°C 002 06
inpu set curren
P Ta = 259C 10 70°C 0.01 03
. 25°C 30 75 70 250
B Input bias current nA
Full range 100 300

Common-mode

VICR . See Note 7 Full range | +15 +12 \
input voltage range

W

Vec+ = =15V, 25°C 24 28 24 28
v, Maximum peak-to-peak RL = 10 k@ Full range 24 24 v
opp output voltage swing Vece+ = 215V, 25°C 20 26 20 26
RL = 2kQ Full range 20 20
. X . Vec+ = =15V,
Large-signal differential - 25°C 50 200 25 200
AvD I Vo = =10V, V/mv
voltage amplification RL > 2 ke Full range 25 15
ri Input resistance 25°C 1.5 4 0.5 2 MQ
Common-mode 25°C 80 98 70 90
CMRR Vic = V| i dB
rejection ratio Ic tCR min Full range 80 70
Supply voltage 25°C 80 98 70 9
kgyR rejection ratio
(A Vce/a Vo) Full range 80 70 dB
No Load,
o toa 25°C 18 3 1.8 3
lcc Supply current Vo =0, mA
See Note 7 MAX 1.2 2.5

Operational Amplifiers

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM107 is —55°C
to 125°C, for LM207 is ~25°C to 85°C, and for LM307 is 0°C to 70°C.
NOTES: 6. Unless otherwise noted Voc+ = +5V to +20 V for LM107 and LM207, and Voo« = +5 V to £15 V for LM307. All typical values are
atVecx = =16 V.
7. For LM107 and LM207, Vcc+ = *20 V. For LM307, Vogs = 15 V.
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LINEAR TYPES LM108, LM208, AND LM308

INTEGRATED PRECISION OPERATIONAL AMPLIFIERS
CIRCUITS
D2808, OCTOBER 1983
[ ] Input Bias Current LM108 . . . JG DUAL-IN-LINE PACKAGE
LM108, LM208 . .. 3 nA Max LM208, LM308 . . . D, JG, OR P DUAL-IN-LINE PACKAGE
LM308 . . . 10 nA Max (TOP VIEW)
® Offset Current compJ1 U s[Jcomp2
LM108, LM208 . . . 400 pA Max IN-[J2  7[0Vce+
LM308 . . . 1500 pA Max N+[]3  e[JouTpuT
Vee - U4 5| |N
® Supply Current . . . 300 xA Typ ce-[l Hne

® Direct Replacement for NC—No internal connection
National Semiconductor
LM108, LM208, and LM308

symbol
INVERTING
INPUT IN- |~
OUTPUT
NONINVERTING .
INPUT IN+ comp
description comp 2

W

The LM108, LM208, and LM308 are precision operational amplifiers featuring very low input bias current
and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices.
In most cases these devices make it possible to eliminate offset adjustments for performances approaching
that of chopper-stabilized amplifiers. As an example, the LM108 device is available with offset voltage
less than 1-millivolt and temperature coefficient less than 5uV/°C over the entire military temperature range.

These devices are designed to withstand short-circuits at the output. The external compensation of these
amplifiers allows changing the frequency response (when the closed-loop gain is greater than unity) for
applications requiring wider bandwidth or higher slew rate.

The LM108 is characterized for operation over the full military temperature range of —55°C to 125°C.
The LM208 is characterized for operation from —25°C to 85°C, and the LM308 is characterized for
operation from 0°C to 70°C.

Operational Amplifiers

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated

This document contains information on a product under
development. Texas instruments reserves the rlgm to

Texas
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TYPES LM108, LM208, AND LM308
PRECISION OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM108 LM208 LM308 UNIT
Supply voltage, Vcc 4+ (see Note 1) . 18 20 20 \%
Supply voltage, Vcc - (see Note 1) ) -18 -20 -20 \
Input voltage (see Note 2) +15 +15 +15 \%
Differential input current (see Note 3) +10 +10 +10 mA
Duration of output short-circuit (see Notes 4 and 5) Unlimited Unlimited Unlimited
Continuous total. power dissipation at (or below) 25°C free-air temperature 500 500 500 mwW
Operating temperature range ~55t0 125 | —25 to 85 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 | - 65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) JG package 300 300 300 oc
from case for 60 seconds
Lead temperature 1,6 mm (1/16 inch) D or P package 260 260 o¢
from case for 10 seconds -

NOTES: 1. All voitage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Vog — -
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
3. Theinputs are shunted with two ite-facing b: itter diodes for Itage pi Theref ive current will flow if a differential
input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used.
4. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
5. The output may be shorted to ground or either power supply.

w

electrical characteristics at specified free-air temperature (see Note 6)

LM108, LM208 LM308
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.7 2 2 7.5
Vio Input offset voltage mV
Full range 3 10

. Average temperature
ayjo  coefficient of input Full range 3 15 6 30 | uVv/°C
offset voltage

25°C 0.05 0.2 0.2 1

sioyjdwy jeuonesadQ

ho Input offset current nA
Full range 0.4 1.5
Average temperature
a0 coefficient of input . Full range 0.5 2.5 2 10 | pA/°C
offset current
. 25°C 0.8 2 1.5 7
[IT:) Input bias current nA
Full range 3 10

Common-mode input

V V, = +16V Full range +13.5 14 \2
ICR cc

voltage range

Maximum peak Vee =15V,

Vom ) Full range 13 :14 £13  £14 v
output voltage swing RL = 10kQ
Large-signal differential |Vcc = £16V, Vg = £10V, 25°C 50 300 25 300

Avbp . VimV
voltage gain RL > 10 kQ Full range 25 15

T Input resistance 25°C 30 70 10 40 MQ
Common-mode

CMRR Full range 85 100 80 100 dB

rejection ratio

. Supply voltage rejection Full range 80 96 80 96 dB
SR ratio (AVcc/aVip)

' - ) 2%oC . 03 06 CERCEN
| curren’ m
cc PRy , MAX 015 04

1 All characteristics are specified under open-loop conditions with zero common-mode input voltage unless otherwise noted. Full range is —55°C to 125°C
for LM108, —25°C to 85°C for LM208, and 0°C to 70 °C for LM308. For conditions shown as MAX, use the appropriate maximum value specified under
absolute maximum ratings. .

NOTE 6: Unless otherwise noted, Vcc+ = 5V to £18 V for LM108 and LM208, and Ve = +5 V to 15 V for LM308.
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LINEAR TYPES LM110, LM210, AND LM310
INTEGRATED VOLTAGE FOLLOWERS
CIRCUITS

D2815, OCTOBER 1983
® Input Current . . . 10 nA Max LM110 . . . JG DUAL-IN-LINE PACKAGE

LM210, LM310 . . . JG OR P DUAL-IN-LINE PACKAGE
® Small-Signal Bandwidth . . . 20 MHz (TOP VIEW)
® Slew Rate ... 30 V/us BAL1 11 U s[]BAL2
® Supply Voltage Range . . . +5V to +18 V NC 2 70vee+
IN+ []3 6[Jout
~ @ Direct Replacements for National vee - [Ja 5[] BOOSTER

Semiconductor LM110, LM210, and LM310

description

The LM110 series are monolithic operational
amplifiers internally connected as unity-gain non-
inverting amplifiers. They use transistors in the
input stage to get low bias current without
sacrificing speed and they have internal
frequency compensation and provision for offset
balancing. Increased output swing under load
can be obtained by connecting an external
resistor between the Booster terminal and the
Ve - terminal.

These devices are useful in fast sample-and-hold circuits, active filters, or as general purpose buffers. They
are plug-in replacements for the LM 102 series voltage followers, offering lower offset voltage, drift, bias

NC—No internal connection

symbol

BOOSTER L

(6)

NONINVERTING (3)
INPUT IN+

BALANCE 1 (]

8)

BALANCE 2

current, and noise in addition to higher speed and wider operating voltage range.

The LM110 is characterized for operation over the full military temperature range of —55°C to 125°C.
The LM210 is characterized for operation over the temperature range of —25°C to 85°C, and LM310

is characterized for operation over the temperature range of 0°C to 70°C.

absolute maximum ratings

OUTPUT

W

Operational Amplifiers

LM110 LM210 LM310 |UNITS

Supply voltage, Vg + (see Note 1) 18 18 18 A"
Supply voltage, Vcc — -18 -18 -18 \Y
Input voltage (see Note 2) +15 +15 +15 A%
Duration of output short-circuit (see Notes 3 and 4) Unlimited Unlimited Unlimited
Conti total dissipati t by °

on |r.\uous otal dissipation at (or below) 25°C 500 500 500 mw
free-air temperature range (see Note 5)
Operating free-air temperature range -55to0 1256| —-25 to 85 0 to 70 °C
Storage temperature range —65to 150| —65 to 1560 | —65 to 150] °C
Lead t t t 1,6 1/16 inch

ead temperature a mm (1/16 inch) JG package 300 300 300 oc
from case for 60 seconds
Lead t t t 1,6 1/16 inch

ead temperature a mm (1/16 inch) P package 260 260 oc
from case for 10 seconds

NOTES: 1.
2
3.
4

5.

All voltage values, unless otherwise noted, are with respect to the midpoint between Vg 4+ and Veg -«

The output may be shorted to ground or either power supply.

damage when the output is shorted.

For operation above 25 °C free-air Pt ure, refer to Dissi
LM210 and LM310 chips are glass mounted.

. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less.

ion Derating Tables in Section 2. In the JG package, LM110 chips are alloy mounted,

. Itis necessary to insert a resistor (R = 2 kilohms} in series with the input when the amplifier is driven from low-impedance sources to prevent

This document contains information on a product under
development. Texas Instruments reserves the right to
change or discontinue this product without notice.

PRODUCT PREVIEW

Copyright © 1983 by Texas Instruments Incorporated
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electrical characteristics at specified free-air temperatures, VCC +

(unless otherwise noted)
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+5Vto £18 V

LM110 LM210 . LM310
PARAMETER TEST CONDITIONS MIN _ TYP MAX | MIN _TVF MAX | MIN _TYP MAX UNIT
Vio  Input offset voltage 25°C 185 4 15 4 28 75 \%
Full range 6 6 10
Average temperature
ay|o coefficient of input Full range 12 12 10 pVvi°C
offset voltage
i Input bias current 26°C ! 3 ! 3 2 ’ nA
Full range 10 10 10
Maximum peak Vec+ = 215V,
Vom output voltage swing RLC =i10 kQ Full range *10 £10 *10 v
Vecs = 216V
Vo = 10V, '25°C 0.999 0.9999 0.999 0.9999 0.999 0.9999
Av Large-mgnfsl RL = 8 kQ VIV
voltage gain Ve =.x15V,
Vo = £10V, Full range | 0.999 0.999 0.999
RL = 10 k@
kgyg SUPPIV voltage rejection Full range 70 80 70 80 70 80 dB
ratio (AVcc/AV|o)
h Input resistance 25°C 1010 1012 1010 1012 1010 1012 Q
o Output resistance 25°C 0.75 2.5 0.75 2.5 0.75 25 Q
(o Input capacitance Full range 1.5 1.5 1.5 pF
Vo =0, 25°C 3.9 5.5 3.9 5.5 3.9 5.5
lcc Supply current No load MAX 2 2 2 2 2 2] ™

t All characteristics are specified under open-loop operation. Full range is —55°C to 125°C for LM110, —25°C to 85°C for LM210, and 0°C to 70°C for LM310. For conditions
shown as MAX, use the appropriate value specified under absolute maximum ratings.

S4IM0T104 39YLI0A
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LINEAR

TYPES LM124, LM224, LM224A,

of the standard five-volt supply that is used in digital
systems and will easily provide the required interface
electronics without requiring additional =+ 15-volt
supplies.

The LM124 is characterized for operation over the full
military temperature range of —55°C to 125°C. The
LM2902 is characterized for operation from —40°C
to 85°C, the LM224 and LM224A from —25°C to
85°C, and the LM324 and LM324A from 0°C to
70°C.

INTEGRATED LM324, LM324A, LM2902
CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIERS
D1990, SEPTEMBER 1975 —REVISED SEPTEMBER 1983
® Wide Range of Supply Voltages:
Single Supply . . .3V t0 30V D. J. OR N DUAL-IN-LINE PACKAGE,
(LM2902 ... 3V to 26 V), OR W FLAT PACKAGE
or Dual Supplies (TOP VIEW)
® Low Supply Current Drain Independent of AMPL out [ UaJour AMPL
Supply Voltage . . . 0.7 mA Typ 1 IN- 2 13JIN- 44
® Common-Mode Input Voltage Range N+ [Ja 12L1IN+
Includes Ground Allowing Direct Sensing vee O 11LJGND
IN+ 5 10[JIN+
near Ground AMPL AMPL
42 IN- e o[JIN- 43
® Low Input Bias and Offset Parameters: ouT [ }7 8[]ouT
Input Offset Voltage . . . 3 mV Typ
A Versions . . . 2 mV Typ
Input Offset Current . . . 2 nA Typ
Input Bias Current . . . 20 nA Typ LM124
A Versions . . . 15 nA Typ FH OR FK CHIP CARRIER PACKAGE
(TOP VIEW)
® Differential Input Voltage Range Equal to B = 3
Maximum-Rated Supply Voltage . . . 32 V z 8 8 z
(26 V for LM2902) g g Iz
® Open-Loop Differential Voltage o
Amplification . . . 100 V/imV Typ 2
#1IN+[l4a 18[]#4 IN+ =
@ Internal Frequency Compensation NC|[ls 17 [INC ‘a
VccHe 16 [JGND E
description NC[7 15(JNC <
These devices consist of four independent, high-gain #2IN+ 8 14 #3IN+ —
frequency-compensated operational amplifiers that e Y Y W e g
were designed specifically to operate from a single 1 S CZ> 5 I .9
supply over a wide range of voltages. Operation from Z25°062 -
split supplies is also possible so long as the difference 9 I Q Q E
between the two supplies is 3 volts to 30 volts (for o
the LM2902, 3 volts to 26 volts), and Pin 4 is at least NC—No internal connection 8'
1.5 volts more positive than the input common-mode
voltage. The low supply current drain is independent
of the magnitude of the supply voltage.
symbol (each amplifier)
Applications include transducer amplifiers, d-c
amplification blocks, and all the conventional
operational amplifier circuits that now can be more INVERTING
eésily implemented in single-supply-voltage systems. INPUT IN— OUTPUT
For example, the LM 124 can be operated directly off :“&':";_“xff""a

Texas
INSTRUMENTS

Copyright © 1979 by Texas Instruments Incorporated

3-29

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES LM124, LM224, LM224A,
LM324, LM324A, LM2902
QUADRUPLE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

W

siaiyydwy jeuonesadQ

—— ) vee
~6-uA ~6-uA ~100-uA
CURRENT CURRENT CURRENT
REGULATOR REGULATOR REGULATOR
[
[
’ -OUTPUT
INVERTING
INPUT
NONINVERTING s ~50-uA
INPUT CURRENT
¢ REGULATOR
GND
TO OTHER
AMPLIFIERS
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LmM124
LM224, LM224A, LM2902 UNIT
LM324, LM324A
Supply voltage, V¢ (see Note 1) 32 26 \%
Differential voltage (see Note 2) +32 +26 \
Input voltage range (either input) -0.3 to 32 -0.3 to 26 \4
Duration of output short-circuit (one amplifier) to ground at (or below) limited limited
unli unlimite
25°C free-air temperature (Vcc < 15 V) (see Note 3)
Continuous total dissipation at (or below) D or J package 900 900 W
m
25°C free-air temperature {see Note 4) N package 875 875
LM124 —55 to 125
Operating free-air temperature range LM224, L2247 —2510 85 °C
-al
perating r temperature rang [M324, LM324A 0 t0 70
LM2902 —40 to 85
Storage temperature range —65 to 150 —-65 to 150 °C
. FH, FK, J
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300 300 °C
or W package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package| 260 260 °C

NOTES: 1. Allvoltage values, except differential voltages and V¢ specified for the measurement of Igg, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to Ve can cause excessive heating and eventual destruction.
4. For operation above 25 °C free-air refer to dissipation Derating Curves, Section 2. In the J package, LM124 chips are alloy-mounted;
LM224, LM324, and LM2902 chips are glass-mounted.
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted)

LM124, LM224

LM324

LM2902

PARAMETER TEST CONDITIONS T UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vee = 5V to MAX, 25°C 3 5 3 7 3 7
Vio Input offset voltage Vic = ViCcR min, mV
Vo =14V Full range 7 9 10
25°C 2 30 2 50 2 50
I Input offset current Vo =14V
10 put offset curr o Full range 100 150 20| ™
25°C -20 -150 -20 -250 -20 -250
| Input bias current Vo = 1.4V nA
8 i o Full range ~300 ~500 ~500
2590 Oto Oto Oto
C -mode input -1 -1. Vee-1.
VicR v‘:r(v;mon mode inpu Vee = 5V to MAX Vee-1.6 Vee-1.8 cc-1.5 v
ge range 0to 0 to 0to
Full range
Vee-2 Vee-2 Vee-2
Ry = 2k 25°C Vee-1.5 Vee-1.5
VOH High-level output voltage R = 10 ko 28°¢ veeo15 v
Vce = MAX, R = 2k Full range 26 26 22
Vce = MAX,RL = 10 k@ | Full range 27 28 27 28 23 24
VoL Low-level output voltage R} = 10 k@ Full range 5 20 5 20 5 100 mV
A Large-signal differential \\;CC_=1 15’ IV' "y 25°C 50 100 25 100 100 .
vD voltage amplification o= ° ' m
RL = 2kQ Full range 25 15 15
CMRR  Common-mode rejection ratio | Vic = V|CR min 25°C 70 80 65 80 50 80 dB
Supp! It; jecti
KSVR r;:::’(ym‘f a/ievre'fc on 250°C 65 100 65 100 50 100 dB
CC/aVvio:
V01/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
Vee =15V, 25°C -20 -30 -60|-20 -30 -60 |-20 -30 -60
Vip=1V,
_ Full range -10 -10 -10
Vo =0 mA
V =15V,
o Output current cc 25°C 10 20 10 20 10 20
Vip= -1V,
Vo = 15V Full range 5 5 5
Vip= -1V,
25°C 12 30 12 30
Vg = 200 mV 30 #A
Short-circuit VecatsV,
25°C +40 +60 +40 =60 4 60 A
los output current GND at -5 VVg = 0 40 = m
Vo =25V,
0 Full range 07 12 07 1.2 07 1.2
Supply current No load
| Vi = MAX, A
cc (four amplifiers) cc m
Vo = 0.5 V¢, Full range 1.1 3 1.1 3 1.1 3
No load
tAlich istics are d under op p conditions with zero common-mode input voltage unless otherwise specified. “MAX’* V¢ for testing purposes is 26 V for LM2902,

30 V for the others. Full range is —55°C to 125°C for LM124, —25°C to 85°C for LM224, 0°C to 70°C for LM324, and —40°C to 85°C for LM2902.

Operational Amplifiers
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electrical characteristics at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM224A LM324A
PARAMETER Tl NDITIONS
EST COl MIN TYP MAX | MIN TYP  MAX uNIT
Vec =5Vto30V, 25°¢C 2 3 2 3
Vio Input offset voltage Vic = V|CR min, mV
Vg = 1.4V Full range 4 5
25°C 2 15 2 30
1 ffset t Vg =14V
ho nput offset curren (o) Full rangs ) 75 nA
25°C -15 -80 -15 -100
[ Input bi t =14V
18 neut bias curren Vo Full range ~100 00| Y
0t [o]
Common-mode input 28°C Vi ol 5 V ": 5
n-| 1 =3 =1
VICR ode inpu Vee = 30V cc cc v
voltage range 0 to Oto
N Full range
Vee-2 Vec-2
RL = 2kQ 25°C Vee-1-5 Vec-1.5
VoH High-level output voltage Vee =30V, R = 2k2 Full range 26 26 \
Vee =30V, R = 10kQ Full range 27 28 27 28
VoL Low-level output voltage Ry = 10 k@ Full range 5 20 5 20 mV
. i . Ve =15V, 25°C 50 100 2
-signal differential 5 100
AvD Large-signal | ar.en ial Vo =1Vio11V, Vimv
voitage amplification RL = 22 Full range 25 15
CMRR Common-mode rejection. ratio Vic = VICR min 25°C 70 80 65 80 dB
) | jecti
kgyp  UPplv voltage rejection 25°C 65 100 65 100 d8
ratio (AVcc/AV|o)
Vo1/Vpo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 dB
Ve = 15V, 25°C -20 -30 -60 | -20 -30 -60
Vip=1V,
Vo =0 Full range -10 -10 A
Veec = 15V,
lo Output current V:;c— 1v 25¢°C 10 20 10 20
Vo =5V 25°C 5 5
Vip= -1V,
D Full range 12 30 12 30 WA
Vg = 200 mV -
Short-circuit VccatsV,
! 25°C +40 +60 +40 +60
0S output current GNDat -5V, Vo =0 mA
Vo =25V,
0 =25 Full range 07 1.2 07 1.2
Supply current No load
icc . Veec =30V, mA
f lifi
{four amplifiers] Vo = 15V, Full range 1.1 3 1.1 3
No load

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is — 25°C to 85°C for LM224A
and 0°C to 70°C for LM324A.
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

D2551, OCTOBER 1979—REVISED SEPTEMBER 1983

® uA741 Operating Characteristics
® Low Supply Current Drain . . . 0.6 mA Typ

LM148 . . . J PACKAGE
LM248, LM348 . . . D, J, OR N PACKAGE

iy (TOP VIEW)
(per amplifier)
ouT 4 uT
® Low Input Offset Voltage AMPL J E; ~J :3 i 3‘_ AMPL
® Low Input Offset Current #1 IN+ [z 12[] IN+ #a
\" -
® Class AB Output Stage Clﬁ: E: :;% '\:\lcf
® Input/Output Overload Protection AMPL 2 N - s o[]IN AMPL
#2 lour]r  epour) *3
® Designed to be Interchangeable with National
LM148, LM248, and LM348.
description LM148 . . . FH OR FK PACKAGE
{TOP VIEW)
The LM148, LM248, and LM348 are quadruple, . _
independent, high-gain, internally compensated = 8 8 =
operational amplifiers designed to have operating -0 <<
characteristics similar to the uA741. These amplifiers o Z O ®
" . K . e g e
exhibit low supply current drain, and input bias and 3 2 1
ol;f;::currents that are much less than those of the 41N+ Da 180 #4 IN+
“ ‘ NC s 17(] NC
The LM148 is characterized for operation over the full Vec+ Y6 16 (] Vee-
military temperature range of —55°C to 125°C, the NC[]7 151 NC
LM248 is characterized for operation from —25°C to #2IN+ []8 14(] #3IN+
85°C, and the LM348 is characterized for operation 9 11
Ve YanVem Ve
from 0°C to 70°C.  EOE
symbol (each amplifier) z323z
o~ ™
NONINVERTING 3 N c;l 2 g
INPUT IN+ . .
OUTPUT NC—No internal connection
INVERTING
INPUT IN- P
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LM148 LM248 LM348 UNIT
Supply voltage Vcc 4+ (see Note 1) 22 18 18 \
Supply voltage Ve — (see Note 1) -22 -18 -18 \
Differential input voltage (see Note 2) 44 36 36 \%
Input voltage (either input, see Notes 1 and 3) +22 +18 +18 Vv
Duration of output short-circuit (see Note 4) untimited unlimited unlimited
Continuous total power dissipation at (or below) D, FH, FK, or J package 900 900 900 W
25°C free-air temperature (see Note 5) N package 875 875
Operating free-air temperature range —-551t0 125 | —25 to 85 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 | —65 to 160| °C
L t 1, 1/16 i
ead temperature 1,6 mm (1/16 Inch) FH, FK. or J package 300 300 300 oc
from case for 60 seconds
t s 1/16 i
Lead temperature 1,6 mm (1/16 inch) D or N package 260 260 oc
from case for 10 seconds

NOTES:

1.
2
3.
4

5.

All voltage values, except differential voltages, are with respect to the midpoint between Vo 4+ and Voo -«

. Differential voltages are at the noninverting input terminal with respect to the inverting terminal.

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the value specified in the table, whichever is less.

rating is not exceeded.

. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that the dissipation

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM 148 chips are alloy mounted,

LM248 and LM348 chips are glass mounted.
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electrical characteristics, Vcc+ = =15V
LmM148 LmM248 LM348
PARAMETER TEST CONDITIONS
MIN TYP MAX MIN TYP MAX MIN TYP MAX uNIT
25°C 1 5 1 6 1 6|
It Vg =0
Vio Input offset voltage o Full range 5 75 75 mVv
25°C 4 25 4 50 4 50
1 I it Vo =0
0 nput offset current 0 Full range 75 125 700 nA
25°C 30 100 30 200 30 200
| | i Vo =0
1B nput bias current o Full range 325 500 20| ™
C -mod
Vicr ommon-mode “Full range | £12 +12 +12 v
input voltage range
RL = 10 kQ 25°C +12  +13 +12  +13 +12  +13
v Maximum peak output RL = 10 kQ Full range +12 +12 +12 v
OM  Joltage swing R = 2ka 25°C 10 12 10 £12 10 12
R = 2kQ Full range +10 +10 +10
Large-signal differential Vo = £10V, 25°C 50 160 25 160 25 160
AvD I - V/imV
voltage amplification RL = 2 k Full range 25 15 15
rj Input resistance 25°C 0.8 2.5 0.8 2.5 0.8 2.5 MQ
Bq Unity-gain bandwidth Ayp = 1 25°C 1 1 1 MHz
M Phase margin Ayp = 1 25°C 60° 60° 60°
CMRR Common-mode Vic = V|cR min, 25°C 70 90 70 90 70 90 4B
rejection ratio Vo =0 Full range 70 70 70
k Supply voitage rejection Vect: = ¥9Vito £16V) 25°C 77 96 77 96 77 96 4B
SVR  ratio (AVeC£/AVIQ) Vo =0 Full range 77 77 77
los Short-circuit output current 25°C +25 +25 +25 mA
Supply current Vo =0,
1 25°C 24 36 2.4 4.5 2.4 4. A
cc (four amplifiers) No load 5 m
Vo1/Vo2 Crosstalk attenuation f = 1 Hz to 20 kHz, 25°C 120 120 120 dB

T All characteristics are measured under open-loop

with zero

85°C for LM248, and 0°C to 70°C for LM348.

de input voltage unless otherwise specified. Full range for Tp is —55°C to 125°C for LM148, —25°C to
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = =15V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain RL = 2k, CL = 100 pF, See Figure 1 0.5 Vius
PARAMETER MEASUREMENT INFORMATION
—O
vi 1 |
CL=1009F,[ SRL=2kQ
’ .
&
FIGURE 1-UNITY-GAIN AMPLIFIER [}]
b=
3
10 k2 <
-
c
100 o
Vi O—A—4_ =
)
fe
[+V]
RL=2kQ ICL=1OODF 8'
Ayp = —-100
FIGURE 2—-INVERTING AMPLIFIER
TExas 3-35
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LINEAR

TYPES LM158, LM258, LM358

INTEGRATED LM258A, LM358A, LM2904
CIRCUITS DUAL OPERATIONAL AMPLIFIERS

D2231, JUNE 1976 —REVISED AUGUST 1983
® Wide Range of Supply Voltages: D, JG, OR P DUAL-IN-LINE PACKAGE

Single Supply . . . 3V to 30V
(LM2904 .. .3V to 26 V),
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

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

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

Open-Loop Differential Voltage
Amplification . . . 100 V/imV Typ

Internal Frequency Compensation

description

These devices consist of two independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply over a wide range of voltages. Operation from
split supplies is also possible so long as the difference
between the two supplies is 3 volts to 30 volts (3 volts
to 26 volts for the LM2904), and the V¢ pin is at
least 1.5 volts more positive than the input common-
mode voltage. The low supply current drain is
independent of the magnitude of the supply voltage.

Applications include transducer amplifiers, d-c
amplification blocks, and all the conventional
operational amplifier circuits that now can be more
easily implemented in single-supply-voltage systems.
For example, these devices can be operated directly
off of the standard five-volt supply that is used in
digital systems and will easily provide the required
interface electronics without requiring additional
+ 15-volt supplies.

The LM158 is characterized for operation over the full
military temperature range of —55°C to 125°C. The
LM258 and LM258A are characterized for operation
from —25°C to 85°C, the LM358 and LM358A from
0°to 70°, and the LM2904 from —40°C to 85°C.

(TOP VIEW)

out[fr Us[vee+
IN- ]2 7[Jout
IN+ []3 6[]IN-
GND[Ja  s[]IN+

AMPL
#1 AMPL

#2

U FLAT PACKAGE
(TOP VIEW)
NC [J®1 10[JNC

ouT 2 JVee +
IN- []3
4
5

©

AMPL
#1

IN+ [
GND [

> N o
U
z
i
£
)

LM 158
FH OR FK CHIP CARRIER PACKAGE
(TOP VIEW)

N[l #1 0UT

Q o
p=4 P-4
- -
3 1

18 [INC
174 #2 out
16[]NC
15[} #2 IN—
14[]NC

NC [}
#2IN+ [
NC [

9
'
[N =]
z 2
&)

NC—No internal connection

symbol (each amplifier)

NONINVERTING

INPUT IN+
INVERTING
INPUT IN—

OUTPUT
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TYPES LM158, LM258, LM358, LM258A, LM358A, LM2904
DUAL OPERATIONAL AMPLIFIERS

schematic (each amplifier)

w

[ ) ) G G
~6 uA ~6 uA ~100 uA
CURRENT CURRENT CURRENT
REGULATOR REGULATOR| REGULATOR
[
' |
S
b3
~O OUTPUT
INVERTING
INPUT ) Jﬂ
« >
INVERTING O ~50 uA
INPUT CURRENT
¢ REGULATOR
‘ GND
(OR Vee-)
TO OTHER
A7 777 AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM168,
LM258, LM258A LM2904 | UNIT
LM358, LM358A

Operational Amplifiers

Supply voltage, Ve (see Note 1) 32 26 \
Differential voltage (see Note 2) +32 +26 \
Input voltage range (either input) —-0.3 to 32 -03t026| V
Duration of output short-circuit (one amplifier) to ground at (or below) - -
. unlimited unlimited
25°C free-air temperature (Vcc < 15 V) (see Note 3)
D package 725 725
Continuous total dissipation at (or below) JG package (alloy-mounted Ch',p) 1050
25°C free-air temperature (see Note 4) JG package (glass-mounted chip) 825 825 mwW
P package 725 725
U package 675 675
LM158 —55 to 125
Operating free-air temperature range LM2658, LM2EEA —25t0 85 °Cc
LM358, LM358A 0 to 70
LM2904 —40 to 85
Storage temperature range —65 to 150 ~65 to 1560 °C
. FH, FK, JG,
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300 300 °C
or U package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 260 °C
NOTES: 1. Alivoltage values, except dif i ltages and Voo ified for the it of Igg, are with respect to the network ground terminal.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
4.

For operation above 25 °C free-air ire, refer to Dissipation Derating Curves, Section 2. In the JG package, LM158 chips are alloy-mounted;
LM258, LM258A, LM358, LM358A, and LM2904 chips are glass-mounted.

Texas '
INSTRUMENTS 337

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



S9ZSL SYX3IL'SYIIVA e Z10SZZ X08 301440 1SOd

8€-€

I

SINFNNAHISN|

SvXdL

siaiyjdwy |euonesadQ

w

electrical characteritics at specified free-air temperature, VCC = 5 V (unless otherwise noted)

LM158, LM258 LM358 LM2904
PARAMETER TEST CONDITIONS T NIT
MIN TYP MAX| MIN TYP MAX | MIN TYP MAX v
Vee = 5V to MAX,
cc , 25°C 3 5 3 7 3 7
Vio Input offset voltage Vic = V|CR min, mV
Vo = 1.4V Full range 7 9 10
Average temperature coefficient
« ) Full range 7 7 7 A
VIO of input offset voltage
25°C 2 30 2 50 2 50
o Input offset current Vo = 1.4V nA
Full range 100 150 200
A t fficient
o v-erage temperature coefficien Full range 10 10 10 pA/°C
of input offset current
| Inout bi R v 14V 25°C -20 -150 -20 -250 -20 -250 nA
T = .
1B npUt bias curren 0 Full range ~300 ~500 ~500
0 to Oto 0 to
C d 25°¢ Vee-1.5 \Y 1.5 Vee-1.5
VicR ¢ ommon-mode Vee = 5V to MAX cc-1. cc—!- cc—!- v
input voltage range 0 to 0.to 0 to
Full range
Vee-2 Vee-2 Vee-2
RL > 2 ko 25°C Vec-1.8 Vce- 1.6
RL = 10kQ 25°C Vee-1.5
v, High-level output volt Vee = MAX. Full range 26 26 22 v
| u
OH igh-level output voltage RL = 2 k2, g
V = MAX,
cc Full range 27 28 27 28 23 24
RL = 10 k@
VoL Low-level output voltage RL < 10 kQ Full range 5 20 5 20 5 100 mV
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\7 =15V,
Large-signal differential cc 25¢°C 50 100 25 100 100
AvD ' ificati Vo=1Vto 11V, Vimv
voltage amplification RL= = 2ka Full range 25 B 15 15
V| = 5V to MAX,
CMRR  Common-mode rejection ratio cc ° 25°C 70 80 65 80 50 80 d8
Vic = VicRr min
Supply voltage rejection
k V = 5V to MAX 25° 65 100
SVR ratio (AVCC/AViQ) cc 0 C 100 65 50 100 dB
V1/Vp2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
Vee = 15V, 25°C -20 -30 -20 -30 -20 -30
Vip =1V,
Vg = 0 Full range -10 -10 -10
Ve = 15 V mA
0 Output current cc =15V, 25°C 10 20 10 20 10 20
Vip = -1V,
Vo = 15V Full range 5 5 5
Vip = ~1V. 250°C 12 30 12 30 30 A
Vo = 200 mV ¥
Vi ,
Short-circuit ccatsVv
los GND at -5V, 25°C +40 +60 +40 +60 +40 +60 mA
output current
Vo =0
Vo = 25V,
o Full range 07 1.2 07 1.2 07 1.2
Supply current No load
Icc PPy . Vee = MAX, mA
(two amplifiers)
Vo = 0.5 V¢g, Full range 1 2 1 2 1 2
No load

TAll characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. “MAX’’ V¢ for testing purposes is 26 V for LM2904, 30 V

for the others. Full range is —55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 85°C for LM2904.

Operational Amplifiers oY)
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electrical chararacteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted)
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LM258A LM. -
PARAMETER TEST CONDITIONS S58A UNIT
MIN  TYP MAX | MIN TYP MAX
V =5vto30V
cc=ovie 25°C 2 3 2 3
Vio Input offset voltage Vic = V|CR min, mV
Vo = 1.4V Full range 4 5
Average temperature coefficient Eull 7 15 5 20 v/oC
ull range
avio of input offset voltage 9 K
25°C 2 15 2 30
i Input offset current Vo =14V A
10 Py ur o Full range 30 75] "
Average temperature coefficient
11le) . Full range 10 200 10 300 | pA/°C
of input offset current
25°C -15 -80 -15 -100
I Input bias current Vo =14V A
1B nput bias curt o Full range ~100 200 "
. . 250C 0 to VOto15
- t Vce-1.5 -1.
VicR ommon-mode inpu Vee 30 Vv cC cc v
voltage range 0 to 0to
Full range
Vec-2 Vec-2
RL = 2 k@ 25°C Vec-1.6 Vec-1.5
V =30V,
. cc Full range 26 26
VOH High-level output voltage RL = 2 kQ \%
Vv =30V,
cc Full range 27 28 27 28
RL = 10 kQ
VoL Low-level output voltage RL < 10 kQ Full range 5 20 5 20 mV
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\7 =15V,
Large-signal differential cc 25¢°C 50 100 25 100
Ayp ! lificati Vo =1Vt 11y, V/mV
voltage amplification RL==>2ko Full range 25 15
CMRR Common-mode rejection ratio 25°C 70 80 65 80 dB
Supply voltage rejection o
ksvR ratio (AVCC/AViQ) 25°C 65 100 65 100 dB
Vo1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 dB
Vee = 15V, 25°C 20 30 60 20 30 60
Vip=1V,
Vg =0 Full range 10 10 mA
lo Output current Vec =15V, 25°C 10 20 10 20
Vip= -1V,
Vo = 15V Full range 5 5
Vip= -1V,
26°C 12 30 12 30 A
Vg = 200 mV #
VecatbV,
los Short-circuit output current GND at -5V, 25°C +40 +60 +40 £60 mA
Vo =0
Vo =25V,
0 Full range 07 1.2 07 12
No load
Icc Supply current (two amplifiers) Vee =30V, mA
Vo =15V, Full range 1 2 2
No load
1t All characteristics are measured under open-loop conditi with zero ode input voltage unless otherwise specified. Full range is —25°C to 85°C for LM258A and

0°C to 70°C for LM358A.

Operational Amplifiers
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LINEAR
INTEGRATED

TYPES LM218, LM318
CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

D2218, JUNE 1976 —REVISED AUGUST 1983

Small-Signal Bandwidth . . . 15 MHz Typ
Slew Rate . . . 50 V/us Min

Bias Current . . . 250 nA Max (LM218)
Supply Voltage Range . . . +5V to +20 V
Internal Frequency Compensation

Input and Output Overload Protection

Same Pin Assignments as General-Purpose
Operational Amplifiers

description

The LM218 and LM318 are precision, high-speed
operational amplifiers designed for applications
requiring wide bandwidth and high slew rate. They
feature a factor-of-ten increase in speed over general
purpose devices without sacrificing dc performance.

These operational amplifiers have internal unity-gain
frequency compensation. This considerably simplifies
their application since no external components are
necessary for operation. However, unlike most

internally compensated amplifiers, external frequency compensation may be added for optimum performance. For
inverting applications, feed-forward compensation will boost the slew rate to over 150 V/us and almost double the
bandwidth. Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not
needed. Further, a single capacitor may be added to reduce the settling time for 0.1% error band to under 1 us.

The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators,

D, JG, OR P DUAL-IN-LINE PACKAGE

BAL/COMP
IN—

(TOP VIEW)

1 U s[] comp 2
2 70vee+

IN+ [3 6[] out

Vee- [a

symbol

(1)

BAL/COMP 1
COMP 2
BAL/COMP 3

NONINVERTING _(3)
INPUT IN+

INVERTING _(2)

INPUT IN—

active filters, sample and hold circuits, and general purpose amplifiers.

The LM218 is characterized for operation from —25°C to 85°C, and the LM318 is characterized for operation from

0°C to 70°C.

o

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

] BAL/COMP 3

w

OUTPUT

Operational Amplifiers

LM218 LM318 UNIT
Supply voltage, Vcc + (see Note 1) 20 20 \4
Supply voltage, Vcc — (see Note 1) -20 -20 \"
Input voltage (either input, see Notes 1 and 2) +15 +15 v
Differential input current (see Note 3) +10 +10 mA
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total power dissipation at (or below)
25°C free-air temperature (see Note 5) 500 500 mw
Operating free-air temperature range —25to 85 0to 70 °C
Storage temperature range —65to 150 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Vee -
2. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less.

3. Theinputs are

d with two ite-facing base-emitter diodes for over voitage p! ion. Theref:

input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used.
4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short-circuit applies at (or below)

86°C case temperature or 75°C free-air temperature.

current will flow if a differential

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, LM218 and LM318 chips

are glass-mounted.

Copyright © 1983 by Texas Instruments Incorporated
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (see Note 6)

LM218 LM318
PARAMETER TEST CONDITIONS t UNIT
MIN  TYP MAX| MIN TYP MAX
25°C 2 4 4 10
\ Input offset vol Vo =
0 nput offset voltage 0o=0 Full range P 15 mV
. 25°C 6 50 30 200
I Input offset t Vo =0 A
10 Input ofiset curren 0 Full range 100 300 ] "
25°C 120 250 150 250
[ Input bi t Vo =0 A
18 nput bias currem 0 Full range 500 750 n
Common-mode
\ V = +16V Full +11.5 +11.5 \
ICR input voltage range cC= ull range
Maximum peak Vee+ = 15V,
\ Full 12
oM output voltage swing RL = 2k ull range * 13 £12 £13 v
V =15V,
Large-signal differential CCx 25°C 50 200 25 200
AvD T~ Vo = £10V, VimV
voltage amplification RL=> 2 ko Full range 25 20
B Unity-gain bandwidth Vec+ = 215V 25°C 15 15 MHz
ri Input resistance 25°C 1 3 0.5 3 MQ
CMRR Common-mode rejection ratio [ V|c = V|cR min Full range 80 100 70 100 dB
Supply volt: jecti ti
KSVR (:32;/1;;?9 rejection ratio Full range 70 80 65 80 B
| Supply current No load, 25°C 5 8 5 10 A
m
cc PPl Vo =0 Full range 45 7

 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM218is —25°C
to 85°C and for LM318 is 0°C to 70°C.
NOTE 6: Unless otherwise noted, Vgc = +5 V to +20 V. Al typical values are at Ve = =15 V.

operating characteristics, Vcc+ = 15V, Vgcc- = -15V, Ta = 256°C
PARAMETER _TEST CONDITIONS MIN __TYP  MAX | UNIT
SR Slew rate at unity gain AV = 10V, Cp = 10 pF, See Figure 1 50 70 Vius

parameter measurement information

2 k2 0V
INPUT
2kQ —-ovVv
INPUT 0—AMN—4
—O OUTPUT
90%—— . <— v
1kQ 100 pF OUTPUT
/]: T g :—._— ________ oV
< < AV,
le-te-of SR = °
TEST CIRCUIT ¢
VOLTAGE WAVEFORMS

FIGURE 1-SLEW RATE
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

schematic
BALANCE
COMPENSATION-3
BALANCE
COMPENSATION-1 COMPENSATION-2
» rJ Vee+
2kQ3 150kR$  2kQ l IE
5kQ
100 pF =<
5 k2
20k 20 k2 N 139
Dk P
'S %0
OUTPUT
INVERTING -
14
INPUT € ! 35 30
6 pF k2
1L
1C
Y %
Y X%

NONINVERTING
INPUT

rﬁ kQ
akQ
JJ

']_".sm ’"E—T‘i

F

25.6 kﬂl 20 k2 1108 1.2kQ 300

Component values shown are nominal.

£/

X/

FX
5
5

5
Operational Amplifiers E

Vee-
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LINEAR TYPES LM2900, LM3900

Operational Amplifiers

INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS
CIRCUITS
D2531, JULY 1979—REVISED AUGUST 1983
® Wide Range of Supply Voltages, Single or Dual J OR N DUAL-IN-LINE PACKAGE
Supplies (TOP VIEW)
® Wide Bandwidth #1IN+ []1 U1e[] vee
. #2 IN+ ]2 13 ] #3 IN+
[ ] Vol n
Large Output Voltage Swing #2 IN- [ 120) #2 IN+
® Output Short-Circuit Protection #20uUT s 1 % #4 IN—
. #10UT s  10[] #4 ouT
® Internal Frequency Compensation
quency t-omp #1IN- s o] #3 0uT
® Low Input Bias Current GND []7 8] #3 IN-
® Designed to be Interchangeable with National
Semiconductor LM2900 and LM3900,
Respectively
description symbol (each amplifier)
These devices consist of four independent, high-gain '
frequency-compensated Norton operational amplifiers NONINVERTING
that were designed specifically to operate from a INPUT IN+ +
single supply over a wide range of voltages. Operation INVERTING OUTPUT
from split supplies is also possible. The low supply INPUT IN- 12
current drain is essentially independent of the
magnitude of the supply voltage. These devices
provide wide bandwidth and large output voltage
swing.
The LM2900 is characterized for operation from
—40°C to 85°C, and the LM3900 is characterized
for operation from 0°C to 70°C.
schematic (each amplifier)
O Vee
CONSTANT
CURRENT
GENERATOR
O OUTPUT
INVERTING
INPUT
NONINVERTING l 13mA
INPUT

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM2900, LM3900

QUADRUPLE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM2900 LM3900 | UNIT
Supply voltage, Vcc (see Note 1) 32 32 \%
Input current ) 20 20 mA
Duration of output short circuit (one amplifier) to ground unlimited unlimited
at (or below) 25°C free-air temperature (see Note 2)

. L . J Package 1025 1025
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) N Package 875 875 mwW |
Operating free-air temperature range —-40 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 1560] °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J Package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds N Package 260 260 °C

NOTES: 1.

All voltage values, except differential voltages, are with respect to the network ground terminal.

2.
3.

w

Short circuits from outputs to Vg can cause
For operation above 25 °C free-air P refer to Di
are glass-mounted.

heating and |
Derating Curves, Section 2. In.the J package, LM2900 and LM3800 chips

recommended operating comditions

LM2900 LM3900 UNIT
. MIN MAX | MIN MAX

O Input current (see Note 4) . -1 -1 mA
g Operating free-air temperature, Ta -40 85 (o] 70 °C
- .

Q NOTE 4: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately — 0.3 volt. The negative input
=, currents that may result from large signal overdrive with capacitive input coupling must be limited y to values of app ly —1 mA.
Q Negative input currents in excess of —4 mA will cause the output voltage to drop to a Iow voltage. These values apply for any one of the input
= terminals. If more than one of the input i are simul ly driven i are reduced. C 1-mode current biasing
9_’ can be used to prevent negative input voltages.

°

—

-

=y

-—

(1]

-

"]
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TYPES LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc = 15 V, TA = 25°C (unless otherwise noted)

LM2900 LM3900
PARAMET! TEST CONDITIONS T UNIT
ER MIN  TYP MAX | MIN TYP MAX
Input bias current Ta = 25°C 30 200 30 200

B X L 4+ =0 nA
(inverting input) Ta = full range

I -

TI— Mirror gain ll+ = 20 pA to 200 pA, 0.9 1.1 0.9 1.1 | pAlRA

|+
Ta = full , See Note 5
Change in mirror gain A range e rote 2 5 2 15 %
Vig = V|-, Ta = full .
Mirror current I+ ! A ufl range 10 500 10 500 KA
See Note 5
Large-sii | differential Vo =10V, RL = 10 kQ,

Ayp rge-signal different o L 12 2.8 1.2 28 Vimv
voltage amplification f = 100 Hz
Input resi:

. |'1pu remsfance 1 1 M2
(inverting input) i

ro Output resistance 8 8 kQ
Unity-gain bandwidth

B1 X v galn. andwl 2.5 2.5 MHz
(inverting input)

Supply voltage rejection 3

ksvR  PPly voltage re) 70 70 8
ratio(AVcc/AV|Q)

RL = 2 k@ 13.5 13.5

v . 4+ =0, — (7]
OoH High-level output voltage Vee = 30V, Vv -

- =0 295 29.5
No load _2
I+ =0, |- = 10 pA, =
\ Low-level output voltage 0.09 0.2 0.09 0.2 \ —
oL ow-level output voltag AL = 2 ko 4

Short-circuit output current | | =0, lj— =0,

I0HS . " I+ : -6 -18 -6 -10 mA £
(output internally high) Vo =0 <
Pull-down current 0.5 1.3 0.5 1.3 mA —

loL Low-level output currentt Il = 5 A, VoL=1V 5 5 mA g
Supply current .

loc o pply curren No load 62 10 62 10 | ma K]
(four amplifiers) -

)

1 All characteristics are measured under open-loop conditions with zero common-mode voitage unless otherwise specified. Full range for Tp is —40°C to b

85°C for LM2900, and 0°C to 70°C for LM3900. 8

 The output current-sink capability can be increased for large-signal conditions by driving the inverting input. O
NOTE 5: These parameters are measured with the output balanced midway between V¢ and ground.

operating characteristics, Vcc+ = £15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain L?w-to-hlgh output Vo =10V, Ci = 100 pF, 0.5 Vis
High-to-low output RL = 2 k@ 20
I Texas 3-49
NSTRUMENTS
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TYPES LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS T

w

INPUT BIAS CURRENT (INVERTING INPUT) MIRROR GAIN SUPPLY VOLTAGE REJECTION RATIO
s vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREQUENCY
g T 120 —— 100~
Vec=15Vv Vec=15V [] % _Vcc=1;‘av
70 Vo=75V 4 115 | 1j4=10pA )8 Ta=25°C
h+=0 % 8o —H
< 60 1.10 e
i £
§ s0 £ 105 g
£ ® 7 2
3 © &
% 40 g 1 & 50 —H
5 = s 40 11
3 30 L o8 3
-T . 3 § oo
@ 20 = = o
: e = 090 i __‘_
10 0.85 <
§ 10
o 0.80 otL1Ll
-75 -50 -25 0 25 50 75 100 125 -75 -50 26 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k 400k 1M
TA-Free-Air Temperature~"C TA—Free-Air Temperature—"C f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
LARGE-SIGNAL LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE FREE-AIR TEMPERATURE

Vee=15V
Vo=10V
RL=10kQ

Avp-Differential Voltage Amplification
)
E M‘
| |

Ayp-Differential Voltage Amplification

100 1k 10k 100 k m™m nom -75 =50 -25 0 25 50 75 100 126

sioyijdwy jeuonesadQ
Ay p—Differential Voltage Amplification

f—Frequency—Hz Vce—Supply Voltage—V T a—Free-Air Temperature—"C
FIGURE 4 FIGURE 5 FIGURE 6
LM2900
SHORT-CIRCUIT OUTPUT CURRENT
PEAK-TO-PEAK OUTPUT VOLTAGE (OUTPUT INTERNALLY HIGH) LOW-LEVEL OUTPUT CURRENT
vs vs vs
FREQUENCY SUPPLY VOLTAGE SUPPLY VOLTAGE
16 —r1 - 30 . 60 T
Vee=15V < Vo=0 VoL=1V
> T TRL=2k2 [ h+=0 < sof-li+=0
I1+=0 ! Fi_=0 [ Ta=25°C [ ——
€ )
E’ 12 —-H HTA=25°C § g A / \
5 5 TA=0°C £ A =100
> 104 | 1 S 20 3 - =100 A
8 g Ta=25C 2 /] -~
g g A=
S 8+ H H 3 15 5 30
¥ z S
& 3 °
Y g H 2 2
g r— 1 8 10 3 2
¥ I £ | 3
“}' 411 u 2 _? 1j—= 10 pA
} -

% oM L] ] 5 2 101—7 I—=5uA
> S Ve

o ~ 0 0

1k 10k 100k ™ 10Mm [ § 10 15 20 25 30 [ 5 10 15 20 25 30

f—Frequency—Hz Vec—Supply Voltage—V Vcc—Supply Voltage—V
FIGURE 7 FIGURE 8 FIGURE 9

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPES LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

PULL-DOWN CURRENT PULL-DOWN CURRENT TOTAL SUPPLY CURRENT
vs vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
20 20 — 8
18 ! 18| VeC=18Y 5
16 - _a0°C 1.6 <
g, - ] < 14 — fe A =
§ o1 ———— g g
§ 12 — TA=257C g 12 E I
‘2 1.0 =< 3 10 )
H Ta=8 S
8 os 1 1A £ o8 33
E 8 E
& 06 = 06 °
& 5 2
0.4 0.4 o Ta=25°C
1 |- No signat
0.2 02 No load
0 0 0 .
0 5 10 15 20 25 30 ~75 —50 ~25 0 25 50 75 100 125 0 § 10 15 20 25 30
Vce—Supply Voltage—V Ta~Free-Air Temperature—°C Vec-Supply Voltage—V.
FIGURE 10 FIGURE 11 FIGURE 12

W

Operational Amplifiers

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPES LM2900, LM3300
QUADRUPLE OPERATIONAL AMPLIFIERS

W
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TYPICAL APPLICATION DATA

Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp applications.
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit operational
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels
near (or even below) ground.

Internal transistors clamp negative input voltages at pproximately —0.3 volt but the magnitude of current flow has
to be limited by the external input network. For operation at high temperature, this limit should be approximately
— 100 microamperes.

Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead
to limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on
the noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating
temperatures.

> b3
:, 1k

INPUT z:
OUTPUT
IO ~ 1 mA per input volt
FIGURE 13—VOLTAGE-CONTROLLED CURRENT SOURCE
OUTPUT
INPUT
100 kQ

1kQ
lo = 1 mA per input volt

FIGURE 14—VOLTAGE-CONTROLLED CURRENT SINK
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LINEAR

INTEGRATED TYPES MC1558, MC1458
CIRCUITS DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

D972, FEBRUARY 1971—REVISED AUGUST 1983
@ Short-Circuit Protection MC1558 . . . JG PACKAGE

operational amplifiers with each half electrically similar
to uA741 except that offset null capability is not

MC1458 . . . D, JG, OR P PACKAGE

® Wide Common-Mode and Differential Voltage (TOP VIEW)
Ranges —
ouT 1 8|V
@ No Frequency Compensation Required AMPL CC+
g1y N-O2 0 7HOUTY sve
® Low Power Consumption IN+ [3 6[]IN- #2
~ U4 5f]IN+
® No Latch-up Vee
® Designed to be Interchangeable with Motorola ” MC145
MC1558/MC1458 and Signetics C15658, T8P~ o U FLAT PACKAGE
S5558/N5558 (TOP VIEW)
Nc e 100N
AMPL ouT 2 9l vee+
IN- []3 s[] out
o #1 AMPL
description IN+ [J4 70 IN- 42
Vee - Us
The MC1558 and MC1458 are dual general-purpose cc E 6 IN+

w

MC1558 . . . FH OR FK PACKAGE

provided. (TOP VIEW)
The high common-mode input voltage range and the '5 . z,’
absence of latch-up make these amplifiers ideal for o [8) _q_-’
voltage-follower applications. The devices are short- % = % é’ (2) :"_:
circuit protected and the internal frequency Q.
compensation ensures stability without external E
components. NC 4 18{INC <
#1IN-[]5 17[] #2 ouT —
The MC1558 is characterized for operation over the nc e 16[] NC ©
full military temperature range of —55°C to 125°C; #1IN+ D7 15[ #2 IN- c
the MC1458 is characterized for operation from 0°C Nc 8 1a[] NC .Q
to 70°C. 9 ®
TS o
S leze o
S o o

£

NC—No internal connection

symbol (each amplifier)

NONINVERTING h

INPUT IN+
N N OUTPUT

INVERTING _

INPUT IN—-
Copyright © 1979 by Texas Instruments Incorporated
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

w

siayyjdwy jeuonesddQ

Vcc+
INVERTING 4
INPUT IN-
NONINVERTING $——— OUTPUT
INPUT IN+
b: AL
Al
—P—o
,
p

$

b4

4

_ » Vce-
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
MC1558 MC1458 UNIT
Supply voltage Vcc 4 (see Note 1) 22 18 \
Supply voltage Vcc - (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 \%
Input voltage at either input (see Notes 1 and 3) +15 +15 \"
Duration of output short-circuit (see Note 4) unlimited unlimited
. Each amplifier 500 500
Conti total dissipati t bel 25°C
fr:: :::j ::r: :r:turless(lspeae‘;:; 5(‘)"' oo Total package D. FH, FK, JG, or P package 680 680 mw
i package Iy package 675 675

Operating free-air temperature range —-55t0 125 0 to 70 °C
Storage temperature range —65 to 150 | —65 to 150 °Cc
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds|FH, FK, JG or U package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds|D or P package 260 °C

NOTES: 1.

Al voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Veg —.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit applies at (or

below) 125°C case temperature or 70 °C free-air temperature.

o

. For operation above 25°C free-air P refer to Dissi
MC1458 chips are glass mounted.

Derating Curves, Section 2. In the JG package, MC 1558 chips are alloy mounted,
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3

TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

W

Operational Amplifiers

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vgc- = —-18V
MC1558 MC1458
PARAMETER TEST CONDITIONS T MIN__ TYP MAX | MIN _TYP MAX UNIT
Vio Input offset voltage Vo =0 Fuﬁf,r::ge ! 2 1 7‘2 mV
25°C 20 200 20 200
o Input offset current Vo =0 Full range 500 300 nA
. 25°C 80 500 80 500
[IT:3 Input bias current Vo =0 Full range 1500 300 nA
VicR Common-mode 26°C |12 +13 +12 +13 v
input voltage range Full range [+ 12 +12
RL = 10 k0 26°C [x12 x14 +12 +14
Vom Maximum peak RL = 10 k@ Full range [+ 12 +12 v
output voltage swing RL = 2 k@ 25°C |10 *13 +10 *13
RL = 2 kQ Full range [+ 10 +10
Large-signal differential | R = 2 kQ, 25°C 50 200 20 200
AvD T V/imV
voltage amplification Vg = 10V Full range| 25 15
RL = 2 kQ,
Maximum-output-swing | Vo = =10V,
BOM | andwidth (closed-loop) ASD =1, 28°C " " kHz
‘ THD < 5%
B1q Unity-gain bandwidth 25°C 1 1 MHz
dm Phase margin Ayp = 1 25°C 65° 65°
Am Gain margain 25°C 11 11 dB
T Input resistance 25°C 0.3 2 0.3 2 MQ
o Output resistance ;ge :lo(:; 6 25°C 75 75 Q
Cj Input capacitance 25°C 1.4 1.4 pF
Common-mode
Zic . . f=20Hz 25°C 200 200 MQ
input impedance
Common-mode ) 25°C 70 90 70 90
CMRR rejection ratio Vic = VicR min. Vo = 0 Full Range| 70 70 dB
Supply voltage Vee = £9Vito 15V, 25°C 30 150 30 150
ksvs sensitivity rVIV
(AVi0/AVCE) Vo =0 Full range 150 150
Equivalent input Avp = 100,
. Rg = 0,
Vn noise voltage f = 1KHz, 25°C 45 45 nV/\Hz
(closed-loop)
BW = 1 Hz
Short-circuit
los 25°C +25 +40 +25 +40 mA
output current
Icc Supply current No load, 25°C 3.4 5 3.4 5.6 mA
(both amplifiers) Vo =0 Full range 6.6 6.6
"o Total power dissipation No load, 25°C 100 150 100 170 W
(both amplifiers) Vo =0 Full range 200 200
Vo1/Vo2 Crosstalk attenuation 25°C 120 120 dB

1t All characteristics are specified under open-loop op

g col

with zero

is —55°C to 125°C and for MC1458 is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

de input voltage unless otherwise specified. Full range for MC1558
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TYPES MC1558, MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Vgcc- = —15V, Tp = 26°C
MC1558 MC1458

PARAMETER TEST CONDITIONS MIN T TYP MAX | WINTYP WAX UNIT

ty Rise time V| =20 mV, R = 2kQ, 0.3 0.3 us
Overshoot factor CL = 100 pF, See Figure 1 5% 5%
. ) V=10V, RL = 2 kQ,
R | te at . .

S| Slew rate at unity gain CL = 100 pF, See Figure 1 0.5 0.5 Vips

Vi
INPUT +
R " YV} =
CL = 100 pF
INPUT VOLTAGE
WAVEFORM +
TEST CIRCUITS

PARAMETER MEASUREMENT INFORMATION

:; RL =2k
p:

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

@ OUTPUT
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LINEAR TYPES MC3503, MC3303, MC3403
INTEGRATED QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

CIRCUITS D2517, FEBRUARY 1979—REVISED SEPTEMBER 1983

® Wide Range of Supply Voltages
Single Supply . .. 3V to 36 V

or Dual Supplies MC3503 . . . J PACKAGE

MC3303, M