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INTRODUCTION

In this 416-page data book, Texas Instruments is pleased to present important technical information on a broad line of
linear control integrated circuits that includes operational amplifiers, voltage comparators, analog switches, timers,
analog-to-digital converters, Hall-effect devices, and many others.

You will find specifications on device types initiated by T1 (TL series) and on plug-in replacements for many competitive
types. The functional indexes and selection guides provide the designer with rapid access to data sheets for specific
applications, and the interchangeability guides show both direct and nearest replacement devices for many competitive
parts. There are margin tabs to guide you quickly to general circuit categories, and the alphanumeric index lets you
locate particular type numbers quickly.

The section on military products describes process and screening requirements for JAN, JAN-processed, /883B Class B,
and standard device types.

This volume offers design data and specifications only for linear control integrated circuits, but complete technical data
on any Texas Instruments semiconductor component is available from your nearest Tl field sales office or authorized
distributor and from: Marketing and Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308,
Dallas, Texas 75265.
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General Information






TABLE OF CONTENTS

PAGE

Section T, General INformation . ... . ot it i i e e e e e e e e e e e 7
Alphanumeric INdeX . . ottt i e e e e e e e e e e e 10
Functional IndeX .. .. oo i e e e e e e e e e e e e e e 1"
Interchangeability GUIde . .. . ... ittt e e e e e e 22
Section 2, Thermal Information . . .. . it i e e e e e e e e e e e 27
Thermal Considerations . . ..o v vt ittt et ettt e e e e e e e 28
Thermal Resistance of Integrated Circuit Packages . ... ... . ittt e e ieein e 29
Power Dissipation Derating Curves for Integrated Circuit Packages ... ........ ... ... . .o voun.n. 30
Section 3, Ordering Instructions and Mechanical Data . ... .. .. .. ..ttt it et et nnenn 35
Ordering INstrUCtiONS . . . it ittt it it ittt it i e e e e e e e e e e e 37
Mechanical Data and Package OQutline .. .. ... . i i i it it et st e e 38
Section 4, Operational AmPlifiers . .. ... i e e e e e e e e e e e 47
Selection GUIde . . .. i e e e e e e e et e 48
Glossary of Terms and Definitions . .. .. .. .. it it et e et e e e e e 55
Individual Data Sheets .. . .. i i e e e e e e e e e e e e 59
Section 5, Differential Comparators . . ... v vt i vt v i it it et et et e e e et e e e 189
SeleCtion GUIdE " . i it e e e e e e e e e e e e 190
Glossary of Terms and Definitions . .. .o ottt i i it e e e e e e e e e e e e 192
Individual Data Sheets .. ..t ittt it e e e e e e e e e e e e 195
Section 6, Special Functions .. ....... ... ... e e e e e e e e e e e 267
Selection GUIdE . . .. ot i e e e e e e e e e e e 268
Individual Data Sheets .. ... i i i e e e e e e e e e e e 270

Section 7, Military Products . ......... e e e e e e e e e e e e e e e e 407



10

ALPHANUMERIC INDEX

PAGE PAGE PAGE
ADCO808 ....... 270 MC15456 . ....... 277 TLO7IB . ....... 131
ADCO809 ....... 270 MC1558 . ..... .. 85 TLO72 ......... 131
ADCO0816 ....... 272 MC3303 ........ 89 TLO72A ... ..... 131
ADCO817 ....... 272 MC3403 ........ 89 TLO72B ...... ..o 131
LM101A  ....... 659 MC3423 ........ 279 TLO74 . ........ 131
LM106  ........ 195 MC3503 . ....... 89 TLO74A . ....... 131
LM107  ........ 62 MC3523 . ..... .. 279 TLO74B . ....... 131
M L 201 . NEB55 . ........ 281 TLOTS ...t 131
LM124 ... ... 65 NES56 ......... 291 TLOSO ......... 139
LM133  ........ 209 NE5532 ........ 93 TLOSOA . ....... 139
LM148 ... ... .. 67 NEG532A ... .... 93 TLOST ......... 139
LM188  ........ 71 NES533 . ....... 97 TLOSIA ........ 139
LM193  ........ 211 NEB533A ....... 97 TLOSIB ........ 139
LM201A  ....... 59 NE5534 ........ 105 TLOS2 ......... 139
LM206  ........ 195 NES534A . ...... 105 TLOS2A . ....... 139
LM207  ........ 62 RC4136 ........ 101 TLO82B . ....... 139
LM211 . ... 201 RC4558 . ....... 103 TLO83 ......... 139
LmMm218 ... ... .. 73 RM4136 ........ 101 TLO8B3A ........ 139
LM224 . ... ... 65 RM4558 . ....... 103 TLO84 ......... 139
LM239  ........ 209 SEBBS . ........ 281 TLOB4A .. ...... 139
LmM248 ... .. ... 67 SEB56 . ........ 291 TLOB4B ........ 139
LM258  ........ 71 SES534 . ....... 105 TLOBS ......... 139
LM293 .. ...... 211 SES534A . ...... 105 TLOST ......... 147
LM3OIA . ...... 59 TLO22 . ........ 109 TLOB8 . ........ 147
LM306 ........ 195 TLO44 ... ...... 112 TLI1T ... ... 219
LM307  ........ 62 TLOBO . ........ 115 TLIZTO ... ... 293
LM311 . ... ... 201 TLOGOA . ....... 115 TL72 ... 295
LM318 . ....... 73 TLOBY . ........ 115 TLI73 .. ... ... 297
LM324 . ....... 65 TLOGIA . ....... 115 TLITE ... 299
LM339 . ....... 209 TLOGIB ........ 115 TLIT6 .. ... 301
LM348 ........ 67 TLOB2 . ........ 115 TL182 . ........ 303
LM358  ........ 7 TLO62A . ....... 115 TLI8S ......... 306
LM393 . ...... .on TLO62B . ....... 115 TLI88 ......... 309
LM1900 ........ 77 TLOB4 . ........ 115 TLI9T ... ... ... 312
LM2%00 ........ 77 TLOG4A .. ...... 115 TL287 .. ....... 147
LM2%01 . ..... .. 213 TLOB4B . ....... 115 TL288 . ........ 147
LM2902 . ....... 81 TLOGE ........ . 123 TL311 ... 219
LM2903 ........ 215 TLOBBA ...... .. 123 TL3MMA . ....... 219
LM2904 . ....... 83 TLOGGB . ....... 123 TL321 ... ... 151
LM3302 ....... . 217 TLO70 . ........ 131 TL322 . ........ 153
LM3900 ........ 77 TLO70A . ....... 131 TL331 ..oeven... 223
MC1445 ... ..... 277 TLOT1 ... ... . 131 TL336 ......... 225
MC1458 . ..... .. 85 TLO71A . ... .... 131 TL3?76 ... ...... 315

PAGE
TL44D . ... ... .. 319
TLA41 ... ... ... 3%
TLA42 . ...... .. 333
TLABO . ........ 339
TLAB1 L ........ 341
TL487 . 343
TL48 . ........ 345
TLA9O . ........ 349
TLA9T ......... 353
TLS00 . ..... 357
TLSO1 ......... 357
TLB02 ... 357
TL503 . 357
TLSOS ......... 369
TLSO6 ......... 227
TLO7 v evvnin. 377
TLE10 ......... 233
TLS14 . ........ 237
TLS60 . ...... .. 381
TLEOT ......... 387
TLEO4 .. ....... 387
TL6O7 ......... 387
TL610 ......... 387
TL702 ......... 157
TLTI0 ... .. 239
TLI20 ...... ... 243
TL8I0 ......... 245
TLBIT ... 249
TL820 ......... 255
WATO2 ... ...... 163
UATO9 ... ...... 167
UATO9A . ....... 167
7.9 2T I 259
17V 2 L I 263
UA733 ... ... ... 393
7.V 21 173
uAT47 ... .. .. c.oA77
uA748 .. ... .... 181
UATTT ... .. 185
UA2240 .. ...... 401

For information on other linear and interface integrated circuits manufactured by Texas instruments, see the “Linear and Interface Circuits

Master Selection Guide,” ‘‘The Interface Circuits Data Book,' and ‘The Voltage Regulator Handbook."



FUNCTIONAL INDEX

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B |Vio| ho | Avp | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA v DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP| TYP | MAX MIN MAX
75 2 10 50 1 05 |3 15 +22 High Performance LM101A J,JG, U, w 59
0.2 6 0.1 4 1 3.5 | 0.25 +1.5 218 BIFET, Low Power TLOGOM JG 115
0.2 6 0.05 50 3 13 2.5 +3.5 18 BIFET, Low Noise TLO70M JG 131
02| 6 1 50 3 13 2.8 +3.,5 *18 |BIFET, General Purpose TLO8BOM JG 139
10,000 5 2,000 1.4 0.5 1.7 | 6.7 —7, +14 | Genera!l Purpose TL702M J, U w 157
5,000 2 500 25 | 05 1.7 | 6.7 —7, +14 | General Purpose uA702M J,JG, U, w 163
2001 2 50 25 1 0.3 | 3.6 +18 [ General Purpose uA709AM | J,JG, U 167
500 5 200 25 1 0.3 | 55 +18 | General Purpose uA70SM J,JG 167
500 5 200 50 1 05 ({28 2 +22 | General Purpose uA748M J,JG, U, w 181

Industrial Temperature Range (—25°C to 85°C)

75 2 10 50 1 0513 5 +22 | High Performance LM201A J,JG, N, P 59
0.2 6 0.1 4 1 3.5 [ 0.25 +1.5 £18 |BIFET, Low Power TLO6CI JG,P 115
0.2 6 0.05 50 3 13 25 +3.5 +18 |[BIFET, Low Noise TLO70I JG, P 131
0.2 6 0.1 50 3 13 2.8 +3.5 +18 |BIFET, General Purpose TLO8O! JG, P 116

Commercial Temperature Range (0°C to 70°C)

250 7.5 50 25 1 05 |3 +5 +18 | High Performance LM301A J,JG,N,P 59
041 15 0.2 3 1 3.5 | 0.25 +1.6 218 BIFET, Low Power TLO60C JG,P 115
0.2 6 0.1 4 1 351025 +1.5 =18 BIFET, Low Power TLOBOAC JG, P 115
04| 15 0.05 25 3 13 2.5 +3.5 18 BIFET, Low Noise TLO70C JG,P 131
0.2 6 0.05 50 3 13 2.5 3.5 18 BIFET, Low Noise TLO70AC | JG,P 131
0.2 6 0.1 50 3 13 28 +3.6 +18 BIFET, General Purpose TLO8BOAC | JG,P 139
041} 15 0.2 25 3 13 28 +3.5 +18 BIFET, General Purpose TLO8OC JG,P 139
15,000 | 10 5,000 1 0.5 1.7 17 —7, +14| General Purpose TL702C J,JG,N 163
1,500 7.5 500 12 1 03 | 55 +18 General Purpose uA709C J,JG,N,P 167
500 6 200 20 1 0.5 )28 +2 +18 General Purpose uA748C J,JG,N, P 181
100 5 20 25 1 05 | 3.3 +5 *22 High Performance uA777C J,JG,N, P 185
TEXAS INSTRUMENTS 1
INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

| Vio| ho | Avp | B1 | SR | Icc Vee
nA | mV [ nA |V/mV|MHz{ V/ius| mA \% DESCRIPTION DEVICE | PACKAGE | PAGE
MAX | MAX | MAX | MIN | TYP| TYP | MAX | MIN MAX
75 2 10 50 1 05 3 +2 +22 | High Performance LM107 J,JG, U, W 62
800 2 200 50 | 10 |13 6.5 +3 +22 | Low Noise
Vi = 4nV//Az Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 +3 122 | Low Noise
Vq = 4.5 nV/\/Hz Max SE5534A | JG
02| 6 0.1 4 1| 35| 02 5 18 | BIFET, Low Power TLO6IM | JG, U 105
02| 6 0.05| S50 3 |13 25 +3.6 :18 | BIFET, Low Noise
V=18 nV/\/Hz Typ TLO7IM | JG 131
02| 6 0.1 50 3 113 2.8 +35 18 | BIFET, General Purpose TLOBIM | JG 139
02| 2 0.4 50 3 |13 28 +4 +18 | BIFET, Low V|g TLO8BM | JG,U
150 5 30 50 1 0.5 1.0 +3 +32 | General Purpose, TL321M JG 161
500 5 200 50 1 05] 28 +2 +22 | General Purpose uA741M | J,JG,U,W | 173
Industrial Temperature Range {—25°C to 85°C)
75 2 10 50 1 05| 3 +2 £22 | High Performance LM207 N 62
250 4 50 50 | 15 | 70 8 +20 | High Performance LM218! JG, P 73
02| 6 0.4 4 1| 35| 025| +1.5 %18 | BIFET, Low Power TLO61I JG, P 115
02| 6 0.1 4 1| 35| 025| 1.5 18 | BIFET, Low Power TLO66I JG,P 123
02] 6 0.05| 50 3 |13 2.5 +35 18 | BIFET, Low Noise TLO71I JG, P 131
0.2 6 04 50 3 {13 28 +3.5 +18 | BIFET, General Purpose TLO81I JG,P 139
04 | 05 0.1 50 3 |13 2.8 4 +18 | BIFET, Low Offset TLO87! JG, P 147
04| 3 0.1 50 3 |13 2.8 +4 £18 | BIFET, Low Offset TLO88I JG, P 147
150 5 30 50 1 0.5 1 +3 +32 | General Purpose TL3211 JG, P 151

TEXAs INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Commertial Temperature Range (0°C to 70°C)

B {(Vio| o |[Avp| B [ SR | Icc Vee
nA |[mV | nA |V/mV| MHz|V/us| mA v DESCRIPTION DEVICE | PACKAGES | PAGE
MAX [MAX [ MAX | MIN | TYP[TYP | MAX | MIN MAX
250 75 50 25 1 0.5 3 12 +18 | High Performance LM307 J,JG, N, P 62
500 |10 |200 25 | 15 {70 10 +20 | High Performance LM318 JG,N,P 73
1500 | 4 |300 25 | 10 [13 8 +3 +22 | Low Noise
Vp =4 nV//Hz Typ NES534 | JG,P 105
1,500 4 300 25 10 |13 8 3 +22 | Low Noise
Vp, = 4.5 nV/y/Hz Max NES534A | JG,P 105
02| 6 0.1 4 1 | 35| 025 1.5 18 | BIFET, Low Power TLO61AC | JG,P 115
02| 3 0.1 4 1 | 35| 025| 1.5 =+18 | BIFET, Low Power TLOGIBC | JG,P 115
04|15 0.2 3 1 035| 025| 1.5 18 | BIFET, Low Power TLOBIC | JG,P 115
02| 6 0.1 4 1 135| 025| 1.5 18 | BIFET, Low Power
with Power Control TLO66AC | 4G,P 123
02| 3 1 4 1 135| 025| 15 18 | BIFET, Low Power
with Power Control TLO66BC | JG,P 123
04|15 2 3 1 3.5 0.25 +*1.5 $18 BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 0.05| 50 3 |13 25 +365 18 | BIFET, Low Noise
Vp = 18 nVA/HZ Typ TLO71AC | JG,P 131
0.2{ 3 005! 50 3 {13 25 +35 18 | BIFET, Low Noise
Vq = 18 nV\/Hz Typ TLO71BC | JG,P 131
0.2 10 005| 25 3 |13 25 +35 18 | BIFET, Low Noise
V=18 nV/A/HZ Typ TLO71C | JG,P 131
02| 6 0.1 50 3 13 2.8 £35 18 | BIFET, General Purpose TLOSIAC | JG,P 139
02| 3 0.1 50 3 |13 2.8 +35 18 | BIFET, General Purpose TLOS1BC | JG,P 139
0415 02 | 25 3 |13 28 +3.5 +18 | BIFET, General Purpose TLOS1C | JG,P 139
04| 05| 02| 25 3 [13 2.8 +4 +18 | BIFET, Low V|p TLog7C | JG,P 147
04| 2 02 | 25 3 |13 28 +4 +18 | BIFET, Low V|Q TLOSSC | JG,P 147
250 7 50 25 1|05 1.0 +3 +32 | General Purpose, TL321C JG, P 151
500 | 6 |200 20 1] 05| 28 +2 +18 | General Purpose uA741C | J,JG,N,P | 173
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B ) Vio| o | Avp| B1 | SR | Icc Vee
nA mV nA V/imV | MHz| V/us | mA \ DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP| TYP | MAX MIN  MAX '
150 5 30 50 1 03 0.6 +3 +32 | General Purpose LM158 JG 7"
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 1.5 28 +22 High Performance RMA4558 JG 103
100 5 40 4 05 0.5 0.1 +2 +22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 .+15. 18 | BIFET, Low Power _ TLO62M JG, U 115
0216 0.051 50 3 13 25 +35 +18 | BIFET, Low Noise
Vp = 18 nVA/Hz Typ TLo72mM | JG 131
02 ] 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO82M JG 139
02| 6 0.1 50 3 13 28 +3.5 18 | BIFET, General Purpose TLO83M J 139
500 5 50 50 1 0.6 4 +3 +36 | General Purpose TL322M JG 163
500 5 200 50 1 0.5 28 +2 +22 | General Purpose uA747M J,W 177
Automotive Temperature Range (—40°C to 85°C)
|s00 J1o T s TT100 1 [o3] o6 [ :3 +26 | General Purpose LM2904 | JG,P, U 83
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM258 JG,P, U n
500 8 75 20 1 0.6 4 +3 +36 | General Purpose TL3221 JG,P 153
02} 6 0.1 4 1 35 0.26 +15 18 | BIFET, Low Power TLO62! JG, P 115
02 ) 6 0.05 50 3 13 25 3,5 +18 | BIFET, Low Noise TLO72I JG, P 131
02| 6 0.1 50 3 13 2.8 +3.5 18 | BIFET, General Purpose TLO82I JG,P 139
02 1] 6 0.1 50 3 13 28 +3,6  +18 | BIFET, General Purpose TLO83! J,N 139
0.4 0.5 0.1 50 3 13 28 +3.6  +18 | BIFET, Low Offset TL2871 JG,P 147
0.4 3 0.1 50 3 13 28 +36 +18 | BIFET, General Purpose TL288I JG, P 147
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B |{Vio| ho | Avp | B1 |[SR | Icc Vee
nA | mV | nA |V/mV|MHz|V/us | mA \Y DESCRIPTION DEVICE | PACKAGES | PAGE
max | max | max | min [ TYP [ TYP [ MAX | MIN MAX
250 7 50 25 1 0.3 06 +3 +32 | General Purpose LM358 JG,P 7
500 6 |200 20 |1 06 | 28 +2 +18 | General Purpose MC1458 | JG,P 85
800 4 1150 25 (10 9 8 +22 | Low Noise
Vi, =5 nV/A/HzZ Typ NE5532 | JG,P 93
800 4 {150 25 |10 9 8 +22 | Low Noise
Vp =5 nV/A/Hz Typ NE5532A | JG, P 93
1500 4 |300 25 |10 |13 8 +22 | Low Noise
Vi, =4 nV/A/AzZ Typ NE5533 J,N 97
1500 4 |300 25 |10 |13 8 +22 | Low Noise
Vg = 3.5nV/\/Hz Typ NES5533A | 4, N 97
500 6 |200 20 |3 1 2.8 +18 | High Performance RC4558 JG, P 103
250 5 80 1 05|05 | 0125 =2 +18 | Low Power TLO22C | JG,P 109
02| 6 0.1 4 |1 35 | 025| %15 18 | BIFET, LowPower TLO62AC | JG,P 115
02| 3 0.1 4 |1 35 | 025 | :1.5 18 | BIFET, Low Power TLO62BC | JG,P 115
0.4{ 15 0.2 3 |1 35 | 025| %15 18 | BIFET, Low Power TLO62C | JG,P 115
02| 6 005) s0 {3 [13 2.5 +35 18 | BIFET, Low Noise
Vp = 18 nV//Hz Typ TLO72AC | JG,P 131
02| 3 005 50 |3 |13 25 +35 £18 | BIFET, Low Noise
V= 18 nV/\/Hz Typ TLO72BC | JG,P 131
0.2} 10 0os| 25 |3 113 25 +3.5 +18 | BIFET, Low Noise
Vp, = 18 nV//Hz Typ TLO72C | JG,P 131
0.2 6 0.1 50 3 13 2.8 +3.56 +18 | BIFET, Genera! Purpose TLO82AC | JG,P 139
02| 3 0.1 50 |3 [13 2.8 +36 +18 | BIFET, General Purpose TLO82BC | JG,P 139
04! 15 0.2 25 3 13 2.8 +3.56 *18 BIFET, General Purpose TLO82C JG, P 139
02| 6 0.1 50 (3 [13 2.8 +35 +18 | BIFET, General Purpose TLO83AC | J,N 139
04| 15 0.2 25 3 13 28 +3,6 x18 | BIFET, General Purpose TLO83C 4N 139
04| 05 0.1 25 |3 |13 2.8 +4 +18 | BIFET, Low Offset TL287C | JG,P 147
04 3 0.1 25 3 13 28 +4 +18 BIFET, General Purpose TL288C JG, P 147
500 | 10 50 20 |1 06 | 4 +3 +36 | General Purpose TL322¢ | JG,P 153
500 6 200 25 1 0.5 28 +2 +18 | General Purpose uA747C J,N 177
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B [ Vio| llo [ Avpb| B1 | SR | Icc Vce
nA mV nA V/imV| MHz | V/us | mA \' DESCRIPTION DEVICE PACKAGES | PAGE
MAX [ MAX [ MAX MIN | TYP | TYP | MAX MIN  MAX
150 5 30 50 1 0.5 0.5 +3 +32 | General Purpose LM124 J, U 65
500 5 200 50 3.5 1.5 28 +4 £22 High Performance RM4136 J,uU 101
100 5 40 4 0.5 0.5 0.1 +22 Low Power TLO44M J, U 112
0.2 9 0.1 4 1 3.5 0.2 .5 218 | BIFET, Low Power TLO64M J W 115
0.2 9 0.05 50 3 13 25 +3.5 %18 BIFET, Low Noise
Vi, = 18 nV/\/Hz Typ TLO74M | J, W 131
0.2 9 0.1 50 3 13 28 3.6 ~ £18 | BIFET, General Purpose TLO84M JwW 139
100 5 25 50 1 05 36 +22 General Purpose LM148 J 67
100 2 25 05|12 +45 +36 General Purpose LM1900 J 77
500 5 50 50 1 0.6 4 +3 +36 | General Purpose MC3503 J 89
Automotive Temperature Range (—40°C to 85°C)
200 12| 25 05| 10 +4,5 432 | General Purpose LLM2900 J,N 77
500 10 50 100 5 1 +3 +26 General Purpose LM2902 J,N 81
500 8 75 20 1 06| 7 +3 +36 | General Purpose MC3303 J, N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 05 3 +3 +32 | General Purpose, LM224 J, N 65
200 6 50 25 1 0.5 4.5 +18 General Purpose LM248 J,N 67
0.2 6 01 4 1 3.5 0.25 5 18 BIFET, Low Power TLOG4I J,N 115
0.2 6 0.05 50 3 13 25 +3.5 18 BIFET, Low Noise TLO741 J, N 131
0.2 6 0.1 50 3 13 28 +3.6 *18 BIFET, General Purpose TLO84I J, N 139
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B | Vio | lo | Avp| B7 [ SR | Icc Vee
nA | mv nA | V/mV| MHz| V/us| mA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP | TYP | MAX | MIN MAX
250 7 50 25 1 0.5 0.5 +3 +32 | General Purpose LM324 J,N 65
200 6 50 25 1 0.5 4.5 £18 General Purpose LM348 J,N 67
200 1.2 25| 05 | 10 +45 +32 | General Purpose LM3900 4, N 77
500 | 10 50 20 1 06 | 7 +3 +36 | General Purpose MC3403 | J,N 89
500 6 200 20 3 1 2.8 +4 +18 High Performance RC4136 J,N 101
250 5 80 1 05 | 05 { 0125/ =+2 +18 | Low Power TLO44C J,N 112
02| 6 0.1 4 1 35 | 025 | 15 18 | BIFET, Low Power TLOG4AC | J,N 115
02| 3 0.1 4 1 35 | 025 | 15 18 | BIFET, Low Power TLOB4BC | J,N 115
04| 15 0.2 3 1 35 | 025 | #1.5 18 | BIFET, Low Power TLOB4C J,N 115
02| 6 0.05{ 50 3 |13 2.5 +35 18 | BIFET, Low Noise
V= 18 nV/A/HZ Typ TLO74AC | J,N 131
02| 3 0.05{ 50 3 |13 2.5 +35 +18 | BIFET, Low Noise
Vp=18nV/A/Hz Typ TLO74BC | J,N 131
0.2| 10 0.05| 25 3 |13 25 +35 +18 | BIFET, Low Noise
Vi =18 nV/A/Hz Typ TLO74C J N 131
0.2| 10 0.05| 25 3 |13 2.5 +35 18 | BIFET, Low Noise
Vy, = 18 nV/\/Hz Typ TLO75C N 131
02| 6 0.1 | 50 3 |13 2.8 £3.5 :18 | BIFET, General Purpose TLOB4AC | J,N 139
02| 3 0.1 | 50 3 |13 2.8 +3.5 +18 | BIFET, General Purpose TLO84BC [ J,N 139
0.4| 15 0.2 25 3 13 2.8 +3,5 18 | BIFET, General Purpose TLO84C J,N 139
04| 15 02 | 25 3 |13 238 +36 +18 | BIFET, General Purpose TLO85C N 139
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FUNCTIONAL INDEX

VOLTAGE COMPARATORS
Military Temperature Range|(—55°C to 125°C)
B | Vio o 'OL | pesponsE TIME
A mv A Avp mA POWER SUPPLIES | DEVICE |PACKAGE |PAGE
MAX | MAX | MAX MIN ns

45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt -12V| LM106 | 4,JG,W | 195

015| 4 0.02 |200000TYP | 8 140 TYP 15V, 15V LM111 J,JG 201

005( 4 | 002 [200000TYP | 8 210 TYP 15V, —15V LN J,J6,N,P| 219

Single 0.1 5 | 0025/200000TYP | 6 | 1300TYP 2V1036V TL33IM | JG 223
25 3 | 7 10000MIN | 05|  80MAX 12V,-6V TLsiom | J,JG6,U | 233

150 6 |20 500 MIN | 1.6 40TYP 12V, -6V TL710M | J,06,U | 239

25 3 7 10000MIN | 05]  80MAX 12V,-6V TLgi1OM | J,JG,U | 245

20 2 3 1250 MIN | 2 40 TYP 12V,-6V ua71oM | J4,06,U | 289

0.1 5 | 0025|200,000TYP | 6 | 1300TYP 2V1036V tmigat [ uG,u 211

Sual 45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt —12V| TL50BM | J,W 227
25 3 7 10000MIN | 0.5] 80 MAX 12V,-6V TLs14M | I W 237

25 3 7 10000 MIN | 0.5] 80 MAX 12V, -6V TLB20M | J 255

Dual- 30 6 5 8,000 MIN | 0.5] 80 MAX 12V, -6V TL81M | J,U 249
Channel| 150 6 | 20 500MIN | 05| 80MAX 12V,-6V uwA71IM | J,U 263
Quad 0.1 5 | 0025|200000TYP | 6 | 1300TYP 2V 1036V Lmi3st | 4w 209
Hex 0.1 5 | 0.025|200000TYP | 6 | 1300TYP 2V 1036 V TL336MT| J 225

Automotive Temperature Range (—40°C to 85°C)

Dual 025 7 0.05 | 100,000TYP | 6 | 1300TYP 2V1036V Lm2903t| JG,P 215
uad 025] 7 | 005 |100,000TYP | 6 | 1300TYP 2V1036V LM2001F| J,N 213
05| 20 | 01 | 30000TYP| 6 | 1300TYP 2V1028V Lmasozt| 4N 217

TCapable of operating with a single 5-volt supply.
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FUNCTIONAL INDEX

VOLTAGE COMPARATORS

Industrial Temperature Range (—25°C to 85°C)

B | Vio lo 'OL | pesponsE TIME

BA mv uA Avp mA POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | MAX | max MIN s
45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| LM206 J,4G,N,P| 195
Single 0.15| 4 0.2 |200000TYP| 8 140 TYP 15V, ~15V Lm211t | 4,46, P 201
01 |5 0.025 {200,000 TYP [ 6 1300 TYP 2V1t036V T3t | JG,P 223
01 |5 0.025 [ 200,000 TYP | 6 1300 TYP 2V 1036V TL33NT | UG, P 223
Dual 025 5 0.005 [ 200,000 TYP | 6 1300 TYP 2Vto36V maa3t | UG, P 211
Quad 0.25[ 5 0.05 [200,000TYP | & 1300 TYP 2V 1036V Lm239t | 4N 209
Hex 01 |5 0.025 (200,000 TYP | 6 1300 TYP 2Vt036V TL336IT | 4N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 7.5 | 40,000TYP | 16 28 TYP 12V, -3Vto—12V| LM306 J,4G,N,P| 195
0.3 (10 0.07 {200,000TYP | 8 165 TYP 15V, -15V wma1tt | G, N, P| 201
0.01 (13 0.004 [ 200,000 TYP | 8 210 TYP 15V, —15V TL311t N, P 219
0.01 |10 0.004 (200,000 TYP | 8 210 TYP 15V, —15V TL3NAt N, P 219
Single 0.25| 5 0.05 [200,000TYP | & 1300 TYP 2Vt036V TL331Ct| JG,P 223
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TLS10C | J,JG,N,P| 233
150 (10 25 500 MIN 40 MAX 12V, -6V TL710C | J,JG,N,P| 239
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000MIN | 16 40 TYP 12V, -6V uA710C | J,JG,N,P| 259
025 5 0.05 [200,000TYP | & 1300 TYP 2V1to36V Lm393t [ 4G, P 211
Dual 40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V,-3Vto—12V | TL506C | J,N 227
30 45 7.5 8000MIN | 0.5 80 MAX 12V, -6V TLS14C | 4,N 237
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL820C [ 4N 255
Dual 50 |10 10 5000 MIN | 0.5 33TYP 12V, -6V TL81OC | J,JG,N,P| 245
Channel | 150 |10 25 500 MIN | 0.5 40 TYP 12V, -6V uA7T11C | 4N 263
Quad 0.25] 5 0.05 |200,000TYP | & 1300 TYP 2V1to36V tmazef | 4N 209
Hex 0.25] 5 0.05 |200,000TYP | 6 1300 TYP 2V1t036V TL3zsct| N 225
tCapable of operating with a single 5-volt supply.
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS

PAGE

Timers

SEE55 : General-purpose timers adjustable from 1 microsecondtoisecond . ............... e s e 281

NESS5 : Commercial-temperature version 0f SEBB5 . . . . . . .. i L i e e e e e e e 281

SEBS6 @ Dualversion of SEBSS . . . . . i i e e e e e i e e e e e 291

NES56 : Commercial-temperature version of SEB56 . . . . . . . .. .. e e e e e e .29

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1 second ... ..... R (1]
Amplifiers

MC1445 : 2-channel-multiplexed video amplifier . . . . . . . . ... i it i it e e e e s 277

TL441 : Logarithmic amplifier with 80-dB inputrange . . . . . . . . . . . it it it oo it nenane s N . 325

uA733 : Differential video amplifier with 200-MHz bandwidth .. ... ... N . 393
Voltage-Level Detectors

TL4A80 : 10-level logarithmic converterin the JOr N package . . . . . .. v v v v v v vt vt oo et oo ne e . . 339

TL481 : 10-level logarithmic converter in the Jor N package . ......... PP e e e 341

TLA87 : 5-level linear converter in the PorJG Package . . . . v v v v vt v v ottt e et i i n it e 343

TL489 : b5-level logarithmic converter in the P or JG package .. ... P e e e e e e e e e 345

TLA90 : 10-level linear converterinthe Jor N package . . . . . . v it it i ittt i it e e ettt me e e e s et eenan 349

TL4A91 : 10-level linearconverter inthe JOr N Package . . . v v v v vt it ot ittt ettt aa e o oo et e aeenn 353
Analog-to-Digital Converter Components

ADCO0808: Successive-approximation CONVEITEI . . . v o v v e v o v v v o o ot o s ettt a o ot ot ot ae o e ea s e v e e e 270

ADC0809: Successive-approximation converter . .. .. ... [ e e e e e e e e e e 270

ADCO0816: Successive-approximation converter . . ......... ... e e e e e e e . 272

ADC0817: Successive-approximation converter with 8-bit resolution . . . . . . .. .. . i i e e e e 272

TL500 : Dual-slope-converter analog processor with 14-bit resolution . .. ... e e e e e e e e 357

TL501 : Dual-slope-converter analog processor with 13-bit resolution .. ... ... e e e e e e e e e 357

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs . . . ...... ... 357

TLS503 : Dual-slope-converter digital processor with 4%-digit capability, BCD outputs . . ... . e e PN 357

TL505 : Dual-slope-converter analog processor with 10-bit resolution . . . . . .. .. .. . . . .. i 369

TL507 : Pulse-width modulator with 7-bitresofution . . ... .............. . e e 377
Zero-Crossing Detector

I L 319
Doubly-Balanced Mixer

1 T 333
Precision Level Detector

TLS6O . ... ......... e e e e e e e e e e e e e e e e e e e e i e e e e e 381
Overvoltage Sensing Circuits

LT L0 5 279

L2075 279
3-Channel Stepper-Motor Controller

0 O . 315
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS
Analog Switches With 30-mA Capability (Bi-MOS)

Zew ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL182 Twin SPST 100 @ +10V +15, 45 303
TL185 Twin DPST 150 2 10V +15, +6 306
TL188 Dual Complementary SPST 100 10V +15, +5 309
TL191 Twin Dual Complementary 150 Q +10V +15, +5 312
SPST
Analog Switches With 10-mA Capability (P-MOS)
Zew ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 200 10V +10, —-20 387
TL604 Complementary SPST 200 2 10V +10, —20 387
TL607 SPDT 200 +10V +10, —20 387
TL610 SPST 100 £10V +10, —20 387
Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+350 G <-350 G 200G 293
TL172 Normally-off switch >+600 G <+100 G 230 G 205
TL175 Latch >+350 G <-350 G 400 G 299
TL176 Normally-off switch >+500 G <+100 G 75 G 301
(Automotive Temp. Range)
TL173 Linear sensor 1.5 mV/G Sensitivity 297
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INTERCHANGEABILITY GUIDE
(ALPHABETICALLY BY MANUFACTURERS)

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

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No
liability is assumed for damages resulting from the use of the information contained in this list.

EXAMPLE OF ORDER CODE:

FAIRCHILD ORDER INFORMATION

XXX D c
[Dovice Type]  [Package Type]
¥
D = C-DIP C = Commercial/Industrial Consumer M = Mititary
F = FLAT PACK 0°C to 70°C or 75°C —55°C t0 125°C l

P =PLASTIC DIP
T = MINI DIP
H=METAL CAN

FAIRCHILD Ti1 DIRECT TI CLOSEST FAIRCHILD TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
HA101A LM101A #A710 uA710
rA107 LM107 HAT711 uA711
#AT11 LM111 #A733 uA733
#A139 LM139 uA734 LM111
rA201A LM201A rA741 uA741
rA207 LM207 1A742 TL440
#A301A LM301A uA747 uA747
uA304 LM304 uA748 uA748
nA307 LM307 uA776 uA777
KA3N LM311 rA777 uA777
HABSES5 SEBE5 uA2240C uA2240C
1AB56C NES56 #A3302C LM3302
rAB56M SE556 uA3403 MC3403
uA702 uA702 1A4136C RC4136
uA709 uA709 #A4136M RM4136
uAT09A uA709A
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MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

mcC XXX P
Type Number Package
Different Numbers . F = Flat Package
Are Used For Variations G = Metal Can n
In Operating Temperatures L = C-DIP
P = Plastic
MOTOROLA TI DIRECT TICLOSEST MOTOROLA Tt DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

MLM101A LM101A MC1545 MC1545
MLM107 LM107 MC1539 LM101A
MLM111 LM111 MC1555 SE555
MLM201A LM201A MC1558 MC1558
MLM207 LM207 MC1709 uA709
MLM211 LM211 MC1710 uA710
MLM301A LM301A MC1711 uA711
MLM307 LM307 MC1712 uA702
MLM311 LM311 MC1733 uA733
MC1414 TL514 MC1741 uA741
MC1420 uA733 MC1747 uA747
MC1430 uA702 MC1748 uA748
MC1431 uA702 MC3302 LM3302
MC1433 LM301A MC3302P LM339
MC1439 LM301A MC3303 MC3303
MC1445 MC1445 MC3403 MC3403
MC1455 NE&55 MC3423 MC3423
MC1458 MC1458 MC3503 MC3503
MC1514 TLA442 MC3523 MC3523
MC1530 uA702 MC4558 RMA4558
MC15631 uA702 MC4558C RC4558
MC1533 LM101A
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NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

LM 1 XXXX N
I Prefix [ Temperature Range LType NumbT] Package
10r7=55"Cto125°C D = C-DIP
3or8=0°Cto70°Cor75°C N = Plastic DIP
F = Flat Pack
[@ H = Metal Can
DM = Line Ckts N = Mini-DIP
NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

ADCO0808 ADC0808 LM348 LM348

ADCO0809 ADC0809 LM358 LM358

ADCO0816 ADCO0816 LM393 LM393

ADCO817 ADC0817 LM555C NE555

DS5534 NE5534 LM555M SEB55

LM101A LM101A LM556 SEG56

LM102 LM102 LM5B56C NEG56

LM106 LM106 LM709 uA709

LM107 LM107 LM709A uA709A

LM110 LM110 LM709C uA709C

LM111 LM111 LM710 uA710

LM112 LM112 LM710C uA710C

LM118 LM218 LM711 uA711

LM124 LM124 LM711C uA711C

LM139 LM139 LM733 uA733

LM148 LM148 LM733C uA733C

LM158 LM158 LM741 uA741

LM193 LM193 LM741C UA741C

LM201A LM201A LM747 uA747

LM206 LM206 LM747C uA747C

LM207 LM207 LM748 uA748

LM211 LM211 LM748C uA748C

LmM218 LM218 LM1414N TL514C

LM224 LM224 LM1458 MC1558

LM239 LM239 LM1514 TL514M

LM248 LM248 LM1558 MC1558

LM2568 LM258 LM1900 LM1900

LM293 LM293 LM2900 LM2900

LM301A LM301A LM2901 LM2901

LM306 LM306 LM2902 LM2902

LM307 LM307 LM2903 LM2903

LM311 LM311 LM2904 LM2904

LM318 LMm318 LM3302 LM3302

LM324 LM324 LM3900 LM3900

LM339 LM339 L.M3905 NE555




RAYTHEON ORDER INFORMATION
EXAMPLE OF ORDER CODE:

R M XXX L
l Prefix I Temperature Range [Type Numbe:] Package
M = Military DC =C-DIP
C = Consumer DP, ND = Plastic DIP
Q, J = Flat Pack

TO = Metal Can -

RAYTHEON TI DIRECT TI CLOSEST RAYTHEON TI DIRECT TI CLOSEST
, REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A LM101A RC556 NES56
LM106 LM106 RC702 uA702C
LM107 LM107 RC709 UA709C
LM111 LM111 RC710 uA710C
LM118 LM218 RC711 uA711C
LM124 LM124 RC733 uA733C
LM139 1LM139 RC741 uA741C
LM158 LM158 RC747 UA747C
LM201A LM201A RC748 UAT748C
LM206 LM206 RC1458 MC1458
LM207 LM207 RC3302 LM3302
LM211 LM211 RC3403 MC3403
LM218 LM218 RC4136 RC4136
LM224 LM224 RC4558 RC4558
LM239 LM239 RMS55 SE555
LM258 LM258 RM556 SES56
LM301A LM301A RM702 uA702M
LM306 LM306 RM709 UAT09M
LM307 LM307 RM710 uA710M
LM311 LM311 RM711 uA711M
LM318 LM318 RM733 UA733M
LM324 LM324 RM741 UA741M
LM339 LM339 RM747 uA7ATM
LM358 LM358 RM748 UA748M
LM1900 LM1900 RM1514 TL514M
LM2900 LM2900 RM1558 MC1558
LM3900 L.M3900 RM4136 RM4136
RC555 NEBE5 RM4558 RM4558
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EXAMPLE OF ORDER CODE:

SIGNETICS

LM101A
LM107
LM111
LM124
LM139
LM201A
LM207
LM211
LM224
LM239
LM301A
LM307
LM311
LM324
LM339
MC3302
NE5S32
NES55
NES56
NE5532
NES532A

NE

SIGNETICS ORDER INFORMATION

[ Temperature Range ]

NE = 0°C to 70°C or 75°C:
SE = —55°C to 125°C

TI DIRECT

REPLACEMENT

LM101A
LM107
LM111
LM124
LM139
LM201A
LM207
LM211
LM224
LM239
LM301A
LM307
LM311
LM324
LM339
LM3302
LM358
NES55
NESBE6
NES532
NES532A

XXXX B

F,I =C-DIP

A, B, N,V = Plastic DIP

Q, W = Flat Pack

T1 CLOSEST SIGNETICS Ti DIRECT
REPLACEMENT REPLACEMENT

NES5533 NE5533
NES533A NE5S533A
NE5534 NE5534
NES534A NES534A
SE5G32 LM158
SE555 SE555
SE556 SE556
SE5534 SEG534
SEB534A SE5534A
SE5733 uA733M
uA709 uA709
uA709A uA709A
uA710 uA710M
uA710C uA710C
uA711 uA711M
uA711C uA711C
uA741 uA741M
uA741C uA741C
uA747C uA747C
uA748 uA748M
uA748C uA748C

Tt CLOSEST
REPLACEMENT
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THERMAL INFORMATION

THERMAL CONSIDERATIONS

The power dissipation capability of semiconductor devices is limited by the maximum allowable virtual junction
temperature, the ambient temperature, and the thermal resistance between the virtual junction and the ambient
environment.

The temperature differance between the junction and the ambient environment is
Ty—TA=Pp Raua (m
where T = virtual junction temperature, °C
T = ambient temperature, °C
Pp = power dissipated in the device, W
RpJA = thermal resistance, junction to ambient, °c/wW
Solving for T,

TJ=Ta+Pp RgJA (2)

The rating curves that follow assume the ambient environment is still air, that no heat sink is used, and that the
junction temperature should not exceed 150°C.

RgJa may be reduced by the use of a heat sink.

RgJa = RoJc + Reca (3)

where RgJC = thermal resistance, junction to case, and Rgca = thermal resistance, case to ambient. RgcA is a function
of the heat sink, mounting technique, and air velocity.

Substituting equation (3) into equation {1) and solving for Pp,
(4)

Ty—=TaA

Pp =
RgJc + RoCA

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



THERMAL INFORMATION

THERMAL RESISTANCE

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE . THERMAL RESISTANCE
Rgyc (CC/W) Rgya (°C/W)
J ceramic dual-in-l.me 14 thrs 20 60 122
{glass-mounted chips)
J ceramic dual-in-linef 14 thru 20 2ot ot
{alloy-mounted chips)
JG ceramic dual-in-line 8 58 151
(glass-mounted chips)
JG ceramic dual-m.-lmef 8 26t gt
(alloy-mounted chips)
LP plastic plug-in 3 35 160
N plastic dual-in-line 14 thru 20 a4 108
40 36 76
NE plastic dual-in-line 14 10 60
NG plastic dual-in-line 14 12,5 60
P plastic dual-in-line 8 45 125
U ceramic flat 10, 14 55 185
W ceramic flat 14,16 60 126

T 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.

J PACKAGES JG Le
PACKAGE PACKAGE
“14-PIN 16-PIN
N PACKAGES NE
PACKAGE
14-PIN 16-PIN 18-PIN 20-PIN 40-PIN
NG P U PACKAGES W PACKAGES
PACKAGE PACKAGE ‘
10-PIN 14-PIN 14-PIN 16-PIN
TEXAS INSTRUMENTS 29
INCORPORATED
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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.

DISSIPATION DERATING CURVE

1200

1100 \
N

1000 i \
SN
900 \\ NN (14:20 Pins)

/-
/

800
N

700

/

/
/-

/
[/

/

600 ~

/

500

Maximum Continuous Dissipation—mW

/
/
/ /Y

400

300

200

100

25 30 35 40 45 50 55 60 65 70 75 80 85

Ta—Free-Air Temperature—"C
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THERMAL INFORMATION

PLASTIC PACKAGES (CONTINUED)

These curves are for use with the continuous dissipation ratings specified on the iiidividual 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

2100

2000

1800

1800 P

NG NE AND NG

1700
~
\

1600 S
1500 \

N (40 Pins)
1400 \ N

1300 5\ \\

1200 \ \\

1100 w8 ™
1000 S

900

/

800

Maximum Continuous Dissipation-mW

700

600

500

400

300

200

100
0

25 30 35 40 45 50 55 60 65 70 75 80 85
TA—Free-Air Temperature—"C
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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.

DISSIPATION DERATING CURVE

1400

1300

1200

L J (Alloy-Mounted Chip)
1100
\ /-—-JG (Alloy-Mounted Chip)t
1000
000 AN
2
i
5 800 N
g_ \ \
8 \\ N
A 700 \
£ 600
é JG (Glass-Mounted Chip) \\ \ \
£
g 500
E
L)
= . J (Glass-Mounted Chip) — N \
40 EK

300

200

100

25 50 75 100 125
T p—Free-Air Temperature—°"C

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

*18838'' have alloy-mounted chips.
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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.

N
900 \ \

800

DISSIPATION DERATING CURVE

700 N

W
600 \
500 s\“
400 - \

300 \ \

200 \

Maximum Continuous Dissipation—mW

VA4

100

25 50 75 100 125
T p—Free-Air Temperature—"C
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline
drawing shown in this section.

Factory orders for circuits described should include a four-part type number as explained in the following example.

EXAMPLE: TL 022M JG /883B

i

1. Prefix

MUST CONTAIN TWO OR THREE LETTERS

TL T1 Linear Control Products
SN T Interface Products
SNM Mach |V, Level 1
JM38510 JAN Productt

STANDARD SECOND-SOURCE PREFIXES
LF or LM National MC Motorola
NE or SE Signetics uA Fairchild
RM or RC Raytheon

@ Unique Circuit Designator Including Temperature Range

MUST CONTAIN THREE TO SEVEN CHARACTERS

(From Individual Data Sheets)

Examples: 022M 1414
101A 75450B
107 78L05AC

(3. Package }—

MUST CONTAIN ONE OR TWO LETTERS

J,JG, LP, N, NE,NG, P, U, or W
(From Pin-Connection Diagram on Individual Data Sheet)

(3. MIL-STD-8838, Method 5004, Class B

NOT USED WITH PART NUMBERS HAVING AN SN PREFIX

Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the
customer (with possible additional costs), circuits will be shipped in the most practical carrier.

Dual-In-Line {J, JG, N, NE, NG, P)  Plug-In (LP) Flat (U, W)
—Slide Magazines —Barnes Carrier —Barnes Carrier
—A-Channel Plastic Tubing —Sectioned Cardboard Box —Milton Ross Carrier
—Barnes Carrier —Individual Cardboard Box

—Sectioned Cardboard Box
—Individual Plastic Box

tFor ordering instruction on JAN Products, see Section 8, page 409.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

J ceramic dual-in-line package

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, or 20-lead frame.
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 0.300
(7,62) centers (see Note:a). Once the leads are compressed and inserted, sufficient tension is provided to secure the
package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing
when used in soldered assembly.

14-PIN J CERAMIC

|0.785(20,0)
0.755 (19,1)

PEPOOOO@| -~
AANDN

0.025 {0,63) R NOM -\

0.310 (7.88) IYAYAYAYAYAYAY
0.280 (7?5)90 736 (0JejoJoJolole]

0.245(6.22)
~ - 0.050
il (1,27) NOM

[} — . GLASS
—- 0.200 (5,08) 4~ SEALANT

MAX

- SEATING PLANE L] ) IJ

0.020 {0,51) MIN: —w| | 0.070 {1,78) MAX 14 PLACES

0.030 (0.76) MIN
0" 14 PLACES
14 PLACES FE _.{ 0.023 (0,584)

0.014 (0,356) 0.130 (3,30} 0.100 (2,54) 0.015 (0,381)
.008 (0,203) MIN .
Capiaces 0.070(1.77) PIN SPACING 0.100 (254] T.P.
4 PLACES {See Note b)

105°

14 PLACES

Falls within JEDEC TO-116 and MO-001AA Dimensions

16-PIN J CERAMIC

0.785 (20,0)
0.755 (19,1)
OYOIOICICNCRCIO]
@ ¢ 0025 (0,63) RNOM ~_ |
0.310(7.88)
0.290(7,36)
0280 (711 AN VATAT AT
s oYotolofolole)
__‘ | 0050 (127 NOm ——I r-omo (1,78) MAX 16 PLACES
r 1 . GLASS
0.200 (5,08) SEALANT
MAX )
o - SEATING PLANE
208 0,020 (0.51) -—l 0.030 (0.76) MIN
16 PLACES MIN 12PLACES
001410356 0,130'3.30)
_o\edarioz0at MIN -i |.—-—ng§: :g g::) 16 PLACES
16 PLACES : "
0.012 (0,304) MIN
4PLACES 0.05011.27) 40 oo
PIN SPACING 0.100 (2,54) T.P. 0015 (0,38)
(See Note b}

NOTES: a. All dimensions are in inches and parenthetically in millimeters, Inch dimensions govern,

b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position.

TEXAS INSTRUMENTS

INCORPORATED
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

J ceramic dual-in-line packages {continued)

20-PIN J CERAMIC

0.975 (24.8)
0930 (23.6)
®O® @ OICIOIO)
IV L,
0.025 (0,63) R NOM

€ @

0310(7.88)

0.290 (7,36)

0.300 (7.62) [N YAVATATATATATAN

0245 (6.22) OOCOOOOOO®

——' i= 0.050 (1,27) NOM l °-°2;‘%5” —-l I-—omo (1,78) MAX 20 PLACES
T GLASS
0.200 (5,08} SEALANT
MAX
R —— SEATING rums —L
5 0% (3 300 -.I |__0.030 (0,76) MIN
20 PLACES MiN 16 PLACES
,.—\\f'g o008 10203 ((g :(5)2; 0,012 (0,304) MIN -{ 0.023 10584) 5 py pces
20 PLACES 4 PLACES gl;;z ((|: zz;':)
3018 (0.58] 4 PLACES

PIN SPACING 0.100 (2,54) T.P.
(See Note b)

JG ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. Hermetic sealing
is accomplished with glass. The package is intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see
Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the board
during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in soldered

assembily.
8-PIN JG CERAMIC
0.400 (10,2}
0355 9,0)
ANAAD
0.025 (0,63) R NOM-\
[ [
0.310 (7,88) TUUY
0.290 (7,36) @ @ @ @
0.280 (7,11)
0.245 (6,22)
— |ja—o,
N FJ | 0,050 (1.27) NOM 0.070 (1,78) MAX 8 PLACES
[} [ ], GLASS
— 0.200 (5,08) SEALANT
MAX _i
- SEATING PLANE
105: |‘ 0.030 (0,76) MIN
’ 8 PLACES
BPLACES _y 0.014 (0,356)
w5 oe8 0,209 |- D023 0.584)
8PLACES 0.015(0,381)
8 PLACES
0.065 (1,65
0.015 (0.38)
4PLACES
PIN SPACING
0.100 (2,58) T.P.
{See Note b)
NOTES: a. Alldimensions are in inches and parenthetically in millimeters. Inch dimensions govern,

b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal positian.

TeEXAs INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

LP Silecti plastic package

The Silect} package is an encapsulation in a plastic compoiund specifically designed for this purpose. The package will
withstand soldering temperature without deformation. The package exhibits stable performance characteristics under
high-humidity conditions and is capable of meeting MIL-STD-202C, Method 106B requirements.

SEATING PLANE —

0.165 {4,19)
- %osgl(:,zz)) — 0125 3,17)
ee Note 0.105(267) _ 0.105 (2,67)
0.080 (2,03) 14 0.080 (2,03)
I J
0205 (621) 0.135(343)
0175 (3,43 DIA. T Ty T T T =l -
‘ ]
0.100 2 0.005 }
oz :i;: | 254:013) " § |
L~0.500 (12,7 MIN 0,050 + 0.005 3 LEADS
b Wb SEDEC T0.226AA b 1.27:013) 0.017 +0.005, —0.001 WIDE
alls Within - imensions 0.015 = 0.
{TO-226AA Replaces TO-92) o e,

{0,43 + 0,13, —0.03 WIDE
0,38 £ 0,03 THICK)
{see Note c)

:!:Trade Mark of Texas Instruments lncorporated.,
NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern,
b. Lead dimensions are not controlled in this area.
c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 {0,03).

TEXAS INSTRUMENTS

INCORPORATED
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N, NE, and NG plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 18-, 20-, or 40-lead frame and encapsulated
within an electrically nonconductive plastic compound. The compound will withstand sofdering temperature with no
deformation, and circuit performance characteristics will remain stable when operated in high-humidity conditions.
The packages are intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see Note a). Once the leads
are compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. Tin-
plated (bright-dipped) leads require no additional cleaning or processing when used in soldered assembly. The NE
package is available only in a 14-pin version and has internal metal tabs connecting the center three leads on each
side for better heat dissipation. The NG package is -available in either 14- or 16-pin versions and is intrinsically similar
to the N package but provides better heat dissipation.

14-PIN N, NE, AND NG PLASTIC

0.770 (19,6)
0.710 (18,0)
OO
ATAYAYANANYA
¢ [ 0.093(2,36) R NOM —z
1 0.300+0.010 0.110(2,79) NOM — |

(2,62 0,26) VYA VAW

] os0s0010 Glefofotofote

0.080 (2,03) NOM
0,070 (1,78]
*1 ’-_ i —-{ H (1,78) MAX 14 PLACES

—AN\ITT § " oo20005m[
0.010 (0, M MIN
(0,251 NO 4 500 (5,08) MaX )
-~ SEATING PLANE Y 5
105° 0.033 (0,83) MIN

“90%
05 14 PLACES
14PLaces  lle 00110003

(0,279 £ 0,076) 0125 (3.17) MIN -] [~ 0.018 £ 0.003
14 PLACES (0,457 £ 0,076}
0.075£0.020 | 14 PLACES
(1,90 £ 0,51}

4 PLACES PIN SPACING 0.100 (2,54) T.P.
(See Note b)

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions

16-PIN N AND NG PLASTIC

[ 0.870 (22,1) MAX
IATAVAVYATANATATA
[
| 0.300 2 0.010 0,093 (2,36) R NOM——+7)
(2820261 0.160 (4,06) NOM —fe—=
+-0.250 £ 0.010 Y AYE YA EYE Y
s ojclololelolelo]
1 0.080 (2,03) NOM
ﬂ r_ 0.070 (1,78) MAX 16 PLACES
: il
\! —!— ’ 0.020 (0,51} | |
0.010 (0,25) NOM MIN
0200 (5,08 MAX "y
ING PL.
108° ¥ 0,033 (0,83) MIN
|5PLOX:‘,ES_'“‘ - 16 PLACES
0112 0.1 I~
0.0 .
(0,279 £ 0,076) 0125 (3,17 MIN > o .‘s: ’.5332,
18 PLACES 0.095 (2,")_. 16 PLACES
0.015{0,38) PIN SPACING 0.100 (2,54) T.P.
4PLACES {See Note b)

ALTERNATE SIDE VIEW

N N
Pacl f" configuration of —»{ |*-0.070 (1,78) MAX 16 PLACES
6-pin N packege (ses 0020 (057)
altarnative sideviews) is ¥ T ] ]
at the option of T. 0200(5.08) MAX 'y H J_g
,{ [« U .033 (0,83)MIN
¥ lJ 12 PLACES
0,125 (3,17) MIN |- 0018 :u.on3)
(0,457 £ 0,076)
0.095(2,41) 16 PLACES
0.015 {0.38) PIN SPACING 0.100 (2,54) T.P.

4PLACES (See Note b)

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)

[}
| 0.300+0.010
(7,62 0,26)

0.275 (6,99) MAX

0.080 (2,03} NOM

L 0.010 (0,25) NOM

——SEATING PLANE

-

05°

18-PIN N PLASTIC

0.093 (2,36) R NOM ——]

0.920 (23 4) MAX

olololololelololo
[ATATATATANATATA
==

———

0.160 (4,06) NOM ———
(VAVAVAVAVEAVAVAVAW,
OOOOOEEOOE

"I “%&% MAX 18 PLACES
0.020 (0,51)
0200 (5,08) MAX  MIN

| [} 0.035 (0,76 M

pu Y

p——= 0,080 (2,03) NOM

—.I

1050
s N 18 PLACES
125 (3, 018 £ 0,00
A L I
18 PLACES 18 PLACES
0.075 (1,91) —] PIN SPACING 0.100 (2,54) T.P.
0,009 (0.22) (See Note b)
4 PLACES
20-PIN N PLASTIC
1.070 (27,2)
0.920 (23,3)
® OEOO®EOO
[ATATATAYANAYAYAYANA
1 & 0093 (2,38) R NOM——Q
s ooey 0,160 (4,06) NOM ——
\WAVAVAWAWAVAYAVAV AW
' 275 (699 MAX 0]0]6]0]0]016]0]010

P—omo (1,78} MAX 20 PLACES

0.075 {1,91) >

L 0,020 (0.51) |
0.010 (0,25) NOM
‘ 0200 (5,08 Max  MIN
~—SEATING PLANE
105 } »f| [pe-0.033 083 Min
90’ 20 PLACES
20 PLACES —3 —
,\\. 0.011£0.003 0,155 (3,94) | le—o aote 20003
(0,279 £ 0,076) 0125 (3,17) ( A% £ 0%
20 PLACES LA
0.075 (1,91) =% PIN SPACING 0.100 (2,54) T.P.
0.009 (0,22) (Sea Note b)
4 PLACES
ALTERNATE SIDE VIEW
—»{ e~ 0,070 (1,78) MAX 20 PLACES
0.020 (0,51) ]
MIN
0.200 (5,08) MAX 3 ]
Package configuration of ? _,i | 0033 (0.83) MIN
20-pin N package (see 16 PLACES
i is -
at the option of TI. }-— 0.018 ¢ 0.003
0155 (394) _.{ (0,457 £ 0,076}
0125 (317) 20 PLAGES

PIN SPACING 0.100 {2,54) T.P.

42

i hnces. (Soe Note )
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ORERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)

40-PIN N PLASTIC
2.090 (53,1) MAX

@)

%0) 3)
Hﬁﬁﬁﬁﬁhﬁﬁhﬁﬁﬂﬁﬁr—\f—"‘lr‘\g

EITHER<:]
INDEX

51_"_!\_“_“_JLJI_JI_H_H_H_H_H_]\_H_J|_||_H_I
1

)
& oe00:000_ %
(1524 + 0,26)
0,020 (051)
N — ¥
0.200 (5,08) MAX
~ SEATING PLANE
10 ¥ 0.135 (317) MIN
00112 0.003 0018 0003 ot =
0279+ o,on)"\r (0,457  0,076) 0.033 (0,84) MIN
PIN SPACING 0.100 (2,54) T.P. g'g ::}:i
{Sea Nota b) 0.060 (1,52) NOM ’

NOTES: a. Alldimensijons are in inches and parenthetically in miilimeters. Inch dimensions govern,

b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition.
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

P plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on an 8-lead frame .and encapsulated within a plastic compound.
The compound will withstand soldering temperature with no deformation and circuit performance characteristics
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows
on 0.300-inch (7,62) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided
to secure the package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or
processing when used in soldered assembly.

8-PIN P PLASTIC b— amuo,;mu—ﬂ
®0 0606

aAram
INDEX DOT
40
[3 . 3  E I ) N
.300 (7,62} TP,
(Sve Note) ONONONO)
0.250 : 0.010 H_ﬂ.°7° 11,78) MAX
16,35 ¢ 0,026) L

042001(5,0')
Max L:]

-Lssnmc PLANE T 0033 (0,86 MIN
GAUGE PLANE -.{ 033 (0.
0.020 (0,51
0030078 w(uj ) 8PLACES
0.000 (0,001
0125 (3.17) 0,018+ 0,003
‘X\'_MN +0.003 MIN "I L"m,ln 40,076}
10,279 £ 0,076 8PLACES
8PLACES 0100 (254) T.P.
6 PLACES
(Ses Nota b)

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern,
b. Each pin is within 0,005 (0,127) radius of true position {TP) at the gauge plane with maximum material condition and unit installed.
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

U ceramic flat packages

These flat packages consist of a ceramic base, ceramic cap, and 10- or 14- lead frame. Circuit bars are alloy-mounted.
Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional cleaning or processing
when used in soldered assembly.

10-PIN U CERAMIC 14-PIN U CERAMIC
00000
0.006 (0,153) 0.019 (0,483) O... PIN SPACING
T een  Gowemn 080 (1217 OEROBOO,,
10 LI 10 LEADS (Sea Nota b) 0.008 (0,153)
el S 0am) 14 LenDs 00w 1 7.
0.350 (8,89) W
0.200 (5,08) 0.360 (8,89)
0200 (5,08)
.‘ - L T St RS e lelalalnlele
0.300(7,62) 0.250 (6.35) L& il
1.000 (25,4) No 1.000 (25,4 0.300 (7.62) 0265 (6,73)
0750 (19,0} (Ses Notac) 0235 (6.97) 0.780(19.0) {5eeNota ) 0235597
ALTERNATE
P A i, |
won | $- i '
0.080 (2,03 't:' _______ 7 0080 (2,03) Nyt B I N NN
0.050 (127) " 060 (1.27)™
0350 (8.,89)
0.350 (8,88) 0.200 (5,08)
0200 (5.08)
0.060 (1,271 = \‘
0050 (121 | [— "% sos a2 ™ M - -%;%E%s’;ﬂ‘:u LEADS
e e 0/0(0/0]00.0;
Falls Within JEDEC MO-004AE Dimensions Falls Within JEDEC MO-004AA Dimensions
NOTES: a. All dimensions are in inches and parenthetically in millimeters, Inch dimensions goven.
b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition.
c. This dimension determines a zone within which all body and lead irregularities lie.
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ORDEING INSTRUCTIONS AND MECHANICAL DATA

W ceramic flat packages

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap and a 14- or
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional
cleaning or processing when used in soldered assembly.

46

14-PIN W CERAMIC 16-PIN W CERAMIC
OEEO®OE RO
0.008 (0,182 .006 {0,152 0050 (1.27) TP
0.003 (0,076) *[* 0.060 (1,27) TYP 0,003 0,076) "1 - 14 PLACES.
U LEADS I 12PLACES
(See Note bl 16 LEADS {Sea Note b}
e 18,85) 0350 (8,89)
.. .. B 0.310 (7,87}
BASE AND
N I —— snns L ssnoe
1 —T MLEADS :ﬁ;-muu:\_ (—— -~y —_—— I "1 eceaos
0278 (2.0) 0.300 (7.
) (;:J: wwa ‘ nava P pereed Now
a 0.960 {24 4)
]:;;: (: ::) 0.840 (23.8) 0.285 (7, 1':0' d)\;
2 0.247 (6,27)
-l - . | 7
smam | L T R T
: 0.080 1103)_. -
0.315 (8,00} 0.050(1,27)
0.270 (6,85)
0.350 (8,89)
0310787}
0060 (1,02 of |y 0.350 (8.09 e 9025 (0.84)
0.620 (0.8%) r*— D337 fa 561 " '2",‘:12;’:' o0t0(103 U, ooz osu
0l6/0l0]0l0/a) Somwsn ] [ h———nate [T OROC
Falls Within JEDEC MO-004AA Dimensions Falts Within JEDEC MO-004AG Dimensions
NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern,

b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition.
This dimension determines a zone within which all body and lead irregularities lie.
{ndex point is provided on cap for terminal identification only

c.
d.
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SELECTION GUIDE

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B |Vio | o | Avb | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \" DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX { MAX MIN | TYP| TYP | MAX MIN MAX
75 2 10 50 1 0513 5 +22 High Performance LM101A J,JG, U, W 59
02| 6 0.1 4 1 3.6 | 0.25 +18 |[BIFET, Low Power TLO6OM JG 1156
0.2 6 0.05 50 3 13 25 5 18 BIFET, Low Noise TLO70M JG 131
0.2 6 1 50 3 13 28 +3.6 £18 BIFET, General Purpose TLO8BOM JG 139
10,000 5 2,000 14 0.5 1.7 | 6.7 —7,+14| General Purpose TL702M J, U W 157
5000 2 500 25 | 05 1.7 | 6.7 —7, +14| General Purpose uA702M J,JG, U, W 163
200 ( 2 50 25 1 0.3 | 3.6 +18" | General Purpose uA709AM | J,JG, U 167
500 5 200 25 1 03 [ 5.5 +18 General Purpose uA709M J, JG 167
500 5 200 50 1 05 |28 +2 +22 | General Purpose uA748M J,JG, U, w 181
Industrial Temperature Range {—25°C to 85°C)
75 2 10 50 1 05 (3 5 +22° High Performance LM201A J,JG,N,P 59
0.2 6 0.1 4 1 3.5 | 0.25 1.6 ¢ BIFET, Low Power TLO60! JG, P 115
0.2 6 0.05 50 3 13 25 +356 +18 BIFET, Low Noise TLO70t JG, P 131
0.2 6 0.1 50 3 13 2.8 +3.6 *18 BIFET, General Purpose TLO8O! JG, P 115
Commercial Temperature Range (0°C to 70°C)
250 7.5 50 25 1 05 |3 +5 +18 High Performance LM301A J,JG,N, P 59
04 15 0.2 -3 1 3.5 | 0.25 ¥1.5 18 BIFET, Low Power TLO60C JG,P 115
0.2 6 0.1 4 1 3.5} 0.25 +1.5 18 BIFET, Low Power TLOB0AC | JG,P 115
04| 15 0.05 25 3 13 25 +3.5 18 BIFET, Low Noise TLO70C JG, P 131
0.2 6 0.05 50 3 13 2.5 +3.5 :18 BIFET, Low Noise TLO70AC | JG,P 131
0.2 6 0.1 50 3 13 28 +3.6 18 BIFET, General Purpose TLO8OAC | JG,P 139
04| 15 0.2 25 3 13 2.8 +3.5 +18 BIFET, General Purpose TLO80C JG, P 139
15,000 | 10 5,000 1 0.5 1.7 | 7 —7,+14| General Purpose TL702C J,JG,N 163
1,500 7.5 500 12 1 03 (55 +18 General Purpose uA709C J,JG,N, P 167
500 6 200 { 20 1 05} 28 +2 +18 | General Purpose uA748C J,JG,N, P 181
100 5 20 25 1 05 | 3.3 +5 +22 High Performance uA777C J,JG,N,P 185
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

s | Vio} o | Avp| B1 | SR | Icc Vee
nA | mv | nAa | V/imV|MHz| V/ius| ma v DESCRIPTION DEVICE | PACKAGE | PAGE
MAX | MAX [ MAX | MIN [ TYP[ TYP | MAX | MIN® MAX
75 | 2 10 50 1| 05[] 3 +2 +22 | High Performance LM107 J,JG, U, W 62
800 2 200 50 | 10 |13 6.5 +3 +22 | Low Noise
Vp =4 aV//HZ Typ SES5534 JG 105
800 2 200 50 | 10 | 13 6.5 3 £22 | Low Noise
Vp=45nV/\/HZMax | SES534A | JG
02| 6 0.1 4 1] 35( 02 +15 18 | BIFET, Low Power TLOBIM | JG,U 105
02| 6 0.05| s0 3 |13 25 +35 18 | BIFET, Low Noise
Vp = 18 nV/A/HZ Typ TLO7IM | JG 131
062] 6 0.1 50 3|13 2.8 +3.6 +18 | BIFET, General Purpose TLOBIM | JG 139
02| 2 0.1 50 3 |13 238 +4 +18 | BIFET, Low V|g TLO8BM | JG;u
150 5 30 50 1| 05| 1.0 +3 +32 | General Purpose, TL321M | JG 151
500 5 200 50 1 0.5 28 +2 +22 | General Purpose uA741M J,JG, U, W 173
Industrial Temperature Range (—25°C to 85°C)
75 2 10 50 1 05[] 3 +2 +22 | High Performance LM207 N 62
250 4 50 50 | 15 |70 8 +20 | High Performance LM218I JG, P 73
02| 6 0.1 4 14 35| 025| 15 =18 | BIFET, Low Power TLO611 JG, P 115
02| 6 0.1 4 1| 35| 025| 215 18 | BIFET, Low Power TLOG6I JG,P 123
02| 6 0.05| 50 3 |13 25 +35 18 | BIFET, Low Noise TLO71I JG,P 131
0.2 6 0.1 50 3 |13 2.8 +3.5 +18 | BIFET, General Purpose TLO81I JG, P 139
04 | 05 0.1 50 3 |13 2.8 +4 +18 | BIFET, Low Offset TLOS7I JG, P 147
04| 3 0.1 50 3 (13 28 +4 +18 | BIFET, Low Offset TLOSSI JG,P 147
150 5 30 50 1 05| 1 +3 +32 | General Purpose TL3211 JG, P 151
TEXAS INSTRUMENTS 49
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B |Vio | o | Avp| By | SR | Icc Vee
nA mvV nA V/mV| MHz | V/us| mA \ DESCRIPTION DEVICE PACKAGES | PAGE
MAX [IMAX [ MAX MIN [ TYP | TYP | MAX MIN  MAX
250 75 50 25 1 05 3 +2 18 High Performance LM307 J,JG,N, P 62
500 |10 200 25 15 |70 10 +20 | High Performance LM318 JG,N, P 73
1,500 4 300 25 10 |13 8 +3 +22 Low Noise
Vi =4 nV/A/HZ Typ NES534 | JG,P 105
1,500 4 300 25 10 (13 8 +3 +22 | Low Noise
Va=45nV/\/HzMax | NES534A | JG,P 105
02| 6 01 4 1 3.5 0.25 +15 £18 BIFET, Low Power TLOB1AC | JG,P 116
0.2| 3 0.1 4 1 3.5 0.25 +16 18 BIFET, Low Power TLO61BC JG, P 116
0.4 15 0.2 3 1 3.5 0.25 +1.5 +18 BIFET, Low Power TLOG1C JG, P 115
02| 6 01 4 1 35 0.25 +15 218 BIFET, Low Power
with Power Control TLOBB6AC | JG,P 123
0.2 3 1 4 1 35 (. 025 +15 *18 | BIFET, Low Power
with Power Control TLO66BC | JG,P 123
0.4/| 15 2 3 1 3.5 0.256 1.5 +18 BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 0.05| 50 3 |13 25 35 +18 | BIFET, Low Noise
Vp, = 18 nV/\/HZ Typ TLO71AC | JG,P 131
0.2] 3 0.05 50 3 |13 25 3.6 +18 BIFET, Low Noise
Vp=18 nV/\/r'l;Typ TLO71BC JG,P 131
0.2} 10 0.05 25 3 |13 25 3.5 +18 BIFET, Low Noise
Vi, = 18 nV/\/Hz Typ TLO71C JG, P 131
0.2| 6 0.1 50 3 |13 28 +35 18 BIFET, General Purpose TLOB1AC | JG,P 139
0.2] 3 0.1 50 3 {13 2.8 +3.5 +18 | BIFET, General Purpose TLOB1BC | JG,P 139
0.4} 15 0.2 25 3 |13 28 +3.5 18 BIFET, Generat Purpose TLO81C JG, P 139
04| 05 0.2 25 3 |13 238 +4 +18 | BIFET, Low Vipo TLO8B7C JG, P 147
04| 2 0.2 25 3 |13 28 x4 18 BIFET, Low V|o TLOBBC JG, P 147
250 7 50 25 1 0.5 1.0 +3 +32 | General Purpose, TL321C JG, P 151
500 6 200 20 1 0.5 28 +2 +18 | General Purpose uA741C J,JG,N, P 173
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B |Vio| llo | Avb| By | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \ DESCRIPTION DEVICE PACKAGES | PAGE
MAX [ MAX | MAX MIN | TYP | TYP | MAX MIN MAX
150 5 30 50 1 03 0.6 +3 +32 | General Purpose LM158 JG KAl
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 15 28 +22 High Performance RM4558 JG 103
100 5 40 4 05 0.5 0.1 2 22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 5 18 BIFET, Low Power TLO62M JG, U 115
0.2 6 0.05( 50 3 13 25 £3.5 +18 | BIFET, Low Noise
Vi = 18 nV/\/Hz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 28 5 +18 | BIFET, General Purpose TLO82M JG 139
0.2 6 0.1 50 3 13 28 3.5 18 BIFET, General Purpose TLO83M J 139
500 5 50 50 1 0.6 4 +3 +36 General Purpose TL322M JG 153
500 5 200 50 1 05| 28 +2 +22 | General Purpose uA747M J, W 177
Automotive Temperature Range (—40°C to 85°C)
[s00 J10 [ 60 J 100 1 [o03] 06 | =3 +26 | General Purpose LM2904 | JG,P,U 83 |
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM258 JG,P, U n
500 8 75 20 1 0.6 4 +3 +36 | General Purpose TL3221 -JG,P 153
0.2 6 0.1 4 1 35 0.25 1.6 +18 BIFET, Low Power TLO62I JG,P 115
0.2 6 0.05 50 3 13 2.5 +35 18 BIFET, Low Noise TLO721 JG,P 131
0.2 6 01 50 3 13 28 +3.5 18 | BIFET, General Purpose TLO82I JG,P 139
0.2 6 041 50 3 13 2.8 +3.6 +18 | BIFET, General Purpose TLO831 J,N 139
04 0.5 0.1 50 3 13 2.8 +3.5 +18 | BIFET, Low Offset TL287I JG,P 147
0.4 3 0.1 50 3 13 28 3.5 +18 BIFET, General Purpose TL288I JG, P 147
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

he [ Vio| ho | Avb | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \" DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP [ TYP | MAX MIN  MAX
250 7 50 25 1 0.3 0.6 +3 +32 | General Purpose LM358 JG, P 7
500 6 200 20 1 0.6 28 +2 +18 | General Purpose MC1458 JG, P 85
800 4 150 25 |10 9 8 +22 Low Noise
Vp, =5 nV/\/Hz Typ NES532 JG, P a3
800 4 150 256 |10 9 8 +22 Low Noise
V, =5nV/\/Hz Typ NES532A | JG, P 93
1500 4 300 25 |10 13 8 +22 Low Noise
Vp =4 nV/\/Hz Typ NE5533 J,N 97
1500 4 300 25 |10 13 8 +22 Low Noise
Vp = 3.5nV//Hz Typ NE5533A | J,N 97
500 6 200 20 3 1 2.8 +18 | High Performance RC4558 JG, P 103
250 5 80 1 05 | 05 0.125 2 +18 Low Power TLO22C JG, P 109
0.2 6 0.1 4 1 3.5 0.25 5 18 BIFET, Low Power TLO62AC | JG,P 116
0.2 3 0.1 4 1 35 0.25 +18 BIFET, Low Power TLO62BC | JG,P 115
04| 15 0.2 3 1 3.5 0.26 +18 BIFET, Low Power TLO62C JG, P 115
02 6 0.05 50 3 13 25 ES 18 BIFET, Low Noise
V=18 nV/\/HZ Typ TLO72AC | JG,P 131
0.2 3 0.05 50 3 13 25 3.5 18 BIFET, Low Noise
Vi, = 18 nV/\/Az Typ TLO72BC | JG,P 131
02| 10 0.05 25 3 13 25 +3.5 18 BIFET, Low Noise
Vi =18 nV/\/Hz Typ TLO72C JG, P 131
0.2 6 0.1 50 3 13 28 +35 18 BIFET, General Purpose TLO82AC | JG,P 139
0.2 3 0.1 50 3 13 28 +36 18 BIFET, General Purpose TLO82BC | JG,P 139
04| 15 0.2 25 3 13 28 +3.5 +18 | BIFET, General Purpose TLO82C JG, P 139
0.2 6 0.1 50 3 13 28 +3.6 18 BIFET, General Purpose TLO83AC | J,N 139
04| 15 0.2 25 3 13 2.8 +3.5 18 BIFET, General Purpose TLO83C J,N 139
04 0.5 0.1 25 3 13 2.8 +4 +18 BIFET, Low Offset TL287C JG, P 147
04 3 0.1 25 3 13 28 +4 +18 BIFET, General Purpose TL288C JG, P 147
500 10 50 20 1 0.6 4 +3 +36 | General Purpose TL322C JG, P 183
500 6 200 25 1 0.5 28 2 +18 General Purpose uA747C J,N 177
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B [Vio | o [Avp| B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA v DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
150 5 30 50 1 05 0.5 +3 +32 | General Purpose LM124 J,u 65
500 5 200 50 35 15 28 +4 +22 | High Performance RM4136 J, U 101
100 5 40 4 0.5 0.5 0.1 +2 +22 Low Power TLO44M J, U 112
0.2 9 0.1 4 1 35 0.2 +15 18 | BIFET, Low Power TLO64M JwW 115
0.2 9 0.05 50 3 13 25 +3.6 +18 BIFET, Low Noise
Vp, =18 nV/y/Hz Typ TLO74M | J W 131
0.2 9 0.1 50 3 13 28 +35 18 | BIFET, General Purpose TLO84M JW 139
100 5 25 50 1 0.5 3.6 +22 | General Purpose LM148 J 67
100 2 25 05 |12 +45 +36 General Purpose LM1900 Jd 77
500 5 50 50 1 0.6 4 +3 +36 | General Purpose MC3503 J 89
Automotive Temperature Range (—40°C to 85°C)
200 1.2 256 05| 10 +4.65 432 | General Purpose LM2900 J,N 77
500 10 50 100 5 1 5 +3 +26 | General Purpose LM2902 J, N 81
500 8 75 20 1 0.6 7 +3 +36 | General Purpose MC3303 J,N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 05| 3 +3 +32 | General Purpose, LM224 J,N 65
200 6 50 25 1 0.5 4.5 +18 | General Purpose LM248 J N 67
0.2 6 0.1 4 1 35 0.25 +1.5 18 BIFET, Low Power TLO64I J, N 1156
0.2 6 0.05 50 3 13 25 +35 18 BIFET, Low Noise TLO74I J, N 131
0.2 6 0.1 50 3 13 238 +3,5 18 | BIFET, General Purpose TLO84I J, N 139
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B | Vio | ho | Avp| B1 [ SR | Icc Vece
nA mV nA V/mV | MHz | V/us | mA v DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
250 7 50 25 1 05 0.5 +3 +32 | General Purpose LM324 J,N 65
200 6 50 25 1 0.5 45 +18 | General Purpose LM348 J,N 67
200 1.2 25| 05 | 10 +45 * +32 | General Purpose LM3900 4, N 77
500 | 10 50 20 1 06 7 +3 +36 | General Purpose MC3403 J,N 89
500 6 [200 20 3 1 2.8 4 +18 | High Performance RC4136 J,N 101
250 5 80 1 05| 05 0.125] 2 +18 Low Power TLO44C J,N 112
0.2 6 01 4 1 35 0.25 16 +18 BIFET, Low Power TLOB4AC | J,N 115
0.2 3 0.1 4 1 35 0.25 +15 18 BIFET, Low Power TLO64BC | J, N 115
04| 15 0.2 3 1 3.5 0.25 1.5 =18 BIFET, Low Power TLO64C J,N 115
0.2 6 0.05| 50 3 13 25 3.5 18 BIFET, Low Noise |
Vp, = 18 nV/J/Hz Typ TLO74AC | J,N 131
0.2 3 0.05| 50 3 13 25 +35 18 BIFET, Low Noise
V=18 nV/\/Hz Typ TLO74BC | J,N 131
0.2| 10 0.05; 25 3 13 25 +35 18 BIFET, Low Noise
Vq =18 nV/\/Hz Typ TLO74C J,N 131
0.2| 10 0.05| 25 3 13 25 +35 18 BIFET, Low Naise
Vi, = 18 nV//Hz Typ TLO75C N 131
0.2 6 0.1 50 3 13 28 +3.,6 +18 | BIFET, General Purpose TLO8B4AC | J,N 139
0.2 3 0.1 50 3 13 28 +3.5 +18 | BIFET, Genera! Purpose TLO84BC | J,N 139
0.4 15 0.2 25 3 13 28 +35 18 BIFET, General Purpose TLO84C J, N 139
0.4| 15 0.2 25 3 13 28 +3.56 +18 | BIFET, General Purpose TLO85C N 139
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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.
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rg) are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ay0)

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.

(Vip@Ta(1)) —(VI0 @ TA(2))

where TA(1) and TA(2) are the specified temperature extremes.
TA(N) —TA(2) a @

avio =

Input Offset Current (1jg)
The difference between the currents into the two input terminals with the output at zero volts.
Average Temperature Coefficient of Input Offset Current (a}0)

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. n

I —(ho®@T
Qo = tho®Tan) —(ho A@) where TA(1) and TA(2) are the specified temperature extremes.
Ta(1) —TA((2)

Input Bias Current (lg)

The average of the currents into the two input terminals with the output at zero volts.
Common-Mode Input Vo]tage (Vic)
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 (V|p)
The voltage at the noninverting input with respect to the inverting input.
Maximum Peak Output Voltage Swing (Vop)

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the
quiescent d-c output voltage is zero.

Maximum Peak-to-Peak Output Voltage Swing (Vopp)

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c
output voltage is zero.
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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.
Maximum-Output-Swing Bandwidth (Bopn)

The range of frequencies within which the maximum output voltage swing is above a specified value.
Unity-Gain Bandwidth (Bq)

The range of frequencies within which the open-loop voltage amplification is greater than unity.
Phase Margin (¢p,)

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

Gain Margin (Apy,)

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

Input Resistance (r;)

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.
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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 (kgys, AVjo/AVce)
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/AV )
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.
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
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, T, at all frequencies to (2) that part of (1) caused by
the noise temperature of the designated signal-input termination within a designated signal-input frequency band.

Short-Circuit Output Current (I0g)

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 =Vce+ * Icc+ + Vee—-- lcec—

Channel Separation (Vo1/Vg2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another
channel.
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Rise Time (t;)
The time required for an output voltage step to change from 10% to 90% of its final value.
Total Response Time (Settling Time) (tyot)

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 (t€) 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.
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11432, JANUARY 1971—REVISED OCTOBER 1979

Low Input Currents .
Low Input Offset Parameters

Designed to be Interchangeable with
National Semiconductor LM101A and LM301A

®  Frequency and Transient Response ® N‘_’ Latch-Up
Characteristics Adjustable e  Wide Common-Mode and
e  Short-Circuit Protection Differential Voltage Ranges
e  Offset-Voltage Null Capability e  Same Pin Assignments as uA709
description

The LM101A, LM201A, and LM301A 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 protected to withstand short-circuits at the output. The external
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between
the offset-null inputs (N1 and N2), as shown in Figure 7, to null out the offset voltage.

The LM101A is characterized for operation over the full military temperature range of —55°C to 125°C, the LM201A
is characterized for operation from —25°C to 85°C, and the LM301A is characterized for operation from 0°C to 70°C.

terminal assignments

JOR N DUAL-IN-LINE JGORP

OR W FLAT PACKAGE

DUAL-IN-LINE

'UFLAT PACKAGE

(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET OFFSET
e Ne cow vee. T mb We com veer por 0'?22? e comr Vecr outeut WG
wiji{jnjjwe]jslls s 171165 @@@@
M 1 1
— 1
& 1
3B KN 3 I T POOO®O
NC  NC OFFSET INV  NON- Vgo-  NC
NULL/ INPUT  INV OFFSET INV  NON- vee. NC OFFSET INV NON  Vee_
comp INPUT NULL/ INPUT  INV NULL/ INPUT IRV
INT ‘iﬁ":" INPUT (‘;ﬁ:l)l’ INPUT

NC—No internal connection

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

LM101A LM201A LM301A | UNIT

Supply voltage Vcc+ (see Note 1) 22 22 18 \
Supply voltage Ve (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 \
Voltage between either offset null terminal (N1/N2) and Veo— —0.51t0 2 —-0.5t02 —0.5t0 2 \4
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 500 mwW
Operating free-air temperature range —55 to 125 —25 to 85 0to 70 °c
Storage temperature range —65 to 150 | —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °c

NOTES:

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

Differential voltages are at the noninverting 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 volts, 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 temperature, refer to Dissipation Derating Table. In the J and JG packages, LM101A chips are
alloy-mounted; LM201A and LM301A chips are glass-mounted.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 500 mW 11.0 mW/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2 mW/rC 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mW/°C 90°C
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 74°C
N 500 mW 9.2 mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C
U 500 mW 54 mW/C 57°C
w 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature, Cc = 30 pF (see note 6)

1 LM301
PARAMETER TEST CONDITIONST LM101A, LM201A A UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.6 2 2.0 7.5
\ Input offset voltage Rg =50k mV
10 P 9 s Full range 3 10

Average temperature coefficient
avio . o P Full range 3 15 6 30 | uv/°C
of input offset voltage

25°C 1.5 10 3 50
o Input offset current nA
Full range 20 70
Ta=-55"Cto25°C 0.02 0.2
Average temperature coefficient Ta =25°C to MAX 0.01 0.1
o110 ) — 5 nA/°C
of input offset current TA=0"Cto25°C 0.02 0.6
Ta=25°Cto70°C 0.01 0.3
. 25°C 30 75 70 250
g Input bias current nA
Full range 100 300
C n-mode
VicR Jemme SeeNote7  |Fullrange | 15 12 v
input voltage range
Vees =$16V, [25°C 24 28 24 28
v Maximum peak-to-peak RL =10k Full range 24 24 v
oppP output voltage swing Vces =15V, [25°C 20 26 20 26
RL=2kQ Full range 20 20
Veg: = 15V, :
Large-signal differential CCt 25°C 50 200 25 200
Avbp - Vo =%10V, Vimv
voltage amplification RL > 2ka Full range 25 15
ri Input resistance 25°C 1.5 4 0.5 2 MQ
25°C 80 98 70 920
CMRR Common-mode rejection ratio | Rg = 50 k§2 dB
Full range 80 70
Supply voltage rejection ratio °C
KSVR pply ge rejecti i Rs = 50 kQ 25°C 80 98 70 96 -
(AVee/avio). Full range 80 70
No load, 25°C 18 3| . 1.8 3
lce Supply current No signal, mA
See Note 7 MAX 1.2 25

TAll characteristics are specified under open-loop operation. Full range for LM101A is ~65°C to 125°C, for LM201A is —25°C to 86°C, and
for LM301A is 0°C to 70°C. ’
NOTES: 6. Unless otherwise noted, Vcc+ = #5 V to $20 V for LM101A and LM201A, and Vs = $5 V 1o +15 V for LM301A. All typical
values are at Voot = 15 V.
7. For LM101A and LM201A, Vce: = $20 V. For LM301A, Ve = £15 V.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

1j0—~Input Oftset Current—nA

Ay p-Differential Volatage Amplification—V/mV

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

T T

Vecs =15V
8 M301A

U

\
2
. LMIO1A
LM201A

o
-75 -850 -25 o 25 50 7% 100 125

TA~Free-Air Temperatura—"C

FIGURE 1

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

400
[RL=2kn =
Ta=25°C

200 1

LT
AT |
100 t
L)
t
40 ]
LM301A =l
LM101A
20 LM201A T
10
2 4 6 -8 100 12 14 16 18 20

IVees F-Supply Voltage—v

FIGURE 4

TYPICAL CHARACTERISTICS

lig—Input Bias Current—nA

Ayp—Differential Vottage Amplification

INPUT BIAS CURRENT

us
FREE-AIR TEMPERATURE
100 . .
Veee =315V
. \
\ LM301A
60 N
N
N
a0
LM101A ~
LM201A
20
—1 |
%% 60 25 0 25 5 75 100 125
Ta-Free-Air Temperature—"C
FIGURE 2
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
107 - T T
Vege =15V
108 Ry =2kn
Cc=30pF
105 N TA =25°C
104
103
102
101
1
10-1

110 100 1k
#—Frequency—Hz

FIGURE 5

10k 100k 1M 10M 100M

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

- vs FREQUENCY
> LSRR
! Vees =215V
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% Ta=25°C
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FIGURE 3

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

8 L —
6 VCC:=3‘5V___
RL=2kR
r=1 CL = 100 pF
74 [ 3 Cc=30pF  —
H -3
g oUTPUT 1\ TanxC
g, !
o
> ]
2 1
2 o I
s 1l
3 / INPUT 1 \
T 1
.
3 1
H
2
- [ AN
-6
-8
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t~Time—us
FIGURE 6

TYPICAL APPLICATION DATA

RL>
2k

Cc =

R3 =

R2
R1

R1-30 pF
R1+R2

R1-R2

R1+R2

FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR _ ,
INTEGRATED TYPES LM107, LM207, LM307
CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 11426, DECEMBER 1970-REVISED OCTOBER 1979

® Low Input Currents ® Short-Circuit Protection
- ® No Frequency Compensation Required ® No Latch-Up
® Low Input Offset Parameters ® Wide Common-Mode and

Differential Voltage Ranges

description

The LM107, LM207, and LM307 are high-performance operational amplifiers featuring very low fnput 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.

terminal assignments

J OR N DUAL-IN-LINE JGORP
OR W FLAT PACKAGE DUAL-IN-LINE U FLAT PACKAGE
(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
ourT. our- Ozsitf
NC NC NC Vees  PUT NC NC NC Vees PUT NC

NG comp  Vees ouTPUT INZ)

ininlE 636T ¢

—
L] ¥ L] ¥ L]
T2 T3 ONONONONO.
RS e e et e L NG OFRSET v NOW Ve
INPUT NV INPUT  INV ) . comp INPUT
INPUT INPUT

N1)

NC—No internal connection

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

. LM107 LM207 LM307 UNIT
Supply volitage Veic+ (see Note 1) 22 22 18 \
Supply voltage Voo (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 \
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 mwW
Operating free-air temperature range —551t0 1256 | —251t085 0to 70 °C
Storage temperature range —65t0 150 | —6510 150 | —6510 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES: 1. Al voltagé values, unless otherwise noted, are with respect to the midpoint between Vee+ 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.
a

. 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.

. For operation above 26°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM107 chips are
alloy-mounted; LM207 and LM307 chips are glass-mounted. ’
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 500 mW 11.0mW/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2mwW/°C 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mw/C’ 90°C
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C - 74°C
N 500 mW 9.2mW/°C 96°C
P 500 mW 8.0 mwW/C 87°C
U 500 mW 54 mW/C 57°C
w 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.

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

LM107, LM207 LM307
PARAMETER TEST CONDITIONS? PYITY P MAX PYITY VP MAX UNIT
Vio Input offset voltage Rg = 50 kQ2 125°C 0.6 2 2 7.5 mvV
Fulf range 3 10
o s oo e
ho Input offset current 25°C 15 10 3 50 nA
Full range 20 70
Tp =-55°Cto 25°C 0.02 0.2
Average temperature coefficient TA = 25°C to MAX 0.01 0.1 o
a0 . 5 o nA/°C
of input offset current Ta=0"Cto25°C 0.02 0.6
TaA =25°Cto 70°C 0.01 0.3
{IT:} Input bias current 25°C - 30 5 70 250 nA
Full range 100 300
VicR .Common-mode See Note 7 Full range +15 +12 \"
input voltage range -
Ve = £15 V,[25°C 24 28 24 28
Vopp Maximum peak-to-peak Ry =10k§2 Full range 24 24 v
output voltage swing Vce: =315V, 25°C 20 26 20 26
RL=2kQ Full range 20 20
Large-signal differential Vee: =18V, 25°C 50 200 25 200
AvpD . Vo =310V, VimV
voltage amplification RL > 2kQ Full range 25 15 .
[ Input resistance 25°C 1.5 4 0.5 2 mMQ
o . 25°C 80 98 70 920
CMRR Common-mode rejection ratio | Rg = 50 k2 Fall range 20 70 dB
ksVR Supply voltage rejection ratio Re = 50 k2 25°C 80 98 70 96 B
(AVge/av)po) S Full range ' 80 70
No load, 25°C 18 3 1.8 3
| Supply current No signal, mA
cc PPy See Note 7 MAX 1.2 25

T All characteristics are specified under open-toop operation. 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 Voo = 5V to $20 V for LM107 and LM207, and Vg = 5 V to £15 V for LM307. All typical values
areat Voot = 215V,
7. For LM107 and LM207, Vs = #20 V. For LM307, Veg: = $15 V.
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4 T T 100 —
Veer =15V Veee =15V
il
g . \
3 k4
.'é \\ Lm307 é \ e
3 AN 5 e
¥ I % AN
S E
3 [
g g —? LMi07
5 Lm107 @ Lm207t
=1 Lm207t .
\_5_
0 [
~75 -50 -25 ©0 26 S0 75 100 125 -75 -0 -25 0 25 S0 75 100 125
Ta~-Free-Air Temperature—"C Ta-Free.Air Temperature="C
FIGURE 1 FIGURE 2
MAX{MUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
. ML ¢ 11
# 28 RECx’to'm H 6 Vees =15V
H Th-25°C | RL=2k82
> > 4 T CL =100 pF
% 24 : ot
H [ | 1\ Ta-2sc
& g OUTPUT
$ w {: 4
2 2 .
S 16 20 "
3 3 Z INPUT ¢ \
S 12 ? 2 '
: A\ 10
g 8 & -4 - \
2 - {--F
- -
? 4
<] -8

1 2 4 710 20 4 100 0 10 20 30 40 50 60 70 80 90
f~Frequency—kHz t-Time—us
FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREQUENCY
400 107 T T
LR =2k .-
B Ta=25°C P g 108 \;ic; 2::15‘/
20( = o g
L P
Y
100 £ e \
]
E‘ 3 10
: )
40 4 g 102
8 1ol
6 20 )
< < 1
Yo 8 10 12 14 16 18 20 107!

110 100 1k 10k 100k 1M 1OM 100M
IVecs | -Supply Voltage-v 1 I—Frequency~Hz
+ FIGURE 5 FIGURE 6
Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only.
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



LINEAR TYPES LM124, LM224, LM324
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

clncu'Ts BULLETIN NO. DL-S 12248, SEPTEMBER 1975 — REVISED OCTOBER 1979
o Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ... 3V to 30V Input Offset Voltage ...2 mV Typ
or Dual Supplies Input Offset Current . . . 3 nA Typ (LM124)
e Low Supply Current Drain Input Bias Current .. .45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
. 0.8 mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage ... 32V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ
schematic (each amplifier) e Internal Frequency Compensation
REGULATOR REGULATOR| REGULATOR J OR N DUAL-'N-LINE OR
W FLAT PACKAGE {TOP VIEW)
?ﬁ' AMPLIFIER NO. 4 AMPLIFIER NO. 3
/ INVERT- NONIN- /' NONIN- INVERT- ‘
MR o INGVERTING VERTING ING
~ OUTPUT INPUT INPUT GND INPUT  INPUT QUTPUT

e

“ 13 12 n 10 9 8

GND

TO OTHER
AMPLIFIERS

description P

These devices consist of four 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 W

split supplies is also possible so long as the difference OUTPUT INVERT- NONIN-  Vcc  NONIN- INVERT- OUTPUT
between the two supplies is 3 volts to 30 volts and O weur ot UNeOT bt ,

Pin 4 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.

v vV
AMPLIFIER NO. 1 AMPLIFIER NO. 2

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, the LM124 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.

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

Supply voltage, VCC (see NOte 1) . ..o it e i e e e 32V
Differential input voltage (see Note 2) .. .. .. .. ittt e it e e e e 32V
Input voltage range (either INPUL) . ... . ittt i it et te ees s e —-03Vto32V
Duration of output short-circuit {one amplifier) to ground at (or below) 25°C
free-air temperature (Vo< 15 V) (see Note 3) .ot e e e e e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ... ............ Y 900 rrLW
Operating free-air temperature range: LM124 . .. . ... . . ittt ittt it enen s —-55Cto 1256 C
LM224 ..o e —25°C t085°C
LM 324 .. . e e 0 Cto 70 C
StOrage teMPerature FANGE . . . v v v e s v r e e et e e e ot e —65°C to 150 C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JorWpackage ................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ... .......covuivennnnn 260°C

NOTES: 1. All voltage values, except differential voltages, 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 temperature, refer to Dissipation Derating Table. In the J package, 1.M124 chips are alloy-
mounted; LM224 and LM324 chips are glass-mounted.
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TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

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

LM124, LM224 LM324
PARAMETER TEST CONDITIONSt - UNIT
MIN TYP MAX MIN TYP MAX
v Jnput offset volt Vpo=14V, 25°C 2 5 2 7 vV
ut o vo
10 put otls age Vee =5V 1030V | Full range 7 o ™
25°C 3 30 5 50
| Input offset t Vo=14V A
10 put offset curren 0 Full range 100 150 "
i Vo=14V, 25°C —45 -150 —45 -250
Iig Input bias current nA
See Note 5 Full range —-300 —500
25°C Oto Oto
VicR Common-mode input Veg=30V Vee—-1.6 Vee—1.6 v
voltage range Oto Oto
Full range
Vee—2 Vee—-2
Vee =30V,
Rc‘i Sk Fullrange | 26 26
VoH High-level output voltage V::.C 30V, \"
Ry > 10 ke Full range 27 28 27 28
L
VoL Low-level output voltage RL<10k& Full range 5 20 5 20| mv
Large-signal differential Vec =15V, 25°C 50 100 2% 100
AvD Vo=1Vto 11V, VimV
voltage amplification RL > 2k Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
kgvR* Supply voltage rejection ratio Rg <10k 25°C 65 100 65 100 dB
Vo1 /Vo2  Channel separation f=1kHz to 20 kHz 25°C 120 120 dB
Vee=15V, 25°C —20 —40 -20 —40
Vip=1V, 2
_ Full range -10 -20 -10 -20
Vo=0V
mA
Vee = \
o Output current cc=15V. 25°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 [ 8
Vip=-1V, o
V@ = 200 mV 25°C 12 50 12 50 HA
| Supply current No load, 25°C 0.8 . 0.8 A
m,
ce {four amplifiers) No signal Full range 1.2 1.2

*ksyR=AVcc/AVio
'AII characteristics are specified under open-loop conditions. Full range is —55 °C to 125°C for LM124, ~25°C to 85°C for LM224, and 0°C to
70°C for LM324.
NOTE 6: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines,

TYPICAL APPLICATION DATA THERMAL INFORMATION
I DISSIPATION DERATING TABLE
OUTPUT A
PACKAGE POWER DERATING ABOVE

1M RATING FACTOR TaA

N J (Alloy-Mounted Chip) 900 mW 1.0 mW/°C 68°C

'\ b0 oUTPUT B J(GlassMounted Chip) ~ 900mW  82mWS°C  40°C
AUDIO ¢ . s ) N 900mW  9.2mW/°C 52°C
weur =€ 1] v w 900mW  8O0mWSC  37°C

100kag ;:109 K
19?5“ Also see Dissipation Derating Curves, Section 2.

W pb—O OUTPUT C
2100 k2 1

100 uF ;-Lj

AUDIO DISTRIBUTION AMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-§ 12723, OCTOBER 1979

uA741 Operating Characteristics

Low Supply Current Drain. .. 0.6 mA Typ
Low Input Offset Voltage

Low Input Offset Current

Class AB Output Stage

Input/Output Overload Protection

description

The LM148, LM248, and LM348 are quadruple,
independent, high-gain, internally compensated oper-
ational amplifiers designed to have operating
characteristics similar to the uA741. These amplifiers
exhibit low supply current drain, and input bias and
offset currents that are much less than for the uA741.

The LM148 is characterized for operation over the
full military temperature range of —55°C to 125°C,
the LM248 is characterized for operation from —25°C
to 85°C, and the LM348 s characterized for operation
from 0°C to 70°C.

LM148...J
LM248, LM348...J ORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4

AMPLIFIER NO. 3

INVERT- NONIN- NONIN-_INVERT-
ING_ VERTING VERTING ING
OUTPUT INPUT INPUT VeC— INPUT  INPUT OUTPUT
" 13 {12 1 10 9 8
| 1 l I 2 3 4 ] ] 7

OUTPUT INVERT-
ING VERTING

INPUT INPUT

A

NONIN-  viee, NONIN- INVERT- OUTPUT
ING

VERTING

\INPUT  INPUT /

\4
AMPLIFIER NO. 1

v
AMPLIFIER NO. 2

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

LM148 LM248 LM348 UNIT
Supply voltage Voo+ (see Note 1) 22 18 18 Y
Supply voltage Voe— (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 \Y
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
‘Continuous total power dissipation at (or below) J package 1375 1025 1025
25°C free-air temperature (see Note 5) N package 1150 1150 W
Operating free-air temperature range —55 to 125 —25 to 85 0 to 70 °C
Storage temperature range —65 to 150 —651t0 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 260 °c

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vo4 and Voc—.

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 voitage or 15 volts, whichever is less.

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.

For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM148 chips are alloy-
mounted; LM248 and LM348 chips are glass-mounted.

5.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J {Alloy-Mounted Chip) 1375 mW  11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C
N 1150 mW 9.2mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcg: =+15 'V

LM148 LM248 LM348
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX |[MIN TYP MAX |MIN TYP MAX
v Input offset voltage Rg<ioka |JAZ2C LI L LI R
n volta
10 P s s Ta = full range 6 7.5 7.5
Ta=25°C 4 25 4 50 4 50
ho Input offset current nA
T = full range 75 125 100
| Input bias current Ta=25°C 30 100 30 200 30 200 oA
18 nut bias curren TA = full range 325 500 200
v Common-mode Ta=full £12 +12 +12 v
ICR input voltage range A= Tull range - B -
RL=10kQ, Tp=25°C 24 26 24 26 24 26
v Maximum peak-to-peak RL>10kS2, Tp = fullrange 24 24 24 v
OPP Gutput voltage swing RL-2k2, Ta=-25C 20 24 20 24 20 24
. R =2k, T = full range 20 20 20
Large-signal differential RL > 2k, Ta=25°C 50 160 25 160 25 160
Ayp o V/mV
voltage amplification Vo=210V | Ta=fullrange| 25 15 15
T Input resistance Ta =25°C 08 25 0.8 25 08 25 MQ
B Unity-gain bandwidth Ayp=1, Ta=25°C 1 1 1 MHz
oM Phase margin Ayp =1, Ta=25°C 60° 60° 60°
Common- Ta =25°C 0 0 70 90 70 90
cmMR  Common-mode Rg<10ka =2 0 9 9 dB
rejection ratio Ta = full range 70 70 70
Supply voltage rejection Ta=25°C 77 96 77 96 77 96
kSVR pRly voriage rel Rg<10kn (A e
ratio (A Vggs/A Vo) Ta=fulirange | 77 77 77
los Short-circuit output current] Tp = 25°C +25 +25 +265 mA
S ly current No load, No signal,
Ice upRly curren oo o sien 24 36 24 45 24 45| ma
(four amplifiers) Ta25°C
f=1 HzZ to 20 kHz,
Vo1/Vo2 Channel separation Ta=25°C 120 120 120 dB

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T p is —55°C to 125°C for LM148, —25°C
to 85°C for LM248; and 0°C to 70°C for LM348,

operating characteristics, Vcc+ =+ 16V, 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 Vs

PARAMETER MEASUREMENT INFORMATION

10 k@

Vi O——1+ cL= RL=
100 pF 2k
= Ayp = —100
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-INVERTING AMPLIFIER
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

50 T T
Veet =15V
N
40
<
§ N
€
$
£ 30
o
-
3 ™
520
i3
£
|
Q
=10

0
-75 -50 -26 0 25 S50 75 100
Ta—Free-Air Temperature~"C

FIGURE 3

126

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs

FREQUENCY
3% T T 17T
& Veer=£15V
£ =
2 25 RICNERLI
> Ta=25°C
: |
g
320
-
3
&
315
3
3
&
T 10
£
£
;'5 5
g0 [TH
>k 10k 100k 1M

f—Frequency—Hz

FIGURE 6

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
106 T T

< Voo =315V
k] I~ RL =10k
F 105 TA=25C
£
E e AN 1
E \ \ PHASE SHIFT
g
£ (right scale)
2 103
H
£ 102 |—DIFFERENTIAL
£ VOLTAGE
o AMPLIFICATION
g 10— (left scale)
<

1

10 100 1k 10k 100k 1M 10

f~Frequency—Hz

FIGURE 9

45°

90°

135°

@
<

M

Phase Shift

TYPICAL CHARACTERISTICST

COMMON-MODE INPUT VOLTAGE LIMITS MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
15 T > 30 T T
> R < 10kQ % RL=10k2
A 5C S 2 Taz2s¢ /
£ 10 YA
€ /5‘:(,&0‘ 2 v
3 - 5
. LT~ 2
g s 32
o x
z E
g0 315
< E S
»
! S £ol—pA
; .
] 1259 25°C 2 /]
3 = x
§—1o R
1
-15 So
4 6 8 10 12 14 16 4 6 8 10 12 14 16

Nees -Supply Voltage—V Vet -Supply Voltage—V

FIGURE 4 FIGURE S

MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE SWING MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE SWING

> vs > vs
1 OUTPUT CURRENT [ OUTPUT CURRENT
£ T 1 5 18 T
@ Veoee = $15V @ =$15V
8 % [~ Vees =15
3 N 2 \\
“ =
310 \ 2 —10 N
: \ \ g
[}
ki § \
% 5°C\ | \ -s5°C H o o
2 Ta=125°C 2 Ta=125°C 26°c| ssoc
g
&5 £ -5
€ €
3 3
£ E
: |
1
i o [} 0
3 0 -5 -0 —15 -20 -26 —30 -35 Z 0 5 10 15 20 2 30 35
> 10—Output Current—mA > 10—Output Current—mA
FIGURE 7 FIGURE 8
UNITY-GAIN BANDWIDTH COMMON-MODE REJECTION RATIO
vs vs
FREE-AIR TEMPERATURE FREQUENCY
20 7 o 100
Veee =216V 1‘; %
N 2
I S 8o
3 15 ?,
£ 2 70
° b4
] T~ S 60
€ ™~ o«
210 3 50
K I~~~ =
t; ™~ é 40
S 05 £ 30
L 3 2
@ -3
< 10
()
o 0
-75 -50 -25 O 25 50 75 100 125 10 1% 10k 100k

TaA~Free-Air Temperature—"C f-Frequency—Hz

FIGURE 10 FIGURE 11

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 LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

SUPPLY CURRENT SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE
vs vs vs
s SUPPLY VOLTAGE FREE-AIR TEMPERATURE 1 FREQUENCY
| 08 Voo =215V W 140
No signal RL=2kQ %
| Noload 07— '3 > 120 | L1Veee =215V
Ta=25°C o F.'°°'° < Rg = 1009
E ) / . 0.6 __.‘:ee igure 1 §'|m Avp - 1.0
Lo ES \\ £ Ta=25C
€ o
§ A > 0s > \
3 / s \\ 2 80 \q
> uz: 04 2 N
g g 3 60
3 % 03 2
g’ 5 H
8 0.2 s %
5
0.1 u? 20
c
0 0 >
4 6 8 10 12 14 18 -75-50 —25 0 25 §0 75 100 125 10 100 1k 10k 100k
Vees -Supply Voltage—V Ta—Free-Air Temperature—"C f—Frequency—Hz
FIGURE 12 FIGURE 13 'FIGURE 14
OUTPUT VOLTAGE
VOLTAGE-FOLLOWER INVERTER vs
LARGE-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
VeCe =15V Veet = £15V RL=2kQ Veee =£15V
INPUT RL=2kQ Ta=25°C Cy = 100 pF Avp =1
10 CL =100 pF 10 4 100 e RL=2k§? o
>|w Ta=25°C > INPUT relr E / CL-H)EDF
@ i =
g 5 QuTPUT g f s Ta=25°C
s 5 g
2 b % / \
2 o g o 2 0
¢ \ 1/ Sl |
°
g s g2 s Q -s0
- - o
i : > \
ST vy = -0 -100 P
0 20 40 6 8 100 120 0 20 40 60 80 100 120 0 05 1 15 2 25 3
t—Time—us t—Time—us t—Time—us
FIGURE 15 FIGURE 16 FIGURE 17
schematic (each amplifier)
OUTPUT IMPEDANCE
vs g Vee+
. FREQUENCY J cc
I
Vees =115 ViEH
Ta=25°c I INVERTING b
INPUT %0
G 100 == NONINVERTING o—
g = INPUT
3 QUTPUT
a )
E 10 4
s —— .—?,\0 PRF 222 5pF
2 FY A A o)
g -
7 ~N
9 1 ol A
T 'q
o 1l
100 1k 10k 100k ™
—F —H
requency: z 75
kQ
FIGURE 18
Vee-

Components values shown are nominal

TData at high and low temperatures are applicabie only within the rated operating free-air temperature ranges of the various devices,
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LINEAR TYPES LM158, LM258, LM358
INTEGRATED DUAL OPERATIONAL AMPLIFIERS

_CIRCIIITS BULLETIN NO. DL-S 12413, JUNE 1976 — REVISED OCTOBER 1973

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ...3V to 30V Input Oftset Voltage . .. 2 mV Typ
or Dual Supplies Input Offset Current . . .3 nA Typ (LM158)

e Low Supply Current Drain Input Bias Current .. .45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...05mA Typ Equal to Maximum-Rated

e Common-Mode Input Voltage Supply Voltage ... +32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ

e |nternal Frequency Compensation
schematic {each amplifier) JG OR P u
DUAL-IN-LINE FLAT PACKAGE
[ ) 1 ? vee PACKAGE (TOP VIEW) (TOP VIEW)
n‘éiﬁ‘i‘éw @%ﬁ, AMPLIFIER NO. 2 AMPLIFIER NO, 2
/_/\__.\ _,__\m)n
?_7- Vee+ PUT INPUT INPUT @ g l
p 5
S0 P 20000
o AMPLIFIERS 7 b on e R e W
PUT INPUT IIL';YIT
description AMPLIFIER NO. 1 NC—No internal connection

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 and Pin 4 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.

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

Supply voltage, VEG {see Note 1) L. .o i i i i it ettt e et e e 32v
Differential input voltage (see NOte 2) .. ottt ittt e et e e e et e e e 32V
Input voltage range (either iINPUL) . c. . ittt ittt i it ittt et e —-03Vto32V
Duration of output short-circuit {one amplifier) to ground at {or below) 25°C

free-air temperature (Voo <15V) (seeNote 3) ... .. .. i it unlimited

Continuous total dissipation at {or below) 25°C free-air temperature {see Note 4): LM258JG, LM358JG .. 825 mW
LM158JG, LM258P, LM358P . . 900 mW
LM158U, LM258U, LM358U .. 675 mW

Operating free-air temperature range: LM158 .. ... .. .. .. ittt it ii e —55°C to 125°C
2 < —25°C to 85°C
LM3B8 . .t i e e e U 0°C to 70°C
StOrage tempPerature FANGE . . v v v v v vt v et et e it e e e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGorUpackage .............cuu.. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...................... 260°C

NOTES: 1. All voltage values, except differential voltages, 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 26°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM158 chips are alloy-
mounted; LM258 and LM358 chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM158, LM258, LM358
DUAL OPERATIONAL AMPLIFIERS

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

LM158, LM258 LM358
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
Vo=14V, 25°C 2 5 2 7
Vio Input offset voltage o mV
Voe =5V to 30 V| Full range 7 9
Average temperature coefficient o
Full range 7 7 v/iC
avio of input offset voltage 9 #
J Input offset current V 14V 25°¢ 3 30 5 30 nA
T =1.
10 nput ottset eur ° Full range 100 150
Average temperature coefficient
aj|0 X g per Full range 10 10 pA/°C
of input offset current
| | ¢ bi " Vo=14V, 25°C —-45 —150 —45 —250 A
npu 1as curren n
18 P See Note 5 Full range —300 —500
° Oto 0to
Common-mode input xce \ 1.5 v 1.5
-l 1 — 1. =1
VICR odeinp Vee=30V cc cc v
voltage range 0to 0to
Full range
Vee-2 Vee—2
Vee=30V,
cc Full range 26 26
. R =2k
VoH High-level output voitage \
Vee =30V,
. Full range 27 28 27 28
Ry > 10 k2
VoL Low-leve! output voltage R <10k Full range 5 20 5 20} mVv
v Maximum pea to peak Ry =2 kQ 2%°C  |vge—15 Vee-1.6 v
opp output voltage swing L cc—l cc—t-
Vee =15V,
Large’signal differential cc 25°C 50 100 25 100
AvD . Vo=1Vto11V, VimVv
voltage amplification RL > 2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k$2 25°C 70 85 70 85 dB
ksvr” Supply voltage rejection ratio | Rg <10 kQ 25°C 65 100 65 100 dB
Vo1/Vo2 Channel separation f=1kHzto20kHz| 25°C 120 120 dB
Veec=15V, 25°C -20 —40 —20 -40
Vip=1V,
Vo=0V Full range | —10 -20 -10 —-20
V 15V ) mA
= 0
Te) Output current cc ' 26°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 5 8
Vip=-1V,
D 26°C. 12 50 12 50 A
Vo =200 mV
Supply current No load, 25°C 0.7 0.7
lcc . - mA
(two amplifiers) No signal Full range 1.2 1.2

*ksvR = AVcc/AVio

T All characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, ~25°C to 85°C for LM258, and 0°C to
0
70 C for LM358.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 900 mW 8.4 mwW/C 43°C
JG (Glass-Mounted Chip) 825 mwW 6.6 mW/°C 25°C
[ 900 mW 8.0 mW/°C 37°C
U 675 mW 5.4 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12410, JUNE 1976 — REVISED OCTOBER 1979

Small-Signal Bandwidth . .. 15 MHz Typ ¢ Internal Frequency Compensation
Slew Rate . .. 50 V/us Min e Input and Output Overload Protection
Bias Current . . . 250 nA Max (LM218) e Same Pin Assignments as General Purpose

Supply Voltage Range...+t5V to +20 V Operational Amplifiers

description:

The LM218 and LM318 are precision, high-speed operational amplifiers designed for applications requiring wide band-
width 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% to under 1 us.

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

terminal assignments

JGORP
DUAL-IN-LINE PACKAGE N DUAL-IN-LINE
(TOP VIEW) PACKAGE (TOP VIEW)
comp out. BAL/ comp ouT- BAL/
2 Vcce PUT COMP3 NG NC 2 Vcgs PUT COMP3 NC

NC BAL/ INV NON- Veo_ NG
COMP1 INPUT INV_ CC
INPUT

BAL/ INV NON- Vge_ NC
COMP 1INPUT INV
INPUT

NC—No internal connection

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 500 mwW 6.6 mW/°C 74°C
N 500 mwW 9.2mwW/°C 96°C
P 500 mwW 8.0 mw/°C 87°C

Also see Dissipation Derating Curves, Section 2,
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TYPES LM218, LM318

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

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

NOTES: 1.

All voltage values, unless otherwise noted, are with respect to the midpoint between Vgg4 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. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive 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. The output may be shorted to ground or either power supply. For the LLM218 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 temperature, refer to Dissipation Derating Table. In the J and JG packages, LM218 and LM318
chips are glass-mounted.

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

PARAMETER TEST CONDITIONST Lm218 LM318 UNIT
MIN TYP MAX MIN  TYP MAX
Vio Input offset voltage 25°¢ 2 4 4 10 mv
Full range 6 15
25°C 6 50 30 200
1o Input offset current Fall range 700 300 nA
g Input bias current 25°C 120 250 150 500 nA
Full range 500 750
VICR i:T:Z;:g:i:nge Voes =£15V | Fullrange |211.5 +11.5 v
Vopp Maximum peak-to.-peak Vees =215V, Full range 24 26 24 26 v
output voltage swing RL=2kQ
Large-signal differential Vees =215V, 4 heoe 50 200 25 200
Avp e Vo=3x10V, v/mV
voitage amplification Full range 25 20
RL>2kQ
B4 Unity-gain bandwidth Vee: =315V | 25°C 15 15 MHz
T Input resistance 25°C 1 3 0.5 3 M
CMRR Common-mode rejection ratio Fuil range 80 100 70 100 dB
Supply voltage rejection ratio
ksvR (AVeg/AV) Q) Full range 70 80 65 80 dB
S
Icc Supply current No load 25°C 8 5 10 A
MAX 4.5 7

tAll characteristics are specified under open-loop operation. Full range for LM218 is —25° to 85°C and for LM318 is 0°C to 70°C.
NOTE 6: Unless otherwise noted, Ve = #5 V to 220 V. All typical values are at Voo = £15 V. Throughout this data sheet, supply voltages
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied
to Vc e+, and an equal negative voltage is applied to Voo —.
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Veg—-=—15V, Ta = 26°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain AV =10V, CL = 100 pF, See Figure 1 50 70 Vlus

parameter measurement information

x/

2k
DAY
INPUT
2k
INPUT O—w\—4¢ -0V
p——O QUTPUT
---10V
1~ 100 pF OUTPUT |
1k2 _ O
10% ~ ¥~ - - x ov
I
= = -t q Yo
TEST CIRCUIT 1
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION-3
BALANCE
COMPENSATION-1 COMPENSATION-2
T r‘]' Vees
2kn 150kQ 2 x| ’
5k
100 pF 1=
20k 20,0 H
v
%0
ouTPUT
g
35 4
g - e ;l -
1k 1k2
N
A
¥ ii 2 500
Yy X 17kQ
A
4kQ g
NONINVERTING
INPUT
L J—] ] 300
2 5000
_1: Y .
3 3 12xa
3 5.6kQ 200 1oa 12k2 b on

Veeo

Component values shown are nominal.
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LINEAR TYPES LM1900, LM2900, LM3900
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

CIR cu ITs BULLETIN NO, DL-S 12682, JULY 1979—REVISED DECEMBER 1979

) ] J OR N DUAL-IN-LINE PACKAGE
e Wide Range of Supply Voltages, Single or (TOP VIEW)

Dual Supplies
Wide Bandwidth
Large Output Voltage Swing wl [l 2l {n] (w]l {s] s
Output Short-Circuit Protection
Internal Frequency Compensation
Low Input Bias Current

Designed to be Interchangeable with
National Semiconductor LM1900, LM2900,
and LM3900, Respectively

NON- -
INV INV INV ouT-  OUT- INV
Vec INPUT INPUT INPUT  PUT PUT  INPUT

1 2 3 4 5 (] 7

. . NON- NON-  INV QuUT-  ouT- INV GND
descrlptlon INV INV INPUT  PUT PUT INPUT

INPUT  INPUT

These devices consist of four independent, high-gain,
frequency-compensated Norton operational amplifiers
that were designed specifically to operate from asingle
supply over a wide range of voltages. Operation from CONSTANT= 7
split supplies is also possible. The low supply current GENERATOR 7
drain is essentially independent of the magnitude of

the supply voltage. These devices provide wide
bandwidth and large output voltage swing.

schematic (each amplifier)

lzoo,m

The LM1900 is characterized for operation over the O ouTPUT

full military temperature range of —55°C to 125°C, INVERTING
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. Yy

lNV"é%ﬁ-ING
VERTING O—t ] 13ma

operating characteristics s
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 {see Note 5) clamp negative input voltages at approximately —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 approxi-
mately —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.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM1900, LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

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

LM1900 LM2900 LM3900 UNIT
Supply voltage, Ve (see Note 1) 36 32 32 \
Input current 20 20 20 mA
Duration of out;:ut Short.CII'CUIt {one amplifier) to ground Unlimited Unlimited Unlimited
at {or below) 25° C free-air temperature (see Note 2)
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025
free-air temperature (see Note 3) N Package 1150 1150 mw
Operating free-air temperature range —55 to 125 —40 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J Package 300 300 300 °c
Lead temperature 1/16 inch (1,6 mm) 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. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

3.

mounted; LM2900 and LM3900 chips are glass-mounted.

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

For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the J package, LM1900 chips are alloy-

LM1900 LM2900 LM3900
PARAMETER TEST CONDiTIONST UNIT
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
Input bias current Ta=25°C 25 100 30 200 30 200
L] R I+=0 nA
{inverting input) Ta = full range 150
-
i ain 0.95 1.05] 09 1.1| 09 1.1 | A/UA
\ Mirror g 114 = 20 KA to 200 A, A
I+
Ta = full range, Note 4
Change in mirror gain A 96, See 12 25 2 5] %
Vi+=V|—, Ta = full range,
Mirror current I A 9 10 500 10 500 10 500( wA
See Note 4
Large-signal differential Vo=10V, R =10 k%,
Ayp reesignal ditterent 0 L 2 3 12 28 12 28 VimV
voltage amplification f=100 Hz
Input resistance
o outresitanc 1 1 1 Mo
(inverting input)
o Output resistance 8 8 8 kQ
Unity-gain bandwidth
By vseln 25 25 25 MHz
(inverting input)
Supply voltage rejection
ksyR PPl voitage reject 50 70 70 70 dB
ratio (AVee/aV)o)
\ 0 R =2k 13.5 14.2 13.5 13.5
. 1+=0,
\" High-level output voltage Ve =30V, \%
OH g e 9 =0 cc 28 295 295 295
No load
N+=0, h— =10 A,
\" -level output vo 0.09 0.2 0.0 0.2 0.09 0.2 \Y
oL Low-level output voltage RL =2 ke 9
ircui 11+=0, 1—-=0,
loHs Short-CII:CUlt output current 1+ | ~10 —15 6 —18 6 —10 mA
(output internally high) Vo=0
Pull-down current 1 13 05 13 05 1.3 mA
loL Low-level output current Il_=5uA, VoL=1V 4 5 5 5 mA
Icc  Supply current (four amplifiers) | No Load 62 12 62 10 6.2 10| mA

tAll characteristics are specified under open-loop conditions. Full range for Tp is —55°C to 126°C for LM1900, —40°C to 85°C for LM2900,

and 0°C to 70°C for LM3900.
$The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input.
NOTE 4: These parameters are measured with the output balanced midway between Vg and ground.
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TYPES LM1900, LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

recommended operating conditions

LM1900 LM2900 LM3900 UNIT
MIN MAX MIN MAX MIN MAX
Input current (see Note 5) -1 -1 -1 mA
Operating free-air temperature, TA —55 125 —40 85 [¢] 70 °C

NOTE 5: 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 signa! overdrive with capacitive input coupling must be limited externally to values
of approximately —1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low voltage. These
values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum
currents are reduced. Common-mode current biasing can be used to prevent negative input voltages.

‘operating characteristics, Vgc: = +15 V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Low-to-high output Vp=10V Cp = 100 pF 0.5
SR Slew rate at unity gain - 0 ! L ! V/us
High-to-low output R =2k&2 20
INPUT BIAS CURRENT (INVERTING INPUT) MIRROR GAIN SUPPLY VOLTAGE REJECTION RATIO
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREQUENCY
80 T T 1.20 100 AL L
Vcc=15v4 vee=15V S golacCll —+.
0 Vo=75V [RE] TN ) TA—ZIS c
< He=0 % 80
< 0 1.10 4
L ( §
§ 50 £ 105 % e [ TH
3 LM2900, LM3900 © K3
2 40 g 1 % 50
o \ H £ N
3 3 < L oses S 40
B LM1900 < 2 30
L 2 [ 2 090 g
= ] s 20
10 0.85 c
3 0
1} 0.80 0
-75 -850 -25 0 25 50 75 100 125 -75 -50 —25 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
LM2900, LM3900
LARGE-SIGNAL LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs vs
FREQUENCY SUPPLY VOLTAGE FREE-AIR TEMPERATURE
104 104
s
= 8 5
g H g ==
3 £ 103 = = 103
€ a a
< E 3
s < <
g & 3
S s, 2 5
zm s 10 g 10
2 k] = s -
g k- S
5 € €
5 s §
= £ 2
=] = 10 = 10
a o = =
: LB L By
[~ Ta=26°C [-vo-
< z A 2 Fri-1oka
N O
100 1k 10k 100k 1M 10M 0 5 10 15 20 25 30 -75 —50 -25 0 25 50 75 100 125
f—Frequency—Hz Vge-Supply Voltage—V Ta—Free-Air Temperature~"C
FIGURE 4 FIGURES FIGURE 6
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



80

Pull-Down Current—mA

TYPES LM1900, LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

PEAK-TO-PEAK OUTPUT VOLTAGE

s vs

FREQUENCY
16
Vee=18V
> 14 "RL =2k
é. 14+=0 .
£ Ta=25°C
o
o
Al
5
S 8
=
: l
T 6
¥
& 4T
:
o 2 Sy
> l
1k 10k 100k ™ oM
f-Frequency—Hz
FIGURE 7
PULL-DOWN CURRENT
vs
SUPPLY VOLTAGE
20 I
1.8
16 Ta=-55C
1.4 TaA=25"C
1.2
. o
10 TA=85C
a Ta=125°C
08 7
0.6
0.4
0.2
0
0 5 10 15 20 25 30

Vce—Supply Voltage—V

FIGURE 10

TYPICAL CHARACTERISTICS?

LM2200
SHORT-CIRCUIT OUTPUT CURRENT
{OUTPUT INTERNALLY HIGH)

vs
SUPPLY VOLTAGE
30 T
T lieeo
A oc—]
= ¢
£ I oT 0°C 1
£ A
S 20 i
~§ Ta=25°C
S 15 t }
=
3 //“
2 P
g 10 y A =125°%
2
¢
o 5
X
°
0
0 5 0 15 220 25 30
Vec-Supply Voltage—V
FIGURE 8
PULL-DOWN CURRENT
vs
FREE-AIR TEMPERATURE
20 T
1.8p—Vcc=15V
1.6
—
< 14
£ A
2 1.2
g
3 10 P
£
3 08
[=]
= 06
S
o
0.4
0.2
0
—75 50 -25 0 26 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 11

LOW-LEVEL OUTPUT CURRENT

vs
SUPPLY VOLTAGE

60

1
voL=1Vv
‘é 50_l|+=0
I Ta=25"C P Y
H \
3 40 /‘ lj— = 100 pA
]
4
s 1/
3
&
< 20
H
- lj—= 10 pA
L 10
o 7 - =5uA
0 B
0 5 0 15 20 25 30
Vce-Supply Voltage—-V
FIGURE 9
TOTAL SUPPLY CURRENT
vs
SUPPLY VOLTAGE
8  —
7 Ta=-55°C
< |
% 6 T T
= Ta=25°C
£, !
$°T] —
2z yu o
2 4 Ta=125°C
R 4 A
1]
= 3
s
T2
Q
2
1 |~ No signal
No load
o |
0 5 0 15 20 25 30

Vee—-Supply Voltage~V

FIGURE 12

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

1Mg

TYPICAL APPLICATION DATA

v+

1Ma

10ka 3
3

3 2 tka

r

100 k0

1me
INPUT O—4WA~

Loetka

ig~ 1 mA per input volt

FIGURE 13—VOLTAGE-CONTROLLED CURRENT SOURCE

30 ks

).

100 ki

v+

4
21Mn 3

INPUT O=—AM~
ouTPUT

Ig ~ 1 mA per input volt

DISSIPATION DERATING TABLE

. POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J {Alloy -Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J {Glass-Mounted Chip) 1025 mw 8.2mwW/°C 25°C
N 1150 mW 9.2mwW/°C 25°C

OuTPUT

FIGURE 14—-VOLTAGE-CONTROLLED CURRENT SINK
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LINEAR TYPE LM2302
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIER

CIRcu ITS BULLETIN NO. D!.-S 12291, MARCH 1976—REVISED OCTOBER 1979
e Wide Range of Supply Volitages e Low Input Bias and Offset Parameters
Single Supply ... 3V to 26 V Input Offset Voltage ... 2 mV Typ
or Dual Supplies Input Offset Current ... 5 nA Typ
e Low Supply Current Drain Input Bias Current . .. 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
. 0.8 mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage ... +26 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ
schematic (each amplifier) e Maximum Peak-to-Peak Output

Voltage Swing...Vcc—15V Typ
e Internal Frequency Compensation

vee

oK <
AEGULATOR J OR N DUAL-IN-LINE OR

W FLAT PACKAGE (TOP VIEW)

’_?——* AMPLIFIER NO. 4 AMPLIFIER NO. 3
/\ A\
4 INVERT- NONIN- /'NONIN- INVERT- N
INVERTING, ING VERTING VERTING ING
r OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT

v

“ 13 12 1"

NON-
INVER

CJ:::QT
INPUT FS' 1 REGULATOR : I
description b

GND

TO OTHER
AMPLIFIERS

This device consists of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split

ice

1 2 3 4 5 6 7

. . . . OUTPUT INVERT- NONIN- U
supplies is also possible so long as the difference TN veaTiNG < veaTinG NG o
between the two supplies is 3 volts to 26 volts and \ 'N"“;'T INPUT _,  \INPUT INPUT /
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO, 2

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, the LM2902 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.

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

Supply voltage, Ve (seeNote 1) . . . . .« . . . . . . s e s e s e e e e e e e .. Y
Differential input voltage (seeNote 2} . . . . . . . . . . . . . « v v v v e e e e .. 28V
Input voltage range (either input) . . . v e+ v ... . —03Vto26V
Duration of output short-circuit (one amphfler) to ground at (or below) 25 C

free-air temperature (Vg < 15 V) (see Note3). . . . . e« « v+« . . unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4) e e e e e e e e .. 900mW
Operating free-air temperaturerange . . . . . . « « « « « « 4 « v . v . v . . . ... —80°Cto85°C
Storage temperature range . . . e .. .... =—65°Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J orW package . . . ... . . ... 300%C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package .. .. . . .. ... 2860°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground mrmmal
2. Differential voltages are at the noninverting input termina! 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 temperatura refer to Duss:patlon Derating Table, In the J package, the LM2902 chips are
glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
TEXAS INSTRUMENTS 81

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT

Vio Input offset voltage Vo=14V 2 10 mv

o Input offset current Vp=14V 5 60{ nA

[T Input bias current Vpo=14V See Note 5 —45 -500{ nA

VicR Common-mode input Ve =24V ) Oto v

voltage range Vee—-1.56

VOH High-level output voltage zﬁg — Z: \\;, :t }21:::9 ;? \Y

VoL Low-level output voltage RL <10k 5 20| mVv

Avb "":;ga:':::;;'::::o":'a' Vee =15V, RL>2kQ, Vo=1Vto1lv 100 V/mv

CMRR Common-mode rejection ratio | Rg < 10 k&2 85 dB

ksyr* Supply voltage rejection ratio Rg <10k 100 dB

Vo1 /Vo2  Channel separation f=1kHzto 20 kHz 120 dB
Ve =15V, Vip=1V, Vo=0V —20 —40

lo Output current Vec =15V, Vip=-1V, Vp=25V 12 30 mA
Vip=-1V, Vo=5V 8 20

lce Supply current {four amplifiers)| No load, No signal 08 2| mA

*ksvR = AVec/AVo

T All characteristics are specified under open-loop conditions.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

OUTPUT A

1M0

\ ouTPUT B
AUDIO ¢ R
INPUT °—l\ [} .
100k $100kn
100 k2
ANA- L—oouwur c

100 uF ;E 3 1
t +Vee

AUDIO DISTRIBUTION AMPLIFIER

THERMAL INFORMATION

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Glass-Mounted Chip) 900 mW 11.0mw/°C = 68°C
N 900 mW 9.2mW/°C 52°C
w 900 mW 8.0mwW/°C 37°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM2904
DUAL OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12402, JUNE 1976—REVISED OCTOBER 1979

o Wide Range of Supply Voltages
Single Supply ...3V to 26 V
or Dual Supplies

e Low Supply Current Drain
Independent of Supply Voltage
...0.5mA Typ

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

schematic (each amplifier)

INVERTING
INPUT

NON-
INVER

INPUT ?Sv
j’ ”

Vees

~6uA
CURRENT
REGULATOR

~Euh ~100uA
CURRENT CURRENT
REGULATOR| | | REGULATOR

AYH
4l
VA

~50uA
CURRENT

REGULATOR

GND
{OR Vee-)

TO OTHER
AMPLIFIERS

description

This device consists of two independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 volts and
Pin 8 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 ampli-
fication blocks, and all the conventional operational
amplifier circuits that now can be more easily
implemented in single-supply-voltage systems, For
example, the LM2904 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.

DISSIPATION DERATING TABLE

Low Input Bias and Offset Parameters
Input Offset Voltage ...2 mV Typ
Input Offset Current .. .5 nA Typ
Input Bias Current . .. 45 nA Typ

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage...+26 V

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

Maximum Peak-to-Peak Output
Voltage Swing...Vce—1.5V Typ

Internal Frequency Compensation

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-
OUT- INV_ INV
Vecr PUT INPUT INPUT
B{7]]6 1%
{
TH2([3(]4

OUT- INV_ NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

POWER DERATING  ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 41°C
[ 680 mwW 8.0 mW/°C 65°C
u 675 mW 5.4 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 2

NON
ouT  INV_ NV
nNc  Vcc+ PUT INPUT INPUT

ofofoYolo

el
E

| L
NC OUT INV.  NONe Ve
PUT INPUT INV

INPUT

AMPLIFIER NO. 1

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

a3



TYPE LM2904
OPERATIONAL AMPLIFIER

absol

ute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vo (see Note 1) . . . . . . . . . . . o o e e e e e e e e ... 26V
Differential input voltage (see Note 2) - . A
Input voltage range (either input) . . e v e e v ... —=D3Vto26V
Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C
free-air temperature (Vcg < 15 V) (see Note 3) . . . . . . unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4) JG or P package .. . . 680mwW
U package .. . . 675mW
Operating free-air temperature range . . . . .. —40°Cto85°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG or U package e . . . . . . ...300C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . . . . e e .. ... .280°C

NOTES: 1. All voltage values, except differential voltages, are with respect 1o the network ground termlnal

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 temperature, refer to Dissipation Derating Table. In the JG package, the LM2904 chips are
glass-mounted.

electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted)

PARAMETER TEST cONDITIONST MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10| mVv
o Input offset current Vo=14V 5 50| nA
B input bias current Vo=14V See Note 5 —45 -500] nA
Vick Common-mode input Ve =24V 0to v
voltage range Vee—1.8
VoH High-level output voltage ://22 ; z: z: 2t ;21;29 z? v
VoL Low-tevel output voltage R <10k 5 20| mv
Avp ::l'tieg:':"ma;?f'::::o"’:'a' Ve =15V, RL>2k2, Vo=1Vtol1V 100 V/mv
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
ksvr* Supply voltage rejection ratio Rg <10 k& 100 dB
Vo1/Ve2  Channel separation f=1kHz to 20 kHz 120 dB
Vee =15V, Vip=1V, Vo=0V —20 —40
1o Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vo=5V 8 20
lcc Supply current {both amplifiers) | No load, No signal 0.5 1.2 mA
*ksvR = AVcce/AVipo TAII characteristics are specified under open-loop conditions.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

Veer
R4 SELECT VALUES FOR: CALCULATE:
i Q
B Q R1=R3=R5 = —
- C1 and C2 woC
c1 I - R1
where C1 = C2 =
el 1 81t wg = 2nf "2 2,7
o —e 3 [¢] 0 Q—1— —+ —
*—0 K K-Q
T b K
R1-K-Q
INPUT R2S QUTFUT K is selected to R4 = e
1 optimize sensitivity 20 -
o and is typically R6 = K - R1
between 1 and 10.

Vee—

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER
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LINEAR
INTEGRATED
CIRCUITS

TYPES MC(C1558, MC1458
~DUAL GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11457, FEBRUARY 1971—REVISED OCTOBER 1979

e Short-Circuit Protection

e Wide Common-Mode and
Differential Voltage Ranges

o No Frequency Compensation Required

description

The MC1558 and MC1458 are dual general-purpose operational amplifiers with each half electrically similar to uA741

e Low Power Consumption

e No Latch-up

e Designed to be Interchangeable with

Motorola MC1558/MC1458 and Signetics

S5558/N5558

except that offset null capability is not provided.

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 MC1558 is characterized for operation over the full military temperature range of —55°C to 125°C; the MC1458

is characterized for operation from 0°C to 75°C.

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

QUT- INV_INV
vees  PUT INPUT INPUT

81{7:]6]]5

Bl
]

Tij2[]3f]4

OUT- INV_ NON- Vee-
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIERNO. 2

NON
OUT  INV_ NV
PUT  INPUT INPUT

®OODG

I's

B
NN

NC  OUT NV

AMPLIFIER NO. 1

NON
PUT INPUT NV
INPUT

® ©®

GND

NC—No internal connection

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

MC1558 MC1458 UNIT
Supply voltage Vec+ (see Note 1) 22 18 \Y
Supply voltage Voc— (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 \%
Input voltage {any input, see Notes 1 and 3) %15 +15 \%
Duration of output short-circuit (see Note 4) unlimited unlimited
L ° Each amplifier 500 500

Continuous total dissipation at (or below) 25°C

JG or P package 680 680 mw
free-air temperature (see Note 5) Total package

U Package 675 675
Operating free-air temperature range —b55 to 125 0to 75 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds JG or U package 300 300 °C
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds P package 260 °C

NOTES:

1
2
3.
a

All voltage values, unless otherwise noted, are with respect to the midpoint between Voo 4 and Vee—

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

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

. 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 75°C free-air temperature.

mounted; MC1458 chips are glass-mounted.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. in the JG package, MC1558 chips are alloy-

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

electrical characteristics at specified free-air temperature, Vgc+ =15V, Veec—-=—-15V
PARAMETER TEST CONDITIONS? MC1558 MC1458 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg < 10kQ2 25°¢ ! 5 ! & mV
Full range 6 7.5
o Input offset current 25°¢ 20 200 20 200 nA
Full range 500 300
s Input bias current 25°¢ 80 500 80 500 nA
: Full range 1500 800
Common-mode 25°C +12 +13 +12 +13
Vicr . v
input voltage range Full range +12 +12
R =10k { 25°C 24 28 24 28
Vopp Maximum peak-to-peak Rp > 10k | Full range 24 24 v
output voltage swing RL=2k | 25°C 20 26 20 26
RL > 2k | Full range 20 20
Large-signal differential Rp > 2kQ, | 25°C 50 200 .20 200
AvD P _ VimV
voltage amplification Vo =10V | Full range 25 15
AL = 2k,
Bom Maximum-output-swing Vo=:10V, 25°¢C 14 14 KMz
bandwidth (closed-loop) Ayp =1,
THD < 5%
B4 Unity-gain bandwidth 25°C 1 1 MHz
Om Phase margin Ayp=1 25°C 65° 65°
Am Gain margin 25°C 1 11 dB
T Input resistance 25°C 0.3 2 0.3 2 M
! Vo =0, o
o Output resistance See Note 6 25°C 75 75 1]
C; Input capacitance 25°C 1.4 1.4 pF
Common-mode °
Zje X . f=20Hz 25°C 200 200 Ma
input impedance
L ] 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k§2 Foll vange 70 70 dB
Kk Supply voltage sensitivity Re < 10kQ 25°C 30 150 30 150 VIV
Svs {avip/avee) S Full range 150 150 | ¥
Equivalent input :VE_'; 0.
Vi noise voltage ¢ f 1 kl-;z 25°C 45 45 nVv/\/Az
(closed-loop) BW.= 1Hz
| los Short-circuit output current 25°C +25 +40 +25 +40 mA
Ice Supply current No load, 25°C 3.4 5 3.4 5.6 mA
(Both amplifiers) No signal Full range 6.6 6.6
Po Total power dissipation No load, 25°C 100 150 100 170 W
(Both amplifiers) No signal Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 dB

1Al characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —55°C to 125°C and for
MC1458 is 0°C to 75°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Vec+ = 15V, Veec—-=—-15V, Ta = 25°C

MC1558 MC1458
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t, Rise time Vi=20mV, R =2k, 0.3 0.3 us
Overshoot factor CL = 100pF, See Figure 1 5% 5%
V=10V, R =2kQ,
SR i i 0. X v
Slew rate at unity gain €\ = 100 pf, See Figure 1 5 0.5 lus
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mwW 6.6 mW/°C a47°Cc
P 680 mW 8.0mW/C 65°C
u 675 mW 5.4 mW/C 25°C

Also see Dissipation Derating Curves, Section 2.

schematic (each amplifier)

TO OTHER
> AMPLIFIER
INVERTING
INPUT
* © Vee+
l/' N
[
NON.- hay
INVERTING
INPUT .
225 2
o OUTPUT
50 2
1kQ s ! 3 3 f
50 k23 ca 5 k2 50 k3 3500
L L * o Vee-
L, TOOTHER

COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER

PARAMETER MEASUREMENT INFORMATION

——? ouTPUT
INPUT 1

INPUT VOLTAGE €L = 100 pF "L
WAVEFORM

TEST CIRCUITS

RL=2kn

FIGURE 1—RISE TIME, OVERSHOOT,
AND SLEW RATE
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TYPES MC1558, MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
" vI Iusv] “ LT
CcC+ = E Veos= 15V
AN Veg. = -15v ] vg‘él.-‘sv‘
(f € 300
3 60 3 [~ MC1458 1ol
¥ 8
5 \ MC1458  tol 2 e !
R N i ;
£ ' T |
[l o
o ! = 100 1
< 20 N 4t L ] N |
N ~1 !
0 0
—60 -40 =20 0 20 40 60 80 100 120 140 ~60 —40 -20 0 20 40 60 80 100 120 140
Ta~Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE
>4 |\ > 400 [
i Vo= 15V 3
%3 T vec-=-15v B R=2k
g 32 Rfc_ o 1 0 Ta=26°C //‘
> Ta=25°C 4 . |
22 £
3 100 o
P \ E
S 20 &
e 3
< % 40
€ =
T
s 8 FS
! \ 3 ®
s 4 e
> Fe
0 10
00 " 1ok 100k T 2 4 6 8 10 12 14 16 18 20
f~Frequency—Hz Wecs | -Suspy Vouage-v
FIGURE 5 FIGURE 6
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
100 28
- vc};»uslv |
® %0 x Vee-=-15V 24
¢ 5 Rg=10kn |
= N Ta=25°C 20 .
§ 7 2 g%/
o \ Lo
« s '
§ 50 S :
:a \ Ii
2 S8 . Vees= 15V
E 3 N 9 / | Veg-=-16V
Q o '
$ \ 2. ! Ry = 2kf2
« 20 0% : CL = 100pF
g [ Ta=25°C
Q10 ° "_"v' r
oL -4
1 10 100 1tk 10k 100k tM 10M 100M ] 05 1 15 2 25
f-Frequency—Hz t=Time—us
FIGURE 8 FIGURE 9

Ayp-Ditferential Voltage Ampfilication

Input and Output Voltages—V

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
Vs
LOAD RESISTANCE

> » vcc.'-|5'v' L+1T1
;Ii‘ 26 |- Vgg—=—15V.
£ Ta=26°C
S
)
3
% 20
&
s 18
e
§
E
22 /
L
3 10
>
8
01 02 04 071 2 a 710
Ry ~Load Resistance~ks2
FIGURE 4
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
107 T T
Vegs = 15V
106 Vee-= =15V
R =2k0
N TA=25'C
104
103
102
10!
1
10!

1 10 100 1k 10k 100k 1M 10M 100M

1—Frequency—Hz

FIGURE 7

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

8
T 1
Vees= 15V
6 Veg-= =15V —]
-4 AL =2k
. T AL ¢ =1000F
: Ta = 25°C
ouTPUT
2 L
[
1
o 1
'
Z INPUT ! \
-2 L
1
'
-4
L] [ BAN
-8
0 10 20 30 40 50 60 70 80 90
t—-Time-us
FIGURE 10
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LINEAR TYPES MC3503, MC3303, MC3403

INTEGRATED

CIRCUITS QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12676, FEBRUARY 1979-REVISED OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply .. .3V to36V
or Dual Supplies

J OR N DUAL-IN-LINE PACKAGE

{TOP VIEW)
e Class AB Output Stage
e True Differential Input Stage - AMPLIFIER NO. 4 AMPLIFIER NO. 3
\ r

* Low Input Bias Current ™G VERTING  VEATING ING

. OUTPUT INPUT INPUT Vcec— INPUT INPUT OUTPUT
e Internal Frequency Compensation 1 1l [ 1 0 q 8
o Short-Circuit Protection
o Designed to be Interchangeable with +

Motorola MC3503, MC3303, MC3403
description b

The MC3503, MC3303, and the MC3403 are quad-
ruple operational amplifiers similar in performance
to the uA741 but with several distinct advantages.
They are designed to operate from a single supply 1 2 3 4 5 6 7
over a range of voltages from 3 volts to 36 volts. OUTPUT INVERT- NONIN- Vot NONIN- INVERT- QUTPUT
Operation from split supplies is also possible provided o V,E,\,':Ufs/ \‘@'},L'?G T

\

/

the difference between the two supplies is 3 volts to
36 volts. The common-mode input range includes
the negative supply. Output range is from the nega-

v
AMPLIFIER NO. 1

Vv
AMPLIFIER NO. 2

tive supply to Vcc — 1.5 V. Quiescent supply cur-
rents are less than one-half those of the uA741.

The MC3503 is characterized for operation over the full military temperature range of —55°C to 125°C. The MC3303

is characterized for operation from —40°C to 85°C. The MC3403 is characterized for operation from 0°C to 70°C.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

MC3503 MC3303 MC3403 UNIT

Supply voltage Vcc+ (see Note 1) 18 18 18 v
Supply voltage Voo (see Note 1) —-18 —-18 -18 \Y
Supply voltage Vcc+ with respect to Voo— 36 36 36 \
Differential input voltage (see Note 2) +36 +36 +36 v
Input voltage (see Notes 1 and 3) +18 18 18 \
Continuous total dissipation at {or below) 25°C J Package 1375 1025 1025 W
free-air temperature (see Note 4) N Package 1150 1150

Operating free-air temperature range —55t0 125 —40 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J Package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N Package 260 260 °c

NOTES: 1. These voltage values are with respect to the midpoint between Vo4 and Voo,

2. Differential voltages are at the noninverting input terminal with respect to the inverting in
3. Neither input must ever be more positive than Vo4 or more negative than Veg_.
a4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC3503 chips are alloy-

mounted; MC3303 and MC3403 chips are glass-mounted.
DISSIPATION DERATING TABLE

put terminal.

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 1375mW  11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025mW  8.2mW/°C 25°C
N 1150mW  9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES MC3503, MC3303, MC3403

QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Vcc+ = 14 V, Vgg—- =0V for MC3303;
Vet = +15 V for MC3403 and MC3503

MC3503

MC3303

MC3403

PARAMETER EST NDITIONS? UNIT
T CONDITIONS MIN TYP MAX] MIN TYP MAX| MIN TYP MAX
v Input offset volt Ta =25°C, See Note 5 2 5 2 8 2 10 iy
et volta
10 Inputols 9 TA = full rangs, See Note 5 3 0 2
T t fficient
avio etnpera ure coefficien Ta=25°C 10 10 10 lvrec
of input offset voltage
. | ¢ offsst ¢ Ta = 25°C, See Note 5 30 50 30 75 30 50 nA
npu setc €
10 put o urren TA = full range, See Note 5 200 250 200
Tem ture coefficient
ayg - | perature coetliclent | . 26°¢ 50 50 50 bALC
of input offset current
Ta = 25°C -0.2 -05 -0.2 -0.5 -0.2 -0.5
hB Input bias current A 0 BA
T = full range —-1.5 —1 -0.8
Vce— Vee— Vee- Vee-—- Vee— Vee—
Common-mode input ° cc cc cc cc cc cc
VICcR tage ranget TaA=25C to to to to to to \
\'
oltage range 13135 12 125 13135
RL=10kQ, Ta=25°C +12 £13.5 12 125 +12 #13.5
Peak output * S
VoM ) R =2k, Ta=25C £10 213 10 12 10 $13 v
voltage swing
R =2kQ, Ta = full range +10 10 +10
Large-signal differential |R = 2 k&2, Ta =25°C 50 200 20 200 20 200
Avp e Vimv
voltage amplification Vpo=10V Ta =full range 25 15 15
A\ =20V, RL=2kQ,
Maximum-output- orp L o
Bom swing bandwidth Ayp=1, Ta=250C, 9 9 9 kHz
wing THD < 5%
Ry =10kQ, Vp=50mV,
B Unity-gain bandwidth 1 1 1 MHz
1 nity-gain bandwi TA _ 25°C
CL=200pF, RL=2kQ, R R R
Phase margi 60 60 60
m on Ta=25°C
r Input resistance f=20 Hz, Ta=25°C 0.3 1 0.3 1 0.3 1 MO
o Output resistance f =20 Hz, Ta =25°C 75 75 75 Q
Common-mode °
CMRR . ; Rg<10k§2, Ta=25°C 70 90 70 90 70 90 dB
rejection ratio
Supply voltage sensitivit
kgys PPl voltage sensit 'Y‘TA= 25°C 30 150 30 150 30 150{uVIV
(aVig/aVee)
jgg  Shortircuit output Ta=25°C $10 30 45| £10 30 45| 10 30 :45| mA
current §
No foad, Vo=0V,
1 Total supply current 2.8 4 2.8 7 2.8 7 mA
cc Ta=25°C

T All characteristics are specified under open-loop conditions unless otherwise noted. Fuli range for Tp is —55°C to 125°C for MC3503; —a0°C
to 85°C for MC3303; and 0°C to 70°C for MC3403.

iThe V|cR limits are directly finked volt-for-voit to supply voltage, viz the positive limit is 2 volts less than Vee+
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded,

NOTE 5: V|p and ! are defined at Vg = 0 V for MC3503 and MC3403, and Vo =7V for MC3303.
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+=5V, Vec— =0V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS? MC3503 MC3303 Mc3403 UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vo=25V 2 5 10 2 10} mV
o Input offset current Vp=25V 30 50 75 30 50] nA
{171 Input bias current -0.2 -0.5 -0.5 -0.2 —-0.5| uA
RL =10k 3.3 3.5 3.3 3.5 3.3 3.5
Peak output
Vom voltage swing § RL=10ka, \Y 1.7 \Y 1.7 Y —-1.7 v
ge swing Vees=5Vio3ov | GG cer— 1 cer = 1
Large-signal differential
AyvD . RL=2k,aVg=2V 20 200 20 200 20 200 V/mV
voltage amplification
Power supply sensitivit
ksvs PRy ity 150 150 150 [uviv
(AV|o/AVee:)
lee Supply current No Load, Vg =25V 25 4 2.5 7 25 7|1 mA
Vo1/Vo2 Channel separation f=1kHz to 20 kHz 120 120 120 dB

T All characteristics are specified under open-loop conditions.
Output will swing essentially to ground.

operating characteristics: Vgc+ = 14V, Vcc— = 0 V for MC3303; Vet = £15 V for MC3403 and
MC3503; TA = 25°C, Ayp = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain Vi=%10V, CL =100pF, See Figure 1 0.6 Vius
tr Rise time 0.35 us
- AVg =50mV, Cp =100 pF, Ry =10kR,
tf Fall time See Figure 1 0.35 us
Overshoot factor g 20%
Crossover distortion Vipp=30mV, Vopp =2V, f=10kHz 1%

PARAMETER MEASUREMENT INFORMATION

Vi +

SR
S "L

FIGURE 1-UNITY-GAIN AMPLIFIER
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs vs vs
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
20y L osi5v N 1A =25 1 N gt 10k0
— g Ta=25°C
200 « 200 s
T -
I I i
§ $ 5 20
£ 150 ™~ ~ S 150 S
(8] ™
% 2 ¢ 15 /
@ @ ]
5 100 5 100 £
g 2 < g0
T p g
[-:] E g
= 50 =~ 50 é% s )
LV
0 0 So
75 60 —25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 > o 2 4 6 8 10 12 14 18
TA-Free-Air Temperature—°C Nec tH-Supply Voltage—V Vet -Supply Voltage—V
FIGURE 2 FIGURE 3 FIGURE 4
LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
s vs VOLTAGE-FOLLOWER
FREQUENCY FREQUENCY LARGESIGNAL PULSE RESPONSE
3 3 T 106 —
& \c/fcz; 15V s " Vecs = 415 V]
s - 2 RL =2k
S AL = 10k 3 108 . /- T,l{-zs’c i
g Ta=25°C 3 1 ouTPLT/ See Figure 1
g 20 [See Figure 1 <E: 108 _.'? 5
3 § 3
S 15 2 103 2o
S /
a ©
5 10 E 102| E N
£ = 5
3 g g /
= 5 g 10 NPUT
{ N 3 -10 4
&
>° 0 IiL - 1
1*® 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 60 70 80 90
f—Frequency—Hz {—Frequency—Hz t—Time—us
FIGURE 5 FIGURE 6 FIGURE 7

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

schematic (each amplifier) o e

'
il
— ! Vees
i | Ovee
1 1
] ]
) 1 _[ :
|
IR 1
' i
0 !
! i
SoF |
— | :
3tk ' |
N 5 H L
Py | TO THREE
| + OTHER
1 1 AMPLIFIERS
2v0 | ]
| !
rr =0 ]T T oureut
1
INVERTING, 1
INPUT 0__{ H 37k | :
| :}__
! |
— ! |
! 24xa},
s0kn : |
]
: {—ovee-

All component values shown are nominal
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LINEAR TYPES NE5532, NE5532A

INTEGRATED ]
CIRGUITS DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12733, NOVEMBER 1979

e Equivalent Input Noise Voltage . . . NE5532, NES532A ...JG OR P
5 nV/y/Hz Typ at 1 kHz DUALIN-LINE PACKAGE
e Unity-Gain Bandwidth . .. 10 MHz Typ
NON-
?g{r)n(riréo_r;'-Mode Rejection Ratio . . . veos SUT N
yp Bl T8 LS
e High DC Voltage Gain ... 100 V/mV Typ
e Peak-to-Peak Output Voltage Swing. . .
32V Typ with Vgg+ =18 V and
RL =600
e High Slew Rate ... 9 V/us Typ
e Wide Supply Voltage Range . . . +3 V to x20 V 1[{27]3[]4
e Designed to be Interchangeable with Signetics Ut INpUT .E'E‘Zr Vee-
NE5532 and NEG532A
description

The NE5532 and NEB532A are monolithic high-performance operational amplifiers combining exceflent dc and ac
characteristics. They feature very low noise, high output drive capability, high unity-gain and maximum-output-swing
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These
operational amplifiers are internally compensated for unity gain operation. The NE5532A has guaranteed maximum
limits for equivalent input noise voltage.

The NE5532 and NE5532A are characterized for operation from 0°C to 70°C.
schematic (each amplifier)

2 I T ® Vee+
<
S

NONINVERTING

INPUT
37 pF
INVERTING 14 pF
INPUT 1/ 150
AN
QUTPUT
7 pF
® 4
\ 150

460 @ i i % ;
Vee-

All component values shown are nominal.
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TYP

ES NE5532, NE5532A

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

NOTES:

Supply voltage, Voc+ (see Note 1) . ... vvn e

e e e e e 22V
Supply voltage, Voo— (see Note 1) .. ... ..ot e e e -22V
Input voltage, either input (see Notes 1and2) ................ e e P Y 0 0 1
Input current (see Note 3) . ....... ...t e e e e 10 mA
Duration of output short-circuit (see Note 4) [ e e e e e e .. unlimited
Continuous total power dissipation at {or below) 25°C free-air temperature (see Note 5):

JG package ....... e e PP e e e 825 mW

Ppackage .. ... iii e e et e e veev.o.. 1000 mW
Operating free-air temperature range: NE5532, NE5532A e e e 0°C to 70°C
Storage temperature range . ... .. e e e e e e e e e, .... —65°Cto150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package

....... e eeaiae.... 300°C
A 260°C

1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc4 and Veg—.
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage,

3. Excessive current wiil flow if a differential input voltage In excess of approximately 0.6 V is applied between the inputs unless
some limiting resistance s used,

4. The output may be shorted to ground or either power supply, Temperature and/or supply voltages must be limited to ensure
the maximum dissipation rating is not exceeded.

. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the JG packagse, chips are glass-mounted.

DISSIPATION DERATING TABLE

P
PACKAGE OWER DERATING ABOVE
RATING FACTOR TA
JG (Glass-Mounted chip) 825 mW 6.6 mW/°C 25°C
P 1000 mW 8.0 mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES NE5532, NE5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS NES532, NESS32A UNIT

MIN TYP MAX

Vio Input offset voltage Ta= 2foc — 0.5 4 v
Ta=0°Cto70°C 5

o Input offset current Ta=25°C 10 150 A
Ta=0°Cto70°C 200
) Ta=25°C 200 800

B Input bias current TA-0°Cro70°C = nA

Common-mode input
Vicr ik £12 13 v
voltage range

Maximum peak-to-peak \ =+15V 24 26
Vopp P .p R >600 Q CCx \Y
output voltage swing Veee: = 18V 30 32
R >600%, Ta=25°C 15 50
Large-signal differential Vo=:10V TA=0°Cto70°C 10
AvD rge-sign .|‘ er-en ia [o) A c Vimy
voltage amplification RL > 2kQ, Ta=257C 25 100
V=10V Ta=0°Cto70°C 15

Small-signal differential
Avd ona” cer f=10 kHz 2.2 v/mv
voltage amplification

8 Maximum-output-swing R =600 2, Vo=:10V 140 KHz
oM bandwidth R = 600 1, Vees = +18V, Vo = £14 V 100
B4 Unity-gain bandwidth R =600 £, Cg =100 pF 10 MHz
T Input resistance 30 300 kQ
2, Output impedance Ayp = 30dB, R =600 %, f=10kHz 0.3 2
CMRR Comm-mode rejection ratio 70 100 dB
Supply voltage rejection
k 80 100 dB
SVR ratio (AVgeg+/AV0)
los Output short-circuit current 38 mA
lce Total supply current No load 8 16 mA
Vg1/Vo2 Channel separation Vo1 = 10 V peak, f=1kHz 110 dB
operating characteristics, Vgc: = 15V, Ta = 26°C
NE5532 NE5S532A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate at unity gain 9 9 V/us
Overshoot f Vi=100my,  Avp =1, 5 10%
vershoot factor R\ = 600 2, CL = 100 pF 10% 3
| =30 Hz 8 8 10
Vv Equivalent input noise voltage V/\/Hz
n quivi inp ise voltag P 5 5 P n
f=30Hz 27 2.7
i Equivalent input noise ¢ t A/\/Hz
n Qquivi input noise curren 21 KMz 0.7 0.7 P
TExAs INSTRUMENTS
INCORPORATED 95
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LINEAR TYPES NE5533, NE5533A
INTEGRATED DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12734, NOVEMBER 1979

o Equivalent Input Noise Voltage . . .

3.5 nV/A/Hz Typ (NE5S533A at 1 kl:lz). NE5533, NE5533A ...JOR N
e Unity-Gain Bandwidth . . . 10 MHz Typ A ey CE
e Common-Mode Rejection Ratio . .. _— —_—
100 dB Typ —_— :
e High DC Voltage Gain ... 100 V/mV Typ BAL’ comr oureur Vecs aureur come BAL

" upje n L 9 L]

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

e High Slew Rate... 13 V/us Typ
e Wide Supply Voltage Range . .. +3 V to :20 V
b Low Harmonic DiStortion lelsn- Nozum. :AL Vc‘c- I:L MO:IN~ mv:Rr
e Designed to be Interchangeable with Signetics o i ot
NE5533 and NE5533A AMPLIFIER NO. 1 AMPLIFIER NO. 2
description

The NE5533 and NE5S533A are dual monolithic high-performance operational amplifiers combining excellent dc and
ac characteristics. Some of the features include very low noise, high output drive capability, high unity-gain and
maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
the compensation terminals. The devices feature input-protection diodes, output short-circuit protection, and offset-
voltage nulling capability. )

The NE5533A has guaranteed maximums on equivalent input noise voltage.

The NE5533 and NE5S533A are characterized for operation from 0°C to 70°C.
schematic (each amplifier)

BALANCE COMPENSATION/BALANCE COMPENSATION

38pF !: oo
P > >
ﬂ = :um‘uzkn S
TING
INPUT
{ 37pF
i
1

120F \
iy 2150
LAY o
4 UTPUT
70F * b
‘( | 150
_

FX

INVERTING
INPUT

4

a 1L

—o——0—9- o . *—o *>—o cc-

All component values shown are nominal.

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS 97

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



98

TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

NOTES:

Supply voltage, Voo+ (seeNote 1) .. ..o oo 2V
Supply voltage, Voo— (see Note 1) .. ............. e e et e e P -22V
Input voltage either input (see Notes Tand 2} .......................... P 1 0] 0 =
Input current (see Note 3) ... ... veenenna... e e e e .. F10MA
Duration of output short-circuit (see Noted) ................. et eieieeieeesenesnees. unlimited
Continuous total power dissipation at (or below) 25°C free- alr temperature (see Note 5):

Jpackage ... .......... e et . 1025 mW

Npackage ........... ..., e et e e e, .. 1150 mW
Operating free-air temperature range: NE5533, NE5533A .............. e vive.... 0°Cto70°C
Storage temperature range . .. ... .. e . e s eiieiaiie.... —B5°Cto0150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage ......... e e e 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ...................... 260°C

1. All voltage values, except differential voltages, are with respect to the midpoint between Vo4 and Veg—.

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless
somse limiting resistance Is used.

4, The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure
the maximum disslpatlon rating is not exceeded.

5. For operation above 25°C free-air temperature, refer to the Dlssipatlon Derating Table, In the J package, these chips are glass-
mounted.

DISSIPATION DERATING TABLE

POWER DER k
PACKAGE ERATING ABOVE
RATING - FACTOR Ta
J (Glass-Mounted Chip) 1025 mw 8.2mW/°C 25°C
N 1150 mW 9.2 mw/°C 25°C

Also see Dissipation Derating Curves,.Sectlon 2.
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, VgCc+ = £15 V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS NESS3S, NESS33A UNIT
MIN TYP MAX
v | " | Ta=25°C 0.5 il R
Te) nput offset voltage TA=0°Cito70°C 5
| | " Ta=25°C 20 300 nA
10 nput offset current TA=0°Ct070°C 200
| Inbut bi " Ta=25°C 500 1500 nA
c
18 nputbias curren TA=0°C1070°C 2000
VicR Common-mode input +12 £13 v
voltage range
Maxi k-to-peak \ =$15V 24 26
Vorp aximum pea o.pea AL > 600 2 CC+ v
output voltage swing Vee: =318V 30 32
Large-signal differential R =>600Q Tp=25°C 25 100
AvD o 5 < V/mVv
voltage amplification Vo=+10V TA=0"Cto70°C 15
Il-signal diff ial Cc= 6
Avg Small-signa . |. er'entla f= 10 kHz c=0 VimV
voltage amplification Cc=22pF 2.2
Vo=t10V, Cc=0 ) 200
Maximum-output-swing Vo=+10V, Cc =22pF 95
Bom A kHz
bandwidth Vees =318V, Vpo=1%14V, R =600 %2, 70
Cc=22pF
B4 Unity-gain bandwidth Cp =22 pF CL=100pF 10 MHz
ri Input resistance 30 100 kQ
. Ayp =30d8B, R =600 % Cc = 22pF,
25 Output impedance f = 10 KMz 03 1]
CMRR Common-mode rejection ratio 70 100 d8
Supply voltage rejection
kSVR pply voTtage rel 80 100 d8
ratio (AVce+/AV o)
108 QOutput short-circuit current 38 mA
Ice Total supply current No load 8 16 mA
Vo1/Vo2 Channel Separation Rg=5kQ, f=1kHz, Ayp=100 110 dB
operating characteristics, Vgc: =215V, Ta = 25°C
PARAMETER TEST CONDITIONS NESS33 NEDSIIA UNIT
MIN TYP MAX | MIN TYP MAX
Cc=0 13 13
SR Slew rate at unity gain Cg ~22¢F P S Vlus
. Vi=50mV, Ayp=1,
t Rise time 20 20
r s RL=600%, Cg=22pF, ns
Overshoot factor CL = 100 pF 20% 20%
Vi=50mV, A =1,
t  Rise time 1=som vD =1 50 50 ns
R =600 &, Cc=47pF, -
Overshoot factor C| = 500 pF 35% 35%
f=30Hz 7 5.5 7
\ Equivalent input noise volta VIVH
n q input noise voltage =1 kHz ) 35 a5 "R
f=30Hz 2.5 1.5
I Equivalent input noise current VH
n d mputnolsecurrent o1 knz 06 Y PANVHz
F Average noise figure Rg =5k, f =10 Hz to 20 kHz . 0.9 dB
TEXAS INSTRUMENTS g9
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

NORMALIZED INPUT BIAS CURRENT
and INPUT OFFSET CURRENT
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LINEAR
INTEGRATED
CIRCUITS

TYPES RM4136, RC4136
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12368, MARCH 19876 — REVISED OCTOBER 1979

e Continuous-Short-Circuit Protection

e Wide Common-Mode and
Differential Voltage Ranges

¢ No Frequency Compensation Required

e Low Power Consumption

e No Latch-up

e Unity Gain Bandwidth 3 MHz Typical

e Gain and Phase Match Between Amplifiers

o Designed to be Interchangeable with
Raytheon RM4136 and RC4136

description

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
N\ J\

" Inv NON-INV  OUT- IOUT- NON-INV  INV
INPUT INPUT PUT  Vcc+  PUT  INPUT  INPUT

14 13 12 1 10 9 8

The RM4136 and RC4136 are quad high-performance
operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability
is not provided.

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 comp-
ensation  ensures  stability without external

1 2

INV  NON-INV QUT-

INPUT  INPUT

3 4 5 6 7

OUT- NON-INV  INV

Vee-
PUT INPUT /

~V
AMPLIFIER NO. 1

, \PUT INPUT
v
AMPLIFIER NO. 2

components.

The RM4136 is characterized for operation over the full military temperature range of —55°C to 125°C; the RC4136 is
characterized for operation from 0°C to 70°C.

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

NOTES:

RM4136 RC4136 UNIT

Supply voltage Veo+ (see Note 1) 22 18 v
Supply voltage Voo — {see Note 1) —-22 -18 Vv
Differential input voltage (see Note 2) +30 +30 \%
Input voltage (any input, see Notes 1 and 3) +15 +15 \Y
Duration of output short-circuit to ground, one amplifier at a time (See Note 4) unlimited unlimited
Continuous total dissipation at {(or below) 25°C free-air temperature {see Note 5) » 800 800 mwW
Operating free-air temperature range —55 to 125 0to 70 °c
Storage temperature range —-65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °C

1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vet and Voo,
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3.
4
5

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

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded,
. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, RM4136 chips are alloy-

mounted; RC4136 chips are glass-mounted.
DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 800 mW 11.0mW/°C 77°C
J {Glass-Mounted Chip) 800 mwW 8.2 mW/°C 52°C
N 800 mW 9.2mW/°C 63°C
w 800 mW 8.0 mW/°C 50°C

Als_o see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES RM4136, RC4136
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcg+ =15V, Vgg—-=-15V
RM4136 RC4136
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
25°C 05 5 05 6
Vio Input offset voltage Rg<10kQ Full range 5 75 mV
o Input offset current 25°C 5 20 5 200 nA
Full range 500 300
lig Input bias current 25°C 40 500 40 500 nA
. Full range 1500 800
Common-mode
Vicr : 25°C 12 14 12 14 v
input voltage range
M aximum peak-to-peak RL=10kQ 25:0 24 28 24 28
Voprp output voltage swing RL=2kQ | 25°C 20 26 20 26 \
RL =2k Full range 20 20
Large-signal differential Ry >2kQ, |25°C 50 350 20 . 300
AvD I VimV
voltage amplification Vo =+10V | Full range 25 15
B4 Unity-gain bandwidth 25°C 2 3.5 3 MHz
i Input resistance 25°C 0.3 5 0.3 5 M
CMRR Common-mode rejection ratio Rg< 10k |25°C 70 90 70 90 dB
kgys* Supply voltage sensitivity Rg <10kQ 25°C 30 150 30 150 uv/iv
Equivalent input Avp =100,
) Rg =1k, °
Vi noise voltage f=1KHz, 25°C 10 10 nVv//Hz
(closed-loop) BW = 1 Hz
Suopl ont No load 25°C 5 11.3 5 113
lec (AﬁF;:u::r.:q;;ifiers) N: si:na,| MIN TA 6 133 6 137 | mA
j MAX Ta 4.5 10 4.5 10
Total power dissipation No load 25°C 150 340 150 340
Po (Al fo'::lr amplifi:s) No signa'l MINTA 180 400 180 400 mwW
MAX Ta 135 300 135 300
Vo1/Vo2 Channel separation 2?/8; _I___O:SO Rf]Jk':: i:"g :gz :g: dB

*ksvs =AV|g/aVee

TAl charactoerlstlcs gra specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for
RC4136is0 Cto 70 C.

operating characteristics, Voc+= 15V, Vggc—=—-15V, Ta =25°C

RM4136 RC4136
1 UNIT
PARAMETER TEST CONDITIONS N TP WAX | WMIN TYP  MAX

Vi=20mV, R =2k,

i 013 0.13 s
1 Rise time CL =100 pF o
V;=10V, RL-2k%,
SR Slew rate at unity gain c:_ - 100 pF L 15 10 Vius

schematic {each amplifier)

vees o i I
NONINVERTING
INPUT 1

INVERTING
INPUT
ouTPUT

vee-
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LINEAR TYPES RM4558, RC4558
INTEGRATED DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

C|RCU|TS BULLETIN NO. DL-S 12365, MARCH 1976 — REVISED OCTOBER 1979

e Continuous-Short-Circuit Protection DUAL-mflg: :ACKAGE
® Wide Common-Mode and (TOP VIEW)
Differential Voltage Ranges AMPLIFIER KO.2
® No Frequency Compensation Required vees ST v
e Low Power Consumption inIRIgign
e No Latch-up
e Unity Gain Bandwidth 3 MHz Typical
e Gain and Phase Match Between Amplifiers
e Designed to be Interchangeable with ‘ , l
Raytheon RM4558 and RC4558 EiEn
T e e Y
AMPLIFIER NO. 1
description

The RM4558 and RC4558 are dual general-purpose operational amplifiers with each half electrically similar to uA741
except that offset null capability is not provided.

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 RM4558 is characterized for operation over the full military temperature range of —55°C to 125°C; the RC4558
is characterized for operation from 0°C to 70°C.

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

RM4558 'RC4558 UNIT
Supply voltage Vec+ (see Note 1) 22 18 \%
Supply voltage Vo — (see Note 1) -22 -18 \Y
Differential input voltage {see Note 2) ’ +30 +30 \"
Input voltage (any input, see Notes 1 and 3) +15 +15 \"
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 680 689 mwW.
Operating free-air temperature range —55 to 125 Oto 70 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300 300 °C
Lead temperature 1/16 inch {1,6.mm) from case for 10 seconds P package 260 °C

NOTES: 1. Allvoltage values, unless otherwise noted, are with“respect to the midpoint between Vccy and Voo,
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, Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded,
5. For operation above 25°C free-alr temperature, refer to Dissipation Derating Table. In the JG packages, RM4558 chips are alloy-
mounted; RC4558 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 MW/°C 47°C
P 680 mwW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+ =15V, Vgg—=—-15V
‘ RM4558 RC4558
PARAMETER TEST CONDITIONST 5 uNIT
MIN TYP MAX | MIN TYP MAX
v Input offset volt Rg < 10 k2 25°¢ 05 5 05 6 mV
10 nput otifset voltage S Full range 6 75
. Input offset nt 25°C 5 200 5 200 A
10 nput offset curre Full range 500 300
, Inout bi 25°C 40 500 40 500 A
4]
8 put bias current Full range 1500 800
Common-mode °
VicR © 25°C 12 14 12 14 v
input voltage range
Maxi 1o peak RL=10kq |25°C 24 28 24 28
laxi e -
Voep ; ":“'"l:’ ax-topea R_=2ka |25°C 20 2 20 26 v
ou volta n
put voltage swing RL> 2K | Fullrange 20 70
Large-signal differential R_>2kq, |25°C 50 350 20 300
Avp o VimV
voltage amplification Vg =310V | Full range 25 15
By . Unity-gain bandwidth 25°C 2 3.5 3 MHz
T Input resistance 25°C 0.3 5 0.3 5 M
CMRR Common-mode rejection ratio Rg <10k |25°C 70 a0 70 90 dB
kgvs* Supply voltage sensitivity Rg <10k |25°C 30 150 30 150 uVviv
Avp = 100,
Equivalent input vD 00
) Rg =1kS2, R
Vi noise voltage f=1KHz 25°C 10 10 nV/\/Hz
losed-loop) - ’
(closed-loop BW =1 Hz
25°C 25 5.6 25 5.6
Supply current No load,
lce pply curren otos MINTA 30 66 30 66 | mA
(Both amplifiers) No signal
MAX Ta 2.0 5 2.3 5
Total power dissipation No load 25°C 15 170 5 170 )
Po power cissip oad MIN TA 20 200 90 200 | mw
(Both amplifiers) No signal
MAX Ta 60 150 70 150
Open loop | Rg=1k8, |25°C 105 105
VotV Channel ti dB
01/Vo2 e TN VD =100| f=10kHz |26°C 105 105

*ksvs = AVio/aVee
Y Alt characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is ~55°C to 125°C and for
RC4558 is 0°C to 70°C.

operating characteristics, Voc+ = 15V, Vec— = -15 V,Ta =25°C

RMA4558 8
PARAMETER TEST CONDITIONS 55 Re4ss uNIT
MIN  TYP MAX |MIN TYP MAX
tr Rise time Vi=20mV, Rp=2kQ, 0.13 0.13 us
Overshoot CL =100pF 5% 5%
SR Slew rate at unity gai Vim0V, R =2ka, 15 10 Vius
ew rate at uni B B
v gain CL =100 pF "
schematic (each amplifier) vee
NUNI]’::‘EJ:“NG :L-
INVERTING
INPUT
OUTPUT
x
vee- o—3— L
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LINEAR
INTEGRATED
CIRCUITS

TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12680, JULY 1979—REVISED OCTOBER 1979

o Equivalent Input Noise Voltage. . .

3.6 nVA/Hz Typ

Unity-Gain Bandwidth ... 10 MHz Typ

e Common-Mode Rejection Ratio . ..

100 dB Typ

High DC Voltage Gain ... 100 V/mV Typ

Peak-to-Peak Output Voltage Swing. ..

Wide Supply Voltage Range ... +*3 V to+20 V

Designed to be Interchangeable with Signetics

SE5534, SEG534A, NE5534, and NE5534A

[ ]
32 V Typ with Vgc+: =+18 V and
RpL =600

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

[ ]

e Low Harmonic Distortion

[ ]

description

The SE5534, SE6534A, NE5534, and NE5S534A are monolithic high-performance operational amplifiers cembining
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, and offset-voltage nulling

capability.

SE5534, SES534A ... JG

NEG6534, NES534A ... JG OR P

DUAL:-IN-LINE PACKAGE

(TOP VIEW)

SE5534, SES534A
U FLAT PACKAGE
(TOP VIEW)

comp/ ourt-
8aL Vcc+ PUT comPp

8ll71J64]5

P

COMP/
NC BAL

Vces OUTPUT  CoMP

(ONONO,

1
LT DOOO®O
L ANy NON- Vec- NC  BAL. NV NON Vo

ANCE INPUT INV
INPUT

ANCE

INPUT  INV
INPUT

NC — No connection

The SE5534A and NE5534A have guaranteed maximums on equivalent input noise voltage.

The SE5534 and SE5534A are characterized for operation over the full military temperature range of —55°C to 125°C;

the NE5534 and NE5534A are characterized for operation from 0°C to 70°C.

schematic

BALANCE

m[ -Lm —

mug!_A

COMPENSATION/BALANCE
8)

COMPENSATION
(6)

[t4]

>12 k1

»12ka

b

INPUT

INVERTING,
INPUT @

“0pF

X

LAY
12pF

A

—
lies
<

—F

F\

Veer

150

@—OQO0UTPUT
) (&)

1Bq

All component values shown are nominal.
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TYPES SE5534, SEB534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

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

Supply voltage, VCC+ (588 NOte 1) . . ittt et e i e e 22V

Supply voltage, VoC—{see Note 1) . ..ot i e e e -22V

Input voltage either input (see Notes 1and2) .......... ... ... . i iiiinenuen Veet

Input current (see NOte B) . .. ittt i i i e e e e ce... HOmMA

Duration of output short-circuit (see Noted) ............... . unlimited
Continuous total power dissipation at {or below) 25°C free-air temperature (see Note 5):

‘ SE5534, SEE534A in JGpackage . ................... . e 1050 mW

NES534, NES534AinJGpackage . ........c.0viiiinnernennean... 826mW

o T L] To 1000 mW

U package ...... S LK T P S 675 mW

Operating free-air temperature range: SE5534,SES534A .. ... .. ... .. .. i, —55°C to 125°C

NEB534, NEGB34A . ... tirinrneinennannennns 0°Cto 70°C

StOrage teMPEratUrE TANGE . v o v v v v e vt et ot e e an s anneneneoesaeens —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGorUpackage . ............".c.... 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...............c.ov..n. 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Voo —.
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs
uniess some limiting resistance is used,

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltagas must be limited to
ensure the maximum dissipation rating is not exceeded.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table in the JG package, SE5534 and SES534A
chips are alloy-mounted; NE5534 and NE5534A chips are glass-mounted.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING  ABOVE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/°C - 25°C
JG (Glass-Mounted Chip) 825mW 6.6 mW/°C 25°C
P . 1000mW 8.0 mW/°C 25°C
uU 675 mW  5.4mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

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

SE5534, SEG534A NE5534, NES534A
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX [ MIN TYP MAX
Ta=25"C 0.5 2 0.5 4
Vio Input offset voltage A mV
Ta = full range 3 5
Ta =25°C 10 200 20 300
| Input offset current nA
10 nput offset curr TA = full range 500 200
. Ta=25°C 400 800 500 1500
i Input bias current nA
TAa = full range 1500 2000
Common-mode input
VicR 12 213 £12  $13 \
voltage range )
Maximum peak-to-peak Vegs =215V 24 26 24 26
VorpP . R =600 2 \
output voltage swing Vees =218V 30 32 30 32
Large-signal differential RL >600 %, Tp =25°C 50 100 25 100
AvD gersigna” Ler L A Vimv
voltage amplification Vo =+10V Ta = full range 25 15
li-signal dif ial =
Avg Small-signa ('il' fer.entla =10 kHz Cc=0 6 6 VimV
voltage amplification Ce=22pF 2.2 2.2
Vo=+10V, Cc=0 200 200
Maximum-output-swing Vo =210V, Cc=22pF 95 95
Bom . kHz
bandwidth Vee: =218V, Vp=:14V, 70 20
R =600 2, Cc=22pF
B Unity-gain bandwidth Cgc =22 pF, Cp =100 pF 10 10 MHz
r Input resistance 50 100 30 100 kQ
Ayp =30dB, R =600%,
z4 Output impedance vD L 0.3 0.3 Q
Cg =22pF, f=10 kHz
CMRR Comm-mode rejection ratio 80 100 70 100 dB
Supply voltage rejection
[3 86 100 80 100
SVR ratio (AVeg:/AVio) dB
los Output short-circuit current 38 38 mA
Ta =25°C 4 6.5 4 8
| Suppl ent No load mA
cc PRIy curr TA = full range 9

tFull range for T 4 is —55°C to 125°C for SE5534 and SEE534A; and 0°C to 70°C for NE5534 and NES534A.

operating characteristics, Vgc+: =15V, Ta = 25°C

SE5534, NE5534 SE5534A, NES534A

PARAMETER TEST CONDITIONS
MIN TYP MAX | MIN TYP WMAx | N7
Cc=0 13 13
SR Slew rate at unity gain Cg ~22pF 6 5 Vius
t Rise Time Vi=80mVv,  Ayp=1, 20 20 ns
Ry =600 &, Cgc =22 pF,
Overshoot factor CyL =100 pF 20% 20%
tr  Rise time Vi=80mv, Avp =1, 50 50 ns
R =600 Q, Cc=47pF,
Qvershoot factor Cp =500 pF 35% 35%
f=30Hz 7 5.5 7
Vn Equivalent input noise voltage T=1 kHz P 35 Y nV/\/Hz
=30 Hz 2.5 1.5
1 Equivalent input nois ent . ARHz
n quivalent input noise curr 1 e 06 od p
F Average noise figure Rg =5k$, f=10 Hz to0 20 kHz 0.9 dB
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TYPES SE5534, SEB534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

NORMALIZED INPUT BIAS CURRENT
and INPUT OFFSET CURRENT

vs
£ FREE-AIR TEMPERATURE
3'e T
5 R Voo =£15V
514 N
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2 R
- SN\
: N
E 1
=1
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Eos N \L
e \ <
g N
o 06 N
8
E:
£oa
2 .75 -5 —25 0 25 50 75 100 125

T A—Free-Air Temperature—"C

FIGURE 1

NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
vs
FREE-AIR TEMPERATURE

12
Vece =15V
1.1 <
‘\P“ :
ot
NZT )
Lot \N\g‘(\'\
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o
©
N
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FIGURE 4

EQUIVALENT INPUT NOISE VOLTAGE

vs

FREQUENCY
20 T T
€ o VALY
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| 11
&
s
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>, M ]
2 N4 1
°
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2
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FIGURE 7

TYPICAL CHARACTERISTICS!

MAXIMUM PEAK.TO-PEAK QUTPUT VOLTAGE

vs
FREQUENCY
T W0 gTaEEv TTTT
5» Ta=25°C Cc ;22 pFi
S
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S
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FIGURE 2
NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
vs§
SUPPLY VOLTAGE
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FIGURE 5

EQUIVALENT INPUT NOISE CURRENT
vs
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FIGURE 8

THD-Total Harmonic Distortion—% Ayp-Differential Voltage Amplification

Total Equivalent {nput Noise Voltage—pV

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs§
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FIGURE 3
TOTAL HARMONIC DISTORTION
vs
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0.0 — 7
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FIGURE 6

TOTAL EQUIVALENT INPUT NOISE VOLTAGE
vs
SOURCE RESISTANCE

EVoce = 216 VI
CTa=25°C 1 m
liil
|
?
1
=
100 1k 10k 100 k ™

Rg—Source Resistance~$2

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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LINEAR TYPES TL0O22M, TL022C
INTEGRATED DUAL LOW-POWER OPERATIONAL AMPLIFIERS

C|RculTs BULLETIN-NO, DL-S 12038, SEPTEMBER 1973 — REVISED OCTOBER 1979’
e Very Low Power Consumption e Low Input Offset Voltage
e Typical Power Dissipation with +2-V e Internal Frequency Compensation

Supplies . .. 170 uW

e Latch-Up-Free Operation
¢ | ow Input Bias and Offset Currents

e Popular Dual Op Amp Pin-Out
e Output Short-Circuit Protection

description

The TLO22 is a dual low-power operational amplifier designed to replace higher-power devices in many applications
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up,
high slew rate, and output short-circuit protection assure ease of use.

The TLO22M is characterized for operation over the full military temperature range of —56°C to 125°C; the TL022C
is characterized for operation from 0°C to 70°C.
terminal assignments

JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)
AMPLIFIER NO. 2 AMPLIFIER NO. 2

NON
NON- oUT  INV_ NV

OUT. INV_ INV NC VoCe PUT INPUT INPUT
Sialsia ONONOXNO)
1

) ' 8 1

-
H

NC  OUT INV. NON Veoo
PUT  INPUT  INV
INPUT

OUT- INV_ NON- VcC—
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 1 NC—No internal connection

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

TLO22M TLO22C UNIT

Supply voltage Voc+ (see Note 1) 22 18 \
Supply voltage Ve (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 \
Input voltage (any input, see Notes 1 and 3) +15 +15 \"
Duration of output short-circuit (see Note 4) unlimited unlimited

X L o Each amplifier 500 500
Conn.nuous total dissipation at {or below) 25°C JG or P package 580 580 W
free-air temperature range {ses Note 5) Total package U package 575 575
Operating free-air temperature range —551t0 1256 O0to 70 °c
Storage temperature range -65 to 150 —~65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG or U package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 °C

NOTES:

1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vpc4 and Veg—.

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

3. The magnitude of the input voitage 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 TLO22M only, the unlimited duration of the short-circuit
applies at (or balow) 125°C case temperature or 75°C free-air termperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO22M chips are alloy-
mounted; TL0O22C chips are glass-mounted.

Copyright © 1979 by Texas instruments Incorpaorated
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vgc—-=—-15V
PARAMETER TEST CONDITIONST TL022M TLO22C UNIT
MIN TYP MAX| MIN. TYP MAX
Vio Input offset voltage Rg < 10kQ |2=illcrange ! : ! 7; mV
ho Input offset current 25°C 5 40 ¢ 15 80 nA
Full range 100 200
Iis Input bias current 25°¢ 50 100 100 2% nA
Full range 250 400
v Common-mode 25°C 12 #13 £12 %13
ICR . v
input voltage range Full range +12 +12 .
VOPP - Maximum peak-to-peak . RL=10k® |25°C. 20 26 20 26 v
output voltage swing Ry =10k | Full range 20 : 20
AvD Large-signal differential RL > 10k, [ 25°C 72 86 60 80 dB
voltage amplification V=210V Full range 72 60
By Unity-gain bandwidth 25°C 0.5 0.5 MHz
CMRR Common-mode rejection ratio Rg < 10kQ 2%C g0 2 60 2 dB
Full range 60 60
Supply voltage sensitivity 25°C 30 150 30 200
ksvs (Avio/avee) Rs <10k 1 range 150 200 | VIV
Ayp =204dB,
Vn Equivalent input noise voltage B=1Hz, 25°C 50 50 nV/\/H_z
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
lec Supply current No load, 25°C 130 200 130 250 A
(Both amplifiers) No signal Full range 200 250
Total dissipation "No load, 25°C 3.9 6 39 175
Pp e . mw
(Both amplifiers) No signal Full range 6 7.5

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO22M is —55°C to 125°C and for
T1.022C is 0°C to 70°C.

operating characteristiés, Vee+=15V, Vee—-=-15V, Ta = 25°C

PARAMETER TEST CONDITIONS TL022M TL022C UNIT
MIN TYP MAX | MIN TYP MAX
. Rise time Vy=20mV, R =10kQ, 0.3 0.3 us
Overshoot factor : C, =100pF, See Figure 1 5% ° . 5%
V=10V, Ry =10k,
SR Slew rate at uni i 0.5 0.5 A
. W rate at unity gain CL=100pF, SeeFigure1 Ius
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mwW 84 mw/fc 69°C
JG (Glass-Mounted Chip) 680 mW 6.6mW/°C  47°C
P 680 mwW 8.0 mW/°C 65°C
U 675 mW 5.4 mW/°C 25°C
Also see Dissipation Derating Curves, Section 2.
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL POWER DISSIPATED
vs
SUPPLY VOLTAGE
10 1 I
7 £ No load
I No signal
v . Ta =25°C
-
ouTPUT E
' ‘ |
A SR | suns=
' ] L
INPUT VOLTAGE €L+ 100 oF ;F ‘ Ry = 10ka g 1
a
WAVEFORM 1 2 0.7 ,l
= ;_5 4
' | 04
_TEST CIRCUIT o /
02—
ol
0 2 4 6 8 10 12 14 16 18
Vect|-Supply Voltage—V
FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic
ouTPUT
______________ = — e — e —
r EACH AMPLIFIER -= | oMM O T BaTH —!
| 1 ¢ vees
I lﬁ I ! ! TO OTHER
' l 1 ‘i’ AMPLIFIER
| I { | ™
| |1 I
! || |
[ I |
I |1 I
| 11 ]
| b |
INVERTIN: l I | I
INPUT ] ||
NON- - ' I
INVERTING ! |1
INPUT ] |
| I |
! I I
| | ! |
| 11 |
' | !
! ot *—@- Vee—
L ) (. 4
TO OTHER
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ll:;géﬂ TYPES TLO44AM, TL044C
RATED QUAD LOW-POWER OPERATIONAL AMPLIFIERS

CIRcurrs BULLETIN NO, DL.-S 12039, SEPTEMBER 1973 — REVISED OCTOBER 1979

e Very Low Power Consumption e Low Input Offset Voltage
e Typical Power Dissipation with +2-V e Internal Frequency Compensation

Supplies . . . 340 uW e Latch-Up-Free Operation

e Low Input Bias and Offset Currents e Power Applied in Pairs

e Output Short-Circuit Protection
JOR N DUAL-IN-LINE

description ORW FLAT PACKAGE
(TOP VIEW)
The TLO44 is a quad low-power operational amplifier
designed to replace higher-power devices in many Vees OUT. IV v Vee— W v out
applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT  PUT
High input impedance, low supply currents, and low 16 15 14 13 12

equivalent input noise voltage over a wide range of
operating supply voltages result in an extremely
versatile operational amplifier for use in a variety of
analog applications including battery-operated
circuits. Internal frequency compensation, absence of
latch-up, high slew rate, and output short-circuit
protection assure ease of use. Power may be applied

SECTION A SECTION 8

I,

separately to Section A (amplifiers 1 and 4) or |

Section B (amplifiers 2 and 3) while the other pair 1

remains unpowered. 1 2 3 4 5 6 7 8
The TLO44M is characterized for operation over the OUT- INV_ NON- Vgc— NON- INV_ OUT-  Vces

- o PUT  INPUT  INV IV INPUT  PUT SECTB
full military temperature range of —55°C to 125°C; WUt ECT A pUT

the TLO44C is characterized for operation from 0°C
t0 70°C.

Pins 4 and 12 are internally connected together in the N package only,

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

TLO4AM TLO44C | UNIT
Supply voltage Vco+ (see Note 1) 22 18 \"
Supply voitage Voo— (see Note 1) —-22 -18 \Y
Differential input voltage (see Note 2) +30 +30 \
input voltage (any input, see Notes 1 and 3) +156 +15 v
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature range (see Note 5) Total package 680 680 mw
Operating free-air temperature range ~55 to 126 0to 70 °C
Storage temperature range —65to 150 | —65t0 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W Package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package 260 °c

NOTES: 1. Alivoltage values, unless otherwise noted, are with respect to the midpoint between Ve 8nd Vg —.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voitage 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 TLO44M only, the unilmited duration of the short-circuit
applies at (or below) 125°C case temperature or 76°C free-alr temperature.
5. For operation above 25°C free-alr temperature, refer to Dissipation Derating Table. In the J package, TLO44M chips are afloy-
mounted; TLO44C chips are glass-mounted.

Copyright © 1979 by Texa; instruments Incorporated
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TYPES TLO44M, TL044C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vge—-=-15V
PARAMETER TEST CONDITIONSt TLO44M TLO44C UNIT
] MIN TYP MAX [|MIN TYP MAX
Vio Input offset voltage Rg < 10kQ 25°C ! 5 ! 5 mV
Full range 6 75
o Input offset current i 5 40 1’ 80 nA
Full range 100 200
. 25°C 50 100 100 250
UT:] input bias current nA
Full range 250 400
Common-mode 25°C 12 £13 +12 13
ViCR . Y
input voltage range: Full range +12 +12
Vopp Maximum peak-to-peak R =10kQ | 25°C 20 26 20 26 v
output voltage swing R = 10kQ | Full range 20 20
AvD Large-signal differential Rl >10k&, | 25°C 72 86 60 80 B
voltage amplification Vo=z:10V Full range 72 60
B84 Unity-gain bandwidth 25°C 0.5 0.5 MHz
25°C 60 72 60 72
CMAR Common-mode rejection ratio Rg < 10kQ Fall rangs 50 50 dB
Supply voltage sensitivity 25°C 30 150 30 200
ksvs (avio/avee) s <10k I o anee 150 200 | WYY
Ayp =20dB,
Vn Equivalent input noise voltage B=1Hz, 25°C 50 50 nV//Az
f=1kHz
los Short-circuit output current 25°C 6 +6 mA
lec Supply current No load, 25°C 250 400 250 500 A
{Four amplifiers) . No signal Full range 400 500
Total dissipation No load, 25°C 7.5 12 75 15
Pp o ) mW
(Four amplifiers) No signal Full range 12 15

tAIll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL044M is —55°C to 126° and for

TLO44C Is 0°C to 70°C.
operating characteristics, Vcc+= 15V, Vgc—=—-15V, Ta = 25°C

PARAMETER TEST CONDITIONS TLO44M TLO44c UNIT
MIN TYP MAX [MIN TYP MAX
te Rise time Vi=20mV, R =10k, 0.3 0.3 us
Overshoot factor Cy =100pF, See Figure 1 5% 5%
Vi=10V,  RL=10ke,
R 1 i i .5 0.5 \Y
S Slew rate at unity gain CL=100pF, See Figure 1 0. Jus

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW  11.0mw/°C  88°C
J (Glass-Mounted Chip) 680 mW 8.2mwW/°C  67°C
N 680 mW 92mw/lC  76°C
w 680 mW 8.0mwW/°C  65°C

PACKAGE

Also see Dissipation Derating Curves, Section 2,
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TYPES TLO44M, TLO44C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS -
TOTAL POWER DISSIPATED
Vs
SUPPLY VOLTAGE
10 —p—
7 E No load
[ No signal -
L Ta=26°C 4
% 4 A=2 v
‘ I
-—?oumn § 2 /
R = ® :
g8
INPUT VOLTAGE cLs 1oop A acoal — 07 ra
WAVEFORM o o 7
L Yy -l
= Lo /
a
TEST CIRCUIT 02
0.1
0 2 4 6 8 10 12 14 16 18 20
) Vcct|—Supply Voltage—V
FIGURE 1—RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic (each section)
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r=———- e R | - N
| T i +
Y H —Lan
| 11 [
| 4 SEn
| |
i ) i
l < I | I
INVERT!| l 1 l l |
INPUT | [}
| i1 p
INVERTING i1
INPUT
1 N
I 11
| |1
1 i
: i |
1 —
Lo _-_____= Jo_————_ g vee
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TYPES TL0OG6O, TLOGOA, TLO61, TLOG1A, TLOG1B,
TL062, TLO62A, TLO62B, TL0O64, TLOG4A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12647, NOVEMBER 1978-REVISED OCTOBER 1979

LINEAR
INTEGRATED
CIRCUITS

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

e High Input Impedance ... JFET-Input
Stage

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

e Very Low Power Consumption
e Typical Supply Current. .. 200 A

o Wide Common-Mode and Differential
Voltage Ranges

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

description

The JFET-input operational amplifiers of the TLO61 series are designed as low-power versions of the TLO81 series
amplifiers, They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents.
The TLO61 series features the same terminal assignments as the TLO71 and TLO81 series. Each of these JFET-input
operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated
circuit.

Device types with an “M" suffix are characterized for operation over the full military temperature range of —55°C
to 125°C, those with an *“I”” suffix are characterized for operation from —25°C to 85°C, and those with a “C" suffix
are characterized for operation from 0°C to 70°C.

TLO60, TLOGOA TLO61, TLO61A, TLO61B TLOB1
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET OFFSET OFFSET
comp Vcce %’I :‘v?z’;k NC_ Veer %I ?r?z’;L NC ne Veoo ?ﬂ‘ﬂ' '::;)L
sl[71[ells a7l ell’s ®OOOO
) 1 — 1 'l '}
11121314 1[T2[13] 4 N @D D @ G
OFFSET INV  NON- Veeo— OFFSET INV_ NON- Vgo— @ O;C:s)gr @ 9 SD_
NULL/ INPUT INV NULL INPUT INV NULL INPUT  INV o
(i::d) INPUT 1 INPUT (N1) INPUT
TL062, TLO62A, TLO62B TLO62 TLO64...J,N, OR W PACKAGE
JG OR P DUAL-IN-LINE U FLAT PACKAGE TLOG4A, TLOG4B . ..J OR N PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
Non. NON. "G VeRTWG  VEATNG WG

OUT- INV_INV
Vs PUT INPUT INPUT

QUT- INV_ NON- v
PUT INPUT INV cc-
INPUT

ouT. INV INV
Nc  Vece  PUT INPUT INPUT

PHTHM? (ONONONO)
3 33 1 ~
.\
+ ':‘dj_‘ [-Iq:" AMPLIFIER NO. 4 AMPLIFIER NO.3
I__-ﬁ —<l ! AMPLIFIER NO. 1 AMPLIFIER NO. 2
1[12(13[1 4 =

OUTPUT INPUT INPUT Vg INPUT  INPUT OUTPUT
Hilolinr 1 » 9 ]

1 2 3 4 $ 8 ?

OUTPUT INVERT- NONIN- Ve, NONIN- INVERT- OUTPUT
ING  VERTING VERTING ING
INPUT  INPUT INPUT  INPUT

NC-—No internal connection
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TYPES TL060, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TLO62, TLOG62A, TLO62B, TLO64, TLOG4A, TLO64B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) vecr

NON-INVERTING
INPUT

INVERTING
INPUT

COMP O —
OFFSET NULL/
TLOGO ONLY COMP (N1) O~~~
OFFSET NULL (N2) O= ==

-
[}
]
'

'R

OFFSET OFFSET OUTPUT  Vge-
NULL NULL
NINGINLIJ & Sl
TLOG1 ONLY )
absolute maximum ratings over operating free-air temperature range (unless other wise noted)
TLO6_C
TLO6_M TLO6_.) TLO6_AC | UNIT
TLO6_BC
Supply voltage, Vec+ (see Note 1) 18 18 18 \']
Supply voitage, Voc-—- (see Note 1) -18 —-18 -18 \"
Differential input voltage (see Note 2) +30 +30 +30 \'4
Input voltage (see Notes 1 and 3) +15 +15 115 \%
Duration of output short circuit (see Note 4) Unlimited | Unlimited | Unlimited
Continuous total dissipation at {or below) J,JG, N, P, or W package 680 680 680 W
25°C free-air temperature (see Note 5) U package 675
Operating free-air temperature range —55t0 125 | —25 t0 85 0 to 70 °C
Storage temperature range —65 to 150 | —65 to 160 | —65t0 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds | N or P package 260 260 °c
NOTES: All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Vogo—.

1.

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 volitage or 15 volts, whichever is less.

4, The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded. :

6. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO6_M chips are
alloy-mounted; TLO6_I, TLO6_C, TLO6_AC, and TLO6_BC chips are glassmounted.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
RATING FACTOR Ta
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 8g°C TLOGO TLOG1 TLO62 TLOG4
J {Glass-Mounted Chip) 680 mW 8.2mW/C 67°C TLOG_M JG JG,U JG, U LW
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 69°C TLOG_I  JG,P 9GP G, P LN
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C TLW6E_C  JG,P 4G, P 4G, P LN
N 680 mW 92mWFC  76°C | {1105 ac  JG,P JG,P 3G, P 4N
P 680 mW 8.0 mwW/°C 65°C TLOG_BC JG,P 4G, P LN
v 675 mW 5.4 mW/°C 25°C
w 680 mW 8.0 mW/°C 65°C
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TYPES TL0OG60, TLO6OA, TLO61, TLO61A, TLOG1B,
TL062, TLO62A, TL0O62B, TL064, TLOGAA, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ = *15 V

TLO6_C
PARAMETER TEST CONDITIONST TLOB_M TLOG! TLO6_AC UNIT
TLO6_BC
MIN TYP MAX |MIN TYP MAX |MIN TYP MAX
'60, ‘61, '62 3 6 3 6 3 15
Rs =50 Q, '64 3 9 3 6 3 15
Ta =25°C '60A, ‘61A, '62A, '64A 3 6
‘618, ‘628, ‘648 2 3
Vio Input offset voltage 60, 61, 62 5 3 20 mv
Rg =502, ‘64 15 9 20
Ta = full range |'60A, ‘61A,'62A, '64A 7.5
‘618, '62B, '64B 5
avio Z::EZ':;:;?:::;M Rs=50,  Ta = full range 10 10 10 AVIC
'60, ‘61, '62, '64 5 100 5 100 5 200
Ta =25°C ‘60A, ‘'61A, '62A, '64A 5 100| pA
'61B, '62B, '64B 100
1o Input offset currentt 6061, 62, 64 0 0 5
Ta = full range |'60A, '61A, '62A, '64A 3] nA
'61B, '62B, '648 3
'60, '61, '62, '64 30 200 30 200 30 400
Ta =25°C '60A, ‘61A, ‘62A, ‘64A 30 200 pA
IiB Input bias currentt 618, 628, '648 30 200
'60, '61, '62, '64 50 20 10
Ta = full range ['60A,'61A, '62A, '64A 7] nA
‘618, ‘628, '64B 7
. '60, '61, '62, '64 11 £12 +11.6 £12 +10 11
Common-mode input o
VicR Ta=25°C ‘60A, ‘61A, ‘62A, '64A £11,5 12 Y
voltage range
'61B, '62B, '64B +11.5 212
Vopp Maximum peak-to-peak |Ta = 25°C, R =10 kQ 20 27 20 27 20 27 v
output voltage swing Ta = full range, R| = 10 kQ 20 20 20
RL > 10k, |60,'61,'62,'64 4 6 4 6 3 6
Vo=:10V, ['60A,'61A,'62A, '64A 4 6
Large-signal differential |Ta =25°C ‘618, ‘628B, '64B 4 6
Ayvp L V/mVv
voltage amplification R > 10k, ['60,'61,'62,'64 4 4 3
Vo=:10V, ‘60A, '61A, '62A, '64A 4
Ta = full range |'618, ‘628, ‘648 4
B1 Unity-gain bandwidth Ta =25°C, R =10k 1 1 1 MHz
[ Input resistance Ta=25°C 1012 1012 1012 Q
Common-mode rejection [Rg < 10 k2, 60, '61, °62, 64 80 86 80 8 0 76
CMRR ratio Tp=25°C '60A, '61A, '62A, '64A 80 86 dB
'618B, '62B, '64B 80 86
Supply voltage rejection [Rg < 10 k<2, 60, 61, /62, ‘64 80 95 80 95 7095
ksVvR ratio (A Vegs/a Vig)  [Ta = 26°C '60A, ‘61A, ‘62A, '64A 80 95 dB
- '618, ‘628, '64B 80 95
PD Total power dissipation [No load, No signal, 6 75 5 75 6 75! mw
(each amplifier) Ta=25°C ’ ’ ’
Ice (S;ZZ";;:::::) _l'\f: fazdsl“c No signal, 200 250 200 250 200 250| pA
Vo1/Vg2 Channel separation Ayp = 100, Ta=25°C 120 120 120 ds
T All characteristics are specified under open-loop conditions unless atherwise noted. Full range for Tais ~55°C to 125°C for TLO6_M; —25°C

10 85°C for TLO6_1; and 0°C to 70°C for TLO6_C, TLO6_AC, and TLO6_BC.
ilnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible,
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TYPES TLOG60, TLOGOA, TLOG61, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VcCc: =+15V, Ta = 25°C

TLO6_M ALL OTHERS
PARAMETER TEST CONDITION! = UNIT
R T S MIN TYP MAX | MIN TYP MAX
V=10V, RL =10k,
SR S te at i 2 3.5 3.5 Y
ew rate at unity gain CL =100 pF, See Figure 1 s
tr Rise time Vi=20mV, RL=10kQ, 0.2 0.2 us
Overshoot factor CL_= 100 pF, See Figure 1 10% 10%
Vi,  Equivalent input noise voltage Rg =100 %2, f=1kHz 42 42 nV/\/Hz
PARAMETER MEASUREMENT INFORMATION
100 k2
A\
__10kn ——
C1y /500 pF
1k 1 I
Vi O—\—4 N1
Vi 1ocL= O—AAA—4
: 1 100pF i —0
! ! L 10ka
u...i(..l < RL Cy -
b3 TLOBO
Cc=10pF 1 = Two pF
for TLOGO = -
and TLOG0A = A
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-GAIN-OF-10 FIGURE 3—FEED-FORWARD
INVERTING AMPLIFIER' COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS.

TLO6O

*For best results use R = 20 M2 for
Voo =215V 1o R =5 MQ for
Voo =13 V.

FIGURE 4 FIGURE 5
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TYPES TL0O60, TLOG6OA, TLO61, TLOG1A, TLOG1B,

TL0O62, TLO62A, TL0O62B, TLO64, TLO64A, TLO6G4B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs

> SUPPLY VOLTAGE
1% "

s RL= 10k

s Ta=25°C

> -

5 £ See Figure 2

3 A
S 20

2 4
& /
R

=

]

i f

E 10

F]

E

3 /

s 5

1

R4
> 0

0 2 4 6 8 10 12 14 16
NVeee -Supply Voltage-V

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY
30T ITTI T T — 71T
Vece =215V RL=10kD2
TA=25°C
25 See Figure 2

[
Veee = 12V m
q

I

16 L
107 vees =5 V]
Vees ~22V
cce N
N
[
10M

1k 10k 100k ™M
f—Frequency—Hz

o

v/ 4
v’

Voprp—Maximum Peak-to-Peak Output Voltage—V

FIGURE 9

SUPPLY CURRENT PER AMPLIFIER
vs

SUPPLY VOLTAGE
250 T T
TA=25C
No Signal
200 - No Load
3 =
H —T]
£ 150
3
©
£
& 100
|
g
50
]

0 2 4 6 8 10 12 14 16
Vceth-Supply Voltage—V

FIGURE 12

TYPICAL CHARACTERISTICST

M

IAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

w
o

»n
o

9
o

o

VOpp—Maximum Peak-to-Peak Output Voltage—V
» &

vVeer =215V
RL=10k&2
See Figure 2

0

=75 -50 -25

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

FIGURE 7

DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

>10 T —
£ [vece=118
S |~RL=10kA
7
P —~~
4
< 4
-]
S
3
>
2
=
|
o
>
<1
-75 -50 =25 0 26 50 75 100 125
TA—Free-Air Temperature="C
FIGURE 10
SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE
250 Vecr=$15V
No Signal
No Load
200 1
< ™
.'1» .ﬁ\
S 180
3
o
=
§ 100
]
8
50
0
~75 -50 =25 0 25 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 13

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
LOAD RESISTANCE

>

[
£ Veee =15V
9 Ta=25C
S 51—

5 5 See Figure 2
2

320

=

%

& /
215

i

%

E; A
E 10

£ )/
P

I

]

S

100 200 400 700 1k 2k
R|—Load Resistance~§2

4% 7k10k

FIGURE 8

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

vs
FREQUENCY

108 T T
- Vect =15V
2 Rext = 0 .
210 ~ RL=10k22 ~{0
g Ta=25°C
S 103 J ——45°
§ \ PHASE SHIFT .
S (right scale). =
> &
F 102 I 7 90* 3
$ DIFFERENTIAL £
2 VOLTAGE \
a 10 AMPLIFICATION 135°
g (left scale)
<

1 180°

1 10 100 1k 10k 100k 1M 10M
f—Frequency—Hz

FIGURE 11

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE

2 =TL0s.
Vegs =15V
20 I~ No Signal
No Load

~
15

TL06O, TLO61

Pp—Total Power Dissipated—mW

[}
-75 -50 ~-25 0 25 S0 75 100 125
TA—FreeAir Temrnmun—'C

FIGURE 14

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF
compensation capacitor is used with TL060 and TLO60A,
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TYPES TL0G6O, TLOGOA, TLO61, TLOG1A, TLOG1B,
TLO62, TLO62A, TL0O62B, TL064, TLO64A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

ALL EXCEPT TLO6-C NORMALIZED UNITY-GAIN BANDWIDTH,
COMMON-MODE REJECTION RATIO SLEW RATE, and PHASE SHIFT NPT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE TEMPERATURE FREE-AIR TEMPERATURE
87— 213 1.03 100 =
-] Veee =15V n; soF CCt i
1 - .
2 gp |-RL=10KD 3 1.2 lUNITY-GAIN BANDWIDTH —paAsE SHIFT] 1.02 1
- .
‘E p— "'E {left scale) {right scale) e ‘{: 10
£ £ 101 § g 4
£ H s —
s 3 - g
< & SLEW RATE £ 3 '
B 84 @ 1 (leftscale) 1 3 E
= 2 oo
E 8 Q g5 o 7
g 83 Zz o9 099 5 & A
£ < . z 9
3 =) \( o 01
° =
1 @ Veee =215V
g o 'E LTt 0.98 0.04 =
£ f=Bq for Phase Shift
8 81 2oL L 1 097 0.01 =]
~75 -60 =25 0 25 50 75. 100 125 ~75 -50 -25 0 25 S50 75 100 125 50 -26 O 25 50 75 100 125
TA-Free-Air Temperature—"C Ta~Free-Air Temperature—"C Ta—Free-Air Temperature="C
FIGURE 15 FIGURE 16 FIGURE 17
‘ OUTPUT VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
VOLTAGE-FOLLOWER vs v
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME FREQUENCY
100
INPUT = g T T TH
——— " 2 %0 Voot =215V,
A / 2 [u ERSHOOT EN [|rs = 1000
T 80 T A = 25°
7 > 20 & N 25°C
g i LIRS z 70
8 2 %16 4 s h “"
3 s s 60
2 ] 3
5 o0 > z
g OUTPUT A 12 e N
3 2 g a0
2, 8 8 o
@ [l c
H Veee =15V 2, / 3 %
g AL=10k2 10% Veee = $15V 3 20
-4 CL=109|;!F L 0 RL=10k2 — Y
- TAI=25c| . oo Tho2C Lo
—6 _4 Ll 0
o 2 4 6 8 10 0 02 04 06 08 1 12 14 10 40100 400 1k 4k 10k 40Kk100K
t=Time-us t-Time—us f~Frequency—Hz
FIGURE 18 FIGURE 19 ' FIGURE 20

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF
compensation capacitor is used with TLO60 and TLOG60A.

TYPICAL APPLICATION DATA

INPUT
A

OUTPUT

INPUT
B e
TLOGA VWW\———AA~ TLO64 1009
Vee- . vee- -
FIGURE 21—INSTRUMENTATION AMPLIFIER
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TYPES TL060, TLO60OA, TLO61, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLO64A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.6-Hz SQUARE-WAVE OSCILLATOR

RF = 100 k&
INPUT R1 R2 p OUTPUT
o—0
O Vee-
T
R1=R2=2R3=1.5MQ
3
R3 C1=CZ=92—=110pF
s ci c2 .
f= o > 9, = ———=
27 RF CF go1ke % fo=5myc ™ 1kHe
-
FIGURE 22-0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23-HIGH-Q NOTCH FILTER

OUTPUT A

OUTPUT B

OUTPUT C

FIGURE 24—-AUDIO DISTRIBUTION AMPLIFIER

HEV
fr Voo
> >
$1oka  10ka I
3 3 oluF 7R
= 10 ka
10k
VWA~ + 1MQ
TiLe0s | o b -
~ 100pF | TLOG ouTPUT
\ WKL, 10‘k‘ﬂ | ' 50 TLO6 L—OOUTPUY
Qe » +
3 E
<
wka N1O 0
k b: 1
5kn $ o1uF 10k

-5V s

FIGURE 25— LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26—AC AMPLIFIER
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TYPES TL060, TLO60A, TLO61, TLOG1A, TLOG1B,
TL0O62, TLO62A, TLO62B, TLOG4, TLOG4A, TLO64B,
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10ka  100kn 1kQ

o.osuFAIF\ l ITO.%uF =
[

p L p-————0
>
>

100k I 1510 ka

FIGURE 27—MICROPHONE PREAMPLIFIER WITH TONE CONTROL

Oo— +
+
TLO62 [ o IC PREAMPLIFIER RESPONSE CHARACTERISTICS
- 25 T T
g ok o (RS T TTeY ]
N Vees=+15v | TR BlhE/
o 15 Ta=25"C
T 1 N__See Figure 30 /
$ 1k $ N
2 3 s 4
1k Y o N
o AAA, E P e
b 1
;. -5 / \\
100 ka S w0 Il
>
- -15 H
TLO62 -0 at iy
TREBIE
- L i il
o + 20 40 701002004007001k 2k 4k7k10k20k

f—Frequency—Hz

FIGURE 29
:L 0.003 4F
0.034F
4
\ } MIN
*-0— A AA—PS 100ks
10ka 33kn | TREBLE
MAX
( | —o
0.03 4F OUTPUT
L 0.0034F
3
68 ks2 :
=

FIGURE 30—IC PREAMPLIFIER
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LINEAR TYPES TLOG6I, TLO66C, TLOGGAC, TLO66BC

INTEGRATED ADJUSTABLE LOW-POWER
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12667, FEBRUARY 1979—REVISED OCTOBER 1979

5 DEVICES COVER COMMERCIAL,
INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

TLO66, TLOGGA, TLOGGB

e Very Low, Adjustable {“Programmable”) "PGA g::sz"’ﬁ;:"\‘;:'éxf
Power Consumption

e Adjustable Supply Current. .. 5 to 200 A OFFSET

PWR OUT- NULL
CONT Vcc+ PUT  (N2)

8 7 6 5

e Very Low Input Bias and Offset Currents
e Wide Supply Range...*1.2V to+18V

e Wide Common-Mode and Differential
Voltage Ranges

e  QOutput Short-Circuit Protection P

e High Input Impedance . . . JFET-Input
Stage —

e Typ Unity-Gain Bandwidth . .. 1 MHz 1 2Mafla
(100 kHz at 25 uW)

OFFSET TNV NOW- VGc—
. INPUT INV
e High Slew Rate... 3.5 V/us Typ come INPUT

e Internal Frequency Compensation

e Latch-Up-Free Operation
description

The TLO66, TLOG6A, and TLOG6B are JFET-input operational amplifiers similar to the TLO61 with the additional
feature of being power-adjustable. They feature very low input offset and bias currents, high input impedance, wide
bandwidth, and high slew rate. The power-control feature permits the amplifiers to be adjusted to require as little
as 25 microwatts of power. This type of amplifier, which provides for changing several characteristics by varying
one external element, is sometimes referred to as being “programmable”. The JFET input stage combined with the
adjustable-low-power feature results in superior bandwidth and slew rate performance compared to low-power
bipolar-input devices.

The TLO66! is characterized for operation from —25°C to 85°C, and the TLO66C, TLLO66AC, and TLO66BC are’
characterized for operation from 0°C to 70°C.
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TYPES TL0G6I, TLOG6C, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic

I Vees

Y
NON-INVERTING q
INPUT >
>
INVERTING,
INPUT 50 &2
10082
Ice~ 28 ‘ccio!
285+ Rgxt !
where R, it in kQ
and Icg(g) * foc with Reyxe = 0
POWER
CONTROL
Rext
Vee-
o
OFFSET OFFSET QUTPUT
NULL NULL
N1) (N2) COMPONENT VALUES SHOWN ARE NOMINAL

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

TLO66C
TLOG6! TLOG6AC UNIT
TLO66BC
Supply voltage, Vce+ {see Note 1) 18 18 \Y
Supply voltage, Vcco— (see Note 1) —18 —18 \
Differential input voltage (see Note 2) +30 +30 \'
Input voltage (see Notes 1 and 3) 15 *15 \Y
Voltage between power-control terminal and Voo 0.5 +0.5 \4
Duration of output short circuit (see Note 4} Unlimited Untimited
Continuous total dissipation at (or below) 25°C free-air temperature {see Note 5) 680 680 mW
Operating free-air temperature range —25 t0 85 0to 70 °C
Storage temperature range —65 to 150] —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG Package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P Package 260 260 °C
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between V¢4 and Veo—.
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 to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded,
6. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the TL0O66!, TLO66C,
TLO66AC, and TLO668BC chips are glass-mounted.
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
Also see Dissipation Derating Curves, Section 2.
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TYPES TLOG6I, TLO66C, TLOG6AC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Voc: =15V

TLO66C
TLO66! TLOG66AC
PARAMETER TEST CONDITIONS? TLOGEBC UNIT
MIN TYP MAX | MIN TYP MAX
Rg =50 9, TLO66 3 6 3 15
T =25°C TLOG6A 3 6
Vio Input offset voltage TLOSEE 2 3 ‘mV
TLO66 9 20
Rs=s0a. TLOG6A 75
Ta = full range TLOGGB 5
avio Z::‘;Z;a:;:::f::;:m Rg=50%, Tp = full range 10 10 uvIC
TLO66 5 100 5 200
Ta=25°C TLOG6A 5 100 | pA
" TLO668 100
ho Input offset current TL0G6 0 5
TAa = full range TLO66A 3 nA
TLO66B 3
TLO66 30 200 30 400
Ta=25°C TLOG6A 30 200 pPA
hig Input bias current L0668 0 200
TLO66 20 10
Ta =fullrange { TLOG6A 7 nA
TLO66B 7
Common-mode input ° TLO6E 12 210
VIcR voltage range Ta=25"C TLO66A 12 \%
TLO66B +12
Vopp Maximum peak-to-peak TaA=25°C, Ry =10k 20 27 20 27 v
output voltage swing Ta =fullrange, R > 10k 20 20
R > 10kQ, TLO66 4 6 3 6
Vpo=:10V, TLOG6A 4 6
AvD Large-signal tlii‘ffer‘ential Ta =25°C TLO66B 4 6 Vimv
voltage amplification R > 10 k2, TLO66 4 3
Vpo=t10V, TLO66A 4
TA = fult range | TLO66B 4
B4 Unity-gain bandwidth TA= 25°C, R =10kQ 1 1 MH2z
ri Input resistance Tp =25°C 1012 1012 Q
o Output resistance Ta=25°C, f=1kHz 220 220 Q
o TLO66 80 86 70 76
Common-mode rejection | Rg < 10k,
CMRR . o TLO66A 80 86 dB
ratio Ta=25C
TLO66B 80 86
Supply voltage rejaction Rg < 10kQ, TLO86 80 95 70 95
KSVR ot (A Vece/a Vioh | Ta=25°C TLOGGA 8 95 a8
TLO66B 80 95
Pp Total power dissipation No’load,o No signal, 6 7.5 6 75 | mw
TA=25C
No load, No signal,
lee Supply current ° 200 250 200 250 HA
Ta=25C

t Al characteristics are specified under open-loop conditions uniess otherwise noted. Full range for T 4 is —25°C 10 85°C for TLO661 and 0°C
to 70°C for TLO66C, TLOB6AC, and TLO66BC, The electrical parameters are measured with the power-control terminal (pin 8) connected
to Ve

tlnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible.
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TYPES TLOGG6I, TLO66C, TLOGGAC, TLO66BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Voc: =15V, TA = 25°C, Rext =0

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain Vi=10v, RL= ,10 ke, 3.5 Vius
Cp =100 pF, See Figure 1
tr Rise time V|=20mV, Ry =10kQ2 0.2 us
Overshoot factor C_ =100 pF, See Figure 1 10%
Vn Equivalent input noise voltage Rg =100 £, f=1kHz 42 nviVHz

" PARAMETER MEASUREMENT INFORMATION

10kn

WV

1k
O Vi
Vi + cL=
Ry =
100 pF_L 10k
:: RL CL=
| 1 = Two oF
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-GAIN-OF-10 INVERTING AMPLIFIER
INPUT OFFSET VOLTAGE NULL CIRCUIT
o—
O—
N1Q)
Vee—
FIGURE 3
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lig—Input Biss Current—nA

TYPES TLO66I, TLO66C, TLOG6AC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT MAXIMUM PEAK-TOPEAK OUTPUT VOLTAGE MAXIMUM PEAK-TQ-PEAK OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE SUPPLY \VI‘OLT AGE EXTERNAL-CONTROL RESISTANCE
>
100 > % =
o Voce =215V LT L RL=10kQ
S b,
1 S 25}—~TA=25"C 3 !
. 3 See Figure 2 Ea RL=2k0 N
3 .0 o = !
4 o ~ 3 I
) <]
y4 x A
i S0 g
1 8 15 &L D o -+
2 L 274Kd &
X & <
04f 7 & /‘/ ] I
 — V4 £ 10 e ‘oﬁ.(_.{ :g |
0.1 g Rexl 5
o4 = i — ] 3 H
o i [ K
- & 4 4
0.01 So - 3 LI LU
-50 -256 0 25 50 75 100 125 0 2 4 8 10 4 18 > 10 10 1% 10k
TA-Free-Air Temperature—"C Vet HSupply Voltage—V Rext—External-Control Resistance~§2
FIGURE 4 FIGURE 5 FIGURE 6
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
S FREE-AIR TEMPERATURE > LOAD RESISTANCE FREQUENCY
i 30 130 ™TT7T > 3o[_TTImmm T T
3 g’ Ve =215V ] Vcce =215V Rext=0
3 - £ Re=0 g R = 10k
> 2 25 lse 3 5 TA=25°C
§' 3 See Figure 2 / § vee: =112V See Figure 2
320 3 20 2 1 |
% 3 4 S
& & x
&1 215 €15
% % v 2
£ H Vi H
£ 10 & 1ok M |
§ Ve =415V H / € Vece =25 v 1
2 [ Rearo i .| 2 I
s 5 =5 % 5
1 RL= 10k L7 F Vics =12V
& See Figure 2 é I
S L™ S, & oI
-756-50 —25 0 25 50 75 100 125 100 200 400 700 1k 2k 4k Tk10k > 1k 10k 100k 1™ 10M
TA—Free-Air Temperature—"C R —Load Resistance—02 f—Frequency—Hz
FIGURE 7 FIGURE 8 FIGURE 9
LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION ‘and PHASE SHIFT
vs vs vs
o FREE-AIR TEMPERATURE " FREQUENCY
> > s 1
& £ Fvees=tisv 1T
E s [ nfff- o Vees =115V
TR = 3 Rext =0
| AL=10k0 3 104 RL= 10k 0"
/ b Ta=25°C
-
é a 103 PHASE LHIFT L f45® &
& g ? (right scale) |7 ﬁ
3
s 3 : S / -
> > 3 102 9%* £
; 2 DIFFERENTIAL \
E VOLTAGE \
3 ; & 10 AMPLIFICATION 138°
Li ’—| a (left scale}
o [ :
z E 1 180°
10k - - -76 -850 -25 0 25 50 75 100 125 110 100 1k 10k 100k 1M 1OM
Rext—External-Control Resistance—$3 TA-Free-Air Temperature-"C f—Frequency—Hz
FIGURE 10 FIGURE 11 FIGURE 12
tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
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TYPES TLO66I, TLO66C, TLOG6GAC, TLOGGBC

ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

SUPPLY CURRENT
vs
EXTERNAL-CONTROL RESISTANCE

SUPPLY CURRENT
vs

SUPPLY VOLTAGE
250 —— 400 -
Rext = 0 -
T;": 25°c Vece=15V | |
200 }— No Signal e S Veet =6V
< — Vees =22V
No Load — (™
i I % 1004 =2
g —1 £ S H
£ 150 g 70 o
3 3 40 E[
> > :{ H
Q 4t $oo b
§ 100 3
7 I i
8 g J TA=25°C
~ &0 = 10} See Figure 1 H
15 No signal i
ﬁ Noload 1
0 PR i 11
0 2 4 6 8 10 12 14 16 1 10 100 1k 10k 100k

Ve -Supply Voltage—V Rext—External-Control Resistance—$2

FIGURE 13 FIGURE 14

ALL EXCEPT TLO66C

TOTAL POWER DISSIPATION COMMON-MODE REJECTION RATIO

vs vs
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE

o

i
5 4000 2 o I it
=|1 ©
s § ™
3 1000 g e H A
‘a @
L 'S
o [
% 400 ;c:, 84—1—«1 He i 1)
a g
3 100 E gal L] 1 |
.? 3 Vees=£15V
s i H_nplokn I I
& & 82T 1a-25°C Tl

£ y

8 L

81 I I
1 10 100 1k 10k 100k 1 0 100 1k 10k 100k

Rext—External-Control Resistance—0 Rext—External-Control Resistance—§2

fcce—Supply Current—pA

CMRR~Common-Mode Rejection Ratio—dB

SUPPLY CURRENT

v§
FREE-AIR TEMPERATURE

250
—_
200
\’\
I~
150
100
Vece =215V
50 |~ Rext =0
No Signal
No Load
0
~-75-50 -26 0 25 S0 75 100 125

Ta—Free-Air Temperature="C

FIGURE 15

ALL EXCEPT TLO66C
COMMON-MODE REJECTION RATIO

vs
FREE-AIR TEMPERATURE

87 T
Vecs=2 15V
Rext=0 ’
86 | RL= 10k
85 /
8
83
82
81
-76 -50 <25 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 16 FIGURE 17 FIGURE 18
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs vs
FREQUENCY SOURCE RESISTANCE
g ? [
Vees = 16V A I o L

2
S Rs=100Q > ext ™
T 100 AN M Ta = 25°C T m
3 Rext = 100 k{2 gl U
2w N 3 5ka 1
> N % 50 ki
4 s %3
° N ] -

= z
2 ’tx =10k i 5 100 k§2 ]“
E [\ ny Rext = £ 2
g % :
3 ”m 3 Vees = £15V
£ 2 1f-RL=10kQ
& 2 m" 1 Ta=25°C l
3 >
5 L LU 1

10 40 100 400 1k 4k 10k 40k 100k 10 40 100 400 1k 4k 10k 40k100k

f—Frequency—Hz

FIGURE 19

Rg~Source Resistance—Q2

FIGURE 20

tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices,
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TYPES TLOG66I, TLO66C, TLOGGAC, TLO66BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

NORMALIZED UNITY-GAIN BANDWIDTH,

UNITY GAIN BANDWIDTH SLEW RATE SLEW RATE, and PHASE SHIFT
vs vs vs
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE . TEMPERATURE
M A TTT I Bl 213 1.03
H]VHF% W Veee =15V ‘; |
RpL= Kk
2, CI':' :go o & 1.2 [UNITY-GAIN BANDWIDTH_pHASE SHIFT] 1.02
- ° 1eff .
i 3 | 11 Ta=25°C E (left scale) (nlgm scale} =
5 £ See Figure 1 R 101 &
1 yo 3 N r :
507 ! a8 2 N < B SLEW RATE £
@ b i [ o 2T T e 1 (left scate) |1 H
£ H +H z £ — B
3 M1l I \ 3 ]
F g % 0o ™~ 099 £
i 19 r_ [ ‘c z
S @ .1 11 ] R, S
502 N 1 SN l“ T galVece=tisv
@ AL = 10k 2 081 Thoka 0.98
Ta=25°C I" E £=B1 for Phase Shift
0 2 t 1 1
1 ! L - Ll L L4 L] Zz 07 0.97
o 10 100 1k 10k 100k 1 10 100 1k 10k 100k 75 -50 =25 O 25 50 75 100 125
Rext—External-Control Resistance—$2 Rext—External-Control Resistance—§2 T A—Free-Air Temperature—°C
FIGURE 21 FIGURE 22 FIGURE 23
OUTPUT VOLTAGE
VOLTAGE-FOLLOWER vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
28
INPUT
24
‘ / _['0 ERSHOOT
: \ =
A € 7
3 ! + 909
s 2 3
2 g6
2 g /
< >
3 0
2 OUTPUT 5 12 /
3 g
o 3
2 3 8
5 2 Vees =215V S /
3 / Rext=0 > a4 Veos =15V
£ _, L=10kQ 10%4 Rext=0
C| =100 pF 0 RL=10k2 1
S— Ta=25°C F== etp] TA=25°C
-6 1 1 —4 It 1
0 2 4 6 8 10 0 02 04 06 08 1 12 14
t=Time—us t—Time—pus
FIGURE 24 FIGURE 25

TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices,

TYPICAL APPLICATION DATA

INPUT
A
J o OUTPUT
1M
INPUT
B
100 2

—wW—

FIGURE 26—INSTRUMENTATION AMPLIFIER
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TYPES TLOG66I, TLO66C, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10k 100 k2 1kQ

0.06 uF 0.06uF =

10 k2

FIGURE 27—-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

0.1 uF
Vees IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25 TTTTT
o R T[]
b N Vece=t15v | |TREB E/
= o 15 Ta=25C y
° I See Figure 30
s0a3s 3 s
o— Ea 4 b ~
< 1 N
s S Py
k|
Vee- ‘%"" 10ka g0 74 N
~15 4
< 14 i
Rext  PWR CONT ~20 N B TREBLE |
_gs LA LT
20 40 100 200400 1k 2k 4k 10k 20k
= f—Frequency—Hz
FIGURE 28—AC AMPLIFIER FIGURE 29
220kQ
2N .
0,00375 uF
\ |/ B4
1 X 10ka S N 0.0034F
0.03uF
( 2ka ! —
MIN MIN vees
100K0 Sq A AMA—PS 100ka o
; W W
< 10k 23k § TREBLE
3
wa MaX) MAX
b0
° 0.03uF Rggy OUTPUT
INPUT Ln-
10ka S N1’ 0.003 uF g
4 =
Vee-
< < os <
3 1000 a7ka 3 ("?'A&:: ( 68k S
BALANCE 3 i a7,F i
75uF = 50 pF
T
°
£
FIGURE 30-1C PREAMPLIFIER
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TL072B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12646, SEPTEMBER 1978—REVISED OCTOBER 1979

20 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

LINEAR
INTEGRATED
CIRCUITS

e Low Noise...Vn=18nV/\/Hz Typ .
e Low Harmonic Distortion . .. 0.01% Typ

High Input Impedance . . . JFET-Input
Stage
e Wide Common-Mode and Differential * Internal Frequency Compensation

Voltage Ranges e Low Power Consumption

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

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

description

The JFET-input operational amplifiers of the TLO71 series are designed as low-noise versions of the TLO81 series
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make
the TLO71 series ideally suited as amplifiers for high-fidelity and audio preamplifier applications. Each amplifier
features JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single

monolithic chip.

Device types with an ““M" suffix are characterized for operation over the full military temperature range of —55°C
to 125°C, those with an “I'* suffix are characterized for operation from —25°C to 85°C, and those with a “/C'"’ suffix
are characterized for operation from 0°C to 70°C.

TLO70, TLO70A
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO71, TLO71A, TLO71B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO072, TL072A, TL0O72B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET
OUT. NULL
COMP Vces PUT (N2}

sll7]]e|d>5

17]12]]137(14

OFFSET INV. NON. V(e
NULL/ INPUT  INV

MP INPUT
N1)

OFFSET
oUT NULL

NC Veer PUT IN2I
8171165

-
11211314

OFFSET INV NON  veeo
NULL INPUT NV
N1 INPUT

NON-

OUT. INV_ INV

Vece PUT INPUT INPUT
[RIRNI K

|
=]

{21314

OUT- INV_ NON- VCcC-
PUT INPUT INV
INPUT

TLO74, TLO74A, TLO74B
JOR N DUAL-IN-LINE
OR W PACKAGE (TOP VIEW)

TLO75
N DUAL-IN-LINE
PACKAGE (TOP VIEW)

INVERT- NONIN-
ING  VERTING
OUTPUT INPUT INPUT Vic—

NONIN- INVERT-
VERTING ING
INPUT  INPUT OUTPUT

AMPLIFIER NO. 4 AMPLIFIER NO. 3

AMPLIFIER NO. 1 AMPLIFIER NO. 2

OUTPUT INVERT- NONIN- Vecy, NONIN: INVERT- OUTPUT
ING_ VERTING VERTING ING
INPUT  INPUT INPUT  INPUT

OUT. NONINY  INV
PUT INPUT  INPUT

INV_ NON-INV OUT-

INPUT INPUT  PUT  Veo+

"

o 3 12
‘EJDM_\'UH“
NO.4
AMPLIFIER
AMPLIFIER No.3
NO. 1
AMPLIFIER
NO. 2

2 3

OUT. NON.INV TNV
PUT  INPUT  INPUT

INV_ NON-INV OUT-
INPUT  INPUT  PUT

vee-
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TYPES TLO070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO074, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) Veer

NONINVERTING q
INPUT

INVERTING n
INPUT 128 2
ouTePuT
640
OFFSET NULL/COMP (N1) O—mm e e e — __J
A [l
TLO70 ONLY OFFSET NULL (N2) O — — —4 (4] \

COMP O oome | e — — — — — ——

: : F
-4 b-—
| |
]
| 1080 2 10609
! !
Vee- s .
OFFSET OFFSET
v Ny C1 = 18 pF ON TLO71, TLO72, TLO74, AND TLO75 ONLY.,
COMPONENT VALUES SHOWN ARE NOMINAL

TLO71 ONLY

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

TLO7_C
TLO7_C TLO7_} TLO7_AC | UNIT

TLO7_BC
Supply voltage, Voot (see Note 1) 18 18 18 v
Supply voltage, Voo (see Note 1) -18 -18 -18 v
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage {see Notes 1 and 3) %15 +16 15 v
Duration of output short circuit {see Note 4) Unlimited | Unlimited | Unlimited
Co:mnuous total dissipation at {or below) 680 680 680 mw
25°C free-air temperature (see Note 5)
Operating free-air temperature range —55t0 125 | ~25 to 85 O0to 70 °C
Storage temperature range —65t0 150 |—65to0 150 [ —65t0 150 | °C
Lead temperature 1/16 inch (1.6 mm) from case for 60 seconds | J, JG or W package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vgc4 and Vee—.
2, Differentlal voltages are at the noninverting Input terminal with respect to the Inverting input terminal.
3. The magnitude of the Input voitage must never exceed the magnitude of the supply voltage or 15 volts, whichever Is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.
5, For operation above 25°C, free-alr temperature, refer to Dissipation Derating Table, In the J and JG packages, TLO7_M chips are
alioy-mounted; TLO7_1{, TLO7_C, TLO7_AC, and TL0O7_BC chips are glass-mounted.

DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
PACKAGE POWER DERATING ABOVE TLO70 TLO71 TLO72 TLO74 TLO7S
TR G :;T:‘;f 1:2‘:‘2;[: eTséc TLo7_M 46, JG,  J6, W ;
J (Glass-Mounted Chip) 680 mW 3:2 mW/ C 67°C L7 6P dGPJGP N N
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/rC 69°C TLo7-C 6P JeP JGP AN N
) : A TLO7_AC  JG,P JG,P  JG,P N »
JG (Glass-Mounted Chip} 680 mW 6.6 mW/°C 47°C TLO7_BC . JG.P 3G, P LN *
N 680 mW 9.2 mW/C 76°C | -
P 680 mW 8.0 mW/C 65°C These combinations are not defined by this data sheet.
w . 680 mW 8.0mW/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vgg+ =+15V

TLO7_C
PARAMETER TEST CONDITIONST TLO7_M TLO7_1 TLO7_AC UNIT
TLO7_BC
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
'70,°'71,'72, '75% 3 6 3 6 3 10
Rs=50Q, ['74 3 9 3 6 3 10
TA =25°C ‘70A,'71A, '72A, 'T4A 3 6
Y Input offset volt 718,728, 748 2 3 mv
St '0ltage
10 P 9 '70,°71, 72, '75% 9 9 13
Rg=50Q, ‘74 15 9 13
Ta =fullrange|'70A, '71A, '72A, '74A 7.5
'718,'72B, '74B 5
Temperature coefficient Re =500 T full 10 10 10 vFe
3 = , = full range
VIO of input offset voitage S A 9 #
'70,°71,'72,'74,'75% 5 50 5 50 5 50
Ta= 25°C ‘70A,‘71A,'72A, '74A 5 50| pA
| Input offset current § 718,728, 748 5 50
Tri
1o P "70,°71,°72,°74, ‘751 20 10 2
Ta =full range|'70A, '71A, '72A, '74A 2| nA
‘71B, '72B, '74B 2
'70,°71,'72,'74,'75% 30 200 30 200 30 200
Ta=25C "70A,'71A,'72A, '74A 30 200( pA
) ‘718B,'72B, '748B 30 200
IT:] Input bias current§ " "
70,°71,72,°74, '75% 50 20 7
Ta =full range |"70A, '71A,'72A, '74A 71 nA
‘718B, '72B, '74B 7
) '70,'71,'72,'74, '75% | £11 212 +11 %12 +10 311
Common-mode input o " -
VicR Ta=25C 70A, '71A, ‘72A, '74A 11 £12 v
voltage range
‘718, '72B, '74B 11 £12
. Ta=25C, R =10k 24 27 24 27 24 27
Maximum peak-to-peak
Vorp output voltage swin Ta = full range RL>10k9 24 24 24 v
Wi =
ge swing A ¥R >2kn 20 24 20 24 20 24
R =2k, ‘70,'71,'72,'74, '75% 35 200 50 200 25 200
Vo =10V, ['70A,'71A,'72A, '74A 50 200
Large-signal differential |Tp = 25°C ‘71B, '728B, '74B 50 200
AvD - , V/imv
voltage amplification RL=>2kQ, 70,'71,'72,'74, '75% 20 25 15
Vo =10V, ['70A,'71A,'72A, '74A 25
Ta = full range |'71B, '72B, '74B 25
81 Unity-gain bandwidth Ta=25°C, RL =10k 3 3 3 MHz
r Input resistance Ta=25C 1012 1012 1012 Q
o '70,'71,°72,'74,'75% | 80 86 80 86 70 76
Common-mode rejection | Rg < 10 k&2,
CMRR ratio T 25°¢ ‘70A,°'71A,'72A, '74A © 80 86 dB
, =
A "71B, '728, '74B 80 86
Supply volt ecti Re < 10 k&2 *70,°71,'72,'74,'75% 80 86. 80 86 70 76
voltage rejection '
ksVR :p (‘; N ge/A‘VC "; -rs e | |[T9ATIA 724, 74A 80 86 dB
ratio =
cc/aVior | A "718B, 728, '748 80 86
Supply current No load, No signal,
Ice pply curren ac. ona 14 25 14 25 14 25| mA
{per amplifier) Ta=257C
Vo1/Vo2 Channel separation Ayp = 100, Ta=25°C 120 120 120 dB

T AN characteristics are specified under open-loop conditions unless otherwise noted. Full range for T p is —55°C to 125°C for TLO7_M; —25°C
to 85°C for TLLO7_1; and 0°C to 70°C for TLO7_C, TLO7_AC, and TLO7 _BC.

iTvpes TLO751 and TLLO75M are not defined by this data sheet.
Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 18, Pulse techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible.
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TL072, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCCt = +15V, Tp = 25°C

TLO7_M ALL OTHERS
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
Vi=10V RL=2kQ,
R | i i ! 10 13 13 V/us
S| Slew rate at unit gain CL =100 pF, See Figure 1
tr Rise time Vi=20mV, RpL=2kQ, 0.1 0.1 Hs
Overshoot factor CL =100 pF, See Figure 1 10 10 %
v Equivalent input noise Re =100 & f=1kHz 18 18 nV/\/Hz
n voltage S f =10 Hz to 10 kHz 4 2 Y
Eaui - -
In quivalentinputnoise | g _ 100, f=1KHz 0.01 0.01 pANFZ
current
i = Rg <1k
THD Total harmonic VO(rms) =10V, s <1k, 0.01 0.01 %
distortion RL > 2k, f=1kHz
PARAMETER MEASUREMENT INFORMATION
100 kS
10 kQ
1k
V| O——"\—4
Y p oG RL=
H | 100 pF L e
L"K'J 2 RL L=
Cc=18pF 1 = T 100 pF
for TLO70 / = X
and TLO70A 1 - °
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER FIGURE 3—FEED-FORWARD
COMPENSATION
INPUT OFFSET VOLTAGE NULL CIRCUITS
Vee+
%1 Mo
1.5 k2
Vee-
FIGURE 4 FIGURES
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TYPES TL070, TLO70A, TLO71, TLOT1A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs * vs
> FREQUENCY R FREQUENCY FREQUENCY
|30 >| >| 30 T 1 11117
T T T TR
£ ‘ A= k] E RL=2kQ
$ [ iR bime 3 3 sl lranas Ai-zva,
5 g
o 20 3 3 2
3 ’
% || ch, :10 x ™ Ta=-55°C
& 8§ 3
2 15 8 ST s
= & 3 Ta=125°C \
E 10| £ £ 10
E g E
£ E £
s s 3 3
I ]
1 3 R
g & & N
a.
> ol 9o N S o 1 *-m
100 1k 10k 100k tM  10M 100 1k 10k 100k. 1M 10M > 10k 40k 100k 400k 1M 4M 10M
f~Frequency—Hz f—~Frequency—Hz f~Frequency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs v§
FREE-AIR TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE
> > >
> 30 —— T30 ey T30 L
3 R = 10kQ ) Veee =215 g RL=10kD
g 2 Ta=25°C L g Ta=25°C
= Ry =2k A [+ Il = A
S 25 L S 25\-See Figure 2 = S 25
. i — S / =
] 5
g g A1 B
g 3 2 g A
3 S % % 4
3 3 V 5
& "4 & /
I s 15 S 15 L
o ' @
< 10 T 10 / T 10
2 H 2
E £ E
3 s 5 5 i H 4
= Vees =215V = s S
& See Figure 2 & é
5 o L) S o S o
> 75 -50 -256 0 25 50 75 100 125 01 02 04 071 2 4 710 .

o 2 4 6 8 10 12 14 16

TA—Free-Air Temperature—°C R—-Load Resistance—k$2 IVceel-Supply Valtage—V
FIGURE 9 FIGURE 10 FIGURE 11
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
vs vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
250 2.0 20 T T
Vect =*15V Veee =215V Ta=28°
- : A=25C
225 No signal 18 No signal 181
o signal
z R No load _— No load No load
T 200 | T < 16 < 1.6 Noloa
! [
® 178 —t I 14 Faa
& [~ _TL074, TLO7S € £ 4
% 150 £ 1.2 2 1.2
2 3 5
'; 125 > 10 S o
g 100 g 08 _g 8
5 0. 0.
< F~——1]_TLo72 @ 3
2 Tt 41 6 !
5 15 i & ol & 06
[ T o I}
0'9 50 TLO70, TLO71 ~ 04 = 04
]
25 02 0.2
o _J 0 [
-75 -50 -25 0 25 S0 75 100 125 —-75 -85 —25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Ta-Free-Air Temperature—"C T a—Free-Air Temperature—"C IVcel-Supply Voltage—V
FIGURE 12 FIGURE 13 FIGURE 14

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 18-pF
compensation capacitor is used with TLO70 and TLO70A,
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TL072, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

Voltage

Ayp-Ditt

l)g—Input Bias Current—nA

CMRR-Common-Mode Rejection Ratio—dB

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICSt

LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

and PHASE SHIFT
vs

000 . FREQUENCY
m 1w 4+ F
- Veer =15V 1015V
400 S RL= 2k
® °
200 = g 108 N TA|= 25°C R
& \
'gg £ DIFFERENTIAL ] ¢°
3 VOLTAGE
40 = N \ AMPLIFICATION .
» S w0 N (left scale) ~ —] 45
2 \ \
10 —_— § 102 90°
— o
TEF £ N
AFVeGE=iT5v g PHASE SHIFT N .
F Vo=*10V g 10 (right scale) \ 135
2R =2k Es
L1 1 180°
=75 -0 =25 0 25 50 75 100 126 1 10 100 1k 10k 100k 1M 10M
Ta-Free-Air Temperature—"C f—Frequency—Hz
FIGURE 15 FIGURE 16
NORMALIZED UNITY-GAIN BANDWIDTH
INPUT BIAS CURRENT and PHASE SHIFT
vs vs
FREE-AIR TEMPERATURE TEMPERATURE
E———— 1.3 1.03
BT ] [ 1]
! UNITY-GAIN-BANDWIDTH
! rA £2 lleft scale) — 102
10 H
I \
7 811 . 1.01
Z £ [\
1 9 WASE ) 1,
= g ! SHIFT
~ = {right scale)
g 09— S ] 099
0.1 ]
£ Vees =15V
S 08|—R_ =2kQ 0.98
— f= B1 for Phase Shift
001 0. 0.97
-50 -5 0 25 60 75 100 125 75 -50 -25 © 25 50 75 100 125
TA-Free-Air Temperature—"C TA—-Frexair Temperatule—°c
FIGURE 18 FIGURE 19
ALL EXCEPT TLO7-C
COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREQUENCY
89 T ~ 50 T
Vees =115V I Veet =15V
o R =10kQ > \ Ayp = 10
40 Py {.LRg=1008
3 Ta=25°C
& 3 i
3%
86 — 2
“1 H
£ y
8
10
Lol u
c
] >
-75 -60 -25 0 25 50 75 100 125 10 40 100 400 1k 4k 10k 40k100k
Ta—Free-Air Temperature—"C f—Frequency—Hz
FIGURE 21 FIGURE 22

compensation capacitor is used with TLO70 and TLO70A,

Normalized Phase Shift

Phase Shift

TLO70
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY WITH FEED-FORWARD COMPENSATION

106 —
Veg=#15V
C2=3pF
105 TA=25°C
£ See Figure 3
s
€ 4!
g o
®
g
5 108
>
3
§ 102
2
? 1w
=]
>
<
1
100 1k 10k 100k 1M iOM
f-Frequency—Hz
FIGURE 17
NORMALIZED SLEW RATE
vs
TEMPERATURE
1.15 T 1
Vogs=$15V
1.10 |—RL=2kQ
€L =100 pF
@
& 105
3 T
H
@
- 1
]
™~
5 095
z \
0.90

0.85
-75 =60 -25 0 25 50 75

100 125
Ta—Free-Air Temperature—°C

FIGURE 20

TOTAL HARMONIC DISTORTION
vs

FREQUENCY

1 =¥ TH SR s

= Veer =*15V 1= —

04 = Avp=1 -
# [ VIRMS) =6V 1
3 —Ta=25c AT T ﬂ
t S
5 0y |1 SIS SNE
E
° 004
=3
o
g By
5
T 001 4
[
o —3 A0
" 0.004
o
I H
=

0.001
100 400 1k 4k 10k 40k 100k

f—Frequency—Hz

FIGURE 23

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 18-pF
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TL0O74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vee: =215 V]
-t RL =2k

7 / CL =100 pF
H Ta=25°C
£ OUTPUT
S 2
F \
5
a
30 /
-
5
g 2 '[
a
= INPUT

4

- v
6
05 15 2 25 3 35
t=Time—us
FIGURE 24

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 18-pF

compensation capacitor is used with TL070 and TLO70A,

vo—Output Voltage—mV

OUTPUT VOLTAGE
vs
ELAPSED TIME
28
Nl
[ OVERSHOOT
20
90%
o
/!
12 '
; //
4
10%. Veee=+16V
0 b RL=2k2
it TA=25C
-4 il 1
0 01 02 03 04 05 06 07
t—Time—us
FIGURE 25

TYPICAL APPLICATION DATA

0.5-Hz SQUARE-WAVE OSCILLATOR

RE = 100 k22
VWA~
+15V
OUTPUT
)
cF=3.3yFT Elkﬂ
= ]
3.3kQ
f=m :E.Q.I ke
A

FIGURE 26--0.5-Hz SQUARE-WAVE OSCILLATOR

INPUT

1M
AAA—
vee+
ivd E?u\
INPUT O—-i C +
Vee-
S S
Wk 100ka
100 k2
_AAA-
4 s
100 uF I j,wo kQ

tor TLO75

OVce+

p OUTPUT

FIGURE 28—-AUDIO DISTRIBUTION AMPLIFIER

R1=R2=2R3=15MQ
c3
c1 =CZ=?= 110 pF

1
=e————=1kHz
27 R1C1

fo
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TYPES TLO70, TLO70A, TLOT1, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

6 sin wt
0 1N4148 18k (See Note A)
-15V
18 pF
1kQ
b 18 pF <
[ HD
BN \\gVeer
12 6 cgs wt
88.4 kn TLO72
18 pF Vee- Sika
p
1N4148 18 k2 (See Note A)
88.4 k2
AAVA"v
Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 29—-100-KHz QUADRATURE OSCILLATOR
O Ve
IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25 T
RN TIIr
T o (ritie LI TN ]
0.1uF Y Veer=215v | | TREBL
,'TD 10 ka2 @ 15 Ta=25°C P
See Figur
Toka \} Mg g 10 e 30
o - g s
= N 9
505 TLO71 ouTPUT g o I
o— * + ; -5 o ™
2 -0
l 10 ka2 79 ; N
01uF _15
A ~
20 =L N
TREBLE
P v | LN
L 20 40 100 200400 1k 2k 4k 10k 20k
—Frequency~Hz
FIGURE 30—-AC AMPLIFIER FIGURE 31
220 ke
AN ’
0,00375 uF
b |L L
) \ 10ka $ L7 0.0034F
278 0.03 uF
X IL K
4 AA
C VW MIN N
0.01uF vee+
4 AA AMA—S 100ke
S
L 10k 33kq § TREBLE
1000 g MAX
INPUT
S/ 0.003 uF
68k S

<
BALANCE| ]
3

75 uF >

T

10 pF

10 pF

e

FIGURE 32—1C PREAMPLIFIER

—o
ouTPUT
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LINEAR TYPES TL0O80 THRU TLO85, TLOSBOA THRU TLO84A,
INTEGRATED TLO81B, TL0O82B, TL0O84B
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

o Low Power Consumption e High Input Impedance . .. JFET-Input
e Wide Common-Mode and Differential Stage
Voltage Ranges o Internal Frequency Compensation (Except
e Low Input Bias and Offset Currents TLO8O, TLOSOA)
e Output Short-Circuit Protection ® Latch-Up-Free Operation

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

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation options are available within the TLO81 Family.

Device types with an “M** suffix are characterized for operation over the full military temperature range of —55°C to
125°C, those with an “I”" suffix are characterized for operation from —25°C to 85°C, and those with a *“C"’ suffix are
characterized for operation from 0°C to 70°C.

TLO8O, TLOSOA TLO81, TLO81A, TLO8B1B TLO82, TLO82A, TLO82B
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)
OFFSET OFFSET
OUT  NULL OUT NULL

NON
OUuT- INV_INV
veer PUT INPUT INPUT

COMP Vcc+ PUT (N2} NC  Vcee PUT (N2}

s 5 s 6] 5]
1

1 2 3 4
Nt weur e T LT et v € ST weor v Yo
(?xr. INPUT 1Y INPUT INPU
TLO84, TLO84A, TLO84B
TLO83, TLO83A : JOR N DUAL-IN-LINE TLO8S
JOR N DUAL-IN-LINE OR W FLAT PACKAGE N DUAL-IN-LINE
PACKAGE (TOP VIEW) {TOP VIEW) PACKAGE (TOP VIEW)
OFFSET OFFSET INVERT. NONIN. NONIN- INVERT- INVERT- NONIN- NONIN: INVERT-
N VERTING VERTING ING ING VERTING QUT- OUT. VERTING ING
N1 Voo OUTPUT NG OuTPuT Veos  2N1 ouTPuUT INPUI INPUT  Vge—  INPUT - INPUT OUTPUT INPUT INPUT  PUT Vcc» PUT  INPUT  INPUT

' [u] [u] [o] [n] [w] [s] [s]
ANO, 1 AMPLIFIER NO. AMPLIF 3 ‘_Qlj—_l
AMPLIFIER KO, ro-2 AMPLIFIER NO. 4 1ER KO3 &;Imk AMPLIFIER
avpLIE(ER
AMPLIFIER
AMPLIFIER NO. 1 AMPLIFIER NO. 2 r—L‘D_} 3 ‘—<}’_—,_[

1 2 3 4 § [ 7 1

INVERT- NONIN- OFFSET Vcc— OFFSET NONIN- INVERT. ouTPUT mvem’ NONIN Veee NONIN- mvEm‘ ouTPUT INVERT- NONIN- QUT-  OUT. NONIN- leEﬁr Vee-
ING_ VERTING NULL WULL VERTING ING ING_ VEATING VERTING ING v:m‘ma PUT  PUT VEMING

INPUT INPUT 182 N2 INPUT  INPUT INPUT mqu INPUT WeoT INPUT IN l

PINS 8 AND 13 ARE INTERNALLY INTERCONNECTED

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO80 THRU TL085, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vee+
NONINVERTING )
INPUT '—‘[:
INVERTING ™ a
113
et OUTPUT
_J s4n
OFFSET NULL/COMP (N1) O —f— — — — — 2
>
¢ {
TLOBO ONLY OFFSET NULL (N2} o———¢ c1 i
»--| 4
COMP O | — e — — — IR |
l: X
= -1[
|
| 1080 02 1080:1)
! |
1
Vee- 7 —
OFFSET OFFSET
'#411")" T#ZL,'“ C1= 18 pF ON TL081, TLOB2, TLO83, TLO84, AND TLO8S ONLY.

COMPONENT VALUES SHOWN ARE NOMINAL
TLOB1 AND TLO83 ONLY

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

TLO8_C
TLOS_M TLOB_I TLO8_AC [ UNIT
TLO8_BC
Supply voltage, Vo4 (see Note 1) 18 18 18 \%
Supply voltage, Voo (see Note 1) —-18 —18 —-18 \%
Differential input voltage (see Note 2) +30 +30 +30 \Y
Input voltage (see Notes 1 and 3) +15 +15 +15 \4
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) 680 680 680 mwW
Operating free-air temperature range —55 to 125 —2510 85 0to70 °c
Storage temperature range —65 to 150 —65to 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, or W package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °C
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcg+ and Vog—.
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 to either supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO8__M chips
are alloy-mounted; TLO8_I, TLO8_C, TLO8_AC, and TLO8_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR TA DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 88°C
J (Glass-Mounted Chip) 680 mW 8.2 mW/C 67°C TLO8O TLOB1 TLO82 TLO083 TLOB4 TLO85
JG (Alloy-Mounted Chip} 680 mW 8.4 mW/C 69°C TLOB_M JG JG JG J Jow *
4G (Glass-Mounted Chip) 680 mW 6.6 mW/°C a7°c TLO8} JG, P G, P 4G, P , 4N *
N 680 mW 9.2 mW/°C 76°C TLO8_C JG, P JG, P JG,P JN LN N
P 680 mW 8.0mW/C 65°C TLO8_AC JG, P JG, P JG,P 4N J N *
w 680 mW 8.0mwW/C 65°C TLO8_BC " JG,P 4G, P * J, N "
Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet.
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TYPES TLO80 THRU TL085, TLOSOA THRU TLO84A,
TLO81B, TL0O82B, TL0O84B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ =+15V

TLO8_C
PARAMETER TEST cCONDITiONST TLO8_M TLOB. TLO8_AC UNIT
TLO8_BC
MIN TYP MAX | MIN TYP MAX [MIN TYP MAX
‘80,’81,'82,'83,'851% 3 6 3 6 5 15
Rg =50 2, TL084 3 9 3 6 5 15
Ta=25°C TLOS_A 3 6
Vio Input offset voltage '2;?é:3?:é.§;;'85i 5 3 2 23 mV
Rg =50 %, TLO84 15 9 20
Ta = full range [TLO8_A 75
‘81B,'82B,'84B 5
avio I:T:;Zrta:;;::t?;xftl:;m Rg=50%,  Ta=full range 10 10 10 pvIeC
TLO8_ i 5 100 5 100 5 200
Ta=25°C TLO8_A 5 100 pA
) \ § ‘81B,'828B,'848 5 100
10 nput offset current TLOB_ 20 70 5
Ta = full range [TLOS_A 3 nA
‘81B,'82B,'84B 3
TLO8_ 1 30 200 30 200 30 400
Ta=25°C TLOS_A 30 200 | pA
g Input bias current§ ‘818,828,848 30 200
TLO8_ it 50 20 10
Ta = full range | TLO8_A 7 nA
‘81B,'828B,'848 7
Common-mode input . TLO8_ % 11 x12 11 +12 +10 11
VICcR voltage range Ta=25°C TLO8_A £11 £12 \"
‘818,'82B,'84B +11 +12
. Tp=25°C R =10kQ 24 27 24 27 24 27
Vorp ruat:;::li/r:;lz:gaeks;:::ak Ta = full range Ry > 10k 24 24 24 v
A IR >2kn 20 24 20 24 20 24
R >2kQ, TLO8_it 25 200 50 200 25 200
Vpo=z:10V, TLO8S_A 50 200
Large-signal differential |Ta = 25°C ‘818B,'82B,'848 50 200
AvD voltage amplification R > 2k, TLO8_ i 15 25 15 Vimv
Vpo=t10V, TLOS_A 25
Tp = full range | ‘81B,'828,’84B 25
Bq Unity-gain bandwidth _ [Ta = 25°C 3 3 3 MHz
[ Input resistance Tp=25°C 10'? 102 10'? Q
i TLO8_ i 80 86 80 86 70 76
CMRR i.‘:::zmon-mode rejection -Rrs f;goléﬂ, TLOS_A B0 86 dB
A "81B,'828,'84B 80 86
Supply voltage rejection |Rg > 10 k€2, TLOS_3 80 86 80 86 70 76
KSVR  atio (aVega/aVig) |Ta=25°C  E98-A 80 86 dB
=avio A ‘818,828,848 8086
Supply current No load, No signal,
Icc (per amplifier) Ta=25°C 1.4 28 14 28 14 28| mA
V1/Vo2 Channel separation Ayp = 100, Ta=25°C 120 120 120 dB

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tp is —55°C to 125°C for TLO8_M;
—25°C to 85°C for TLO8_I; and 0°C to 70°C for TLO8_C, TLO8_AC, and TLO8_BC.

I Types TLO851 and TLO85M are not defined by this data sheet.

§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible.
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TYPES TLO80 THRU TLO85, TLO8BOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

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

TLOS_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
o V=10V, RL =2k,
SR  Slew rate at unity gain X 8 13 13 Vlus
CL =100 pF, See Figure 1
tr Rise time Vy=20mv, R =2k, 0.1 0.1 Hs
Overshoot factor CL =100 pF, See Figure 1 10% 10%
Vn Equivalent input noise voltage Rgs=100Q, f=1kHz 25 25 nV/\/Hz

PARAMETER MEASUREMENT INFORMATION

10kn

Vi : CL=

for TLO8O
and TLO8S0A

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUITS

100 k2

4
TLOSO OVee. =
FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE 5
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TYPES TL0O80 THRU TLO85, TLOSBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

Ayp-Ditferential Voltage Amplification—V/mV

Vopp—Maximum Peak-to-Peak Output Voltage—V
[
T

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY

30
RL=10kQ||
I Ta=25°C
25 LTI e

I
L
il

[[Vecs =10V

T

!
I

tk 10k

0
100

100 k
f—Frequency—Hz

1™

FIGURE 6

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

> T T
3 » RL = 10kQ
g

= RL=2kQ
S 25 L

> At I
g

g

=

3

Z 15

=

]

< 10

€

]

E

3 -

= Vece =15V

& See Figure 2

3 PR

> _75 -50 —25 0 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 9

LARGE-SIGNAL
OIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

1000
700
400
200

100

IS

N
T

-756 -60 —25 0 25 50

Ta—Free-Air Temperature—°C

75 100 125

FIGURE 12

TYPICAL CHARACTERISTICST

Vopp—Maximum Peak-to-Peak Output Voltage—V

Vopp—Maximum Peak-to-Peak Output Voltage-V

B
E
<
®
&
S
>
k]
€
§
&
8
|
a
>
<

MAXIMUM PEAK-TO-PEAK OUTPUT-VOLTAGE

vs
FREQUENCY
o Rr=2K
il Ta=25°C
2 =ﬁE vees SRo Y See Figure 2
2 H
vVeer =10V
o 1
10}~ L
VeCs 225V
5 |
o N
100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 7

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
LOAD RESISTANCE
Vece =418V |
Ta=25°C
25 I~ See Figure 2

30

]

20

v

10 /
5

0.1

02 04 071 2 4 7

R —Load Resistance—k§2

FIGURE 10

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
108 :
Vee: =5V 10216V
RL=10kQ
105 N Ta=25"C | E
104 DIFFERENTIAL —] ¢
VOLTAGE
AMPLIFICATION )
103 \ (left scale) ~ —145
102 90°
PHASE SHIFT \ o
10! (right scale) 135
1 l l \ 180°
110 100 1k 10k 100k 1M 10M

f—Frequency —Hz

FIGURE 13

Phase Shift

Vopp—Maximum Peak-to-Peak Output Voltage—V

Vgpp—Maximum Peak-to-Peak Output Voltage—V

Ayp-Differential Voltage Amplification

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs

FREQUENCY
30 T F T 11T
JRULE Voot =15V
- AL=2kQ
25l L TAZ25C Ses Figure 21
L)
20 v
TA=—55°C
15 i
TaA=125°C
10
\ N
5
PN
0 — _
10k 40k 100k 400k 1M 4M 10M

f—Frequency~Hz

FIGURE 8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs

SUPPLY VOLTAGE
30 —7—

RL= 10k

TA=25°C
25
20 //
15 f/
10
. )
o

0 2 4 6 8 10 12 14 16

(Vccti—Supply Voltage—V

FIGURE 11

TLO8O, TLOBOA
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY WITH FEED-FORWARD COMPENSATION
6,

10 .
Ve =15V
C2=3pF

109 TA=25C
See Figure 3

104

103 R

102

10

100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 14

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 12-pF
compensation capacitor is used with TLO80 and TLOBOA,
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TYPES TLO80 THRU TLO85, TLOSOA THRU TLO84A,
TLO81B, TLO82B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

Pp-—Totat Power Dissipated—mW

TOTAL POWER DISSIPATED

vs
FREE-AIR TEMPERATURE

250 Vees = £15V
225 No signal
No load
200 ~
175
|™~~{_TLO84, TLOBS
150
125
100
™ TLOB2, TLOS:
75 ot
I —
50 TLOSO, TLOB1
e g
25

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

100 125

FIGURE 15

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

100,
Evces =216V
{ T
I ) Z
“IE 10
g 7
3
5 1
@ Z
= ya
a
£
1
@ 01 S
0.01
-50 -25 0 25 50 75 100 125
T a—Free-Air Temperature—"C
FIGURE 18
ALL EXCEPT TLOB_C
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
o B T
S Veer =215V
s RL =10k
= 88
]
o<
c
s
£ 87
4
T
o
°
< 86
20
]
g 8
£
S
c 84
o«
=
© g3
75 -50 -25 0 25 60 75 100 125

TA—Free-Air Temperature—"C

FIGURE 21

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE

2.0
Veet =215V
1.8 No signal 9
< 16 No load
Foaa ™~
g ~
£ 1.2
5
(5]
> 10
g
3 08
1
s 06
8
04
0.2
0
-75 -55 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 16
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
Veet = 15V
l RL=2kQ
>| 4 CL =100 pF
g Ta=25°C
2 QUTPUT
3 2
>
g / \
a
50 -
o
°
s /
= =2
a
£ INPUT
-4 \
6
G 05 1 15 2 25 3 35
t-Time—us
FIGURE 19
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
~ 70 T T 7777,
z Vot = £15V,
S 60 | |Avp =10
Rg=1000
iy
:3, 0 Ta = 25°C
>
@
2 40 N
z \
2 30
£ N
20
w 10
c
>

10 40 100

400 1k 4k 10k 40k 100k
f—Frequency—Hz

FIGURE 22

SUPPLY CURRENT
Vs
SUPPLY VOLTAGE
20 T T
Ta=25°C
181 No signal
‘é 1.6} No load
[ 14
€
g 12
3
> 10
g
S 08
v
‘l; 0.6
°
04
0.2
0
o 2 4 6 8 10 12 14 16
IVcet|—Supply Voltage—V
FIGURE 17
QUTPUT VOLTAGE
vs
ELAPSED TIME
28
“ RSHOOT
z S
! 90%
%16 ]
s
212
5
g
3 8
5
> a
10%: Veee=t15V
0 R =2k 4
T TA=25°C
-4 1 1
0 01 02 03 04 05 06 07
t—Time—ps
FIGURE 20

TOTAL HARMONIC DISTORTION
vs

. FREQUENCY
[-Vect =215V
I-Avp =1
® 045
) - VI(RMS) =6 V.
k] -TA=25°C
2 o L
E H
L2
S 004
£
5
T
=
£ 001 7
2
D| 7z
2o.004
£
0.001
100 400 1k 4k 10k 40k

f—Frequency—Hz

FIGURE 23

100 k

tData at high and tow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 12-pF
compensation capacitor is used with TL0O80 and TLO80A,
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TYPES TLO80 THRU TLO85, TLOBDOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

0.5-Hz SQUARE-WAVE OSCILLATOR

TYPICAL APPLICATION DATA

RE = 100 kQ
4"‘"‘
+15V
OUTPUT
INPUT  R1 R2 P ouTPUT
] p—o
CF =3.3uF == $1ka ca
ﬁ’
= ] R1=R2=2R3=1.5MQ
3.3k& c3
. s R3 C1=C2=—="=110 pF
o 9.1kQ 2 2
2 Re Cr V7 fo=————= 1 kHz
= e—‘ 0 2 Ricl

FIGURE 24—0,5-Hz SQUARE-WAVE OSCILLATOR

FIGURE 25—-HIGH-Q NOTCH FILTER

- NJ Vee+
Q
—ANA— TLO84T D>8——O OUTPUT A
Vee+
& Vee-
1uF
"/ TLO84T
INPUT o——' . +
| vee— p——OOUTPUT B
100ka$  S100ka $
] 100 kQ cc-
MV OVee+ ‘
¢
1004F == $100ka
’. I ‘ OUTPUT C

vee-
T or TLOBS
o FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER
6sion wt 1N4148 18 k§2 (See Note A)
—15V
18 pF
| ‘ 18 pF Sk
| E )—|H‘1i
oVce+ )
88.4 kQ
B R V
p——AAN, IWC* 6 cos wt
Y
88.4 kO OVce— ‘E‘% O
3 +
18 pF L Vee—
’

| ¢ +15 V
1N4148 18 k2 (See Note A)

88.4k

JVAVAV

Note A: These resistor values may be adjusted for a symmetrical output.

FIGURE 27—100-kHz QUADRATURE OSCILLATOR
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TYPES TLO80 THRU TLO085, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TLO8B4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

16ka 16ka
220 pF 220 pF
Ta )
AN
a3xn 30ka 43ka 30ka
vee+ vees
43kn
b 220,F vee+ 220 pF veer
INPUT ) N ) _
P K ¢ P a3ka axa T K ¢ % 43kn
TLOBS VWA n WA TLO8at W
+ t ) + p—O0
Juoss OUTPUT
L 8
‘P S
15k ¢ - 15ka g Voo
Vee- vee—-
As
[e] -
ouTPUT
A

1 or TLO8S OUTPUT A

Hz

2 kHz/div
SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER
fo =100 kHz, Q = 30, GAIN =4 fo = 100 kHz, Q = 69, GAIN = 16
FIGURE 28—-POSITIVE-FEEDBACK BANDPASS FILTER
200
0,00375 uF

< ( b4

C 10Kke S N 0.003,4F

- 0.03 4F
( o
( ——
0T vees MIN 1 MIN
100ke o A AA—BS 100ka
Bass <7 10k 33ke ] TREBLE
100 2 & MAX MAX
T
0.03 uF
INPUT
10ke s 0.003.4F
b | +
31000 a3 oxnse—€ 6Bkt <
BALANCE { 10 pF a7F
754F 22 50 pF
T T
L

FIGURE 29-1C PREAMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO87, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12642, MARCH 1979 — REVISED OCTOBER 1979

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

¢ Wide Common-Mode and Differential
Voltage Ranges

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

o High Input Impedance . . . JFET-Input

Stage
e Internal Frequency Compensation
e Latch-Up-Free Operation
o High Slew Rate ... 13 V/us Typ

description

These JFET-input operational amplifiers incorporate
well-matched high-voltage JFET and bipolar transis-
tors in a monolithic integrated circuit. They feature
low input offset voltage, high slew rate, low input
bias and offset current, and low temperature co-
efficient of input offset voltage. Offset-voltage
adjustment is provided for the TL087 and TLOS88.

TLO87, TLO8S
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLOB8

U FLAT PACKAGE

(TOP VIEW)

OFFSET

OUT- NULL
NC Vcce PUT  (N2)
8711 6]]5
1[]12[]13(14

OFFSET INV_ NON- Vgg_
NULL INPUT Ny
(N1) INPUT

-eg

9

ne  Veer  pU

OFFSET
NULL
iN2)

®©

NC OFFSET INV
NULL INPUT  INV
N INPUT

®

NON-

TL287, TL288
JG OR P DUAL-IN-LINE

TL288

U FLAT PACKAGE

PACKAGE (TOP VIEW) (TOP VIEW)
] NON-
Vet EI‘JJ;A lhll':l‘iT I':;'\‘.{T Vees ‘:ld;' lh’l‘:x? ":I::T

OUT- INV_ NON- GND
PUT INPUT INV
INPUT

® @

®

NC—No internal connection

Device types with an “M” suffix are characterized for operation over the full mulutary temperature range of —55°C
to 125°C, those with an “I' suffix are characterized for operation from —25°C to 85°C, and those with a “/C’* suffix

are characterized for operation from 0°C to 70°C.

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

TLO87I TLO87C
TLO88M TLO88I TLO88C UNIT
TL288M TL2871 TL287C
TL2881 TL288C
Supply voltage, Voc+ (see Note 1) 18 18 18 v
Supply voltage, Voo (see Note 1) —18 —18 —18 v
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (see Notes 1 and 3) +15 +15 $15 Vv
Duration of output short circuit (see Note 4} Unlimited Unlimited | Unlimited
Continuous total dissipation at (or below) JG or P package 680 680 680 "
25°C free-air temperature (see Note 5) U package 675
Operating free-air temperature range —551t0 125 —25to 85 0to 70 °c
Storage temperature range —651t0 150 | —65to 150 [ —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | JG or U package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | P package 260 260 °c

NOTES:

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

. All voitage values, except differential voltages, are with respect to the midpoint between Ve and Vego—.

1

2

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 to either supply. Temperature and/or supply voltages must be limited to ensure that the

dissipation rating is not exceeded,

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO88M and TL288M
chips are alloy-mounted; TL0871, TL088I, TL2871, TL288I, TLO87C, TLO88C, TL287C and TL288C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc: =+15V

Also see Dissipation Derating Curves, Section 2.

TLO87) TLO87C
PARAMETER TEST CONDITIONS? TLOBEM TLoss! TLogsc UNIT
TL288M TL2871 TL287C
TL288I TL288C
MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
Rg =509, TLO87,TL287 0.1 05 0.1t 05
Ta=25C TLO88, TL288 1 3 1 3 1 3
Vio Input offset voltage s =500, TL087. TL287 5 e mV
TA = full range | TLO88, TL288 6 6 5
avio :::ZZT’:::;‘:{?:::;:"‘ Rg=60%,  Ta = full range 10 10 10 wvrc
: § Ta=25°C 5 100 5 100 5 100| pA
Te) Input offset current TA = fall Fange 25 3 1Y
| Input bias current§ Ta=25C 60 400 60 400 60 400| pA
18 P TA = full range 700 20 7 A
‘Vee-+4 Vce-+3.5 Vee-+5
Common-mode input
VICR TA= 25°C to to to \Y
voltage range Veoi—4 vee vees
i Ta=25°C, Ry =10kQ 24 27 24 27 24 27
Maximum peak-to-peak
Vorp output voltage swing TA = full range AL>10kD 2 2 2 v
R > 2k 20 20 20
o _|Ru>2ka, Vo=210V, 50 200 50 200 25 200
Large-signal differential |Ta =25"C
Avp I v/imv
voltage amplification RL>2kQ, - Vo =310V, 25 25 15
TA = full range
B4 Unity-gain bandwidth [T =25°C 3 3 3 MHz
T Input resistance Ta=25"C 10'? 10'? 10'2 Q
CMRR :‘:::m"'mde relection g <10k,  Ta=25°C 80 95 80 95 70 95 dB
ksvR 2“"’: l(yA"f/';zgj /:’;T;" RS<10kR, Ta=25°C 80 95 80 95 70 95 d8
Suppy Current No load, No signal,
Icc (per amplifier) Tp = 25°C 1.4 2.8 14 28 14 28| mA
tAll characteristics are specified under open-loop conditions unless otherwise noted. Full range for T p is —55°C to 125°C for TL—88M;
—25°C to0 85°C for TL_B__1; and 0°C to 70°C for TL_8_C.
§lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
operating characteristics Vec+=+15V, Ta =25°C
PARAMETER TEST CONDITIONS TLOBEM, TL.288M ALL OTHERS UNIT
MIN  TYP MAX | MIN TYP MAX
SR Slew rate at unity gain Vi=1ov, RL=2ka, 8 13 13 V/us
CL=100pF, Ayp=1
tr Rise time Vy=20mV, Ry =2k, 0.1 0.1 us
Overshoot factor CL=100pF, Ayp=1 10% 10%
Vy  Equivalent input noise voltage Rg =100 2, f=1kHz 18 18 nV/\/Hz
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mwWrc 69°C
JG (Glass-Mounted Chip}) 680 mW 6.6 mW/°C 47°C
[4 680 mwW 8.0mW/C 65°C
U 675 mW 5.4 mW/°C 25°C
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TYPES TLO87, TL0O88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE
vs Vs vs
> % FREQUENCY FREQUENCY - FREQUENCY
T T T 30 o
é‘ ch:ﬂév E‘ . |m ‘III !g. I ””m na
2 = o RL 2k
S 25 £ 2 : ‘ S5 4Ta=2C
3 > | | I z 11m Y
g F | H \
) 2 5 : I in
= 2 o
g Vec: =10V 8 Vooa o o ‘I 3 ~|rA|=_55 c
& ¥
$ 15 &'Ic' 15 HIERER IR n'é 15
] -
e 10 [ vees =25 v & 10 £ Lyaniec
2 g 5 l Vees =25V H \
% £ %
25 L (11 2,
g L 3 N
B S 0 N 2o i i
100 1k 10k 100k > 100 1k 10k 100k 1M 10M 10k 40k 100k 400k 1M 4M 10M
f—Frequency—Hz f—Frequency—Hz f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs B vs
FREE-AIR TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE
>| 30 T T ? 30 —TTT > 30 T
s RL=10kS2 3 Vece =$15V 3 RL = 10kQ
s + t s = 25° = 9E°,
2 r-2k0 2 TA=25°C |1 ki TA=25°C
S 25 S > s
- 1 m— -
2 2 / =
& g 1 g
320 3 2 32 /
s 3 %
& & /| & /
S 15 S8 15 815
4 8 / 8 v
3 % *
& & /| K
£ 10 € 10 E 10
¢ £ : /1
H 5 Fi 5 e
= Vece =215V = =
o -9 a
S S 5
> 0 > 0 9 [
-75 -50 25 0 25 50 75 100 125 01 02 04 071 2 4 710 0o 2 4 6 8 10 12 14 16
TA—Free-Air Temperature—"C R|—Load Resistance—k§2 Veet HSupply Voltage—V
FIGURE 4 FIGURE 5 FIGURE 6
LARGE-SIGNAL
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION NORMALIZED UNITY-GAIN BANDWIDTH
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT and PHASE SHIFT
vs vs vs
o FREE-AIR TEMPERATURE " FREQUENCY TEMPERATURE o3
> 1,00 10 T I T 13 1.
E 700 VeeE =25V $15V J
1 400 S s ~N RL=2kQ UNITY-GAIN-BANDWIDTH
5 = k] 10 Ta = 25°C - g 1.2 {left scale) -1 1.02
5 200 = z H
£ -~ E 108 \ DIFFERENTIAL 0° H z
2100 —d £ w0 N RENTIAL— 0 g1 1 101 2
" H N AMPUFIAT! £ % ™ 3
8 ]
5 40 £ \ urcaTion | & § | Ll , 4
s > (left scale) 8 2> o
S 20 3 N 2 Z SHIFY 8
> k- & 3> (right scale) 3
3 § N e 3 e N ]
S 10— £ 102 £ g 09 ~ 089 £
§ 7 = \ ] \ 2
£ 4Fvege-zisy G, PHASE SHIFT N\ . £ Voo =215V
2 ,[vo-tov g0 {right scale) 138 S08[—p=2kn _ 098
g RL=2k0 < \ f =B for Phase Sh-llt
< 1 I i 1 180° 0.7 0.97
-75 —50 ~26 0 25 50 75 100 125 110 100 1k 10k 100k 1M 10M 75 ~50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C f—Frequency—Hz Ta—Free-Air Temperature—"C
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 TLO87, TL08S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER INPUT BIAS CURRENT
. vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
125 —T 2.0 T 100
veee =215V 18 Ve =115 V] E= Vgee =#15V
No signal _ ’\ No signal I
100 = No load — 18 ~] No load B
10

>

T,

9

Pp~Total Power Dissipated—mW
tcct—Supply Current—mA
P
ljg—Input Bias Current—nA

80 TLo, 08
=087, 7, 085 L. ;
S ~—— 0.6
= 0.1
> 0.4 =
0.2
0 | 0 0.01
-7 -850 -26 0 25 60 75 100 125 —75 —65 —26 0 25 S0 75 100 125 -50 25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C TA—Free-Air Temperature—"C TA-Free-Air Temperature—"C
FIGURE 10 FIGURE 11 FIGURE 12
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs VOLTAGE-FOLLOWER vs
o8 FREE-AIR TEMPERATURE 6 LARGE-SIGNAL PULSE RESPONSE 28 ELAPSED TIME
@ T T 1 Vec: =115V T
T; Ve =£15V T RL=2kQ 2
2 97 —:lc "*0'&}" S 4 CL =100 pF [ OVERSHOOT
€ Lt Ta=25°C 5
5 £ OUTPUT \ A 22 P~
= 90%
g9 22 i 16 f
z 5 B
§ o5 20 Sz
| s :
s -
E 94 E 2 s 8
§ i b
i 2 INPUT
= 93 -4 \ 10% Vect = £15V
0 RL=2kQ
] t Ta=25°C
92 -6 —4 | I .
—-75 -50 =25 0 25 50 75 100 125 0 05 1 15 2 25 3 35 0 01 02 03 04 05 06 0.7
Ta~Free-Air Temperature—"C t—Time—us t—Time—us
FIGURE 13 FIGURE 14 FIGURE 15
NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION
vs vs Vs
1 TEMPERATURE FREQUENCY . FREQUENCY
L] " T T TR
chm =315V 2 it « paFAvD=1
1.10[—RL =2k 240 HINEIA P L
CL = 100 pF : s e § L Ta=25C
o & TA=25°C €
105 2 g o4
> 30 [=]
i 2 N 2
g ) g \L § 0.04
§ \ E 20 ‘F‘ E
5085 * Z oo
2 N 5 ©
3 1 1
510 20,004
0.90 g E
]
c
0.85 ) 0.001
75 60 —26 O 26 60 75 100 125 10 40 100 400 1k 4k10k 40k 100k 100 400 1k 4k 10k 40k 100k
TA-Free-Air Temperature~"C f-Frequency—~Hz f—Frequency—Hz
FIGURE 16 FIGURE 17 FIGURE 18

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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LINEAR | TYPES TL321M, TL321I, TL321C
INTEGRATED OPERATIONAL AMPLIFIERS

CIHCUITS BULLETIN NO. DL-S 12516, APRIL 1977 — REVISED OCTOBER 1979
e Wide Range of Supply Voltages o Low Input Bias and Offset Parameters
Single Supply ... 3V to 30V Input Offset Voltage . ..2 mV Typ
or Dual Supplies Input Offset Current .. .3 nA Typ (TL321M)
e Low Supply Current Drain Input Bias Current ... 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . .. 32V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
e |nternal Frequency Compensation
schematic
o JGORP
W%’wl DUAL-IN-LINE
REGULATOR REGULATOR] | | REGULATOR PACKAGE (TOP VIEW)
“our
NC Ve PUT  NC
sl[71[6]]5
T w
NC INV NON- GND
. - INPUT INV
description INPUT

The TL321 is a high-gain, frequency-compensated
operational amplifier that was 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 and Pin 7 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, the TL321 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.

NC-—No internal connection

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

Supply voltage, Vo (see Note 1) L i it i i et ettt et e e 32V
Differential input voltage {see NOte 2) . . ..t ittt it it ettt et e e e +32V
Input voltage range (either input) ... ..o ittt e e —-0.3Vto32V
Duration of output short-circuit to ground at {or below 25°C
free-air temperature (VeC<15 V) (see Note 3) ... ittt e e iieeee s unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note4) ... ... ovvvueen.. 680 mW
Operating free-air temperature range: TL32TM ... ittt ittt et eee e —55°C to 125°C
< 72 —25°C to 85°C
TL321C o ittt e 0°Cto 70°C
Storage temperature range . . . ... v i et e —65°C to 150°C
Léad temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package .............cuuuun.. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage . ..........' v, 260°C

NOTES: 1. All voltage values, except differential voltages, 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. Shortcircuits from the output to V¢ can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL321M chips are alloy-
mounted; TL321! and TL321C chips are glass-mounted.
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TYPES TL321M, TL3211, TL321C
OPERATIONAL AMPLIFIERS

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

TL321M, TL3211 TL321C
PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX MIN TYP MAX
Vpo=14V, 25°C 2 5 2 7
v Input offset volta \
10 P o Vec =5V t0 30V | Full range 7 9| ™
25°C 0
ho Input offset current Vpo=14V ° 3 3 5 0 nA
Full range 100 150
R Vpo=14V, 25°C —-45 —150 —45 -250
Iig Input bias current nA
See Note 5 Full range —300 -500
C de i e Vv 0‘01 5 V Oto1 5
ommon-mode input —1. —1.
VicR P Veg=30V cc cc v
voltage range Oto Oto
Full range
Vee—2 Vee—2
Vee =30V,
RCC_ 2 k9 Full range 26 26
VOH High-level output voltage L \Y
Ve =30V,
Full range 27 28 27 28
R > 10kQ
VoL Low-level output voltage RL <10k Full range 5 20 5 201 mVv
Large-signal differential Vec =15V, 25°C 50 100 25 100
Ayp Vo=1Vtwo 1V, V/imV
voltage amplification RL > 2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
ksvRr* Supply voltage rejection ratio Rg <10kQ 25°C 65 100 65 100 dB
Vec= 15V, 25°C —20  —40 20 —40
Vip=1V, g
_ Full range -10 —20 -10 -20
Va5V m
o Output current cc” ! 25°C 10 20 10 20
Vip=-1V,
Vo =5V Full range 5 8 5 8
Vip=—1V, 25°C 12 50 12 50 A
Vg = 200 mV .
: Supol rent No load, 25°C 0.4 0.4 A
cur|
cc e No signal Full range 1 1 m

*ksvR = AVcc/Avio
TAll characterlstics are specified under open-loop conditions. Full range is —65°C to 125°C for TL321M, —25°C to 85°C for TL321, and 0°C
to 70°C for TL321C.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardtess of
the state of the output, so no loading change is presented to the input lines.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mwW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C a47°Cc
[ 680 mW 8.0 mW/°C 65°C

,Also see Dissipation Derating Curves, Section 2.
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LINEAR TYPES TL322M,TL3221,TL322C

INTEGRATED i
CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12731, OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply ...3Vt0 36V
or Dual Supplies

JGORP
e Class AB Output Stage DUAL-IN-LINE PACKAGE (TOP VIEW)
e True Differential Input Stage AMPLIFIER NO. 2
e Low Input Bias Current NON-

. v OUT- INV  INV
e Internal Frequency Compensation CC+ PUT INPUT INPUT
e Short-Circuit Protection SHTHOH S
description

The TL322M, TL322l, and the TL322C are dual
operationa!l amplifiers similar in performance to the
uA741 but with several distinct advantages. They are !
designed to operate from a single supply over a range 1 2 3 A
of .voltages. frc?m 3 volts t.o 36 vollts. Operatl.on from SUT. NV Nom. oD
split supplies is also possible provided the difference PUT INPUT INV
between the two supplies is 3 volts to 36 volts. The R INPUT
common-mode input range includes the negative AMPLIFIER NO. 1
supply. Output range is from the negative supply to
Ve — 1.5 V. Quiescent supply currents per amplifier

are typically less than one-half those of the uA741.

The TL322M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL322I
is characterized for operation from —40°C to 85°C. The TL322C is characterized for operation from 0°C to 70°C.

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

TL322M TL3221 TL322C UNIT

Supply voltage Vcc+ (see Note 1) 18 18 18 \
Supply voltage V- (see Note 1) -18 -18 —18 \
Supply voltage V ey with respect to Voo 36 36 36 \
Differential input voltage {see Note 2) +36 +36 +36 \
Input voltage (see Notes 1 and 3) +18 +18 +18 \
Continuous total dissipation at (or below) 25°C JG package 1050 825 825

free-air temperature (see Note 4) P package 1000 1000 mw
Operating free-air temperature range —551t0 125 —40 to 85 0to 70 °C
Storage temperature range —651t0 150 | —65t0 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds |JG package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 260 °c

NOTES: 1. These voltage values are with respect to the midpoint between V¢4 and Veg_.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. Neither input must ever be more positive than V¢4 or more negative than Veoe_.
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the JG packages, TL322M chips are alloy-
mounted; TL3221 and TL322C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/C 25°C
JG (Glass-Mounted Chip) 825 mW 6.6 MW/°C 25°C
P 1000 mW 8.0mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TL322M,TL3221,TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Vcc+ =14V, Vgc— =0V for TL322I;
Ve = £15 V for TL322M and TL322C

PARAMETER TEST CONDITIONS? TL322M TL322) TL322C UNIT
MIN TYP MAX| MIN TYP MAX | MIN TYP MAX
v Input offset volt Ta =25°C, See Note 5 2 8 2 8 2 10 iy
nput offset voltage
10 P ad T = full range, See Note 5 70 10 2
Temperature coefficient °
a Ta=25°C 10 10 10 v/°C
V10 of input offset voltage A. +
Ta =25°C, See Note 5 30 75 30 75 30 50
o Input offset current nA
Ta = full range, See Note 5 250 250 200
Temperature coefficient
o110 ) P Ta=25°C 50 50 50 pA/°C
of input offset current
Ta=25°C -0.2 -0.5 —0.2 0. —0.2 —0.5
B Input bias current A 0 05 0.2 0 BA
Ta = full range -1.5 -1 -0.8
Vece— Vee— Vee- Vee- Vece- Vee—
Common-mode input ° ce cc cc cc cc cc
VICR It + Ta=25C to to to to to to \Y
Vi
o'tage range 13135 12125 13135
RL=10kQ, Tp=25°C 12 +13.5 £12 125 +12 $13.5
Peak output r
Vom ) RL=2kS, Ta=25°C 10 13 10 #12 10 *13 v
voltage swing
Ry =2k, Ta = full range 10 +10 +10
Large-signal differential R = 2 k2, Ta=25°C 200 20 200 20 200
Avyp . V/mV
voltage amplification Vo=:10V TA = full range 25 15 15
Y =20V, RpL=2kQ,
B Maximum-output: AOPP 1 TL 25°C 9 9 9 KH
= = z
OM  swing bandwidth vD~ ' A !
THD < 5%
RL=10k2, Vp=50mV,
By  Unity-gain bandwidth |..& o==m 1 1 1 MHz
Ta =25°C
CL=200pF, RL=2k%, o o B
Phase margin 60 60 60
bm ase margi Tp=25°C
ri Input resistance =20 Hz, Ta=25C 0.3 1 0.3 1 0.3 1 MQ
[ Output resistance f=20 Hz, Ta=25°C 75 75 75 Q
Common-mode o
CMRR | i Rg<10kf2, Tp=25C 70 90 70 90 70 920 dB
rejection ratio
Supply voltage sensitivity| °
k Ta=25°C 30 150 30 150 30 150{uV/V
SV§ (aVip/avee) A K
log Shorteircuitoutput o _ o5 £10  :30 $45[ :10 30 45| 10 30 45| mA
current §
No load, No si f
icc  Total supply current olead, o signal 14 25 14 4 14 4} mA
Ta=25C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T 5 is —55°C to 125°C for TL.322M; —40°C
to 85°C for TL3221 and 0°C to 70°C for TL322C.

FThe V)R limits are directly‘ linked voit-for-volt to supply voltage, viz the positive limit is 2 volts less than Vocoy.

§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

NOTE 6: Vo and || are defined at Vo = 0 V for TL322M and TL322C and V5 =7 V for TL322I.
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TYPES TL322M,TL3221,TL322C

DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ =5 V, Vec— =0V, TA = 25°C (unless otherwise noted)

TL322M TL3221 TL322C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vpo=25V 2 8 8 2 10| mv
ho Input offset current Vo=25V 30 75 75 30 50| nA
B Input bias current -0.2 -0.5 —0.5 —-02 05| pPA
RL=10kQ 33 35 3.3 3.5 3.3 35
Peak output
Vom Itage swing § AL =10k, v 17 v 17 v 17 v
voltage swing $ - 1. - 1. -1
g 9 Vees=5V 1030V cc+ CC+ cC+
Large-signal differential
AvD roesignal CHIETential ) gL = 2ka,avg =2V 20 200 20 200 20 200 VimV
voltage amplification
Powe ly sensitivit
ksvs Wer supply sensitivity 150 150 150 |uv/v
v {aVip/avees)
Ice Supply current Noioad, No signal 1.2 25 1.2 4 1.2 4] mA
Va1/Vo2 Channel separation f=1kHz to 20 kHz 120 120 120 dB

T All characteristics are specified under open-loop conditions.
§0utput will swing essentially to ground,

operating characteristics: Voc+ = 14 V, Vcc— =0V for TL322I, Vee: =15 V for TL322M and TL322C
TL322C; TA = 25°C, AyD = 1 (unless otherwise noted)

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain V=10V, CL =100pF, See Figure 1 0.6 V/us
ir Rise time AVQ = 50 mV CL = 100 pF RL = 10k 038 i
=50m = =
t¢ Fall time O. ! L T L : 0.35 us
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp =30mV, Vopp=2V, f =10 kHz 1%
PARAMETER MEASUREMENT INFORMATION
O
V) +
Cp= _l_ <
R
100 pF st
FIGURE 1-UNITY-GAIN AMPLIFIER
TEXAS INSTRUMENTS
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TYPES TL322M, TL322i, TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT INPUT BIAS CURRENT ‘MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
BO[Vege=+15V 1A= 25 1 [ R =10k02
o
P . - Ta=25°C
< 20 < 20 2
I N I H p
c \ c 5 20
s 3 3
£ 150, P 5 150 3
H M & /
2 a 2 e
< 100 % 100 ¥
g g < 10
o X §
o o H
= g = 50 x Wi
55
3 //
1} 0 % 0
-75 -50 26 0 25 50 75 100 125 0 2 4 6 8 10 12 14 18 > 0 2 4 6 8 10 12 14 16
TA-Free-Air Temperature—°C WVeg t-Supply Voltage—V Vot -Supply Voltage—V
FIGURE 2 FIGURE 3 FIGURE 4
LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs VOLTAGE-FOLLOWER
- FREQUENCY FREQUENCY LARGE-SIGNAL PULSE RESPONSE
30 T T T
! 108 T T T 7T
& Vee: =15V s Vegs = £15V . Vees = £15V
£ N cL=0 $ 0 T2k ]
° 25 1 5 RL =2k} RL=2k
s ¢ RL = 10kQ g 10! =2k | RL-2k
% o £ TA=25C > TA=25C
2 Ta=25°C a [ ouTP T/ \See Figure 1
S on e Figure 1 E & 5
o 4 < 104 s \
% \ 4 3
] 4
a. = -
AL $ w03 30 /
k] k]
E 10 E 102 § -
= 3
5 8 2 / . \
=S 2 10 jINPUT
-10
& \ <
S o | \
1& 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M 0 10 20 30 40 S0 60 70 80 90
f—Frequency—Hz f—Frequency—Hz t—Time—us
FIGURE 5 FIGURE 6 FIGURE 7

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

schematic (each amplifier) o

common !
'Bl1As CIRCUITRYI
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12407, JUNE 1976—REVISED OCTOBER 1979

e Open-Loop Voltage
Amplification . . . 2600 Typ

e CMRR...80dB Typ

description

The TL702 is a high-gain, wideband 7operational
amplifier having differential inputs and single-ended
emitter-follower outputs, Provisions are incorporated
within the circuit whereby external components may
be used to compensate the amplifier for stable
operation under various feedback or load conditions.
Component matching, inherent in silicon monolithic
circuit-fabrication techniques, produces an amplifier

with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or

schematic
- O Vees+
ska g 8ka
ka3 32k
2ka3 g2k oLEAD
p CcoMP
‘kg 334ka
3
LAG
GND O— + ~—0 e
INVERTING
NPUT 324 4
3 ko
NON- ouTPUT
INVERTING
INPUT
26ka
Component values shown 32400
are nominal
[
24k 4800 3200
—O Vee—

generation of linear and non-tinear functions up to a frequency of 30 MHz.

The TL702M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL702C

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

terminal assignments

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

JG DUAL-IN-LINE

PACKAGE (TOP VIEW)

U FLAT PACKAGE

(Top

VIEW)

LAG LEAD

Veer  NC OUTPUT COMP COMP  NC

NC GND INV NON. Vgc—
INPUT INV
INPU

NC
T

v, OUT- LAG LEAD
CC+ PUT COMP COMP

IB I7||6”5|

1121314
GND INV_ NON- V.
INPUT NV OO

INPUT

NC GND IN'

vV NON-  Veg-

INPUT INV
INPUT

NC—No internal connection

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

TL702M TL702C |[UNIT

Supply voltage VCC+ (see Note 1) 14 14

Supply voltage VCC— (see Note 1) -7 -7
Differential input voltage {see Note 2} +5 +5

Input voltage (either input, see Notes 1 and 3) —-61t015 | ~6to 15

Peak output current {tw < 1) 50 50 mA
Continuous total dissipation at {or below) 70°C free-air temperature (see Note 4) 300 300 mW
Operating free-air temperature range —55t0125] 0Oto 70 °C
Storage temperature range —65 to 150 | —65 to 160 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect to the network ground terminal,

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

TL702M chips are alloy-mounted; TL702C chips are glass-mounted.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4, For operation of TL702M above 70°C free-alr temperature, refer to Dissipation Derating Table. In the J and JG packages,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702M

electrical characteristics at specified free-air temperature

TL702M
Vec+ =12V Vee+ =8V
PARAMETER TEST CONDITIONS Ve =6V Vee.=-3V UNIT
MIN TYP MAX|MIN TYP MAX
3
Vio Input offset voltage Rg < 2kQ2 iillcrange 2 : 2 : mV
Average temperature coefficient —55°C to 25°C 10 10
avio of in:?; offset voltage Rs =509 25°C 10 125°C 5 5 uvre
25°C 0.5 2 0.3 2
lio Input offset current —55°C 1 3 3| uA
125°C 0.2 3 3
Average temperature coefficient —55°C to 25°C 6 5
a0 : 3 0 nA/°C
of input offset current 25°Cto 125°C 3 2
1Ty Input bias current C 410 25 ? pA
-85°C 65 20 14
Vicr Common-mode input Posnm':e swn.wg 25°C 0.5 1 0.5 1 v
voltage range Negative swing -4 -5 -15 -2
Vv, Maximum peak-to-peak R > 100k 10 106 5 54 v
orp output voltage swing Ry =10k 8 4
) 5 . Ve = 25 V 25°C 1400 2600
Avp Large-signal <.j|.ffer.ent|al AL > 100 k2 0=1%5 Full range 1000
voltage amplification Vo =125V | 25°C 380 700
i 25°C 8 25 12 40
T input resistance Falt range 3 a k2
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 | @
CMRR Common-mode rejection ratio Rg < 2kq2 25°C 70 80 70 80 dB
kgvs* Supply voltage sensitivity Rg < 2k 25°C 60 300 60 300 | uV/V
lcc Supply current No load, No signal 25°C 5 6.7 21 39| mA
Pp Total power dissipation No load, No signal 25°C 90 120 19 35| mW

*ksys = AVio/AVcc
T All characteristics are specified under open-loop operation. Full range for TL702M is —55°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0mW/C 123°C
J (Glass-Mounted Chip) 300 mW 8.2mW/C 113°C
JG (Alloy-Mounted Chip) 300 mW 84 mW/C 114°C
JG (Glass-Mounted Chip) 300 mW 6.6 mW/°C 104°C
N 300 mW 9.2mW/C 117°C
u 300 mW 5.4 mW/C 94°C
w 300 mW 8.0 mW/C 112°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702C
electrical characteristics at specified free-air temperature, Vcc+ = 12V, Vgc—-=—-6V
TL702C
PARAM NDITIONS? UNIT
ARAMETER TEST CO MIN TYP MAX
\Y Input offset volt: Rg < 2kQ 25°C 5 10 \%
nput offset voltage m
10 P a9 S Full Range 15
Average temperature coefficient
avio erage femp © Rg =500 Full Range 5 KV/C
of input offset voltage
[ Input offset current 25°C 95 A
npu curr
10 P Full Range 75 .
Average temperature coefficient 0°C to 25°C 5 o
a0 . S S nA/°C
of input offset current 25Cto70°C 3
| trout bi . 25°C 4 15 A
ut bias curr
B np as curren o°C a5 20 u
- Positive swin 0.5 1
VicR F:ommon mode : .9 25°C v
input voltage range Negative swing -4 -5
Maximum peak-to-peak
Vopp um peak-ton R > 100 k2 25°C 10 106 v
output voltage swing
Large-signal differential 25°C 1000 2600
Avp e . R > 100 k$2, Vo=+5V
voltage amplification Full Range | 800
} 25°C -6 25
T Input resistance kQ
Full Range | 3.5
o Output resistance Vo =0, See Note 3 25°C 200 600 Q
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 65 80 dB
ksvs*® Supply voltage sensitivity Rg< 2k 25°C 60 300 | uVv/V
Icc Supply current No load, No signal 25°C 5 7| mA
Pp Total power dissipation No load, No signal 25°C 90 125 | mW
"ksvs = AV|0/4Vce
T All characteristics are specified under open-loop operation. Full range for TL702C is 0°C to 70°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.,
TL702M, TL702C
operating characteristics Vcc+ =12V, Vec==—6V, Ta = 25°C
TEST BOTH TYPES
PARAMETER TEST CONDITIONS
FIGURE o MIN TYP MAX uNIT
L 1 V) =10mV, C_L=0 25 120 ns
ty  Rise time
2 Vi=1mV 10 30 ns
Overshoot fact 1 Vi=10mV, CL = 100 pF 10% 50%
vershoot factor 3 Vi=1mv 0% P
1 Vi=6V, Cp = 100 pF .
SR Slew rate 1=6 L P 17 V/us
2 V| =100 mV 1
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Vi

—_———0V

INPUT VOLTAGE
WAVEFORM

Vi

—

——— oV

INPUT VOLTAGE
WAVEFORM

INPUT

PARAMETER MEASUREMENT INFORMATION

FIGURE 1-UNITY-GAIN AMPLIFIER

5 k2
50 Q
50 © 50 pF

FIGURE 2—-GAIN-OF-100 AMPLIFIER

OUTPUT

 RL = 100 k2

=

OUTPUT
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Avp-Differential Voltage Amplification )
Vopp—Maximum Peak-to-Peak Gutput Voitage—V

Ayp-Ditferential Valtage Amplification

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY
{for various lag compensations)

14
Veee =12V RL=100kQ
VeC-=-6V  TA=25C
12
10
o o e e
% > [ .
8 |- st s il LAy
o [=d
,k 2 %ﬁ @ LAG
® o “n!
6 }—i -ns L=\ _1\‘ J \_ cq
2 AU B RL
» A L’ L
4+ ¢ - 1 -
2 )\ %
)
2 A ) R
2 N N = =
NJ N NY -
100 e 1ok 100K ™ LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, ANDS
f—Frequency—Hz
FIGURE 3
LARGE-SIGNAL DIFFERENTIAL
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
VOLTAGE AMPLIFICATION vs
vs FREQUENCY
FREQUENCY (for various lag compensations)
0 10 T
AVD(0) =Avp at f=1Hz Open-Loop, C = 0 Ve = 12V
Open.Loop vee+= 12V vee-=-6V
w ; B
l Cy=0.14F 10 ”“ \\ A=
| R1=0 AvD(0) = 100 N
102 .'I. AL~ 100ka C1=100pF, Ry =2ka | IN

Ta=26°C 107

4

AVD(0) = '00
Closed-Loop

Voltage

C1=1000pF, R =200 0

SRS

10! 10
AVo(0) = 10 I ’II“ N TN T
Closed-Loop ; VD0 = \
N ”” 9 ) c.-oouF R1 =200
=T o AL
a1 | \
k AvD(Q) =AvD at f= 1 Hz
10~ 10~
100 1k 10k 100k 1M 10M 100 k ™ 10M 100 M
f—Frequency—-Hz f—Frequency—Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
(for various lag compensations)
10¢ Rg
AvD(0) =Aypatf=1Hz AAR
] H” VeeH =12V A
0 vee-=-6V
100 o boon. ¢y C3= 50 pF
‘ l \{: 25°C O—¢
10 - . I | |I_ | N Cy —~
VD{0) = 100, C2 =0, Rf = 10k N b—0
NI T i
10'
Avu(ou =10,C2 = 1000 pF, A
T T T 1]
! Avu(o) =1,C2=0.01 u
= 200,°RF =10 \
o IHIIHII L1 Wil Cs
100 0M 100M

LEAD-LAG C‘OMPENSATION CIRCUIT
FOR FIGURE 6

f—Frequency~Hz

FIGURE 6

TEXAS INSTRUMENTS 161

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



162



LINEAR
INTEGRATED
CIRCUITS

TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12408, JUNE 1976—REVISED OCTOBER 1979
AR —

e Open-Loop Voltage schematic
Amplification . . . 3600 Typ
. . ——0 Veee
e Designed to be Interchangeable With axa e vee
Fairchild 1t A702
e CMRR...100dB Typ g 20 oetn
0-'] 1 K E:um
description GND O— coup
The uA702 is a high-gain, wideband operational T
amplifier having differential inputs and single-ended INVERTING ouTPUT
emitter-follower outputs. Provisions are incorporated INPUS .
within the circuit whereby external components may o
spn Component values shown
be used to compensate the amplifier for stable aws nominal
operation under various feedback or load conditions.
Component matching, inherent in silicon monolithic
—O Vee-

circuit-fabrication techniques, produces an amplifier

with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or
generation of linear and non-linear functions up to a frequency of 30 MHz.

The uA702M is characterized for operation over the full military temperature range of ~55°C to0 125°C.

terminal assignments

J DUAL-IN-LINE U
OR W FLAT PACKAGE JG DUAL-IN-LINE FLAT PACKAGE
(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OUT- LAG LEAD

NC  Vveee NCOUTHJTCL(:I:!:P'(.:E)QI% NC Veer PUT  COMP COMP Veer NG OUTRUT el‘.:g :w
Wijnjfriinjjnjjs]s 8fl71l6]]5 ONOROXOXO)
'l 3 3 3

| L s L v

2 e s e ]? 2314 ® ®
NC NC GND INV NON- Vgeo— - NC GND NV NON- Voo NC  GND »::'uvv t:gc vee-

INPUT  INV INPUT  INV INPUT
INPUT INPUT

NC—No

internal connection

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

NOTES:

Supply voltage Vcc+ (see Note 1)
Supply voltage VcC— (see Note 1)

Differential input voltage (see Note 2)

Input voltage {either input, see Notes 1 and 3)

Peak output current (tyy <1 s)

Continuous total dissipation at {or below) 70 C free -air temperature (see Note 4)
Operating free-air temperature range

Storage temperature range

Lead temperature 1/16 inch {1, 6 mm) from case for 60 seconds

1. All voltage values, unless otherwise noted, are with respect to the network ground terminal,

14V
.. -7V
e . ... 3BV
-6Vto15V
.. .. B0mA
. e ... . 300mW
. .. .-55Ct0125°C
. —65°C to 150°C
.300°C

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 lesser of the two supply voltages.
4. For operation above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, uA702M chips

are alloy-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
JG (Alloy-Mounted Chip) 300 mW 8.4mW/°C 114°C
u 300 mW 5.4 mW/°C 94°C
w 300 mW 8.0mW/C 112°C
Also see Dissipation Derating Curves, Section 2,
electrical characteristics at specified free-air temperature
Veec+ =12V Vee+ =6V
PARAMETER TEST CONDITIONS? Vcc—=—-6V | Vec—=-3V_juNIT
MIN TYP MAX|MIN TYP MAX
Vio Input offset voltage Rg < 2k ¢ 05 2 07 3 mvV
Full range 3 4
Average temperature coefficient —55°C to 25°C 2 10 3 15
avIo of input offset voltage Rs =500 25°C 1o 125°C 25 10 35 15 PV
25°C 0.2 05 0.12 05
ho Input offset current ~55°C 04 15 03 15| pA
125°C 0.08 05 0.05 05
Average temperature coefficient -55°C to 25°C 3 16 2 13
10 , - = nA/°C
of input offset current 25°C to 125°C 1 5 0.7 4
Iis Input bias current 250?, .. 12 35 BA
—-65°C 43 10 26 175
VicR .Common-mode PositiYe swing 25°C 0.5 1 0.5 1 v
input voltage range Negative swing —4 -5 -1.5 -2
25°C 10 106 5 54
Vopp Maximum peak-to-peak R > 100ka Full range 10 5 v
output voltage swing Ry =10kQ 25°C 7 8 3 4
Ry = 10k Full range 7 3
25°C 2500 3600 6000
K . X Vo =t5V
AV Large-signal differential RL > 100 k2 Fu°I| range | 2000 7000
voltage amplification Vo =225V 25°C 600 900 1500
Full range 500 1750
. 25°C 16 40 22 67
r Input resistance k2
Full range 6 8
o Output resistance Vp =0, See Note3 | 25°C 200 500 300 700 [ @
CMRR Common-mode rejection ratio Rg < 2kQ ¢ 80 1% 80 100 d8
Full range 70 70
ks Supply voltage sensitivity Re < 2k 25°C 75 75 ViV
Svs {AV|0/aVce) S Full range 200 200 | *
25°C 5 6.7 2.1 33
lcc Supply current No load, No signal —55°C 5 75 21 39| mA
125°C 44 6.7 1.7 33
25°C 90 120 19 30
Pp Total power dissipation No load, No signal —55°C 90 135 19 35 ({ mW
1256°C 80 120 15 30

TAll characteristics are specified under open-loop operation. Full range is ~65°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

operating characteristics Vec+ =12V, Vee-=—-6V, Ta =25°C

PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
¢ Rise i 1 Vi=10mV, Cp=0 25 120 | ns
ro Risetme 2 Vi=1mV 10 30 | ns
Overshoot factor ! Viz1omv, CL=100pF 10% _ 50%
2 Vi=1mV 20%  40%
1 Vi=6V, CL = 100 pF 1.7
SR Slewrate 3 V,=100mv T V/us
PARAMETER MEASUREMENT INFORMATION
2 k2
Vi
OUTPUT
INPUT
S ov
INPUT VOLTAGE
WAVEFORM
= =
FIGURE 1-UNITY-GAIN AMPLIFIER
5 k2
— 50 ©
= ‘OUTPUT
INPUT + -
—_———ov =
- LEAD LAG
INPUT VOLTAGE comp COmMP
WAVEFORM 50 Q 50 pF SRL =100 kQ
FIGURE 2—GAIN-OF-100 AMPLIFIER
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY
(for various lag compensations)

> 14
1 Vee+ =12V RL=100kR
) vee-=-6V  TA=25°C
= 12 4
o
>
-
2 10 3
3 o o = Qe
F] e e 1111 SR 1
) o8 H H -4
[=4 o
3 ot A 8 80 LAG
LR i AR Vi it c
& 2 "3 % z 1 RL
R e |
E BEN Hi T M=
: ENHRENIK R1
= |
T2
g \N N \*. = =
>
0“” . Tox 100x . LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND5
f—Frequency—Hz
FIGURE 3
LARGE SIGNAL DIFFERENTIAL
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
VOLTAGE AMPLIFICATION v
vs FREQUENCY
o FREQUENCY (for various lag compensations}
1
- 10* ———rrrrrm
AvD{0} = AyD at f=1 Hz Open-Loop, C1 =0 Vees =12V
13 Open-Loop vee+ =12V g \écc_“;o_ke v
] vVee-=-6V = L= )
& o iy cff ouF 3 e < TA = 25°C
< RL =100k & VvD(0) = N
g 107 .l!,. Ta=26°C % 10 Cy =100 pF, Ry = 2k ‘L
£ Avp(0) = 100 i E PTHNE T T
= Closed-Loop ! s A =1
> VDo) = 10
2 0 .i- ] C1 = 1000 pF, Ry = 200 2
§ (% € 10!
AvD({0} = 10 5 FLTNGE T 17T
3 Closed: Loop m £ Avp(o) =1 \
e N Q 1 [c1z001uF Ry =200
it
S AvD(0) = 1 (! e |
< Closed-Loop &
+o-" k 1ot Avp(0) = Avp atf= 1 Hz
100 1k 10k 100k 1M 10M 100k ™ 10M 100 M
f—Frequency~-Hz f-Frequency=Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
{for various lag compensations)
10 RF
AvD(0) = AvD atf=1Hz AAA
vees =12V b
Open-Loop, vee-=-6V

.
2 C3=50pF

0 3=50pl
u M Ta=25°C

10°
12 —l ~ , “ﬁl ™N Co -

AvD(0) = 100, C2 =0, RF = 10k N

LI L) %

Ayp-—Differential Voltage Amplification

1o AyD(0) = 10, C2 = 1000 pF,
PR T L]
AvD(0) = 1. C2 = 0.01 uF,
R2= 200, RF =10k
O I 1 T e
100 ™ 10M 100M
- " LEAD-LAG COMPENSATION CIRCUIT
~rreaueney= FOR FIGURE 6
FIGURE 6
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LINEAR TYPES uA709AM, uA709M, uA709C

INTEGRATED
CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11447, FEBRUARY 1971—-REVISED OCTOBER 1979

e Common-Mode Input Range ... +10 V Typical
e Designed to be Interchangeable with Fairchild uA709A, uA709, and uA709C
¢ Maximum Peak-to-Peak Output Voltage Swing . . . 28 V Typical with 15 V Supplies

description schematic

amplifiers, each having high-impedance differential o
inputs and a low-impedance output. Component
matching, inherent with silicon monolithic
circuit-fabrication techniques, produces an amplifier
with low-drift and low-offset characteristics. ?_

These circuits are general-purpose operational - ] f_’_{
N

INPUT FREQUENCY

COMPENSATION

5k

'\j

25k 1ha

Provisions are incorporated within the circuit
whereby external components may be used to »
compensate the amplifier for stable operation under LL/.:

various feedback or load conditions. These amplifiers oumur

INVERTING EXT
INPUT

2k

P—

are particularly useful for applications requiring NONINVERTING
. R O

transfer or generation of linear or nonlinear

functions.

FREQUENCY
COMPENSATION

750 |

The uA709A circuit features improved offset
characteristics, reduced input-current requirements,
and lower power dissipation when compared to the uA709 circuit. In addition, maximum values of the
average temperature coefficients of offset voltage and current are guaranteed.

Componant values thawn sre nominai.

The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to
125°C. The uA709C is characterized for operation from 0°C to 70°C.

J OR N DUAL-IN-LINE

OR W FLAT JG ORP DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
INPUT OUTPUT
INPUT ouTPUT INPUT ouTPUT 2
e ne M vec, ST o e e v PO oo ey
CoM cc+ COMP A Vcc+ PUT COMP
s1[71[61[5 ®®0O
1 1 1 3
¥ ¥ T L ¥
Tz 34 ONONONONO;
NC NC INPUT INV_ NON- Vcc— NC INPUT INV NON- Vce— NG INPUT  INV_ NON.  Vec
FREQ INPUT INV ce FREQ INPUT INV e FREQ INPUT  INV
comP B INPUT COoMP B INPUT COMP B INPUT

NC-—No internal cannection’

Copyright © 1979 by Texas Instruments incorporated
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA709AM

uA709M uA709C |UNIT;
Supply voltage Voo + (see Note 1) 18 18 Y
Supply voltage Vo (see Note 1) -18 —-18 \
Differential input voltage (see Note 2) +5 +5 Y
Input voltage (either input, see Notes 1 and 3) +10 +10 \
Duration of output short-circuit (see Note 4) 5 5 s
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 300 mW
Operating free-air temperature range -~55t0125| Oto 70 °C
Storage temperature range —65 to 150 | —65.to0 150| °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee+ 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 10 volts, whichever is less,

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

5. For operation of UA709AM and uA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In
the J and JG packages, uUA709AM and uA709M chips are alloy-mounted;uA709C chips are glass-mounted.

electrical characteristics at specified free-air temperature, VgCc+ = 9 V to +15 V (unless otherwise noted)

uA709AM uA709M
PARAMETER TEST CONDITIONS? UNIT
MIN _ TYyPi ™mAX [ MIN  TYPT Max
25°C 06 2 3l 5
Input offset volt Rg < 10kQ2 \Y
vVio nput offset voltage S ! Full range 3 S m
Average t ture coefficient Rg =500 Full range 1.8 10 3
ver emperature coefficien
avio erage temp © _55°C 0 25°C 28 25 6 Ve
of input offset voltage Rs = 10 k2 > >
25°C t0 125°C 2 15 6
25°C 10 50 50 200
ho Input offset current -55°C 40 250 100 500 nA
125°C 35 50 20 200
Average temperature coefficient —55°C to0 25°C 0.45 2.8 .
Lllie] . S 0 nA/°C
of input offset current 25C10125°C 0.08 0.5
| Input bia ¢ 25°C 0.1 0.2 0.2 0.5 A
n It )
'8 put bias curren 55°C 0306 o515 | “
v Common-mode Veds =15V 25°C +8 +10 8 £10 v
ICR input voltage range cer == Full range +8 8
° 24 8 24 28
. Vees =315V,  RL>10kQ %€ 2
v Maximum peak-to-peak .. Full range 24 24 v
oFpP output voltage swing Vee: =15V, R =2kQ 25°C 20 26 20 26
Vees =216V, Ry = 2kQ Full range 20 20
Large-signal differential Vee: =315V, RL>=2kS, |25°C 45 45
AvD - V/imV
voltage amplification Vo =*10V Full range 25 70 25 70
_ \ . 25°C 350 750 150 400 Q
£} nput resistance 55°C 85 185 20 100
fo Output resistance Vo =0, See Note 6 25°C 150 150 Q
25°C 80 110 70 90
X jecti i <10k dB
CMRR Common-mode rejection ratio Rs < 10kQ2 Full range 30 70
Power supply sensitivity 26°C . 40 100 25 150
ksvs Rg < 10 k2 uvIv
(aVip/aVee) Full range 100 150
v S5V, Noload 25°C 2.5 3.6 26 5.5
=% . o load, >
Iec Supply current NCCi‘: i —55°C 27 45 mA
o 125°C 21 3
v £15V. Noload 25°C 75 108 78 165
=t , o load, 0
Pp Total power dissipation chii . —55°C 81 135 mw
o 125°C 63 90

. o
TAll characteristics are specified under open-loop operation. Full range for UA709AM and UA709M is —55°C to 125°C.

fan typical values are at Vgoor = 215 V.

Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

168 TEXAs INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (unless otherwise noted Vgg+ =+15 V)

uA709C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Veee=+9Vito 15V, 25°C 2 7.5
Vio Input offset voltage Rs < 10 ke Full range 10 mV
| | t offset " 25°C 100 500 A
n o rren = n
10 pu set curre Vee: =9V tox16V Full range 750
) | t bi ¢ v v 15Yv 25°C 0.3 1.5 A
=4+ +
B nput bias curren cCc+=%9Vto Full range 2 I
V) Input voltage range 25°C +8 10 \Y
R > 10kQ 25°C 24 28
v Maximum peak-to-peak L= Full range 24 v
oPP output voltage swing RL =2k& 25°C 20 26
R =2k Full range 20
Large-signal differential 25°C 15 45
AvpD arge-signa .I, erfan a RL <2k, Vg =10V Vv/imv
voitage amplification Full range 12
Input rasist 25°C 50 250 ka
ri al
i nput resistance Full range 35
o Qutput resistance Vo =0, See Note 6 | 25°C 150 2
CMRR Common-mode rejection ratio Rg < 10 k2 25°C 65 90 dB
AV|o/AV e Supply voltage sensitivity Rg < 10kQ 25°C 25 200 | pV/V
Pp Total power dissipation No load, No signal 25°C 80 200 mw
T ANl characteristics are specified under open-toop operation. Full range for uA709C 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.
operating characteristics Vcc: = t9Vto 15V, TA = 25°C
uA709AM
uA709M
PARAMETER TEST CONDITIONS UNIT
uA709C
MIN TYP MAX
t Rise time CpL=0 0.3 1 s
r ' : V| =20mV, R_=2kQ, See Figure 1 |—= £
QOvershoot factor CL =100 pF 6% 30%
PARAMETER MEASUREMENT INFORMATION
10 k2
A
OUTPUT
INPUT
- —-—0V
INPUT VOLTAGE
WAVEFORM
FIGURE 1—-RISE TIME AND SLEW RATE
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

1jo—Input Offset Current—nA

V|—Input Voitage Range—V

Pp—Total Power Dissipation—mW

g
A

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

\ | Vecs = £15V
80 \*;
%‘tz
60
° N » N
20 N \

\ﬁl

0
-75 -50 -25 ¢ 25 5C 75 100 125
Ta—Free-Air Temperature~°C

FIGURE 2

INPUT VOLTAGE RANGE
vs

SUPPLY VOLTAGE

+12
Ta = Full Range
+10
18
]
6 oot
4
12

9 10 B} 12 13 14 15
IV¢e:!—-Supply Voltage—V

FIGURE 5

TOTAL POWER DISSIPATION
vs

FREE-AIR TEMPERATURE

) 1
85
095 0613
4 S
80 x o 200,
¥ I\k

75
70 N \
65 | Vec: =218V IN

No load N

No signal

N

60
<75 -50 -25 0 25 50 75 100 125

Ta-Free-Air Temperature—"C

FIGURE 8

TYPICAL CHARACTERISTICS
(unless designated maximum or minimum)

INPUT BIAS GURRENT

vs
FREE-AIR TEMPERATURE

Y Ve = $15V
a50}—\ ce:
o« 400 \
4 N
i %,
= 350 i
$ N\
£ 300
3 \\
& 250
= A,
5 200
£ 150 \"
& ~
= 100
50
0
<75 =50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature~°C
FIGURE 3
INPUT RESISTANCE
vs
FREE-AIR TEMPERATURE
4000,
| Vece =215V
2000
g //
&
S 1000
g 7
g 700 Z
T N
3 400 &Y’x\ o":‘
2
I
200)
100! V.
275 <50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 6
uA709AM
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE
1207, 2 35eC
No load
% 10C | No signal /
! <
% 80 7/
& w“& P
8 4 T P
S A 1 LA
N e
% 40
’? Lt
o 20
o
0
9 10 11 12 13 4 15

IVecl-Supply Voltage—V
FIGURE 9

1yg—Input Bias Current—nA

Mode Rejection R:

CMRR-C

Pp-Total Power Dissipation—mW

INPUT BIAS CURRENT
v

SUPPLY VOLTAGE

250
Ta = 25°C I
ATOIM ]
e ::L— —
150
100 UATO09AM
50
0
9 0 1 12 13 4 1S
IVect!—Supply Voltage—V
FIGURE 4
uA709AM
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
ns
Vi =316V
| Vcet
M Frg<10kn
1
n2
m
1o
/]
109
4 Y
108 |—4
107
106

200

175

150

125

75

50

5
75 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 7

uA709M, uA709C
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE

v
Tp = 25°C I
No load
No signal
o
W
-

//! >
sanll Typical _A4—"]|
,—-"/

70 Wz 13 4 15

IVec-Supply Voltage—V
FIGURE 10
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VimV

Voltage

Ayp-Di

Ayp-Differential Voltage Amplification

Vopp—Maximum Peak-to-Peak Output Voltage—V

TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS
(unless designated maximum or minimum)

UA709AM, uAT09M uA709C
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
>
60 —— £ 70 T 12,000 T v
R =2k0 N RL > 2k € ‘ R 22kO
h Ta = —55°C ta 125°C" e 2 Ta = 0°C to 70°C
50 geopA < 5 10,000 |—= L
Vee: =215V [ P £ /
£ 50 g
a0 — Maximum - 25°C) < 8,000
\W\ (Ve =12V g 40 = g Minimum
I ~——— k4 ( 3 6,00
Hmde | 3 A >
L > 30 - 3
20 T~ ~fVec: =19V ; L § 4,000
] 20 5
IMinim B 3
10 UAT709C & 1 o 9 2,000
& S
J ! z [ <
[ < o0 0
-75 50 -25 0 25 50 75 100 125 9 10 N 12 1’ 14 15 9 0 1 12 13 415
TA—Free-Air Temperature—"C IVccil—Supply Voltage—V IVcci)-Supply Voltage—V
FIGURE 11 FIGURE 12 FIGURE 13
OPEN-LOOP LARGE-SIGNAL CLOSED-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION OUTPUT
vs vs
FREQUENCY FREQUENCY FREQ  cp
104 CompP

1 T IIIIHI
- l!' |I!|

AvD(0)

=Aypatf=
Ve 15V

C1=10pF,R1=0,C2=3pF
tnm §
Avp(o) = 100

Ayp-Closed-Loop Differential Voltage Amplification

102
Cy=100pF, Ry = 1.5 k2,
102 Cy=3pF
101
0! Cy =500pF, Rq=1.5kQ,
Co = 20 pF
1
1 C1=5000pF,Rq=15ka, ' When the amplifier is operated with
Cp = 200 pF . . =
101 ‘ I 1 capacitive loading, Ry = 50 2.
107! : “
100 1k 10k wok 1M 1M 100 Ve 10k 100k 'M OM FREQUENCY
1-Frequency—Hz f-Frequency—Hz COMPENSATION CIRCUIT
FIGURE 14" FIGURE 15 FOR FIGURES 14, 15, AND 18
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE OUTPUT VOLTAGE
vs Vs vs
LOAD RESISTANCE SUPPLY VOLTAGE FREQUENCY
30 ™—TTT > 30 T T > 3
28} Vec =215V é T = Full Range S Vees =15V
Ta=28C - £ 1 1 £ 28 Ta=25°C
2% g T t 3 o o [s) RL =10k
% Minimum (R > 10 k£2) L1 3 oaf " W
2 Y £ 2 — 3 % 2 gliE
o
22 4 S | —1 z 0o ST S
8 | ——1 e i o - ©
20 % — 2 16 » 2 L4 18 -] i
- v W =
% Minimum (Ry > 2 k§2) 3 Y - AN
18 3 C—] ! L FRED o i WA TN —H
£ 10 5 e -‘
16 H E 8 _6 5(‘ 5 o L
14 H 3 N Lodi'I) \N
/ : 1. N
i o 2
: : s Oy
10 5 0 X . > 0
01 02 04 071 2 4 710 9 10 11 12 13 14 15 1k 10k 100k ™ 10M
R|_~Load Resistance—kS2 IVcesl-Supply Voltage—V f—Frequency—Hz
FIGURE 16 FIGURE 17 FIGURE 18
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

UA709AM, uA709M uA7098C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTICS CHARACTERISTICS
15 T 15 T ,
Veer =415V Veee =#15V ]
RL=10kQ RL=10kQ Y
10 Ta =-55°C 10 ’//
— o
TA=OCN / Ta=25°C
1 5 TI: 5 A N | ]
8 =) Ta=70°C
= -
5 k-
> S
‘é 0 ‘é 0
3 5
g g
o —5 vy/a o -5 /3
> /,’ > /,
¥
’ Vi
1 q
-10 77/ -10 v/
/ / /
lll 4
~15 ~15
-06 -0.4 -0.2 0 0.2 0.4 0.6 -06 —-04 -0.2 o] 0.2 0.4 0.6
Vip—Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE 19 FIGURE 20
SLEW RATE
RELATIVE OUTPUT SWING v
v CLOSED-LOOP DIFFERENTIAL
ELAPSED TIME 100 VOLTAGE AMPLIFICATION
[ s weerwens Vees =15V
. -I------%\ 4w0f Ta=25C Hi i
® -90%
| w0 j 290 o L
3 S H =
2 60 é 4 1l T e |
3 ] g - ] m
3 40 _g »
T :
3
& 10% 0.4 i
0 | Vege =15V
o {-n—km Time Tp =25°C
| 1 0.1
0.5 ! R 2.5 ) 4 0 40 100 400 1000
t — Elopsed Time — ps Ayp—Closed-Loop Amplification
FIGURE 21 FIGURE 22
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS
vs§ vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 Tt 1.5 ——
- Vege =29V to 215 T, = 25°C
L os 3 1.4
2 53
5 1.6 R
% Rise Time s, 1
E 1.4 = /,/ E o [ Rise Time
Y P Vo
> \‘ LR Slew Rate
§ 1.0 Slew Rate 4———t ¢ 0.9
3’:— 0.8 — P, 5 0.8 {m» or Closed-Loop Bandwidth
E 0.6 - Open- or Closed-Loop Bandwidth [ 3 o7
T o 50
3 €05
2 0.2 Z o4
0-75 50 -25 0 25 S50 75 100 125 035 0 1 12 13 1415
T, — Free-Air Temperoture — °C IVeceI-Supply Voltage—V
FIGURE 23 FIGURE 24
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LINEAR
INTEGRATED
CIRCUITS

TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11363, NOVEMBER 1970~-REVISED OCTOBER 1979

e Short-Circuit Protection o No Frequency Compensation Required
e Offset-Voltage Null Capability e Low Power Consumption
e Large Common-Mode and e No Latch-up

Differential Voltage Ranges
description
The uA741 is a general-purpose operational amplifier featuring offset-voltage null capability.
The high common-mode input voltage range and the absence of latch-up make the amplifier ideal for voltage-follower
applications. The device is short-circuit protected and the internal frequency compensation ensures stability without
external components. A {ow-value potentiometer may be connected between the offset null inputs to null out the offset

voltage as shown in Figure 2.

The uA741M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA741C is
characterized for operation from 0°C to 70°C.

SChematlc INVERTING
INPUT Veer
2
NON- N o 340
INVERTING b
INPUT
lj p——0 OUTPUT
.34:1
v
Fimd 5
L
T b N r
OFFSET *— Vee—
NULL o
N2)
Resistor values shown are nominal
terminal assignments
J OR N DUAL-IN-LINE OR JG OR P DUAL-IN-LINE u
W FLAT PACKAGE PACKAGE FLAT PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
our- NOLt e OFFSET T
NC NC COMP  Vees  PUT (N2) OUT- NULL NC cCoMP  V, OUTPUT
coMP Vccr P N2 ccr N2}
w] {u] J2] [n] {u] fe] |2 ces PUT  (N2) @@@@
spreld s
' 1 1 1
x — —
T T ] ¥
TabaBanananak 2314 ONONONONO.
OFFSET INV_ NON- Vce-— NC NV -V,
NG NC OFFSET IV NON. Voc- NG NULL INPUT NV CC °;Sﬁ7 INPUT "I’g"l“ cc-
'?31‘,‘ NUT but N1} INPUT (N1) INPUT

NC—No internal connection
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TYPES

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

uA741M, vA741C

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

uA741M uA741C JUNIT

Supply voltage Vec+ (see Note 1) 22 18 \
Supply voltage Voo — (see Note 1) -22 -18 v
Differential input voltage {see Note 2) +30 +30 v
Input voltage {either input, see Notes 1 and 3) +15 +15 \'
Voltage between either offset null terminal (N1/N2) and Voo +0.5 +0.5 v
Duration of output shortcircuit (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 renge —5510 125 0to 70 °c
Storage temperature range —651t0 150 | —651t0 150| °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES: 1.
2,
3.
4,

5

All voitage values, unless otherwise noted, are with respect to the midpoint between Ve and Voo —.
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, In the J and JG packages,uA741M
chips are alloy-mounted; uA741C chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vocc+ = 15V, Vec—-=-15V
uA741M uA741C
PARAMETER TEST CONDITIONS? N VP AR MiN ~r MAX UNIT
25°C 1 5 1 6
Vio Input offset voltage Rg < 10k Full range 5 75 mV
AV|QO(adj)  Offset voltage adjust range 25°C +15 15 mv
ho Input offset current 25°C 20 200 20 200 nA
Full range 500 300
T Input bias current 25°C 80 500 80 500 nA
Full range 1500 800
Common-mode 25°C +12 +13 +13
Vicr - \Y
input voltage range Full range +12 *
Ry =10kQ | 25°C 24 28 24 28
Vorp Maximum peak-to-peak RL 2 10kQ | Full range 24 24 v
output voltage swing RL=2kQ | 25°C 20 26 20 26
R 2> 2k | Full range 20 20
Large-signal differential Ry > 2k&, | 25°C 50 200 20 200
Avbp I V/mV
voltage amplification Vo =+10V | Full range 25 15
[ Input resistance 25°C 0.3 2 0.3 2 Mo
. Vo=0V, o
o Output resistance 25°C 75 75 Q
See Note 6
G Input capacitance 25°C 1.4 1.4 pF
T ] 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 k2 Fall range 70 70 dB
Supply voltage sensitivity 25°C 30 150 30 150
ksvs {avjp/avee) Rs < 10K I i range 150 10 |FVVY
los Short-circuit output current 25°C +26 +40 425 +40 | mA
No load, 25°C 1.7 2.8 1.7 2.8
lcc Supply current Nosignal | Full range 3.3 33 | ™
Pp Total power dissipation No load, 25°C 20 85 30 B {ow
No signal Full range 100 100

T All characterlstics are specified under open-loop operation. Full range for uA741M is —55°C to 1256°C and for uA741C 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 therma! feedback.
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vgc+ = 15V, Vgc—=—-15V, Ta =25°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t, Rise time V) =20mV, Rp=2kQ, 0.3 0.3 us
Overshoot factor C|_ =100 pF, See Figure 1 5% 5%
SR Slew rate at unity gai Vi=10V.  RL=2ke, 05 05 v/
ew rate at unity gain . . s
VS Cp =100 pF, See Figure 1 K

PARAMETER MEASUREMENT INFORMATION

s \/|

INPUT
| — — ——0v

INPUT VOLTAGE =
WAVEFORM

»—? ouTPUT
+ L

CL =100 pF RL=2k

TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TO Vee —

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
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TYPES uA741M, uA741C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE
100
T T T
Vees =15V
Ve = ~15V
\
< 80
L
H
S0
¥
S le— uar4ic -_-:
g 40 N ;
- ]
|
o |
T 20 \‘ !
\ 1
!
0

-60 -40-20 0 20 40 60 B8O 100 120 140

Ta—Free-Air Temperature—°C

FIGURE 3

vs
FREQUENCY
TTTHT

40
36 ”” I" UQE.: 15V

”l Vee-=-15V
RL= 10k

Ta=25°C

28 11

32

==

24

S 20 \

o l -
10k 100 k

Vopp—Maximum Peak-to-Peak Output Voltage—V
5 &
=== o ==
4

f—Frequency—Hz

FIGURE 6
COMMON-MODE REJECTION RATIO
vs
FREQUENCY
100 T ]
Vo= 15V
g % Vegn =15V
¢ ao \ Rg = 10k92
K} Ta=25C
§ 7
f e \
2
§ s0
2w AN
E
30
o
1w \
&
S
3 10
0

110 100 1k 10k 100k 1M 10M 100M
f~Frequency—Hz

FIGURE 9

TYPICAL CHARACTERISTICS

Iig~1nput Bias Current—nA

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

200
Vecr 15V |
Veo—= =15V
300
le— uAr41C o]
200 :
|
t
I
]
100 !
!
N
T

0
-60 —-40 -20 O 20 40 60 80 100 120 140

Ta~Free-Air Temperature—"C
FIGUER 4
OPEN-LOOP LARGE-SIGNAL

DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE
400
o Vp=2:10V
> FR =2k
Ta = 25°C
S mol 2 L]
5 //
£ s
3
<
'
5
> 40
§ = 4L
b
H
10
2 4 6 8 10 12 14 16 18 20
IVece | -Supply Voltage-v
FIGURE 7
OUTPUT VOLTAGE
vs
ELAPSED TIME
28
24
20
E SD%{
5 16 /:
S :
i [
38 Vegr= 15V
1 / ‘ Vgg-=—v5v
S . AL =2k
we ! c.':: 100 pF
‘0%?‘[ . Ta=25°C
o T
—a |
o 05 1 15 2 25
t-Time—us
FIGURE 10

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vopp—Maximum Peak-to-Peak Output Voltage—V

vs
LOAD RESISTANCE
28

—TT
Veg+= 15V LA-17
26 | Vog-=-15V
Ta=25°C

24

22

20

10 /
8

0.1 0.2 04

07 1 2 4 7 10
R ~Load Resistance—k 2

FIGURE 5
OPEN-LOOP LARGE-SIGNAL

DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY
107 T T
Vo= 15V
106 Veg-= -1V |
Vg =10V
RL =2k
105 N Ta=25C—

=}
3

3
R

3

Ayp-Ditterentiat Voltage Amplitication
]
2

1 10 100 1k 10k 100k 1M 10M 100M
f-Frequency—~Hz

FIGURE 8

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

8
Vege= 15V
6 Vee-=-15V—|
b= - RL=2k0
> 4 / A cl-t00pr
z 1\| Ta=2sC
g ouTPUT H
5 2 T
2 / .
32 o L
5 1
3 / INPUT ¢
? -2 4
- 1)
3 [l
2-a
L AN
6
8
0 10 20 30 40 50 60 70 80 90
t-Time—us
FIGURE 11
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INEAR TYPES uA747M. uA747C
L DUAL GENERAL-PURPOSE
INTEGRATED OPERATIONAL AMPLIFIERS

cchu'Ts BULLETIN NO. DL-S 11446, FEBRUARY 1971—-REVISED OCTOBER 1979

e No Frequency Compensation Required e  Wide Common-Mode and
Differential Voltage Ranges

¢ No Latch-up

e Low Power Consumption
e Short-Circuit Protection

e Offset-Voltage Null Capability e Designed to be Interchangeable with

Fairchild uA747M and uA747C

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

AMPLIFIER NO. 1 AMPLIFIER NO. 2
A A
! Y ’ )
el o x o
INT Vcc+ OUTPUT _NC_ OUTPUT Vcc+ 2N1
description w| [ fu] in]llw]| 9] |s
The uA747 is a dual general-purpose operational
amplifier featuring offset-voltage null capability. Each
half is electrically similar to uA741.
The high common-mode input voltage range and the
absence of latch-up make this amplifier ideal for ; u
I N 1 2113 141|516
voltage-follower applications. The device is short- IWER. G, GFFSET Ve~ OLFET N, WUERY
1 i H - VERTIN [
circuit protected and the internal frequency compen NG VERTING NULL oy VERTING ING
sation ensures stability without external components, - \/ / — \ /
. AMPLIFIER NO. 1 AMPLIFIER NO. 2
A low-value potentiometer may be connected be-

. NC—No internal connection
tween the offset null inputs to null out the offset

voltage as shown in Fi’gure 2. 7 * On parts date-coded 7701 or higher, the two positive supply
terminals {1 Vcgo4 and 2 Vg4) are connected together internally.
The uA747M is characterized for operation over the For parts without this internal connection, order uA747-1M or
- uA747-1C.
full military temperature range of —55°C to 125°C;
the UA747C is characterized for operation from 0°C
o
to70°C.
schematic (each amplifier)
INVERTING
INPUT
SR e
LY
NON- r\ o 30
INVERTING
INPUT F'{
lH ——0 OUTPUT
S >___[: $asq
S b
OFFSET * B »
NULL o——g |
{N1) 1kQ3 Sko ka 3 3
OFFSET . _ & 4 —-——OVe—-
NULL o
(N2)

Resistor values shown are nominal

Copyright © 1979 by Texas !nstruments |ncorporated
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TYPES uA747M, uA7417C
DUAL GENERAL-PURPOSE

OPERATIONAL AMPLIFIERS

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

uA747M uA747C UNIT

Supply voltage Voc+ (see Note 1) 22 18 \
Supply voitage Voc— (see Note 1) -22 -18 Y
Differential input voltage (see Note 2) +30 +30 \"
Input voltage any input (see Notes 1 and 3} +15 15 \
Voltage between any offset null terminal (N1/N2) and Voe— +0.5 0.5 \
Duration of output short-circuit {see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500 W
free-air temperature {see Note 5) Total package JJ,N, or W package 800 800

Operating free-air temperature range ~55 to 125 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °c

NOTES:

. All voltage values, uniess otherwise nated, are with respect to the midpoint between Vee+ and Vee—.

. Differential voltages are at the noninverting 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 volts, whichever is less.
4

. The output may be shorted to ground or either power supply, For the uA747M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75° C free-air temperature,

5. For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Table, In the J package,
uA747M chips are alloy-mounted; uA747C chips are glass-mounted,
electrical characteristics at specified free-air temperature, Vgc+ =15V, Vgg—=-15V
uA747M uA747C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
A\ 1 t offset volt; Rg < 10k 25°C ! 5 ! 5 \Y
o o
10 ey setvoltage s Full range 6 7.5 m
AV)0(adj)  Offsetvottage adjust range 25°C +15 +15 mv
. Input offset . 25°C 20 200 20 200 A
nput offset curren n
10 P ur Full range 500 300
i 25°C 80 500 80 500
Iig Input bias current nA
Full range 1500 800
Common-mode 25°C 12 £13 +13
Vicr . v
input voltage range Full range +12 £
RL =10k | 25°C 24 28 24 28
v Maximum peak-to-peak RL = 10k | Full range 24 24 v
opP output voltage swing RL=2kQ 25°C 20 26 20 26
RL>2kQ Full range 20 20
Large-signal differential Ry =2k, | 25°C 50
Avb ge-sig differ L 200 25 200 VimV
voltage amplification Vo =+10V | Full range 25 15
[ Input resistance 25°C 0.3 2 0.3 2 mMQ
r Output resist Vo=0V, | oec 75 75 @
r n
o utput resistance See Note 6
Ci Input capacitance 25°C 1.4 1.4 pF
L X 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k dB
Full range 70 70
ksvs Supply voltage sensitivity R 10k 25°C 30 150 30 150 VIV
< Q
(AV)p/AVce) - s Full range 150 150 B
10s Short-circuit output current 25°C 125 +40 125 +40 | mA
Supply current No load, 25°C 1.7 28 1.7 2.8
Icc - ) mA
(each amplifier) No signal Full range 3.3 3.3
p Power dissipation No load, 25°C 50 85 50 85 W
m!
D (each amplifier) No signal Full range 100 100
Vo1/Vo2 Channel separation 25°C 120 120 dB

t All characteristics are specified under open-loop operation. Full range for uA747M is —55°C to 125°C and for uA747C 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.
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TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vgc—=-15V, Ta =25°C

uA747M uA747C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time V)=20mV, R =2k, 0.3 0.3 us
Overshoot factor CL =100 pF, See Figure 1 5% 5%
V=10V, R = 2 k&2,
SR Slew rate at unity gain ! L i 0.5 0.5 Vius
CL =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION

s \/ |

b——«? ouTPUT
INPUT | -+ 1
— —— — -—_OV -

INPUT VOLTAGE =

WAVEFORM I——‘
RL =2k

Cp =100 pF

TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TO Voo —

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 800 mW 11.0mW/°C 77°C
J (Glass-Mounted Chip) 800 mW 8.2 mwW/°C 52°C
N 800 mW 9.2 mW/°C 63°C
w 800 mW 8.0 mW/°C 50°C

Also see Dissipation Derating Curves, Section 2.
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TYPES uA747M, uA741C

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

110 ~1nput Otfest Current—nA

Vopp—Maximum Pesk-to-Pesk Output Voltage—V

CMAR—Common-Mode Rejection Ratio—dB

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE
100
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~60-40 -20 0 20 40 60 B0 100 120 140

Ta=Free-Air Temperature—"C

FIGURE 3

MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE
vs

FREQUENCY
“© 1
»* 1 3221'. L‘!:V

R =

% Y ;:'::n
=
2
20
16
" \
8
4

- ©
8

t=Frequency—Hz
FIGURE 6
COMMON-MODE REJECTION RATIO
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. e
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FIGURE 9

TYPICAL CHARACTERISTICS
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TYPES uA748M, uA748C
GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11418, DECEMBER 1970—-REVISED OCTOBER 1979

LINEAR
INTEGRATED
CIRCUITS

e Frequency and Transient Response Characteristics Adjustable

e Short-Circuit Protection e Low Power Consumption
e Offset-Voltage Null Capability e No Latch-up
e Wide Common-Mode and e Same Pin Assignments as uA709

Differential Voltage Ranges
description

The uA748 is a general-purpose operational amplifier. It offers the same advantages and desirable features as the uA741
with the exception of internal compensation. The external compensation of the uA748 allows the changing of the
frequency response (when the closed-loop gain is greater than unity) for applications requiring wider bandwidth or
higher slew rate. This circuit features high gain, large differential and common-mode input voltage range, output short-
circuit protection, and may be compensated under unity-gain conditions with a single 30-pF capacitor. A potentiometer
may be connected between the offset null inputs, as shown in Figure 12, to null out the offset voltage.

The uA748M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA748C
is characterized for operation from 0°C to 70°C.

schematic

INVERTING
INPUT Vee
Wl o '
r‘ N
NON- 340
INVERTING 1
INPUT ™\
O OUTPUT-
p{ 3ag
7 4
OFFSET
NULL
(N2)
1
1kn ksg K r
OFFSET Vee-

Resistor values shown are nominal.

JOR N DUAL-IN-LINE PACKAGE
OR W FLAT PACKAGE (TOP VIEW)

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

OFFSET
OUT- NULL
NC NC COMP  Vcc+ PUT (N2) NC

“ 13 12 1 10 9 8

1

1 2 3 4 5 s 7

NC NC OFFSET INV ~ NON- Vce-—- NC
NULL/ INPUT INV
MP INPUT

{N1}

OFFSET
OUT- NULL
COMP Vce+ PUT  (N2)
sljrldelds
112134
OFFSET INV NON- Vgeo—
NULL/ INPUT INV
COMP INPUT
{N1)

OFFSET
NC  COMP Vees

098

L] T L] T
NC OFFSET INV NON- VCC—
NULL/ INPUT  INV
comp INPUT
{N1)

NC—No internal connection
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TYPES uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA748M uA748C UNIT

Supply voltage Veoc+ (see Note 1) 22 18 \Y
Supply voltage Voc— (see Note 1) —-22 -18 \%
Differential input voltage (see Note 2) +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 \4
Voltage between either.offset null terminal (N1/N2) and Vceo —0.5t0 2 —0.51t02 \J
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 —55to 125 0to 70 °c
Storage temperature range —65t0 150 | —651t0 150 °C
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds J,JG, U, or W package 300 300 °c
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds N or P package 260 °c

NOTES:

1. All voltage values, unless otherwise noted, are with respect to the midpoint between V4 and Veco—.

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 uA748M only, the unlimited duration of the short-circuit

applies at (or below) 125°C case temperature or 75°C free-air termperature.

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA748M chips are
alloy-mounted; uA748C chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vgc+ =15V, Veec— =—15V, Cc = 30 pF

PARAMETER TEST conDITIONST uA748M uA748C UNIT
MIN TYP MAX MIN TYP MAX
25°C 1 5 1 6
Vio Input offset voltage Rg < 10 kQ Full range p 75 mV
ho Input offset current 25°C L 200 20 200 nA
Full range 500 300
. 25°C - 80 500 80 500
T Input bias current Fall range 1600 800 nA
Common-mode 25°C £12 +13 +13
Vicr : Y
input voltage range Full range 12 +
R =10k | 25°C 24 28 24 28
Vopp Maximum peak-to-peak R > 10 k& | Full range 24 24 v
output voltage swing RL =2kQ 25°C 20 26 20 26
RL>2kQ Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 20 200
AvD S Vimv
voltage amplification Vo =310V | Full range 25 15
T Input resistance 25°C 0.3 2 0.3 2 MQ
. Vo=0V, o
o Output resistance 25°C 75 75 Q
See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 % 70 90 dB
Full range 70 70
N Supply voltage sensitivity 25°C 30 150 30 150
ksvs (avip/aveg) Rs < 10k I i range 150 180 | WYY
los Short-circuit output current 25°C +25 +40 +25 +40 | mA
No load, 25°C 1.7 2.8 1.7 2.8
lcc Supply current No signal Full range 3.3 3.3 mA
L No toad, 25°C 50 85 50 85
Pp Total power dissipation No signal Full range 700 700 mw

T All characteristics are specified under open-loop operation. Full range for uA748M is —55°C t0 125°C and for uA748C 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.
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Vee—-=—-15V, Ta = 25°C

uA748M uA748C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t Rise time Vi=20mV, R =2k, 0.3 0.3 us
CL =100pF, Cg=30pF,
Overshoot factor See Figure 1 5% 5%
V=10V, RL =2k,
SR Slew rate at unity gain CL=100pF, Cc=230pF, 05 0.5 Vlius
See Figure 1
PARAMETER MEASUREMENT INFORMATION
N2 (OPEN)
vy
»———@ouwur
———ovV INPUT =
cL=
100 SAL=2ka
oF
n T
INPUT VOLTAGE Cc = 30pF =
WAVEFORM TEST CIRCUIT
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE
TYPICAL CHARACTERISTICS
INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT
vs FREE-AIR TEMPERATURE | vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE
100 T T 400 ] > 2 [Veor-1v =
veet=15V | Vec+= 15V é_ 26 FVoc—=-15V
Veg-=~15V Vee-=-15V H Ta=25%
< 80 A\ S 2
E g' 300 ‘3 2
H § 3
§ 5 — wAT4EC | |et 3 — UAT48C :-- :3 »
g 8 200 2 18
S < ! %
3 | ] ! g 16 — H
£ ! 5 ! § 14
2 T = 100 ! E /
T 20 4 i z 12 A
Nt I~ é
e — g 10 /
(1] o > 8
-60 -40 -20 O 20 40 &0 80 100 120 140 -60 -40-20 0 20 40 60 80 100 120 140 01 02 04 071 2 4 710
Ta~FreeAir Temperature—"C Ta~Free-Air Temperature-"C R ~Load Resistance—kst
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT DIFFERENTIAL VOLTAGE DIFFERENT!AL VOLTAGE
VOLTAGE vs FREQUENCY AMPLIFICATION vs SUPPLY VOLTAGE AMPLIFICATION vs FREQUENCY
7 - T
> % 4 '\}ZLJEJ" > o | RL=2ka 1 zccw 15v
L i _=-18V
§ % Vee- =15V £ Ta=25¢C A g 106 Aee2kn
3 | [|R( =10k 7 200 2 Ce - 30 pF
> Cc = 30 pF 2 A/ ERRLY Ta=25C
328 [1Ta=25°C § £ [
3 i - L
3 24 \ g %
;_ 20 g’ S 1w
"g 16 E 40 % 102
:,E( 12 %’ z" 101
s 8 ? 20 o
.:s . N (g zZ
>
o 10 10-1
100 1k 10k 100k "™ 2 6 8 10 12 14 16 18 20 110 100 1k 10k 100k 1M 10M 160M
f-Fraquency~Hz Wee, | -Supply Voltage-v f~Frequency~Hz
FIGURE 5 FIGURE 6 FIGURE 7
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TYPES uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

COMMON-MODE REJECTION RATIO

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE

VOLTAGE-FOLLOWER

184

vs vs
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100
Ve 1av 28 8 T T
g % Veg— = -15V Veg+=15V
T Rg = 10k& 2 s vee—= 15V —
3 % N Cc = 30pF - RL=2x0
< Ta = 25°C 20 N >, / A | cL=100pF
5 o 2 o f § | Conoer
§ X e 4 § 2 OUTPUT L\ Ta=25°C
g ) [ : |
g o0 S : g o L
2 w \ 3 / H Vee+= 18V ° / euT 1
] 5 8 : Veg—=-15V B -2 4
£ 1 ? / H RL=2kf2 < !
S \ o, ' CL_ = 100 pF 3, !
20 0% H Cc = 30pF - [
£ 4 . TA=25°C
S 10 o — -6
o “ . |
110 100 1k 10k 100k 1M 10M 100M 0 05 1 15 2 25 0O 10 20 30 40 50 60 70 80 90
1—Frequency-Hz t-Time-us t-Time—us
FIGURE 8 FIGURE 9 FIGURE 10
TYPICAL APPLICATION DATA
Vo
i )
é— comp N2 c—
vee—- 30 pF (OPEN) ~
ri = 400 MQ, ro<18,
Ci=1pF, BW = 1 MHz
FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER
Vo R2
Vi R1
R1-30 pF
RL > Cc >
2k R1+R2
R1-R2
R3 =
R1+R2

FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,

COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR
INTEGRATED
CIRCUITS

TYPE uA771C

HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12307, SEPTEMBER 1973—-REVISED OCTOBER 1979

e Low Input Currents
e Low Input Offset Parameters
e Frequency and Transient Response
Characteristics Adjustable
e Short-Circuit Protection
description

Offset-Voltage Null Capability
No Latch-Up

- Wide Common-Mode and
Differential Voltage Ranges

Same Pin Assignments as uA748, uA709,
LM101A/LM301 except U Package

The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers.
This device is an excellent choice where a performance between that of super-beta-and general purpose operational

amplifiers is required.

External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input
voltage range, output short-circuit protection, and null capability.

The uA777C is characterized for operation from 0°C to 70°C.

terminal assignments

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

JOR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET
NULL
(N2)

NC

NC OFFSET INV
NULL/ INPUT
OMP

NON. Veo-  NC
INV
INPUT

N1}

OFFSET
QUT- NULL
COMP Vcc+ PUT  (N2I

OFFSET INV_ NON- Ve
NULL/ INPUT INV

comp
N1)

INPUT

NC—No internal connection,

schematic

COMPENSATION
vee

INVERTING
INPUT

NONINVERTING
INPU'

T

ouTPUT

OFFSET

NULL
N2}

’——\__/_‘

ﬂi
T

Vee—

OFFSET NULL/
comp
(N1)

Resistor values shown are nominal and in ohms.
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TYPE uA777C : :
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

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

uA777C UNIT
Supply voltage Vgo+ (see Note 1) 22 \%
Supply voltage Vce— (see Note 1) -22 v
Differential input voltage {see Note 2) +30 v
Input voltage {either input, see Notes 1 and 3) +15 \"
Voltage between either offset null terminal (N1/N2) and Vgo— —0.5t02 \4
Duration of output short-circuit (see Note 4) unlimited

Continuous tota! dissipation at (or below) 25°C free-air temperature (see Note 5) 500 mw

Operating free-air temperature range 0to 70 °c
Storage temperature range —65 to 150 °C
L.ead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or JG package 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vo4 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 voitage or 15 volts, whichever is less.

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

5, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA777C chips are
glass-mounted,

electrical characteristics at specified free-air temperature, Voc+ =15V, Vgc— =—-15V, Cc = 30 pF
(unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYP MAX | UNIT
25°C 0.7 5
Vio Input offset voltage Rg < 50 k2 0°Cto70°C P mV
avio (’:‘f"::iet :’fr:s‘;:':’;:’t;‘;:°eff'°'em Rg < 50 ke 0°C to 70°C 4 30 |uvrc
ho Input offset current ZEOC — 0.7 2 nA
0°Cto 70°C 40
@0 Average temperature coefficient 0°C to 25°C 20 600 AT
of input offset current 25°C to 70°C 10 300
IT:} Input bias current 25°C L) 100 nA
0°C to 70°C 200
Vicr Common-mode input 0°C to 70°C £12 +13 v
voltage range
Vopp Maximum peak-to-peak RL=10kQ 0°C to 70°C 24 28 v
output voltage swing RL =2k 0°Cto 70°C 20 26
AVD Large-signal differential Vpo=%*10V, 25°C 25 250 ViV
voltage amplification Ry >2kQ 0°C to 70°C 15
T Input resistance 25°C 1 2 MQ
o Output resistance 25°C 100 Q
C; Input capacitance 25°C 3 pF
CMRR Common-mode rejection ratio Rg =50 kQ 0°C to 70°C 70 95 ds
kSVR Supply voltage rejection ratio Rg < 50 k2 0°C to 70°C 15 150 | pv/v
(aVee/avio!
los Short-circuit output current 25°C +25 mA
No load 25°C 1.9 3.3
Icc Supply current No signa’I o°C 33| mA
70°C 3.3

T All characteristics are specifled under open-toop operation.
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TYPE uA777C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

operating characteristics, Vcc+ =15V, Vec—=-15V, Ta = 25°C

PARAMETE TEST CONDITIONS uA777C uNIT
ARA R MIN TYP MAX
Vi=20mv, Ay =1, Cc =30 pF 0.3
tr Rise time Ry =2kQ, us
CL =100 pF Ay =10, Cc=3.5pF 0.2
v Vi=20mv, Ay=1, Cc = 30pF 5%
Overshoot factor RL=2kQ,
Cp = 100 oF Ay = 10, Cc=3.5pF 5%
RL =2k, Ay =1, Cc =30 pF 0.5
SR Sl . - V/us
ew rate Cy =100 pF Ay = 10, Cc=35pF 55 k
PARAMETER MEASUREMENT INFORMATION
v N1
! INPUT + I
comP| N2 CL=100pF SR_ =2k
-_— v OPEN I
INPUT VOLTAGE ce
WAVEFORM TEST CIRCUIT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE

RATING FACTOR TA
J {Alloy-Mounted Chip) 500 mwW 11.0mw/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2mW/°C 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mW/°C 90°C
JG (Glass-Mounted Chip} 500 mwW 6.6 mW/°C 74°C
N 500 mW 9.2 mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.
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TYPE uA777C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH
FEED-FORWARD COMPENSATION

6
> 108
ﬂ’) 4 A"V‘V
o
=
s, 10 kQ2
o =
E] Vee+ =15V INPUT
K= Vee-=-15V
L Ay = OUTPUT
2> CL=10pF L _
1 Cc=5pF ™
2 0 Ta=26"C
5 See Figure 3 1 akn
>
< 2
2 / 150 pF  Cc =5 pF
3 -4
I ! |/
o
> -6
0o 1 2 3 4 5 6 17
t—Time—us
FIGURE 3—-INVERTING CIRCUIT WITH UNITY GAIN
FIGURE 2 AND FEED-FORWARD COMPENSATION
TYPICAL APPLICATION DATA
R2
R1 ~ Vo  R2
v R1
Vi
R3 . N2 T R1:30 pF
l N1 v BL> o> —
X L o 29 R1+R2
= - COomMpP J_
X L R1-R2
- F3 ~ Rz
‘ ‘ 5 MQ
Cc
5.1 MQ =
FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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SELECTION GUIDE

VOLTAGE COMPARATORS
Military Temperature Range:(—55°C to 125°C)
"B | Vio ) ho '0L | pesponsE TIME
A mV uA Avp mA POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | MAX | MAX MIN ne

a5 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V/| LM106 5,36,w | 195

015| 4 0.02 |200000TYP | 8 140 TYP 15V, -15V LM111 J4,JG 201

0.05 4 0.02 | 200,000 TYP 8 210 TYP 15V, -15V TLI J,JG,N,P| 219

Single 0.1 5 0.025| 200,000 TYP | 6 | 1300TYP 2V1t036V TL331IM | JG 223
25 3 7 10,000 MiN | 05| 80 MAxX 12V, -6V TLS1OM | 4,JG,U | 233

150 6 | 20 500MIN | 16 40TYP 12V, -6V TL7I0M | 4,06, U | 239

25 3 7 10,000 MIN | 05| 80 MAX 12V,-6V TL8IOM | J,JG,U | 245

20 2 3 1250 MIN | 2 40 TYP 12V, -6V uA71I0M | J,JG,U | 259

0.1 5 0.025| 200,000 TYP | 6 | 13007TYP 2V1036V Lmi93t | JG, U 211

bual a5 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| TLE0BM | J,W 227
25 3 7 10,000MIN | 05| 80 MaX 12V, -6V TLs1aM | W 237

25 3 7 10,000MIN | 05| 80MAX 12V, -6V TLe2oM | J 255

Dual- 30 6 5 8,000 MIN | 05| 80 MAX 12V, -6V TL81IM | J,U 249
Channel| 150 6 |20 500MIN | 05| 80MAX 12V,-6V uA71IM | J U 263
Quad 0.1 5 0.025| 200,000 TYP | 6 | 1300TYP 2V 1036V LmM139T | LW 209
Hex 0.4 5 0.025| 200,000 TYP | 6 | 1300TYP 2V 1036V TL33eMI| J 225

Automotive Temperature Range (—40°C to 85°C)

Dual 025 7 005 |100,000TYP | 6 | 1300TYP 2V 1036V Lm2003t| JG,P 215
ousd 0.25| 7 0.05 |100,000TYP | 6 | 1300TYP 2Vi036V tM20017| LN 713
05 | 20 04 | 30000TYP| 6 | 1300TYP 2V1028V Lm3302t| 4N 217

tCapable of operating with a single 5-volt supply.

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




SELECTION GUIDE

VOLTAGE COMPARATORS

Industrial Temperature Range (—25°C to 85°C)

s | Vio o '0L | pEsponsE TIME

HA mv 7 Avp mA o POWER SUPPLIES | DEVICE | PACKAGE [PAGE
MAX | MAX | max MIN
45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt —~12V| LM206 3, JG,N,P| 195
Single 0.15| 4 0.2 {200,000 TYP | 8 140 TYP 15V, 15 V tm211t |0, G, P 201
01 |5 0.025|200,000 TYP | 6 1300 TYP 2V1t036V Taiut| JG,p 223
01 |5 0.025 | 200,000 TYP | 6 1300 TYP 2V1036V TLasnt| JG,p 223
Dual 0.25] 5 0.005 | 200,000 TYP | 6 1300 TYP 2V1t036V tmzo3t | ug, P 211
Quad 0.25] 5 0.05 | 200,000 TYP | 6 1300 TYP 2V1036V Lm239t | O N 209
Hex 01 ]5 0.025 | 200,000 TYP | 6 1300 TYP 2Vt036V Tazert | U N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 75 | 40,000TYP | 16 28 TYP 12V, -3 Vto—12V| LM306 J,JG, N, P| 195
0.3 |10 0.07 {200,000 TYP | 8 165 TYP 15V, -15V LM311t | 0, UG, N, P| 201
0.01(13 0.004 {200,000 TYP | 8 210 TYP 15V, ~15V T3t | N, P 219
0.01 |10 0.004 | 200,000 TYP | 8 210 TYP 15V, —15V TL311at| N, P 219
Single 025! 5 0.05 | 200,000 TYP | & 1300 TYP 2Vt036V TL3zict| Ja,P 223
30 45 7.5 8000MIN | 05| 80MAX 12V, -6V TLS10C | J,J4G,N,P| 233
150 |10 25 500 MIN 40 MAX 12V, -6V TL710C | J,4G,N,P| 239
30 45 7.5 8000 MIN | 05| 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000 MIN | 16 40TYP 12V, -6V uA710C | J,JG,N,P| 259
0.25]| 0.05 | 200,000 TYP | 6 1300 TYP 2V 1036V Lm3est | Jg,p 211
Bual 40 6.5 7.5 | 40,000TYP | 16 28 TYP 12V, -3Vto-12V | TLE06C | J, N 227
30 45 7.5 8000MIN | 05| 80MAX 12V, -6V TLS14C | J, N 237
30 45 7.5 8000 MIN | 05| 80MAX 12V, -6V TL820C | 4N 255
Dual 50 |10 10 5000 MIN | 0.5 33TYP 12V, -6V TL810C | 4,JG,N,P]| 245
Channel | 150  [10 25 500 MIN | 0.5 40TYP 12V, -6V vATIIC | 4N 263
Quad 0.25| 5 0.05 | 200,000 TYP | 6 1300 TYP 2V1036V LM339T | U N 209
Hex 0.25] 5 0.05 |200,000TYP | 6 1300 TYP 2V1036V TLazect| N 225
tCapable of operating with a single 5-voit supply.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

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 the
specified level.

NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rg} are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (avi0)
The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the

specified temperature range.

(Vio@Ta(1)) — (VI0 @ TA(2))

avio = TA() — TA(2)

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

Input Offset Current {l}0)
The difference between the currents into the two input terminals with the output at the specified level.
Average Temperature Coefficient of Input Offset Current (a)0)

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.

(o @TA(1)) — (1o @ TA(2))

a =
"o TA(1) —TA(2)

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

Input Bias Current (I|g)

The average of the currents into the two input terminals with the output at the specified level.

High-Level Strobe Current (ljH(s)}

The current flowing into or out of * the strobe at a high-level voltage.
Low-Level Strobe Current (I} (s))

The current flowing out of* the strobe at a low-level voltage.
High-Level Strobe Voltage (V|H(s))

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage (V|_(s)}

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low,
as specified, independently of the differential inputs.

Input Voltage Range (V|)
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly.

*Current out of a terminal is given as a negative value.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Common-Mode Input Voltage (Vi)
The average of the two input voltages.
Common-Mode Input Voltage Range (VcR)
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly.
Differential Input Voltage (V|p)
The voltage at the noninverting input with respect to the inverting input.
Differential Input Voltage Range (V|p)

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning
properly.

Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it with the
common-mode input voltage held constant.

High-Level Output Voltage (VoR)

The voltage at an output with input conditions applied that according to the product specification will establish a high
level at the output.

Low-Level Output Voltage (VoL ) u

The voltage at an output with input conditions applied that according to the product specification will establish a low
level at the output.

High-Level Output Current, (IoH)

The current into® an output with input conditions applied that according to the product specification will establish a
high level at the output.

Low-Level Output Current, (loL)

The current into™ an output with input conditions applied that according to the product specification will establish a
low level at the output.

Output Resistance (rg)
The resistance between an output terminal and ground.
Common-Mode Rejection Ratio (kgpmRr, 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.

*Current out of a terminal is given as a negative vajue,
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Supply Current {Icc+ 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=Vce+ * Icc++ Vee- * Ice—.

Response Time

The interval between the application of an input step function and the instant when the output crosses the logic threshold
voltage.

NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the
case of high-to-low-level response time, to turn the output off} to an input level just barely in excess of that required to
bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive.

Strobe Release Time

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its
active logic level to its inactive logic level.

*Current out of a terminal is given as a negative value.
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LINEAR TYPES LM106, LM206, LM306
INTEGRATED DIFFERENTIAL COMPARATORS WITH STROBES

CIRCU ITs BULLETIN NO. DL-S 11586, JANUARY 1972—REVISED OCTOBER 1979
e Fast Response Times e Strobe Capability
¢ Improved Gain and Accuracy e Short-Circuit and Surge Protection
e Fan-Out to 10 Series 54/74 TTL Loads o Designed to be Interchangeable with National

Semiconductor LM106, LM206, and LM306

description

The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance high-
sink-current (100 mA) output, and two strobe inputs. These devices detect low-level analog or digital signals and can
drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is provided.

The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is
controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and
—12 V with little difference in performance.

The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is
characterized for operation from —25°C to 85°C, and the LM306 from 0°C to 70°C.

terminal assignments
J OR N DUAL-IN-LINE

OR W FLAT PACKAGE JG OR P DUAL-IN-LINE
(TOP VIEW) PACKAGE (TOP VIEW)
: STROBE
NC  NC  NC Vecr NC %31 STROBE 2 Vees "’,3}' 2 :
sl{l7le6l5
»
1121314
NC GND '\:35 |r\‘|':l\J,T NC Vce- STROBE1 GND ":gc ”:';l‘;r Vee-
INPUT INPUT

NC—No internal connection

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

Supply voltage Voc+ (seeNote 1) . . . . . . . . . . . . . . e e s e e e e e i e e e e e .. 1BV
Supply voltage Veg—(seeNote 1) . . . . . . . . . . . . . . . .« i i i i i e i e e .. =15V
Differential input voltage (see Note 2} . e 12
Input voltage (either input, see Notes 1 and 3) - A
Strobe voltage range {see Note 1) . . . . . . . . . . . . . . . . .. ... ... ... 0VtoVccs
Qutput voltage (see Note 1) . V)
Voltage from output to Voc— . < (s AV
Duration of output short-circuit {see Note 4) .. P [ X
Continuous total power dissipation at (or below) 25° C free -air temperature (see Note 5) e e e . . 600 mW
Operating free-air temperature range: LM106 Circuits . . . . . . . . « . v « v v v o o W —55 C to 125 C
LM206 Circuits . . . . . . . . . . . . . . . ... —25Cto85°C

LM306Circuits . . . . . . . . .. ... ... ... 0°Cto70°C

Storage temperature range . .. ... .—865Cto150°C
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds J JG or W package .............. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: NorPpackage ............ ceeena 260°C
NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vo, are with respect to the network ground

terminal,

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

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less.

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

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM106 chips are
atloy-mounted; LM206 and LM306 chips are glass-mounte%

[ AN

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vgc+ = 12 V, Vgg— = —3 V to —12V (unless
otherwise noted)
LM106, LM206 LM306
1 .
PARAMETER TEST CONDITIONS MIN _TYP MAX|WMIN _ TYP MAX UNIT
25°C 058 2 168 5
Vio Input offset voltage Rg <200 Q, See Note 6 Full range 3 65 mV
Average temperature
ayjo  coefficient of input Rg=50%Q, See Note 6 Full range 3 10 5 20 [uV/°C
offset voltage
25°C 078 3 188 5
o Input offset current See Note 6 MIN 2 7 1 75| uA
MAX 0.4 3 0.5 5
Average temperature MIN to 26°C 15 75 24 100
a0 coefficient of input See Note 6 nA/°C
offset current 25°C to MAX 5 25 15 50
. _ MIN to 25°C 45 40
T Input bias current Vo=05Vto5V 25°C 10 MAX 7% 20 165 25 KA
liL(s) Low-level strobe current V(strobe) = 0.4 V Full range —1.78-3.2 —1.78-3.2| mA
ViIH(s) High level strobe voltage Full range 2.2 2.2 \
ViL(s) Low-level strobe voltage Full range 0.9 09| V
Common-mode input _
VICR voltage range Veg—==-7Vto-12V Full range 15 +5
Vip Differential input Full range +6 +5 v
voltage range
Large-signal differential No load o
! 4
AVD  \oitage amplification Vo =05V1to5V %c 08 408 Vimv
High-leve! _ Vip =5mV_| Full range 25 5.5
VoH output voltage loH = —400 kA Vip=8mV | Full range 2.5 5.5 v
- Vip=—-5mV]| 25°C 0.8% 156
loL =100mA ViD= —7mV| 25°C 088 2
Low-level V|p = —5 mV| Full range 1
v =50 mA 5
oL output voltage loL=50m Vip = —8 mV| Full range 1 v
= Vip = -5 mV| Full range 0.4
loL=16mA Vip = -8 mV| Full range 0.4
MIN to 25°C 0028 1
ViDp=5mV =
High-level - 25°C to MAX 100
'OH  4utput current VOH =8V 1024V 15 o T MiN 10 25°C 0028 2] *A
Vip=8mV [ 25°Cto MAX 100
Icc+  Supply current from Vee+ | Vip = =5 mV, No load Full range 6.65 10 66 10| mA
lcc—  Supply current from Vcc—| No load Full range -198_-36 -198-36] mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
§These typical values are at Voes = 12 V, Voo = —6 V, T = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is
—25°C to 85°C; and for LM306 is 0°C to 70°C.
NOTE 6: The offset voitages and offset currents given are the maximum values required to drive the output down to the low range (Vg _} or
up to the high range (VOH). Thus these parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

switching characteristics, Vec+ = 12V, Vee—=-6V, Tao = 25°C

T CONDITIONS! [ Lm106. LM206 LM306 UNIT
PARAMETER TESTC (MIN TYP max|mIN TYP max
Response time, low-to-high-level output R =390 to5V, C_=15pF, See Note 7 I 28 40 28 ns

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

schematic STROBE O O STROBE
1

e ® P o Vee+

63v ¥ ¥Ye3v

NONINVERTING
INPUT

INVERTING O—-—o
INPUT

GND

vee-0

Resistor values are nominal in ohms,

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 T T T 20
Vee+ =12V Vee+=12V
Vee—=-6V 18 Vee—=-6V

< 25[vp=05Vto5V 16 \\ Vo=05Vto5V
Iy 3 ) N
2 \ L o1a AN
s 2 N 3 \
3 \ LM306 3 12 \
2 15 g g 10
g o \Y 8 N
o o
E] \ \ g 8 \\
g 1 - . g LM106, "\
T LM106, \ T 6 LM206% AN
o LM206% -]
= 0 I~ = 4

5 ]

2 ~]
0 0
-75 -50 -25 O 25 50 75 100 125 -75 -50 -25 O 25 650 75 100 125
TaA—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2
$Data for free-air temperatures below —~25°C and above 85°C is applicable for LM106 only.
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TYPES LM106, LM206, LM306

DIFFERENTIAL COMPARATORS WITH STROBES

VoH—High-Level Output Voitage—V .

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS ¥

HIGH-LEVEL OUTPUT VOLTAGE
vs

FREE-AIR TEMPERATURE

7

Vee+=12 V.

Veg—=-3Vto-12V
6 FVIp=5mV

L]
IoH =0
/}/
5 |
4
T 10H = —400 uA

3
2
1

-75 -60 -25 0 25 50 75 100 125

TA—Free-Air Temperature—"C
FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

7
Vec+=12V
6 | Vcc—=—-6V
R = oo —
5 L L L
(AL
4
TA=0°C—/ , [\‘/\TA=25°C
3 A/ N B
Ta=70°C
2 1
J T\-Ta = 125°C
D
0
-1
-2 —1 0 1 2

Vp—Differential Input Voltage~mV
FIGURE 5'

VoL—Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE
vs

FREE-AIR TEMPERATURE

1.2
Vee+ =12V
Vec—==-3Vto—-12V
TIVvip=-5mV
-~ forer—"1
0.8 loL = 100 mA
0.6 loL =50 mA:- _——
0.4
loL =16 mA
| L
I |
0.2 loL =0
oL [ 1
-75 -50 =25 0 256 50 75 100 125

Ta—Free-Air Temperature—"C
FIGURE 4

OUTPUT CURRENT
vs

DIFFERENTIAL INPUT VOLTAGE

0T
11Ta=-55°C
. =y TA=0°C
10~ :
< Ta = 125°C \m
i 10-2 L o ¥
& TA =70°C]
g 10-3 L
3 TA =25°C
= 104
3
Q
5 10-5
o
& 10-6
10-7 TA:._
10-8} Vec+=Vp =12V
Veo—=—3Vto-12V
10-9 CC. N z "
-5 4 3 2 -1 0 1 2 3

Vp-Differential Input Voltage—mV
FIGURE 6

}Data for free-air temperature outside the range'specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

198 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

Ayp-—Differential Voltage Amplification

TYPICAL CHARACTERISTICSI

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

Vs

FREE-AIR TEMPERATURE

80 000 =
T~ Vee—=—-3Vto—-12V
Vo=1to2V
RL =
60 000 _&+=12V B
VeeH =15V
N C
Vee+ =10V
40 000 \\
\\
\
~— ™~
20 000 ]
'\
0
-75 -55 -25 0 25 b0 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 7
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
€3
52 100: mv
- 32
62 \Y =12V
- CC+
Vee—-=-6V
CL=15pF

Vp—Output Voltage—V

Ta=25°C

20 mV

R =390 Qto5V

|
|
e e

2
10 mv / 2mV
\ N \
0 20 40 60 80
t—Time—ns
FIGURE 9

100

los—Short-Circuit Output Current—A

0.4

0.3

0.2

0.1

0

SHORT-CIRCUIT OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE

Vee+=Vo =12V
Vee-=-6V i

Vip=-5mV
See Note 8 ]

~

T

N

~

N

~-75 -60 -25 O 25 50 75 100 125
T A—Free-Air Temperature—"C
FIGURE 8

Differential
Input Voltage

o

Vo—Output Voltage—V

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

=
L3R
100 mV
K
= r
20 mVj
10 mV‘\# vee+ =12V
5 mv] Veg—=-6V
2 mVa] Cp=15pF
— RL=390Qto5V
Ta=25°C
0 20 40 60 80 100
t—Time—ns
FIGURE 10

}Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

NOTE 8: This parameter was measured using a single 5-ms pulse,
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS ¥

SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Ve
Vs Vs
SUPPLY VOLTAGE Vce+ SUPPLY VOLTAGE Vce—
10 T T T T { ! 4 T 7'5 V ‘
Veg—-=-3Vto—-12V o < CcC+=

E 9 'RL:w '—‘——"TA=—55C E - RL=oo "

l L1 A = 25°C I TA = -55°C
(-5 8 1 A LI) 3 B
° LL> L1~ Tta=125°C S A e
> 7 [ / / c TA 25 C
5 oL = ZT/TA =—55°C S T

= “— _ °
E 5 _E A QTA=25°C g 2 //7// Ta=125"C
= < r | = L1

S 4 ) ,Z/TIA =125°C | 3 v //

> > >

g 3b> LA // g

@ & /// @ 1 e

L2 b )

Q a Q

° 4 LS5 ke)

0 0
9 10 11 12 13 14 15 16 17 60 -2 -4 -6 -8 -10 —12_—14 —-16
Vcc+—Positive Supply Voltage—V Vce——Negative Supply Voltage—V
FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
VS
FREE-AIR TEMPERATURE
120
| —[ | vVee+ =12V
Vip = -5 mV vVee-=-6V :
- oo | DISSIPATION DERATING TABLE
Z 100 RL ‘
,E ™~ PACKAGE POWER DERATING ABOVE
5 I~ RATING FACTOR TA
T 80 ~—] J (Alloy-Mounted Chip) 600 mW 11.0mW/C 95°C
g Vip=5mV T | 4 (GlassMounted Chip) 600 mW 82mW/C 77°C
fal 60 — JG (Alloy-Mounted Chip) 600 mW 84 mw/rC 79°C
*-33 JG (Glass-Mounted Chip) 600 mW 6.6 mW/C 59°C
& h\\ N 600 mW 9.2mW/C 85°C
= 40 P 600 mW 8.0mw/C 75°C
E w 600 mW 8.0 mW/°C 75°C
C|3 20 Also see Dissipation Derating Curves, Section 2,
o
0

-75 =50 =25 0O 25 50 75 100 125
Ta—Free-Air Temperature—°C

FIGURE 13

I Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11797, SEPTEMBER 1973—-REVISED OCTOBER 1979

Maximum Input Bias Current. . . 300 nA
Maximum Input Offset Current. .. 70 nA
Can Operate From Single 5-V Supply

o Fast Response Times
Strobe Capability

e Designed to be Interchangeable with National °
Semiconductor LM111, LM211, and LM311

description

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to operate from
a wide range of power supply voltage, including *15-volt supplies for operational amplifiers and 5-volt supplies for logic
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated
from system ground. The outputs can drive loads referenced to ground, Vcc+, or VcC—, Offset balancing and strobe
capability are available and the outputs can be wire-OR connected. If the strobe input is low, the output will be in the
off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as
sensitive to spurious oscillations.

The LM111 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM211 is
characterized for operation from —25°C to 85°C, and the LM311 is characterized for operation from 0°C to 70°C.
terminal assignments

J OR N DUAL-IN-LINE

JG OR P DUAL-IN-LINE

U FLAT PACKAGE

PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
NC NG NC Vger NC c_ ®s Vect 8/S veer € NG BIS B
L 13 12 n L 1] 1] ] 7 6 5 L] ] ] 17 ]
iptintigKiniiniink 1112[]3[]4 TH2H:H«H s
NC E IN+ IN- NC vee- B IN+ IN- Vce~ E IN+ IN— NC vee-
NC—No internal connection
schematic
8/s
300 300
veer
3 13k 750 ¢ 600
70 B Balance
1 B/S Balance/Strobe
312K / [ Collector Qutput
r—_t v E Emitter Output
ha, IN+ Noninverting Input
IN+ 12k IN— Inverting tnput
; NC No Internal Connection
4« ¢ Veer Positive Supply Voltage
IN— E 1 Vee— Negative Supply Voltage
400 10
P 4
q 00
10 N
o . 3
2k £
* >———— . vee-
Resistor values shown are nominal and in ohms.
Copyright © 1979 by Texas Instruments Incorporated
TEXAS INSTRUMENTS 201

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES LM, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

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

LM111 LM211 LM311 UNIT
Supply voltage, Voot (see Note 1) 18 18 18 \
Supply voltage, Voo (see Note 1) —18 —18 —18 \Y%
Differential input voltage {see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +156 +15 *+15 \"
Voltage from emitter output to Voo— 30 30 30 \%
Voltage from collector output to Voo— 50 50 40 \
Duration of output short-circuit (see Note 4) 10 10 10 s
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 500 mwW
Operating free-air temperature range —551t0 125 —25t0 85 0to 70 °c
Storage temperature range —651t0150 | —65t0 160 | —65to 160 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds| J, JG, or U package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds| N or P package 260 260 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Voe—.

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

. The output may be shorted to ground or either power supply.
. For operation above 25°C free-alr temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM111
chips are alloy-mounted; LM211 and LM311 chips are glass-mounted.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or £15 volts, whichever is less.
4
5

electrical characteristics at specified free-air temperature, Vgc: =15 V (unless otherwise noted)

LM111, LM211
PARAMETER TEST CONDITIONS? L3t UNIT
MIN TYPI MAX |MIN TYPI MAX
25°C 0.7 3 .
Vio Input offset voltage Rg < 50 kQ2, See Note 6 2 75 mV
S
Full range 4 10
25°C 4
o Input offset current See Note 6 10 § 20 nA
Full range 20 70
. 25°C 75 100 100 250
[IT:} Input bias current Vo=1Vto 14V nA
Full range 150 300
l|L(s) Low-level strobe current Vistrobe) =03V, Vip<-10mv| 25°C -3 -3 mA
Common-mode input
VICcR voltage range Full range +14 +14 \%
Large-signa} differential °
Avp o Vpo=5Vto35V, R_=1k 25°C 40 200 40 200 V/mv
voltage amplification
. 25°C 0.2 10
High-level (collector) Vip=5mvV, VoH =35V nA
IoH Full range 0.5 A
output current -
Vip=10mV VoH =35V 25°C 0.2 50 | nA
Vip = -5 mV °
1oL = 50 mA D m 25°C 0.75 1.5
Vip=—10mv | 25°C 075 15
Low-level (collector-to-emitter) =
VoL Veer =45Ve  ty o= _6mVv | Full range 023 04 v
output voltage Veg_=0V
loL =8 mA Vip =—-10mV | Full range 0.23 0.4
Supply current from V ,
Icct ou:’:u: g CC+  lvip=-10mV, Noload 25°C 51 6 51 75| mA
Supply current from Voe—, o
lcc— output high Vip=10mV, No load 25°C —4.1 -5 —4.1 -5 | mA

TUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded.
" Full range for LM111 Is ~55°C to 125°C, for LM211 is —25°C to 85°C, and for LM311 is 0°C to 70°C.
fan typical values are at T = 25°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to
1 V with a pull-up resistor of 7.5 k§2 10 Vc+. Thus these parameters actually define an error band and take into account the worst-

case effects of voltage gain and input impedance.
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TYPES LM, LM211, LM3N
DIFFERENTIAL COMPARATORS WITH STROBES

switching characteristics, Vgc+= 15V, Vec—=—15V, Tao = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
i -to-high-| 115 n
Response tiirne, Io-w to-high-level output Rc=500 205V, CL=5pF, SeeNote7 s
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V, :

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs

FREE-AIR TE

N
o

MPERATURE

=
e

Vees =£15 V

Vo=1Vto14V
See Note 8

-
(=]

N

-
»H

U [
LM311

LM111
| LM2111

-
N

N

CONDITION 1

N CO}\JDITION 2

YRS

~

™~

ILM311
|

1j0—Input Offset Current—nA
o

LM1

o N A O @

Lm2111 |

1 ==

-60-40-20 0 20 40 60 80 100 120 140

Ta—Free-Air Temperature—"C

FIGU

RE1

VOLTAGE TRANSFER CHARACTERISTICS

T
Vece =15V 'uvnn
Ta=25°C +
50 ‘LM211
>
T / \ LM311
% 40
£ EMITTER OUTPUT
> 30} RL=6002 | coLLECTOR——]
3 oUTPUT
s RL = 1kQ
i
O
>

N

J

N

-1 -05 0

05 1

Vp-Differential Input Voltage—mV

FIGU

NOTE 8: Condition 1 is with the balance and balance/strobe terminals open, Condition 2 is with the balance and balance/strobe terminals

connected t0 Vo4,

RE3

l|g—Input Bias Current—nA

INPUT BIAS CURRENT

Vs

FREE-AIR TEMPERATURE

500 S
| Vege =215V
450 LM311 ~T—Vo=1Vto 14 VA
See Note 8
400 —{m119
350 _\uw\zn?
300 \
N CONDITION 2
250
¢
200
[ ———
150 Vo .ONPI\TION —
A
100 {— — !
50 M1 —
wm211t
[} | |

—60-40-20 0 20 40 60 80 100 120 140
Ta—Free-Air Temperature—°C
FIGURE 2

Vee+=30V

+V =50V (LM111, LM211)

40V (LM311)

1k
OUTPUT

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC

TEST CIRCUIT FOR FIGURE 3

Vce+ =30V

E— QuTPUT

<
>
3 600 §2

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3

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 LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
s
55 ! % ]
o = —
£3 100 mv §3 J100my
2% - vees =15V 5V 2%
2 Vece = 15 V. 2 Vegs =15V
= Rc=5099t05v = Rc=500Q1t05V)
Ta=25°C Ta=25°C i
5 5
1 3
g4 34
2 5m S
S, 2m 33 20 m\?—/\
5 =
& — W0mV=g = 22 5 mv=—] —
OT 1 V/ Vee-=-15V g \ | 2 rvluv
5 4 5 -
> 0 >0 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
! t—Time—ns t—Time—ns
FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND 5 FIGURE 5
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
s 1 11 [ [ [ 1 Vees =15V sel ]
53 100 my Vece =£15V g3 J]womy
s 3 RE =2k{2to ~15 V £y
3¢ Ta=25°C &8 Veee =£15V
= = RE=2kQ 1o -15 V -
15 5 Ta=25°C
20 mv > \ \ot—2mv
YA - N2 |
| k- \
g !‘: \) g ——5 mV
g s5i—5m s 5
5 >
> ) f A s 0 \ \
§ M~ 2mV I3
S -5 8 -5
Q / ? 20 mV —
o _ I s
o-1 2 -10
w1

0 02 04 0608 10 12 14 16 18 Vee-=-15V 0 0204 060810 12 14 1.6 18
t-Time—us t=Time—us
FIGURE 6 TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7
QUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vce+ SUPPLY CURRENT FROM Vce—
vs Vs vs
OUTPUT VOLTAGE SUPPLY VOLTAGE VCG+ SUPPLY VOLTAGE Vee-
1eo 800 6 , -6 T T T
:lgciz ey Ta=25°C < ViD= 10 mV or —10 mV
10 s 700 € No Load € TA=25°C
Vip = ~10my ! l\ -5 LNo load
< 120 Ta=25°C | 600 3 & Vip=-10mv_|—" g
E &P i o 9
! & 5§ 2 a4 -
B T 8 — 5 |
5 = = bt
¢ w w0 £ £ o3 //\/.D=1omv g -
g -l 3 5 / 5
3 w0 2 3 / S /
1 S z2 z -2
L=J B w b & |1 & 7
10 (Left Scale) e 3 3
) — 100 5 ! S 7!
l l 8 8
0 o 0 0
0 5 10 15 0 5 10 15 4] -5 -10 -15
Ve -—Negati ly Voitage—V
V-Output Voltage—V Vge+-Positive Supply Voltage—V cc egative Supply Voltage
FIGURE 8 FIGURE 9 FIGURE 10
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TYPES LM111, LM211, LM3N1
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vees
2k i
W Me— T
r 1
|
SQUARE WAVE |
OUTPUT _l
(Fan-out to two
Series 54 gates

S orequivalent)
>
S

TTL
STROBE

FIGURE 11-100-kHz FIGURE 12
FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING

1k82
240 k&2 ouTPUT

TOTTL

inpuTH

1 Resistor values shown are for a 0-to-30-V logic swing and a
Vee- 15-V threshold.
iMay be added to control speed and reduce susceptibility
to noise spikes.
FIGURE 14—2ERO-CROSSING DETECTOR FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vees
45V

100 k§2 2 kS§2

2k {

ouTPUT
TOTTL

100 kHz 10 pF {

>
100 k2 $

MAGNETIC
TRANSDUCER )
FIGURE 16~-DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17—100-kHz CRYSTAL OSCILLATOR
FROM D/A NETWORK
S I O

1N4001

ANALOG
INPUT

TTL STROBE

Typical input current is 50 pA with inputs strobed off.
FIGURE 18—COMPARATOR AND SOLENOID DRIVER FIGURE 19—STROBING BOTH INPUT AND

OUTPUT STAGES SIMULTANEOUSLY
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TYPES LML, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vee+ =5V

Veer
39k 500 0

AAA AAA
W VWA

w3708
D—Lcl\ ouTPUT
L~

|
—— | hd

—J
T} 15uF
= T

b
= Veg-=-10V
FIGURE 20—LOW-VOLTAGE FIGURE 21— ZERO-CROSSING
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC
Veee =SV Y
a Veau s
‘:I [ Ev ka2
- g ) l
'p,m__ ST oy men Tz (W, [1%:34 r———'—-'——g 1@
) Ma708 : ¢ ouTPUT '\ : L_ot;rvlb'r
| »{ e MN2222 FRom 1008 159 oo |
( INPUT ™ AA 1 l
FROM M 4 4
p: z|7-m- =TT __’uuF N2z L ATE 0 ‘:‘;‘ ,1\ 1S b -
N2222 T sonR & i 1
$22:a =
l— ®
T Adjust to set clamp level.
FIGURE 22—PRECISION SQUARER FIGURE 23-DIGITAL TRANSMISSION ISOLATOR
Vege =15V
Vees =15V
==
1m0 r 1
INPUT VWA
[} !
| |
1 INPUT —aAAA- 1
-3 -
L g |
AAA 'Eu uF —_
V- =15V Vee—=-15V
FIGURE 24— POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

2N3708 ¢

TYPICAL APPLICATION DATA

Vee+ =5V

2N2222

TR1 sets the comparison level. At comparison, the photo-
diode has less than 5 mV across it, decreasing dark current
by an order of magnitude.

FIGURE 26—PRECISION PHOTODIODE COMPARATOR

Vee+
620
‘%l TIP30
100 kit
$——OUTPUT
100 kit
10 kuz
INPUT
~ TIP29
0.1uF ;‘\ a7a
®on
- vee-

FIGURE 28—-SWITCHING POWER AMPLIFIER

REFERENCE

15 ket

2N3708
1k

iTransient voitage and inductive kickback protection.

FIGURE 27—RELAY DRIVER WITH STROBE

L 4 veer
{ } TIP30 5

TIP29

620 41
39 kiz

300 kit | Bis 620 42

15 kit
INPUT ——AAA—@

~—

OUTPUTS

5105

39k 620 1

TIP30

300 kit
= $620 1

FIGURE 29—SWITCHING POWER AMPLIFIERS
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LINEAR TYPES LM139, LM239, LM339

INTEGRATED '
CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12236, MARCH 1975—REVISED OCTOBER 1979

e Single Supply or Dual Supplies e Low Input Offset Voltage .. .2 mV Typ
Wide Range of Supply Voltage e Common-Mode Input Voltage
...2to 36 Volts Range Includes Ground

e |Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
...0.8mA Typ Supply Voltage...+36 V

e Low Input Bias Current ... 25 nA Typ e Low Output Saturation Voltage

¢ Low Input Offset Current e Output Compatible with TTL, DTL,

.3nA Typ (LM139) MOS, and CMOS

J OR N DUAL-IN-LINE

schematic (each comparator) ORW FLAT PACKAGE

_ Vee (TOP VIEW)
80uA - (OR
CURRENT 6 Vees)
REGULATOR COMPARATOR COMPARATOR
NO4
10 A f————, &
Y OUTPUT OUTPUT NON NON
COMP cCOMP 1INV INV INV INV
NO.3 NO4 GND INPUT INPUT INPUT INPUT

1 13 12 1 10 9 8

=
»
<=

NONINVERTING
INPUT

INVERTING
INPUT

Current vajues shown are nominal.

description |1|[z|:]3|_|4|‘[5r‘15[_|7[_
OUTPUT OUTPUT Vceo INV NON- INV NON-

These devices consist of four independent voltage COMP COMP INPUT  INV  INPUT  INV
comparators that are designed to operate from a NO.1 - NO2 — ANPUT, INPUT,
single power supply over a wide range of voltages. COMZI(\)RZATOR COM*”:\ngOR

Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
to 36 volts and pin 3 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be
connected to other open-collector outputs to achieve wired-AND relationships.

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

Supply voltage, Voo (see Note 1) .. ..o oo vttt et e e e e e 3BV
Differential input voltage (see NOte 2) .. .. .. . ittt i ettt ittt ie st et +36 V
Input voltage range (either INPUL) . .. .. Lt it ittt i e e et aann s —03Vto36V
[0 703 € T 3R & -1 36V
L0 T o T T U T -1 20mA
Duration of output short-circuit to ground (see Note3) .. i i e e e e e e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . ............... 900 mW
Operatmg free-air temperaturerange: -LM139 .. .................... N —55°C to 125°C

LM238 it e —25°C t0 85°C

LM330 oottt e e 0°Cto 70°C
Storage temMPerature FANGE .+ v v v v v v v v e e o e a s e et e e e e m e e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JorW package ................0... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage ...................... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

1

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

3. Shortcircuits from cutputs to Vg can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dnssnpatlon Derating Table. In the J package, LM139 chips are alloy-
mounted; LM239 and LM339 chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

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

LM139 LM239, LM339
PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX MIN TYP MAX
Vgc=5Vto30V, 25°C 2 5 2 5
\Y Input offset voit 3
10 put oftset voitage Vic=VicR. Vo = 1.4V Full range 9 g ™
) Input offset current Vpo=14V 25°C 3 25 5 50 A
o P 0=+ Full range 100 150] "
25°C -25 -100 -25 =250
T} Input bias current See Note 5 Full range ~300 200 nA
25°C Oto Oto
Vicg Common-mode input Veg=2Vto36V Vec-15 Vee-15 v
o " voltagerange Full range Oto 0Oto
Vee=-2 Vee—2
Large-signal diffi ial Vee=15V,
Avb rge-signa dl' erentia cc 25°¢C 200 200 VimV
voltage amplification RL=15k&2 to Ve
Von= 5V | 25°C 0.1 0.1 nA
| High-level t t| Vip=1V
OH  High-level output current | Vip Von =30V | Full range 1 1| #A
\ Lowdevel output voltal \ 1V, | 4 mA 25°C 250 500 250 500 mV
owdevel ou voltage =-1V, =
oL e putvoltage 1 V1D OL= %M il range 700 700
loL  Lowdevel outputcurrent | Vip=—-1V, Vo =15V 25°C 6 16 6 16 mA
Supp! t
Icc PRy cumren No load 25°C 08 2 08 2| ma
({four comparators)

TFull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is —85°C to 125°C, and for the LM339 is 0°C to 70°C.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines,

switching characteristics, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input stey
B RL connected to 5 V through 5.1 kQ,| | P p 13
Response time with 5mV overdrive us
CL=15pF ¥+  SeeNote6 -
TTL-evel input step 03

*CL includes probe and jig capacitance.
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING  ABOVE
RATING FACTOR TA
J {Alloy-Mounted Chip) 900 mW  11.0mW/C 68°C
J (Glass-Mounted Chip) 900 mW 8.2mw/C 40°C
N 900 mW 9.2mW/°C 52°C
w 900 mW 8.0 mw/°C 37°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR

INTEGRATED
CIRCUITS

TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 12411, JUNE 1976—REVISED OCTOBER 1979

Equal to Maximum-Rated U FLAT PACKAGE
Supply Voltage ... +36 V (TOP VIEW)
e Low Output Saturation Voltage ' AMPLIFIER NO. 2
e Output Compatible with TTL, DTL, e Voo, T v .?.'g‘zr
MOS, and CMOS @ @ @ @
description L1 1
These devices consist of two independent voltage
comparators that are designed to operate from a

e Single Supply or Dual Supplies JGORP
9 PRl PP DUAL-IN-LINE PACKAGE (TOP VIEW)

e Wide Range of Supply Voltage

2 to 36 Volts COMPARATOR NO. 2
e Low Supply Current Drain veer T NV ki
Independent of Supply Voltage NIEDIE

...0.5mA Typ
e Low Input Bias Current .. .. 25 nA Typ

e Low Input Offset Current
...3nA Typ (LM193) I—ﬁ

e Low Input Offset Voltage...2 mV Typ Tz A
e Common-Mode Input Voltage T v |z§¥"1 GND

Range Includes Ground

COMPARATOR NO. 1

e Differential Input Voltage Range

single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
L ) L

to 36 volts and pin 8 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain @ @ @ @ @

NC ouT INV NON GND

is independent of the supply voltage. The outputs can PUT INPUT WY
be connected to other open-collector outputs tc
achieve wired-AND relationships. AMpLIFERNO.l
-absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VoC (seeNOte 1) v ve ittt ittt ittt teerinananannss P e m et 36V
Differential input voltage (Se8 NOTE 2} . .. vt it isntie st itsnsoeneansossssiesnsnasesnransananenns 36 V
Input voltage range (ither iNPUL) .. .. vvuiint it it ittt ia e anieraenanaanenenns -03Vto36V
[0 TXE o T Y7o V- 36V
OULPUL CUITBNT .ttt it i et ae et e eeassoeeatasoeuaonentosaensossussonassenensneasnnanasnnans 20 mA
Duration of output short-circuit to ground (see Note 3) .....cvverenreeieanns ettt iteeeetieaanans unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4): LM293JG,LM393JG..... 825 mW
LM193JG, LM293P, LM393P..... 900 mW
LM193U, LM293U, LM393U. .... 675 mW
Operating free-air temperaturerange: LM193 ... ... .. ittt ittt iiaiinnaannaann ~55°C to 125°C
' 1Y e SN —25°C to 85°C
LM393 .. iiiiiiiiieiiaeaeaenene, terereerinieae... 0°Cto70°C
Storage teMPerature FANQGE .. v veveess oeasssucnsaossasnsansssnsosssannsnsosesannnn —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGor Upackage ...................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage .....................00nnn. 260°C

NOTES: 1, All voltage values, except differential voltages, 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 Vg can cause excessive heating and eventual destruction.

4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM193 chips are alloy-
mounted; LM293 and LM393 chips are glass-mounted.
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TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

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

PARAMETER TEST CONDITIONS LM193 LM293, LM353 UNIT
MIN  TYP MAX | MIN _ TYP MAX
v | fset volt Vec=5Vto 30V, 25°C 1 5 1 5 v
nput offset voltage m
10 P 9 Vic = VICR, VO = 1.4 V [ Full range 9 9
1 Input offset t Vo =14V 25°C 3 25 5 50 nA
npu set curren = 1.
10 fnbuto ° Full range 100 150
| Inout bi . See Note 5 25°C -25 —100 —25 —250 A
npu 1as re (o} n
B P eurren Full range 300 400
° Oto Oto
. 25°C
Common-mode input Vee—-1.5 Vee—-1.5
VicR Vec=2Vto36V \
voltage range 0to 0to
Full range
Vee—2 Vee—2
Large-signal differential |V, =15V,
Ayp raesignal citter cc 25°C 50 200 50 200 VimV
voltage amplification RL=15VtoVce
Vip=1V, VgH=5V 25°C 0.1 0.1 A
loH  High-level output current 1D OH z
VipD=1V, VoH=30V|Full range 1 11 pA
\ Low-level output voltage |V 1v, | 4 mA 25°C 250 400 250 400 v
W-| vo ==1V, = m
oL  Lowevel output voltage VD oL Full range 700 700
lop  Low-level output current[Vip=—1V, Vg=15V 25°C 6 16 6 16 mA
Vee =56V 25°C 0.8 1 0.8 1
icc  Supply current No load cc _ mA
Vee =30V | Full range 25 25

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines,

switching characteristics, Vcc =5V, TA = 256°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input ste|
. Ry connected to 56 V through 5.1 k2,| | P p 13
Response time with 5mV overdrive us
CL=15pF ¥  See Note 6 -
TTL-evel input step 03

*CL includes probe and jig capacitance.
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE schematic (each comparator)
P V| . -Vee
PACKAGE OWER DERATING ABOVE s0un vee
RATING FACTOR TA CURRENTRG Vees)
o RE A
JG (Alloy-Mounted Chip) 900 mW 84 mW/°C  43°C GuLATO
JG (Glass-Mounted Chip) 825mw 6.6 mW/°C 256°C 10 uA! 60 uA 10 uA 80pA
P 900 MW  8.0mW/°C 37°C % .
v 675mW  54mwW/°C 25°C P al
Also see Dissipation Derating Curves, Section 2, NONIm{,EFrTING QuUTPUT
INVERTING
INPUT
L
GND
{OR

Current values shown are nominal.
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM2901
QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO, DL-S 12247, MARCH 1975-REVISED OCTOBER 1979

Eliminates Need for Dual Supplies e Common-Mode Input Voltage
. Range Includes Ground Allowing
[ ] N «
W'dz tR: ggee\c/):‘)lf: pply Voltages Direct Sensing near Ground
e Low Supply Current Drain o Differential Input Voltage Range
Independent of Supply Voltage Equal to Maxlmum-+Rated
.08mATyp Supply Voltage .. .. +36 V
e Low Input Bias and Offset Parameters * Lo“fl Ou\t/p¥t Sattuéatl'gn Voltage
Input Offset Voltage . ..2 mV Typ e 70’“ v };P a 1“ A
Input Offset Current . . .5 nA Typ ... /0mVilypatim
Input Bias Current . . . —25 nA Typ ® Qutput Compatible with TTL,
DTL, MOS, and CMOS
schematic (each comparator) J OR N DUAL-IN-LINE OR
W FLAT PACKAGE {TOP VIEW)
Vee
QA 1 {,‘(’:2+) COMPARATOR  COMPARATOR
REGULATOR 7 Ny ——A
OUTPUTOUTPUT NON NON
10 4A compP  comp INV INV INV INV
| 4 NO.3 NO.4 GND INPUT INPUT INPUT INPUT
19 13 12 n 10 9 8
NONINVERTING ouTPUT
INPUT
INVERTING
INPUT
GND
(OR
vee-) |——<t:\—
Current values shown are nominal, 1 2 3 4 5 6 7
description Ccowe ccomp ' NpUT WV INPUT NV
The LM2901 consists of four independent voltage NOa1  NO2 INPUT INPUT

comparators designed specifically for automotive and
industrial control systems. They operate from a single
power supply over a wide range of voltages, and the
low supply current drain is independent of the magnitude of the supply voltage. A unique characteristic of these
comparators is that the common-mode input voltage range includes ground even when a single supply voltage is used.

COMPARATOR COMPARATOR
NO.2 NO

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. Applications
include limit comparators, simple analog-to-digital converters, wide-range VCQ’s, MOS clock timers, multivibrators,
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators.

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

Supply voltage, VCC (see Note 1) . 36V
Differential input voltage (see Note 2) . 36 V
Input voltage range (either input) -03Vto36V
Output voltage .. 36V
Output current 20 mA
Duration of output short-mrcult to ground (see Note 3) unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . 900 mwW
Operating free-air temperaturerange . . . . . . . . . . . —40°C to 85°C
Storage temperature range . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package ................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package, ..........o.cvuvennnnnn 260°C
NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal.

1

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 temperature, refer to Dissipation Derating Table. In the J package, LM2301 chips_ are glass-
mounted.
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TYPE LM2301
QUADRUPLE DIFFERENTIAL COMPARATOR

electrical characteristics at 25°C free-air temperature, V¢¢ = 5 V {(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
v Input offset volt Vee=5Vto 30V, 25°C 2 7 mv
nput offset voltage - -
‘o P o Vic=Vic: _ Vo=14V [ J¢crossc 15
| Input offset t Vpo=1.4V 25°¢ 2 50 nA
nput offset curren =1.
‘o ° o —40°C to 85°C 200
| Input bi ent See Note 5 25°C =25 250 nA
ut bias curr o
18 i —40°C 1o 85°C —500
25°C 0to
Input common-mode Vee —-1.5
VicR Vec=2Vto36V \
voltage range o o 0 to
—40°C to 85°C
Vec -2
Large-signal differential Vec=15V,
A 25 100 VimVv
VD voltage amplification R =15k to Vce
) Vip=1V Vo=5V 25°C 0.1 nA
10H High-level output current -
Vip=1V Vo=30V —40°C t0 85°C 1 | uA
Vv Low-level output voltage \ 1V | 4 mA 25°C 400 mV
wW- volta =-1V, =
oL ute 9 o oL Z40°C 10 85°C 700
oL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vee=5V 25°C 0.4 1
1 Supply current No load mA
ce Vcc =30V | —40°Cto 85°C 25
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.
- - - . d
switching characteristics, Vcc =5V, TA=25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R =51k t05V 100-mV input step 15
Response time A with 5smV overdrive us
= N .
CL=15pF See Nota 6 TTL-evel input step 03

t(:|_ includes probe and jig capacitance.
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V.

TYPICAL APPLICATION DATA

+V

33kn
100 ka2
100 kS
—OQUTPUT
LOW-
IMPEDANCE G
TRANSDUCER
R

VREF
BASIC SINGLE-SUPPLY TRANSLATOR
THERMAL INFORMATION
DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TaA
J (Glass-Mounted Chip) 900 mW 8.2mwW/°C 40°C
N 900 mW 9.2mW/°C 52°C
w 900 mW 8.0mw/°C 37°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR

INTEGRATED
CIRCUITS

TYPE LM2903

DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12412, JUNE 1976—REVISED OCTOBER 1979

NONINVERTING
INPUT

e Eliminates Need for Dual Supplies

e Wide Range of Supply Voltages
... 210 36 Volts

e Low Supply Current Drain
Independent of Supply Voltage
...05mA Typ

e Low Input Bias and Offset Parameters
Input Offset Voltage .. .2 mV Typ
Input Offset Current. .. 5 nA Typ
Input Bias Current. .. —25nA Typ

schematic (each comparator)

80-uA
CURRENT
REGULATOR

10 A

INVERTING
INPUT

e

Current values shown are nominal.

description

The LM2903 consists of two independent voltage
comparators designed specifically for automotive and
industrial control systems. They operate from a single
power supply over a wide range of voltages and the
low supply current drain is independent of the
magnitude of the supply voltage. A unique character-
istic of these comparators is that the common-mode
input voltage range includes ground, even though
operated from a single supply voltage. Applications
include limit comparators, simple analog-to-digital
converters, wide-range VCO’s, MOS clock timers,
multivibrators, high-voltage digital logic gates, and
pulse, square-wave, and time-delay generators. The
LM2903 was designed to directly interface with
CMOS — where the low power drain of the LM2903
is a large advantage over standard comparators.

The outputs can be connected to other open-collector
outputs to achieve wired-AND relationships.

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

Differential Input letage Range
Equal to Maximum-Rated
Supply Voltage...+36 V

Low Output Saturation Voltage‘
...TmV Typat5uA
...70mV Typat 1 mA

Output Compatible with TTL,
DTL, MOS, and CMOS

JGORP :
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-
OUT- INV_ INV
Vee+ PUT INPUT INPUT

Bl 7]]6|[]5

I
1T{12l3afl4

OUT- INV_ NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

U FLAT PACKAGE
(TOP VIEW}

AMPLIFIER NO. 2

NON
out 1INV INV
PUT  INPUT INPUT

® 06
<

N Veo+
|

L L ] 1
NC OUT INV NON GND
PUT

INPUT  INV
INPUT

AMPLIFIER NO. 1

NC—No internal connection
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TYPE LM2903
DUAL DIFFERENTIAL COMPARATOR

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

Supply voltage, Vcg (see Note 1) . .
Differential input voltage (see Note 2) . . ..
Input voltage range (either input)
Output voltage
Qutput current e e e e e e
Duration of output short-circuit to ground (see Note 3) .. . .
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4):

LM2903 JG/883B

LM2903 4G .. ..

P package

Operating free-air temperature range
Storage temperature range .. .
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package .
NOTES: 1. All voltage values, except differential voltages, 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. Shortcircuits from oumuts to V¢ can cause excessive heating and eventual destruction,

U package . ...

36V
—03Vto36V
3BV
20 mA
unlimited
900 mW
825 mW
900 mW
. 675 mW
. . —40°C to 85°C
. —65°C to 150°C
300°C
. 260°C

4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM2903/883B chips are

alloy-mounted; LM2903 chips are glass-mounted,
electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vee=6Vto30V, 25°C 2 7
\Y Input offset voltage — — mV
10 P s Vic=Vicp.  Vo=14V  [Tarcrossc 15
1 Input offset ent \Y 14V 25°C 5 50 A
npu set curren =1. n
0 o —40°C t0 85°C 200
1 Input bi t See Note 5 25°C -2 2% A
nput bias curren ee No n
B —40°C 10 85°C —500
25°C Oto
Input common-mode Vce —1.5
VicR Vec=2Vto36V v
voltage range o o Oto
—40°C to 85°C
Vee —2
Large-signal differential Vee=15V,
A 100 V/imV
Vb voltage amplification RL=15kQ toV¢ce 25 0 fm
Vip=1V Vg=5V 25°C .1 nA
I0H High-level output current 1D 0 ~ = o
Vip=1V Vo=30V | -40°Cto85°C 1] wA
\Y Low-level output voltage \" 1V | 4 mA 25°C 400 Vv
ow-level output voltal =-1vV, =4m m
oL 9 o oL Z40°C to 85°C 700
loL Low-level output current Vip=-1V, Vo =15V 25°C 6 16 mA
1 Supply current No load vec=5V 25°C 04 ! mA
upply curren o
o Vec =30V | —40°C 1o 85°C 2.5

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

swutchmg characteristics, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v
RL=15k2t05V, 100-mV input step 15
Response time ¢ =150F * see Note 6 with 5mV overdrive us
= ee Note
L=7oe TTLAevel input step 03
. _DISSIPATION DERATING TABLE
*CL includes probe and jig capacitance, POWER DERATING ABOVE
NOTE 6: The typical value is for the interval between the |nput PACKAGE RATING FACTOR TA
step function and the time when the output crosses 1.4 V.
JG (Alloy-Mounted Chip) 900 mW 8.4 mwWfC 43°C
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 900 mW 8.0 mW/°C 37°C
U 675 mW 5.4 mW/°C 25°C
a—— e —
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12579, OCTOBER 1977—-REVISED OCTOBER 1979

e Single Supply or Dual Supplies Low Input Offset Voltage . ..3 mV Typ
e Wide Range of Supply Voltage Common-Mode Input Voltage
...21to 28 Volts Range Includes Ground
e Low Supply Current Drain Differential Input Voltage Range
Independent of Supply Voitage Equal to Maximum-Rated
. 0.8 mA Typ Supply Voltage . .. +28 V
e Low Input Bias Current .. .25nA Typ Low Output Saturation Voltage
e Low Input Offset Current Output Compatible with TTL, DTL,
...5nA Typ MOS, and CMOS
schematic (each comparator)
o JORN

80-uA :_l-j
R(éléﬁrl‘.iﬁgn DUAL-IN-LINE PACKAGE (TOP VIEW)

nohg S0uA o COMPARATOR COMPARATOR
" NO.4 NO.3
r A—\I \
OUTPUT OUTPUT NON NON
OUTPUT COMP  COMP INV. NV NV INV
NONINVERTING NO.3 NO4 GND INPUT INPUT INPUT INPUT
_{14 13 12 1] 10 9 8
INVERTING .
INPUT
oo
* S OR
7 veed »
description Current values shown are nominal.
This device consists of four independent voltage I—<ﬁ—
comparators that are designed to operate from a

single power supply over a wide range of voltages. 1 2 3 4 5 6 1
ouwurogwur vcc INV. NON-  INV  NON-

Operatioo from dual supplies is also posolblo so long e Chann A S A
as the dlfferenco betyveen the two supplies is 2 \{olts NO.1  NO.2 INPUT INPUT
to 28 volts and pin 3 is at least 1.5 volts more positive COMPARATOR COMPARATOR
than the input common-mode voltage. Current drain noz Noa
is independent of the supply voltage. The outputs can
be connected to other open-collector outputs to
achieve wired-AND relationships.

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

Supply voltage, Ve (see Note 1) . . . . . . . . . . v o . s i e e e e e e e e e e e ... 28V
Differential input voltage (see Note 2) . . . . . . . . . . . . . .. L0000 oL, . 128V
Input voltage range (either input) e e e e e e e e e e e e e e e -0.3Vto28V
Output voltage 2 : A
Qutput current . 20 mA
Duration of output short- cnrcunt to ground (see Note 3) - unlimited
Continuous total dissipation at {(or below) 25°C free-air temperature (see Note 4) 900 mW

—40°C 1o 85°C

. —65°C to 150°C
. 300°C

. 260°C

Operating free-air temperature range
Storage temperature range . .
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package .
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package
NOTES: 1. Allvoltage values, except ditferential voltages, are with respect to the network ground termunal
2. Differential voltages are at the noninverting input terminal with respect to the invertlng input terminal.
3. Short circuits from the output to V¢ can cause excessive heating and eventual destruction.
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM3302 chips are glass-
mountes,
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TYPE LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v Inout offeot velt Vcc=5Vt028V,Vg =14V, 25°C 3 20 .
10 nput oriset voliage Vic=Vicr —40°C to 85°C 40
25°C 3 100
o Input offset current Vpo=14V T20°C 10 85°C 300 nA
| Input bias ¢ t See Note 6 ¢ e 500 nA
1B put bias curren —40°C 10 85°C ~1000
0t
25°C ©
Common-mode input Vee—15
-mode i
VicR P Vee=2Vto28V v
voltage range . o Oto
—40°C to 85°C
Vee-2
i i i Vee=15V, o
AvD Large-signal differential cC 25°C 2 30 Vimv
voltage amplification R =15kQ to Ve
I High-level Vip=1V Y 5V x'e o1 nA
igh-level output current =1V, = = S
OH 1D OH —40°C t0 85°C 1 KA
A Low-level | \ 1V 1 4 mA e 200 500 \"
ow-level output voltage =—1V, =4m ~ — m
oL 1o oL —~40°C t0 85°C 700
loL Low-level output current | Vip=-1V, VQoL=15V 25°C 2 16 mA

Supply current
lcc No load 25°C 0.8 2 mA
(four comparators)

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

' switching characteristics, Vgg =5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MIN UNIT
100-mV input
step with 13

R =51kRt5V 5 mV overdrive
CL=15pF # See Note 6 TTL-level

input 0.3
step

Response time

HS

iCL includes probe and jig capacitance.

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Glass-Mounted Chip} 900 mW 8.2mW/°C 40°C
N 900 mW 9.2mW/°C 52°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TLIN, TL31, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

BULLETIN NO. DL-S 12737, NOVEMBER 1979

LINEAR

INTEGRATED
CIRCUITS

e Fast Response Times °
e Strobe Capability
o Designed to Replace LM111 and LM311

Common-Mode Input Voltage Range
Includes Voo—

N-Channel JFET High-Impedance Input
Can Operate From Single 5-V Supply

.. JGORP -IN-
description PACKAGE (TOP VIEW)
The TL111, TL311, and TL311A are high-speed
voltage comparators. These devices use an N-channel Vees € BIS B
JFET high-impedance input structure that extends sHTH6HS

the operating range of the common-mode input
voltage to include the value of the Vgc— supply.
Designed for a wide variety of applications, the
TL111, TL311, and TL311A can be operated over
a wide range of supply voltage, including £ 15-volt
supplies for operational amplifiers and single 5-volt
supplies for logic systems. The uncommitted output
transistor can drive loads referenced to ground, Voc+,
or Vcc—. Additionally, it is capable of driving loads
that require switching up to 50 volts. Qutputs can be
wire-OR connected.

IN+ IN- Vee—

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

Offset balancing and strobe capability are available.
If the strobe input is low (more negative than
Vic + 0.3 V), the output will be in the off state
regardless of the differential input.

The TL111 is characterized for operation over the
full military temperature range of —55°C to 125°C.
The TL311 and TL311A are characterized for
operation from 0°C to 70°C.

NC—No internal connection

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

TL11 TL311, TL311A UNIT
Supply voltage, Vce+ (see Note 1) 18 18 \Y
Supply voltage, Vco— (see Note 1) —18 —18 \
Differential input voltage (see Note 2) 130 +30 v
Input voltage range (either input, see Notes 1 and 3) Vee—to 15 Vee—to 15 \'
Voltage from emitter output to Voo— 30 30 \
Voltage from collector output to Veo— 50 40 \
Duration of output short-circuit (see Note 4) 10 10 s
Continuous totat dissipation at (or below 25° C free-air temperature (see Note 5) 500 500 mW
Operating free-air temperature range —55to 125 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds J or JG package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds N or P package 260 °c

NOTES: 1. These voltage values are with respect to the midpoint between Vcc+ and Veeo—.

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

3. The input voltage must never be more positive than V4 or 15 volts, whichever s less, or more negative than Vcgo—.

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

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL111

chips are alloy-mounted; TL311 and TL311A chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLIN, TL3N, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

+
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T

1T 17
1_(

!
é

£

B/S
IN+

220 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



69262 SYX3L'SY1Iva e Z105ZZ X08 301430 1S0d

AQILVHOLHODINI

SINTWNAULSN] SVXAL

Y44

electrical characteristics at specified free-air temperature, VCC+ = 15 V {(unless otherwise noted)

TLINM

TL311

TL3NMA

output high

PARAMETER TEST CONDITIONSt UNIT
MIN TYPi mMax| MIN TYPE MAX] MIN TYPE MAX
25°C 0.5 2 10 2 15
\" Input off 1 Rg <50 k2, Ni
10 nput offset voltage s <50 See Note 6 Full vange = o mV
50
1o Input offset current See Note 6 2%5C 50 100 0 100 50 100] pA
Full range 20 4 4] nA
B Input bias current Vo=1Vto 14V %€ 100 250 100 250 100250} pA
Full range 50 10 10| nA
liL(s) Low-level strobe current —Vip=10mV,Vg)=V|ct03V 25°C -3 -3 -3 mA
Common-mode input Vee—=-18Vto 0V, vee- Vee- Vee-
VicR Voltage range Vee+=5V1to18YVY, Full range to to to \%
See Note 7 Veer—3V Vo3V Vegs—3V
Large-signal diff tial °
Ayp reesignal difterentia VO=5V1t035V, RL=1kQ 25°C 200 200 200 Vimv
voltage amplification
25°C 02 10 A
High-level (collector) Vip=5mV, VoH =35V L
IoH output current Full range 0.5 uA
Vip=10mV, VoH=35V 25°C 0.2 50 0.2 50| nA
Vip = —! X X .
IoL = 50 mA D 5 mV 25°C 0.75 1.5
) Vip=-10mV 25C 0.75 15 0.75 1.5
Low-level (collector-to-emitter)
VOL o Ltput volta Vee+ =45V, Vip=-6mV | Full range 023 04 v
P! ge Vec—=0V, 1D rang . X
loL=8mA Vip =—10mV | Fuil range 0.23 0.4 0.23 0.4
Supply current from V| . °
loge PPy currentirom VCC+ [y o = _10mv, No load 25°C 3 s 3 s 3 s\ mA
output low
Supply current from VCC—, °
lcc— Vip=10mV, No toad 25°C -2 -4 -2 -4 -2 -4 mA

tUnless otherwise noted,-all characteristics are measured with the balance and balance/strobe terminals open and the emitter output is at O volts.

Full range for TL111 is —55°C to 125°C, and for TL311 and TL311A is 0°C to0 70°C.
$ Al typical values are at Tp = 25°C.
NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 1 V with a pull-up resistor of

7.5 k2 to V4. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance.
7. For V|cR., all voltages are with respect to a common ground (0 V),

SHOLVHVAIWO0I 1VILNIH344ia LAdNI-134F

VILETL ‘LIETL ‘1L SIdAL
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TYPES TLIN, TL3N, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

switching characteristics, Vcc+ =15V, Vg~ =-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Response time, low-to-high-level output 115 ns
Rc =500 to5V,C| =5 pF, See Note 8
Response time, high-to-low-level output ¢ ° L P ee Note 165 ns

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1,4 V.,

TYPICAL CHARACTERISTICS

VOLTAGE TRANSFER CHARACTERISTICS

60 T
Vee: =215V
Ta =25°C
50 TL111
- 40 [ \ TL311
) TL311A
5 EMITTER OUTPUT
> 30} RL=600Q 1! COLLECTOR—
2 OQUTPUT
] R =1k
Q 20
o ﬁ
> \
10 j \
0
-1 -05 0 05 1

V|p—Differential Input Voltage—mV
FIGURE 1

Vee+ =30V

- V=50V (TL111)
Vec+ =30V 40V (TL311, TL311A)

1k

OuUTPUT
Vi ]
OUTPUT
600 O
COLLECTOR OUTPUT TRANSFER CHARACTERISTIC EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 1 TEST CIRCUIT FOR FIGURE 1
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL331M, TL331I, TL331C
DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12516, APRIL 1977—-REVISED OCTOBER 1979

NONINVERTING,
INPUT

INVERTING
INPUT

e Single Supply or Dual Supplies

e Wide Range of Supply Voltage
...210 36 Volts

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

e | ow Input Offset Voltage .

¢ Common-Mode Input Voltage
Range Includes Ground

o Differential Input Voltage Range

Equal to Maximum-Rated
Supply Voltage ... +36 V

.2mV Typ

Low Input Bias Current . . . 25 nA Typ Low Output Saturation Voliage
Low Input Offset Current Output Compatible with TTL, DTL,
...3nA Typ (TL331M) MOS, and CMOS
schematic (each comparator)
vee JGORP
goun (0K DUAL-IN-LINE
CURRENT ccs) PACKAGE (TOP VIEW)
REGULATOR

OuUTPUT

GND

P

Current values shown are nominal.

description

Vee-)

ouT
NC Vo PUT NC

L BIRAVK R

1[]2[13(]¢

NC NV NON GND
INPUT 1NV
INPUT

NC—No internal connection

The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages.

Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts

and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of the

supply voltage.

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

NOTES:

Supply voltage, V¢ (see Note 1),
Differential input voltage (see Note 2)
Input voltage range (either input)
Output voltage

Output current

Duration of output short- ctrcuut to ground (see Note 3)

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)

Operating free-air temperature range: TL331M
TL3311
TL331C
Storage temperature range

36V

. ¥36V
—-0.3Vto36V
36V

20 mA

unlimited
680 mW

. —565°C to 125°C

—25°C t0 85°C
0°C to 70°C

. —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package

1. All voltage values, except differential voltages, 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 the output to Vg can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL331M chips are alloy-
mounted; TL331} and TL331C chips are glass-mounted.

. 300°C
. 260°C

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL331M, TL331l, TL331C
DIFFERENTIAL COMPARATORS

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

L TL331C
PARAMETER TEST CONDITIONS? SLS370, TESON UNIT
MIN TYP MAX MIN TYP MAX
Vec=5V1two30V, 25°C 2 5 2 5
Vio Input offset voltage cc ° mV
Vic = VicRr. Vo = 1.4V Full range 9 9
1 Input offset current Vpo=14V 25°C 3 25 5 50 nA
10 ¢ ' o= Full range 100 150
| input bia t See Note 5 %°C —25 100 =2 250 nA
rr
'8 put bias curren Full range —300 —200
0t
25°C Oto 0
Vicg Common-mode input Vee =2V 1036V Vee-15 Vee-15 v
voltage range Oto Oto
Full range
Vee—2 Vee—2
-signal di i Vec=15V, R
AV Large-signal differential cc 2x5°C 200 200 VimV
voltage amplification Ry =15 k2 to Voe
VoH= 5V 25°C 0.1 0.1 nA
| High-level t ent| Vip=1V
OH  Highdevel output curr b Von =30V | Full rangs i T
25°C 250 500 250 500
\" Lowdevel out | Vip=—-1V, loL=4mA Vv
oL owdevel output voltage | V|p oL=4m, Full range 700 700l ™
loL  Low-evel outputcurrent | Vip=—1V, VgL =15V| 25°C 6 16 6 16 mA
lcc  Supply current No load 25°C 0.5 0.8 0.5 08| mA

TFull range (MIN to MAX) for TL331M is 