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THOMSON SEMICONDUCTORS

created by the THOMSON Group to meet
today’s most demanding technological
changes.

Formed by combining EFCIS, EUROTECHNIQUE,
and SEMICONDUCTEURS ALCATEL with the
Discrete Semiconductors and the Bipolar Integra-
ted Circuits Divisions into a single operating
entity: THOMSON SEMICONDUCTORS repre-
sents a major commitment to the advancement
of electronics. It has enabled the THOMSON
Group to implement a whole new set of strate-
gies, technologies, production capabilities, tech-
nical and commercial services, and to focus on
delivering effective answers to the multiple chal-
lenges facing today’s electronics industry.

Technological competence: a guarantee

THOMSON SEMICONDUCTORS maintains
Research and Development Laboratories in Gre-
noble, St-Egreve, Tours, Rousset, Aix-en-
Provence and Montgomeryville, PA (USA). Toge-
ther with their Central Laboratories. THOMSON
SEMICONDUCTORS conducts highly indepen-
dent research, and offers its customers the latest
advances in technology:

Research activities dedicated to the development
of new and improved products are carried out
simultaneously in all these laboratories.

Among the more significant developments:

® Improved MOS and bipolar technologies for
linear and digital LS| circuits and power circuits. MOS circuit plant in Rousset (France)
e New packaging processes to increase miniatu-
rization and improve reliability; e.g. SO, SOT,
plastic and ceramic chip-carriers.

* New power circuit packages: TOP 3, ISOTOP,
etc.

¢ Technologies of the future, notably in solid state
physics leading to the development of new com-
ponents in professional, industrial and consumer
electronics, as well as the telecommunications
and computer aided design fields.

A full 20% of THOMSON SEMICONDUCTORS
sales revenues are reinsvested in Research and
Development.

THOMSON SEMICONDUCTORS
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Industrial power: a solid support

Thousands of people trained to our exacting pro-
fessional standards, the latest state-of-the-art pro-
duction and control equipment, product design
aided by powerful data processing resources - all
these made it possible to produce millions of inte-
grated circuits and discrete components in these
THOMSON SEMICONDUCTORS plants last
year:

In France

e St-Egreve: bipolar and high reliability integra-
ted circuits: ECL-TTL gate arrays, bipolar custom
products.

e Grenoble: MOS circuits & microsystems,
CMOS, MOS custom products.

® Rousset: MOS circuits.

® Aix-en-Provence: switching power transistors,
rectifiers, zeners.

e Tours: thyristors and triacs, switching power
MOS transistors, zeners.

® Alencon: power modules, molding and
assembly of semiconductors to perform complex
functions, thyristors, triacs, rectifier diodes and
zeners.

In United States

® Montgomeryville, PA: RF and microwave
power transistors for mobile communications. TV
transmission, radar, IFF, DME, and TACAN
applications.

In Morocco, Brazil, the Philippines and
Singapore
e Assembly and test centers.

Commercial network: a worlwide service

THOMSON SEMICONDUCTORS has one of the
most comprehensive service and technical net-
works in the world at its disposal, with commer-
cial services operating in Germany, Austria, Bel-
gium, Brazil, Canada, Spain, France, Hong Kong,
Ireland, Italy, Japan, Morocco, the Netherlands,
Singapore, the United Kingdom, and the United
States, in addition to its worldwide distribution
network.

THOMSON SEMICONDUCTORS is always at the
customer’s service, with technical assistance,
applications laboratories, software, and develop-
ment of microcontrollers, gate array networks and
custom circuits available to meet their needs.

THOMSON SEMICONDUCTORS
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About this data book_and how to use it

This THOMSON SEMICONDUCTORS Linear Data Book includes data sheets covering most of
the industrial and professional Integrated Circuits.

For THOMSON SEMICONDUCTORS first source bipolar products, the Pro- Electron coding is used
throughout. Due to a general tendency towards standardization of coding system, THOMSON SEMI-
CONDUCTORS like most leading semiconductor manufacturers, has decided to normalize its coding
system in accordance with first source devices.

For the conveniénce of our customers, a former-to-1st source device equivalence table is given next,
followed by a former-to-present package letter code equivalence table.

THOMSON SEMICONDUCTORS BIPOLAR ICs

FORMER TO 1st SOURCE DEVICE

EQUIVALENCE TABLE

Former First source Page Former First source Page
device N° device N° device N° device N°

SF.C 2101 A LM 101 A 63 SF.C 2815 UA 7815 435,445
SF.C 2105 LM 105 349 SF.C 2818 UA 7818 435,445
SF.C 2108 LM 108 73 SF.C 2824 UA 7824 435,445
SF.C 2109 LM 109 357 TDB 0061 TL 061 C 193
SF.C 2111 LM 111 303 TDB 0062 TL 062 C 201
SF.C 2118 LM 118 87 TDB 0064 TL 064 C 209
SF.C 2201 A LM 201 A 63 TDB 0071 TLO71C 217
SF.C 2205 LM 205 349 TDB 0072 TLO72C 225
SF.C 2208 LM 208 73 TDB 0074 TL 074 C 233
SF.C 2209 LM 209 357 TDB 0081 TLO81C 243
SF.C 2211 LM 211 303
SEC oona T o1 p TDB 0082 TLO82C 251

: TDB 0084 TL 084 C 261
SF.C 2301 A LM 301 A 63 TDB 0117 LM 317 365
SF.C 2305 LM 305 349 TDB 0119 LM 319 311
SF.C 2308 LM 308 73
SF.C 2309 LM 309 357 TDB 0123 LM 323 375
SF.C 2311 LM 311 303 TDB 0124 LM 324 99
SF.C 2318 LM 318 87 TDE 0134 LM 334 679
SF.C 2458.C LM 1458 143 TDB 0135 LM 335 689
SF.C 2458.M LM 1558 143 TDB 0136 LM 336 699
SF.C 2723 UA 723 421 ¥Bg 8&7’ 'Em ggg 383
SF.C 2741 UA 741 271 1
SF.C 2748 UA 748 279 TDB 0146 LM 346 11
SF.C 2761.C TAA 761 165 TDB 0148 LM 348 123
SF.C 2761.T TAA 765! 165 TDB 0149 LM 349 123
g‘;g %;%'M Lﬁ”}zgz"" ;gg TDB 0155 LF 355 35

: TDB 0156 LF 356 35
SF.C 2805 UA 7805 435,445 TDB 0157 LF 357 35
SF.C 2806 UA 7806 435,445 TDB 0158 LF 358 35
SF.C 2808 UA 7808 435,445
SF.C 2812 UA 7812 435,445 TDB 0193 LM 393 329

THOMSON SEMICONDUCTORS
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Former First source Page
device N° device N°
TDB 0555 NE 555 C 707
TDB 0556 NE 556 C 715
TDB 2905 UA 7905 455,463
TDB 2912 UA 7912 455,463
TDB 2915 UA 7915 455,463
TDB 3403 MC 3403 151
TDB 4558 MC 4558 C 159
TDC 0061 TL 061 M 193
TDC 0062 TL 062 M 201
TDC 0064 TL 064 M 209
TDC 0071 TLO71 M 217
TDC 0072 TLO72 M 225
TDC 0074 TLO74 M 233
TDC 0081 TL 081 M 243
TDC 0082 TL 082 M 251
TDC 0084 TL 084 M 261
TDC 0117 LM 117 365
TDC 0119 LM 119 311
TDC 0123 LM 123 375
TDC 0124 LM 124 99
TDC 0134 LM 134 679
TDC 0135 LM 135 689
TDC 0137 LM 137 383
TDC 0139 LM 139 319
TDC 0146 LM 146 11
TDC 0148 LM 148 123
TDC 0149 LM 149 123
TDC 0155 LF 155 35
TDC 0156 LF 156 35
TDC 0157 LF 157 35
TDC 0158 LF 158 35
TDC 0193 LM 193 329
TDC 0555 SE 555 M 707
TDC 0556 SE 556 M 715
TDC 2905 UA 7905 455,463
TDC 2912 UA 7912 455,463
L TDC 2915 UA 7915 455,463

Former First source Page
device N° device N°
TDC 3403 MC 3503 151
TDC 4558 MC 4558 M 159
TDE 0061 TL 061 | 193
TDE 0062 TL 062 | 201
TDE 0064 TL 064 | 209
TDE 0071 TLO71 1 217
TDE 0072 TL 0721 225
TDE 0074 TL 074 | 233
TDE 0081 TL 081 | 243
TDE 0082 TL 082 | 251
TDE 0084 TL 084 | 261
TDE 0117 LM 217 365
TDE 0119 LM 219 311
TDE 0123 LM 223 375
TDE 0124 LM 224 99
TDE 0134 LM 234 679
TDE 0135 LM 235 689
TDE 0136 LM 236 699
TDE 0137 LM 237 383
TDE 0146 LM 246 11
TDE 0148 LM 248 123
TDE 0149 LM 249 123
TDE 0155 LF 255 35
TDE 0156 LF 256 35
TDE 0157 LF 257 35
TDE 0158 LM 258 131
TDE 0193 LM 293 329
TDF 2901 LM 2901 319
TDF 2902 LM 2902 99
TDF 2903 LM 2903 329
TDF 2904 LM 2904 131
TDF 3302 MC 3302 319
TDF 3403 MC 3303 151
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FORMER TO 1st SOURCE
PACKAGE LETTER CODE EQUIVALENCE TABLE

Package description

Package number

Package letter code

Former Present
‘ Plastic DIL CB-98 D DP-8
" i CB-2, CB-79 E DP
e i |
"‘ Plastic TO-220 CB-117 E SP
l! a Plastic CB-342, CB-359, U FP
" micropackage CB-511
” Plastic
single-in-line CB-97 sp z
W ‘ ad"% Cerdip DIL CB-2,CB79,CB98 | JorG DG
et
o Tricecop (LCC) | CB-705 H Gc
Not
Metal can gg:?fﬂCBJ' CB-11 specified H
or CM
Steel can CB-19 R or KM K

Note : for package dimensions, please refer to chapiter 17 (page 965 )

THOMSON SEMICONDUCTORS
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How to select products

For your convenience and in order to facilitate your product selection, this Data Book also contains
the following:

— Master Selection Guide listed by product family (pages 11 through 17)

— An Alpha-Numerical Index (pages 19 through 26)

— Detailed Product Selection Guides - classifying products by their main selection criteria - is

included at the beginning of the following chapters:

e Chapter 1 - Operational amplifiers

e Chapter 2 - Voltage comparators

e Chapter 3 - Voltage regulators

e Chapter 4 - Autoprotected control

e Chapter 5 - Motor control

e Chapter 6 - Switch Mode Power Supplies & Power Drivers

e Chapter 7 - Proximity detectors

® Chapter 11 - Consumer circuits

Note: A separate CONSUMER DATA BOOK is available giving full information on products

outlined in this chapter.

— A Linear cross reference listed by manufacturer (Chapter 19).

e For customers who used to order products under their former device numbers:

refer to above tables where you will find directly the new device number as well as the page num-
ber of the corresponding data sheet.

e For customers who are familiar with currently marketed part numbers:

an Alpha-Numerical Index is provided in pages 19 through 26 indicating functions and data sheet
page numbers.

e For customers who require an alternative second source or desire to switch to THOMSON SEMI-
CONDUCTORS products:

refer to chapter 19 (Cross reference by manufacturer).

® For new customers:

A detailed Master Selection Guide is provided in pages 11 through 17 describing the contents
of this Data Book listed by product family, and also giving functions and data sheet page numbers.
Otherwise, at the beginning of every chapter, a detailed selection guide listing the most important
product selection criteria is included for your assistance.

THOMSON SEMSICONDUCTORS



The specification of the devices referred to in this data book may have changed. For up dated information regarding
static and dynamic characteristics, please consult the current issue of the relevant data sheet.
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MASTER SELECTION GUIDE

CHAPTER 1 - OPERATIONAL AMPLIFIERS Page
Operational amplifier selection guide .............. ... ... ... ... ... .. 28
SINGLE BIPOLAR OP-AMPs

© LM11/LM11L Precision single operational amplifiers/buffers ............................. 49
o LM101A/LM201A/LM301A Single operational amplifiers ................. ... ... ... ...... 63
o LM108,A/LM208,A/LM308,A Precision single operational amplifiers ...................... 73
©LM118/LM218/LM318 Single operational amplifiers .................... ... ... ... ..., 87
®TAAT761/TAA762/TAAT765 Open collector output single operational amplifiers ............. 165
TDB2022 Wideband single operational amplifier ........ ... ... ... ... ... . i 175
TDB7910 Power single operational amplifier .............. ... ... il 185
® UA741 General-purpose single operational amplifier .................... ... ... ... ... .. 271
® UA748 General-purpose single operational amplifier .......................... . ... .. ... 279
® UA776 Programmable single operational amplifier ............................ ... oo 287
DUAL BIPOLAR OP-AMPs
oLM158/LM258/LM358/LM2904 Low power dual operational amplifiers ................... 131
©LM1458/LM1558 Dual operational amplifiers ............. .. ... .. il 143
LM2904 Low power dual operational amplifier .............. ... ... il 131
®MC4558 Wideband dual operational amplifier ............ ... ... ... ... . i 159
®TE.1033 Dual operational amplifiers for active filter design .............................. 189
QUAD BIPOLAR OP-AMPs
oLM124/LM224/LM324,A/LM2902 Low power quad operational amplifiers ................. 19
oLM146/LM246/LM346 Programmable quad operational amplifiers ....................... m
©L.M148/LM248/LM348 Differential input quad operational amplifiers ..................... 123
LM149/LM249/LM349 Quad operational amplifiers .................coiiiiiiiii.. 123
LM2902 Low power quad operational amplifier ........ ... ... ... ... ... ol 99
MC3303/MC3403/MC3503 Low power differential input quad operational amplifiers ....... 151
SINGLE J-FET OP-AMPs
®LF155,A/LF255,A/LF355,A Monolithic J-FET input single operational amplifiers ............ 35
®LF156,A/LF256,A/LF356,A Monolithic J-FET input single operational amplifiers ............ 35
LF157,A/LF257,A/LF357,A Monolithic J-FET input single operational amplifiers ............ 35
®TL061/TLO61A/TL0O61B Low power J-FET input single operational amplifiers .............. 193
®TL071/TLO71A/TLO71B Low noise J-FET input single operational amplifiers .............. . 217
oTL081/TLO81A/TLO81B J-FET input single operational amplifiers ........................ 243
DUAL J-FET OP-AMPs
oTL062/TLO62A/TL062B Low power J-FET input dual operational amplifiers ............... 201
®TL072/TLO72A/TL072B Low noise J-FET input dual operational amplifiers ................ 225
oTL082/TL0O82A/TL082B J-FET input dual operational amplifiers .......................... 251

QUAD J-FET OP-AMPs

oTL064/TLO64A/TL064B Low power J-FET input quad operational amplifiers .............. 209
oTL074/TLO74A/TL074B Low noise J-FET input quad operational amplifiers ............... 233
oTL084/TLOB4A/TLO84B J-FET input quad operational amplifiers ......................... 261

® Hi-Rel versions available - See chapter 14
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MASTER SELECTION GUIDE

CHAPTER 2 - VOLTAGE COMPARATORS Page

Voltage comparator selection guide ......... ... ... ... ... ... ... ... ... 301
SINGLE

oLM111/LM211/LM311 Voltage comparators . ............c.ouuuuneeiunneeennnennnnnnnns 303
DUAL

© 1L M119/LM219/LM319 High speed dual comparators ................c.iiiinennennn.n. 3N

©LM193,A/LM293,A/LM393,A/LM2903 Low power low offset voltage dual comparators 329
LM2903 Low power, low offset voltage dual comparator ............................... 329
QUAD

©LM139,A/LM239,A/LM339,A/LM2901/MC3302 Low power low offset voltage
[ U E= o I oo o g o= 171 (o £ 319
LM2901 Low power low offset voltage quad comparator ............................... 319
MC3302 Low power low offset voltage quad comparator ................ouuuueeeeenn .. 319

CHAPTER 3 - VOLTAGE REGULATORS

Voltage regulator selection guide ............ ... ... ... .. ... .. . ... i 338
THREE-TERMINAL FIXED REGULATORS

© LM109/LM209/LM309 Three-terminal 5-V regulators .............cooiviiiiineainn... 357

o LM123/LM223/LM323 Three-terminal 3A-5V positive voltage regulators .................. 375
UA78S00/UA78S00B Series Three-terminal fixed positive voltage regulators .............. 429

® UA7800/UA7800B Series Three-terminal fixed positive voltage regulators ............. 435,445

® UA7900/UA7900B Series Three-terminal fixed negative voltage regulators ............ 455,463
THREE-TERMINAL ADJUSTABLE REGULATORS

© LM117/LM217/LM317 Three-terminal adjustable positive voltage regulators ............... 365

© L. M137/LM237/LM337 Three-terminal adjustable negative voltage regulators .............. 383

© . M138/L.M238/LM338 Three-terminal 5-A adjustable voltage regulators .................. 393
MULTI-TERMINAL ADJUSTABLE REGULATORS
L200 Adjustable voltage and current regulator ............ ... ... ... i, 31

© | M105/LM205/LM305 Adjustable positive voltage regulators .................cccouvo... 349

®UA723/UA723A Precision adjustable voltage regulators ................................ 421
TEA5110 Low drop-out 5-V dual voltage regulator ....................coiiiiiiunnai.. 403
TEA7028 Low drop-out 5-V voltage regulator ............. ... it iiniinnnn.., 409
TEA7034 Low drop-out 5-V voltage regulator ............ ... .. ... . i i, 415

CHAPTER 4 - AUTOPROTECTED CONTROL

Autoprotected control selection guide ............... ... ... ... . il 473
TDE1607 Relay and lamp driver ... ... ... e 475
TDE1647/TDE1647A Relay and lamp drivers . .............ooiiiiiinoni . 475
TDE1737 Relay and lamp driver . ... ...ttt e e e 487
TDE1747 Relay and lamp driver ......... .. .. .. 475
TDE1767/TDE1767A Relay and lamp drivers .............ooiiiiiiiiiiiiiiininnnnn. 493
TDE1787/TDE1787A Relay and lamp drivers ................oiiuiiieiennnninnnenain. 493
TDE1798 Relay and lamp driver ......... ... it e 503
TDE3207 Relay and lamp driver .. ........ .t e e 511
TDF1778 Dual 2-Amp SOUrce driVer ... ...... ...ttt e 517

@ Hi-Rel versions available - See chapter 14
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MASTER SELECTION GUIDE

CHAPTER 5 - MOTOR CONTROL Page
Motor control selection guide ........... ... ... ... ... i 523
L702 Quad darlington ... ... ... ... 525
TDA1154 Speed regulator for DC MOtOrs ..........c..uteiiriiin i 531
TEA3717 Stepper motor drive CIFCUIL . ... ... .o e e e 537
UAA4003 Switch Mode regulator for DC motors ................oiiioiiio ... 545

CHAPTER 6 - SWITCH MODE POWER SUPPLIES & POWER DRIVERS |

Switch Mode Power Supply selectionguide ...................................... 554
Power driver selection guide ........... .. ... . ... ... 555
MC34060 Pulse width modulation control Circuit . ..............oooiuiieinineneennn. . 557
TEA1510 Long cycle zero voltage triac driver for proportional power control .............. 569
TEA1511 Zero voltage zero current triac control circuit ........... ... oo, 577
TEA2018A Switch Mode Power Supply control circuit .............. .. ... .. ...covuii... 585
TEA2019 Switch Mode Power Supply control circuit .............. ... 591
TLA494 Pulse width modulation control circuit .......... ... .t 597
UAA4001 Switch Mode Power Supply control circuit ......... ... .. ... .. i .. 609
UAA4002 Fast switching transistor control circuit ........... ... .. ... ... .......... ... 621
UAAJ4006A Switch Mode Power Supply control circuit ..., 633

CHAPTER 7 - PROXIMITY DETECTORS

Proximity detector selection guide ............. ... .. ... . i 643
D ADTE O A PrOXimity QeteCOr . i it 645
TDAO16T Proximity deteCIOr ... .. ...ttt ittt et e e e e 651
TDAOT62 Proximity deteCtor . .. ... ...ttt e e e et 651
TDEOD160 ProxXimity deteCtOr . ... ...ttt ettt e et 657

CHAPTER 8 - MISCELLANEOUS

Miscellaneous circuits selection guide ....................... .. ... 665
®LF198/LF298/LF398 J-FET sample and hold circuits ............. .. .o . 667
LM134/LM234/LM334 Three-terminal adjustable current sources ........................ 679
LM135/LM235/LM335,A Precision temperature SENSOIS ... ........c.ouuueneereennneennnn 689
LM236,A/LM336,A 2.5V voltage references .......... ...l 699
O NEB55/SEBS5 TIMEr CIFCUILS . .. .ottt ettt ettt et e it 707
ONEBB6/SEB56 Dual timers . ............iiitt et 715
TDB2046 TransiStOr @ITAYS . ...ttt ettt et e ettt e e et e et 723
TEA7087 Alternator voltage regulator .......... ...t 727
© TS8306 6-bit flash A/D CONVEMEr .. . ...\ttt e e e 733
0 TS8308 Video speed 8-bit flash A/D converter ............. .ot 739
0 TS8408 Video speed 8-bit video speed voltage output D/A converter .................... 743
o TS85XX Industrial switched capacitor filter family ........ ... ... ... ... ... ... ... . ... 747
e UAB1005/UAC1005 High speed 4-bit A/D converters ...............ccoouiiieeinnnnn.. 749

@ Hi-Rel versions available - See chapter 14
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MASTER SELECTION GUIDE

CHAPTER 9 - PLASTIC MICROPACKAGES ' Page

Plastic micropackages selection guide ............................... ... ... .....

CHAPTER 10 - CHIPS

Chips selection guide .......... ... ... ... . .

SINGLE BIPOLAR OP-AMPs
J LM101A/J LM301A Single operational amplifiers .......... ... ... ... ... ... ..
J LM108,A/J LM308,A Precision single operational amplifiers ..........................
J LM118/J LM318 Single operational amplifiers .............. ... ... ... .. ... ... ... ...
J UA741 General-purpose single operational amplifiers .................................
J UA776 Programmable single operational amplifiers ...................................
DUAL BIPOLAR OP-AMPs
J LM158/J LM358 Low power dual operational amplifiers ..............................
J LM1458/J LM1558 Dual operational amplifiers .......... ... ... ...
J MCA4558 Wideband dual operational amplifier ............. ... .. ... ... ... . ... ......
QUAD BIPOLAR OP-AMPs
J LM124/J LM324 Low power quad operational amplifiers .............................
J LM146/J LM346 Programmable quad operational amplifiers ..........................
J LM148/J LM348 Differential input quad operational amplifiers ........................
J MC3403/J MC3503 Low power differential input quad operational amplifiers ............
SINGLE J-FET OP-AMPs
J LF155/J LF355 Monolithic J-FET input single operational amplifiers ....................
J LF156/ J LF356 Monolithic J-FET input single operational amplifiers ...................
J LF157/J LF357 Monolithic J-FET input single operational amplifiers .. ... S
J TLO61 Low power J-FET input single operational amplifier ............................
J TLO81 J-FET input single operational amplifier .............. .. ... ... ... ... .........
DUAL J-FET OP-AMPs
J TL062 Low power J-FET input dual operational amplifier .............................
J TLO082 J-FET input dual operational amplifier ............ ... .. ... ... ... ...
QUAD J-FET OP-AMPs
J TL064 Low power J-FET input quad operational amplifier .............................
J TLO084 J-FET input quad operational amplifier ........... ... ... ... ... ... ..........
VOLTAGE COMPARATORS
J LM111/J LM311 Single voltage comparators ...............c.c.couiiiiniinnnnnnnnnnn.
J LM119/ J LM319 High speed dual comparators .......... ... ...,
J LM139,A/J LM339,A Low power low offset voltage quad comparators ................
J LM193,A/ J LM393,A Low powerflow offset voltage dual comparators ................
VOLTAGE REGULATORS
J LM105/J LM305 Adjustable positive voltage regulators  ..............................
J LM117/J LM317 Adjustable positive voltage regulators ..............................
y J LM137/J LM337 Adjustable negative voltage regulators ..............................
J LM138/J LM338 5-Amp adjustable voltage regulators ................................
J UA723 Precision adjustable positive voltage regulators ...............................
J UA7800 Series Fixed positive voltage regulators ...................cciiininno...
J UA7900 Series Fixed negative voltage regulators ....................................
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MASTER SELECTION GUIDE

AUTOPROTECTED CONTROL Page
J TDE1607 Relay and lamp driver . .......... ... ittt i i 841
J TDE1647 Relay and lamp driver ............ ... it eenan 841
J TDE1737 Relay and lamp driver . .......... ...ttt e i e 843
PROXIMITY DETECTORS

J TDAO16T Proximity detector . ... ... ... . it e e e e 847
J TDAOD162 Proximity deteCtOr .. .. ... ... ..ttt ettt e 847
J TDEO160 Proximity deteCtor .. ... . ... ... ...ttt e e it et 849
MISCELLANEOUS

J LM135/J LM335,A Precision temperature SENSOIS ... .........ouruuunnneenunnenennnns 853
J LM334 Adjustable current source .......... ... S 855
J LM336,A 2.5V voltage references ................iiiiiiii i 857
J NEB55/J SEB55 Timer CirCUITS ... ...ttt et i et e e 859
J NEB56/J SEBB56 Dual timers . ... ...ttt ettt et s 861
J UCA4532 Thermal printhead driver . ......... ... i 863
J UCALE32 DIOdE GITAYS . ..o v vttt et et e e ettt e et et e et e e e e 867

CHAPTER 11 - CONSUMER ICs

Television circuits selection guide .......... ... ... . ... ... .. . . i 870
A.F. amplifiers selection guide ........... ... .. ... ... 873
DEFLECTION

TBA920,S Horizontal processors ............................ e Consumer
TDA2593 Colour TV horizontal proCessor . ............uuuiiiiiiiinieineennann. Consumer
TEA2017 Complete horizontal & vertical deflection ............... .. ... ... ..., .. Consumer
TEA2026 Digital deflection & power supply processor ..................c..oeeeeiimunnnonn. *
TEA2029 Digital deflection & power supply processor ................ . ... *
TEA2031 Parabolic COrreCtion . ... ... ...t it *
TEA2037 Complete horizontal & vertical deflection (displays) .............................. *
TEA2116 Vertical power stage (110° SCrEeNS) . ..........vviiiiinineeiiiin i, *
TEA2134 Vertical power stage (90° sCreens) ...t .. *
SWITCH MODE POWER SUPPLIES

TEA2018A Switch Mode Power Supply control circuit ............ ... ... cociiaoa... 585
TEA2019 Switch Mode Power Supply control circuit ............. e 591
TEA2162 Switch Mode Power Supply control circuit ............ ... .. ... i, *
UAAJ4006A Switch Mode Power Supply control circuit ................... ... oo, 633
CHROMA

TEABO3T VIidEO PrOCESSOI . ..ttt ittt ettt ettt et ittt eeas *
TEAS5101 High voltage video amplifier .......... ... oo *
TEABB20 PAL deCOTer .. ...ttt e e Consumer
TEAS630 SECAM decoder . ... ...ttt i Consumer
TEA5640 PAL/SECAM/NTSC1 - NTSC2 automatic color TV decoder ...................... *

* Available as separate data sheet
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VIDEO & SOUND IF Page
TDA2540 Video |.F. amplifier with AFC ... .. ... ... ... .. .. .. Consumer
TDA2541 Video I.F. amplifier with AFC . ... ... . ... .. ... . i, Consumer
TDA2542 Video I.F. amplifier with AFC (French standard) ........................ Consumer
TDA4426 Video I.F. amplifier with AFC . ... ... .. .. . . *
TDA4427 Video I.F. amplifier with AFC ... .. ... ... . . i *
TDA4443 Multi-standard video I.F. amplifier and demodulator ............................. *
TDAA4445A Quasi parallel sound amplifier .......... ... .. ... ... . . *
TDAA4445B AM/FM sound demodulator . ........ ... i *
PERITELEVISION
TEA1014 Video and A.F. switch ... ... ... . Consumer
TEA2014 Video switch .. ... .. . Consumer
TEAS5114 R-G-B SWitCh ... ... e e *
TEAS5115 5-Switch video signal selector . .......... .. .. . *
REMOTE CONTROL - CHANNEL SELECTION
UAAAJ000 PPM transmitter ... ...ttt ittt Consumer
UAAQL009 Complete reCeIVEr .. .. ...ttt e Consumer
A.F. AMPLIFIERS
TBAB820 Low power A.F. amplifier for portable radio ............................. Consumer
TBA820M Low power A.F. amplifier for portable radio ........................... Consumer
TCAB830SM Low power A.F. amplifier for portable radio ......................... Consumer
TDA2003 High power A.F. amplifier forcarradio ............................... . Consumer
- TDA2006 High power A.F. amplifier for TV receivers ............................ Consumer
TDAZ2030 High power A.F. ampilifier for TV receivers ............................ Consumer
TDA2040 High power A.F. amplifier for Hi-Fi & stereo TV receivers ....................... *
TEA2025 Low power dual A.F. amplifier for portable radio ........................ Consumer
CHAPTER 12 - TELECOMMUNICATION
Telecommunication circuits selection guide ................. ... ... ... ... ... ..... 877
MODEMs
EF7910 FSK modem - V21/V23/BELL202/BELL103 ...........coititiiiiiiiiiinnnn 879
EFB7510 FSK modem - V23/BELL202 ....... ... ... . .. .. 881
EFB7513 FSK modem - V23 ... .. . 883
EFG7515 DPSK modem - V22/BELL212A . ... .. . . . . i 885
SWITCHING
ETC5040,A PCM monolithic filter ............. .. . . .. e, 889
ETC5051/ETC5056 Monolithic parallel data interface CODEC/FILTERS ................... 891
ETC5054/ETC5057 Monolithic serial interface CODEC/FILTERS ......................... 893
ETC5064/ETC5067 Monolithic serial interface CODEC/FILTERS ......................... 895
TELEPHONE SET
EFG7189 DTMF generator . ... ........uutiiiiii ittt 897
TEA3046 Monochip transmission & DTMF circuit ................ .. ... .. ..ccoveiii... 899
TEA7031 Loud speaker amplifier ......... ... . .. 901
TEA7036 Monochip transmission & DTMF circuit ............ ... ... ... ... . iiiinn... 903

* .
Available as separate data sheet
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MASTER SELECTION GUIDE

CHAPTER 13 - SEMI-CUSTOM ICs

Semi-custom circuits selection guide ............. . ... . i i 906
POLY-USE A 400 component analog bipolar array ............. ... 907
POLY-USE G 800 component analog bipolar array ............ ...t 907
POLY-USE K High speed analog array ..............ooieiimeanninnniiiiiinnaaae 915
TS8508/Cust. ID Semi-custom switched capacitor filter ................ ... ... ... .. 917

CHAPTER 14 - HIGH RELIABILITY ICs

Hi-Rel circuits selection guide ............ ... ... . i 921
CHAPTER 15 - QUALITY INFORMATION ............................oon. 943
CHAPTER 16 - LIST OF SYMBOLS ..... ... 959
CHAPTER 17 - PACKAGE DIMENSIONS ..., 965
CHAPTER 18 - ORDERING INFORMATION ............................oon. 973
CHAPTER 19 - CROSS REFERENCE (BY MANUFACTURER) .............. 979

/
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ALPHANUMERICAL INDEX

For you convenience this alphanumerical index has been separated in two parts :
— Packaged circuits alphanumerical index
— Chips alphanumerical index Page 25

Device
EF7910

EFB7510
EFB7513

EFG7189
EFG7515

ETC5040,A
ETC5051
ETC5054
ETC5056
ETC5057
ETC5064
ETC5067

L200
L702

LF155,A
LF156,A
LF157.A
LF198

LF255,A
LF256,A
LF257,.A
LF298

LF355,A
LF356,A
LF357.A
LF398

LM11,L
LM101A
LM105
LM108,.A
LM109
CLMINM
LM117
LM118
LM119
LM123
LM124
LM134

Function Page
FSK modem - V21/V23/BELL202/BELL103 ......... ... ... ... ... ........ 879
FSK modem - V23/BELL202 . ... ...t e 881
FSK modem - V23 ... 883
DTMF GENEIatOr . ..ottt e et ettt e e e 897
DPSK modem - V22/BELL212A ... ... s 885
PCM monolithic filter ...... ... ... . 889
Monolithic parallel data interface CODEC/FILTER ......... ... ... .c..coou... 891
Monolithic serial interface CODEC/FILTER ....... ... .. ... .. .. ... iiai... 893
Monolithic parallel data interface CODEC/FILTER ............ ... ... ... . ... 891
Monolithic serial interface CODEC/FILTER ... ... ... ... .. .. 893
Monolithic serial interface CODEC/FILTER ........ ... .. i, 895
Monolithic serial interface CODEC/FILTER ......... ... .. .. . .. 895
Adjustable voltage and current regulator ........... ... ... . i 341
Quad darington . ... ... e 525
Monolithic J-FET input single operational amplifiers ........................ ... 35
Monolithic J-FET input single operational amplifiers ........................... 35
Monolithic J-FET input single operational amplifiers ........................... 35
. J-FET sample and hold Circuit ....... ... iiiii i 667
Monolithic J-FET input single operational amplifiers ........................... 35
Monolithic J-FET input single operational amplifiers ........................... 35
Monolithic J-FET input single operational amplifiers ........................... 35
J-FET sample and hold circuit ........... .. .0ttt 667
Monolithic J-FET input single operational amplifiers ........................... 35
Monolithic J-FET input single operational amplifiers ........................... 35
Monolithic J-FET input single operational amplifiers ........................... 35
J-FET sample and hold circuit ........ ... i 667
Precision single operational amplifiers/buffers ...................... ... ... .. 49
Single operational amplifier ............ ... . . 63
Adjustable positive voltage regulator ............. . ... ... o o 349
Precision single operational amplifiers .......... ... ... ... .. ... i L 73
Three-terminal 5-V regulator ......... ... 357
Single voltage comparator ....... ... .. 303
Three-terminal adjustable positive voltage regulator .................... ... ... 365
Single operational amplifier ........... ... i 87
High speed dual comparator .................. i 31
Three-terminal 3A-5V positive voltage regulator ............ .. ... .. ... ... ... 375
Low power quad operational amplifier ......... ... ... ... ool 99
Three-terminal adjustable current source ................ ... ..., 679

THOMSON SEN1I9ICONDUCT0RS



Device

LM135
LM137
LM138
LM139.A
LM146
LM148
LM149
LM158
LM193,A

LM201A
LM205
LM208,A
LM209
LM211
LM217
LM218
LM219
LM223
LM224
LMV234
LM235
LM236,A
LM237
LM238
LM239,A
LM246
LM248
LM249
LM258
LM293 A

LM301A
LM305
LM308,A
LM309
LM311
LM317
LM318
LM319
LM323
LM324,.A
LM334
LM335,A
LM336,A
LM337
LM338
LM339,A

ALPHANUMERICAL INDEX

Function Page
Precision temperature SENSOr . ... ... ..ucutttntt ettt et 689
Three-terminal adjustable negative voltage regulator ......................... 383
Three-terminal 5A adjustable voltage regulator .............................. 393
Low power low offset voltage quad comparators ............................ 319
Programmable quad operational amplifier .............. ... ... ... . oL M
Differential input quad operational amplifier ................................. 123
Quad operational amplifier ......... ... . . .. 123
Low power dual operational amplifier ........... ... ... .. ... . ... 131
Low power low offset voltage dual comparators ............................ 329
Single operational amplifier ....... ... . 63
Adjustable positive voltage regulator ............. ... ... .. .. .. 349
Precision single operational amplifiers ........... ... ... ... . 73
Three-terminal 5-V regulator . ....... ... .. .. . . 357
Single voltage comparator . ......... ... 303
Three-terminal adjustable positive voltage regulator .......................... 365
Single operational amplifier .......... .. .. .. 87
High speed dual comparator . .......... ...t 311
Three-terminal 3A-5V positive voltage regulator ............................. 375
Low power quad operational amplifier ............ ... ... ... ... .. . ... 99
Three-terminal adjustable current source ........... ... .. i 679
Precision temperature SeNSOr .. .. ... ... .ttt s 689
2.5V voltage references .......... ... it 699
Three-terminal adjustable negative voltage regulator ......................... 383
Three-terminal 5A adjustable voltage regulator .............................. 393
Low power low offset voltage quad comparators ............................ 319
Programmable quad operational amplifier .......... ... ... .. ... . . .. 111
Differential input quad operational amplifier .............. ... ... ... ....... 123
Quad operational amplifier ............ ... . . 123
Low power dual operational amplifier ................ ... .. ... . ... ... ... ..., 131
Low power low offset voltage dual comparators ............................ 329
Single operational amplifier ............ . 63
Adjustable positive voltage regulator .......... .. ... ... ... L 349
Precision single operational amplifiers ............ . ... .. ... L. 73
Three-terminal 5-V regulator ... ......... ... . 357
Single voltage comparator . ...............iiiiiiii 303
Three-terminal adjustable positive voltage regulator .......................... 365
Single operational amplifier .. ........... . 87
High speed dual comparator . ... ... i 31
Three-terminal 3A-5V positive voltage regulator ............................. 375
Low power quad operational amplifiers ........... ... . il 99
Three-terminal adjustable current source ............. .. ... ... .. ... 679
Precision temperature SENSOIS . .. . ...ttt ettt et 689
2.5V voltage references . ........ ... 699
Three-terminal adjustable negative voltage regulator ......................... 383
Three-terminal 5A adjustable voltage regulator ..................... ... ..... 393
Low power low offset voltage quad comparators ...................ccoov.... 319
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Device

LM346
LM348
LM349
LM358
LM393,A

LM1458
LM1558

LM2901
LM2902
LM2303
LM2904

MC3302
MC3303
MC3403
MC3503
MC4558
MC34060

NE555
NE556

POLY-USE A
POLY-USE G
POLY-USE K

SEB55
SEbB56

TAA761
TAA762
TAA765

TBA820
TBA820M
TBA920,S

TCA830SM

TDAO0159A
TDAO0161
TDAO0162

ALPHANUMERICAL INDEX

Function Page
Programmable quad operational amplifier ............. ... ... . ol 111
Differential input quad operational amplifier ........... ... ... ... ... .. ... 123
Quad operational amplifier .......... ... 123
Low power dual operational amplifier ....... .. ... ... ... . .l 131
Low power low offset voltage dual comparators ............................ 329
Dual operational amplifier ................ ... 143
Dual operational amplifier ............. o 143
Low power low offset voltage quad comparator ............................ 319
Low power quad operational amplifier ........ ... ... ... ... .. i 99
Low power low offset voltage dual comparator ............................. 329
Low power dual operational amplifier ......... ... .. . ... .. o oL 131
Low power low offset voltage quad comparator ............................ 319
Low power differential input quad operational amplifier ...................... 151
Low power differential input quad operational amplifier ...................... 151
Low power differential input quad operational amplifier ...................... 151
Wideband dual operational amplifier .......... ... .. ... . .. i 159
Pulse width modulation control circuit ........... .. .. .. i 557
TIMIEr CIPCUIt . L. oo e s 707
DUAl tIMBr .t 715
400 component analog bipolar array ......... ... ... L i 907
800 component analog bipolar array ........... .. ... . o i 907
High speed analog array .............. . . i 915
TIMIEr CIPCUIt . . oo e e 707
Dual timer ... e 715
Open collector output single operational amplifier ........................... 165
Open collector output single operational amplifier ........................... 165
Open collector output single operational amplifier ........................... 165
Low power A.F. amplifier for portable radio .......................... Consumer
Low power A.F. amplifier for portable radio .......................... Consumer
HOrZONtal PrOCESSOIS . . ... v vttt e Consumer
Low power A.F. amplifier for portable radio .......................... Consumer
Proximity det@CTOT .. ...\ttt e 645
ProxXimity deteCtOr .. ... ...ttt e 651
Proximity deteCtor .. ... ..ouuoiitt i 651
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Device

TDA1154
TDA2003
TDA2006
TDA2030
TDA2040
TDA2540
TDA2541
TDA2542
TDA2593

TDA4426
TDA4427
TDA4443
TDA4445A
TDA4445B

TDB2022
TDB2046
TDB7910

TDE0160
TDE1607
TDE1647.A
TDE1737
TDE1747
TDE1767,.A
TDE1787.A
TDE1798
TDE3207

TDF1778

TEA1014
TEA1510
TEA1511

TEA2014
TEA2017
TEA2018A
TEA2019
TEA2025
TEA2026
TEA2029
TEA2031
TEA2037
TEA2116
TEA2134
TEA2162

ALPHANUMERICAL INDEX

Function Page
Speed regulator for DC motors .............c.oiiiiiiiiiiii i 531
High power A.F. amplifier forcarradio .............................. Consumer
High power A.F. amplifier for TV receivers ........................... Consumer
High power A.F. amplifier for TV receivers ........................... Consumer
High power A.F. amplifier for Hi-Fi & stereo TV receivers ...................... *
Video |.F. amplifier with demodulator and AFC ....................... Consumer
Video |.F. amplifier with demodulator and AFC ....................... Consumer
Video |.F. amplifier with demodulator and AFC ....................... Consumer
Color TV horizontal processor .................ciuuiiiiiiiininnnnn.. Consumer
Video I.F. amplifier with AFC ... ... ... . . . . *
Video |.F. amplifier with AFC ... ... ... . . *
Multistandard video |.F. amplifier and demodulator ............................ *
Quasi parallel sound amplifier ........... ... .. . . *
AM/FM sound demodulator . ........... ... *
Wideband single operational amplifier ........ ... ... ... ... ... L. 175
TranSiStOr @ITAYS . . ..ttt i et ettt e 723
Power single operational amplifier ............. ... ... ... . i 185
Proximity detector . ........ .. e 657
Relay and lamp driver . ....... ... i 475
Relay and lamp drivers . ........... i 475
Relay and lamp driver . ... ... . 487
Relay and lamp driver ... ... 475
Relay and lamp drivers . ....... ... 493
Relay and lamp drivers . ... ... 493
Relay and lamp driver . ..... ... 503
Relay and lamp driver . ..... ... e 511
Dual 2-Amp source driver ... .......... .. it e 517
Video and A.F. switch ........ ... ... ... . . . Consumer
Long cycle zero voltage triac driver for proportional power control . ..... T 569
Zero voltage zero current triac control circuit ............................... 577
Video sWitCh . ... o Consumer
Complete horizontal & vertical deflection ............................. Consumer
Switch Mode Power Supply control circuit ............. ... ... ... ......... 585
Switch Mode Power Supply control circuit ............. ... ... ..., 591
Low power dual A.F. amplifier for portable radio ...................... Consumer
Digital deflection and power supply processor ................c.c.iiiiiiinn... *
Digital deflection and power supply processor ................c.ccoviiieiniin... *
Parabolic Cormrection . ... ... ... i i e *
Complete horizontal and vertical deflection (displays) .......................... *
Vertical power stage (110° SCreens) .............ouiriiiinnn i, *
Vertical power stage (90° SCreens) ...........c.cuiuiiineeeenan i, *
Switch Mode Power Supply control circuit .............. ..., *

* .
Available as separate data sheet
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Device

TEA3046
TEA3717

TEAS5031
TEA5101
TEAS5110
TEA5114
‘TEA5115
TEAS5620
TEAS5630
TEA5640

TEA7028
TEA7031
TEA7034
TEA7036
TEA7087

TE.1033

TLO61
TLO62
TLO64
TLO71
TLO72
TLO74
TLO81
TLO82
TLO84
TL494

TS8306
TS8308
TS8408
TS85XX
TS8508

UA723,A
UA741
UA748
UA776

UA78S05,B
UA78S09.B
UA78S12,B
UA78S15,B

ALPHANUMERICAL INDEX

Function Page
Monochip transmission & DTMF circuit ............ ..., 899
Stepper Motor drive CIFCUIt ... ... ...t e s 537
VIABO PrOCESSOT . ..ottt ittt e et e e e e e et e e s *
High voltage video amplifier .......... ... ... . i *
Low drop-out 5-V dual voltage regulator .............. . ... .. .. ... 403
R-G-B SWItCh . ... i *
B-switch video signal selector ............... . i *
PAL deCoder . ... ...ttt e Consumer
SECAM deCoder .......couiniitiii i Consumer
PAL/SECAM/NTSC1 - NTSC2 automatic color TV decoder .................... *
Low drop-out 5-V voltage regulator .............. ... ... i 409
Loud speaker amplifier . ... 901
Low drop-out 5-V voltage regulator ............. .. ... ... i 415
Monochip transmission & DTMF circuit ............ ... ... ... . ... . ... 903
Alternator voltage regulator ........... ... ... . . i 727
Dual operational amplifiers for active filter design ............................ 189
Low power J-FET input single operational amplifier .......................... 193
Low power J-FET input dual operational amplifier ........................... 201
Low power J-FET input quad operational amplifier .......................... 209
Low noise J-FET input single operational amplifier .......................... 217
Low noise J-FET input dual operational amplifier ............................ 225
Low noise J-FET input quad operational amplifier ........................... 233
J-FET input single operational amplifier ................ ... ... ... ... .. ... 243
J-FET input dual operational amplifier ................ ... ... ... ... ... 251
J-FET input quad operational amplifier .......... ... ... ... .. ... .. 261
Pulse width modulation control circuit .............. . ... . i i 597
6-bit flash A/D CoONVErter . ... ... ... ..ttt it 733
Video speed 8-bit flash A/D converter ......... ..., 739
Video speed 8-bit voltage output D/A converter ............................ 743
Industrial switched capacitor filter family .............. ... .. ... .. .. o 747
Semi-custom switched capacitor filters ........... ... ... . i 917
Precision adjustable voltage regulators ................ ... .. i, 421
General-purpose single operational amplifier .......... ... . ... ... ... ... 271
General-purpose single operational amplifier .............. .. .. .. ... ... 279
Programmable single operational amplifier ............. ... ... ... ... .. ... 287
Three-terminal fixed positive voltage regulators ................... ... ... . ... 429
Three-terminal fixed positive voltage regulators .............................. 429
Three-terminal fixed positive voltage regulators .............................. 429
Three-terminal fixed positive voltage regulators . .............. ... .. ... .. .... 429

* .
Available as separate data sheet

THOMSON SEMICONDUCTORS
23



Device

UA7805,B
UAT7806
UA7808
UA7812,B
UA7815,B
UA7818
UA7824

UA7905,B
UA7912,B
UA7915,B

UAA4000
UAA4001
UAA4002
UAA4003
UAA4006A
UAA4009
UA.1005

ALPHANUMERICAL INDEX

Function Page
Three-terminal fixed positive voltage regulators .......................... 435,445
Three-terminal fixed positive voltage regulator ........................... 435,445
Three-terminal fixed positive voltage regulator ........................... 435,445
Three-terminal fixed positive voltage regulators .......................... 435,445
Three-terminal fixed positive voltage regulators .......................... 435,445
Three-terminal fixed positive voltage regulator ........................... 435,445
Three-terminal fixed positive voltage regulator ........................... 435,445
Three-terminal fixed negative voltage regulators ......................... 455,463
Three-terminal fixed negative voltage regulators ......................... 455,463
Three-terminal fixed negative voltage regulators ......................... 455,463
PPM transmitter . ... ...ttt e Consumer
Switch Mode Power Supply control circuit ................................. 609
Fast switching transistor control circuit .......................... . ... ... 621
Switch Mode regulator for DC motors ............... ... .. oiiiiiiiaan. 545
Switch Mode Power Supply control circuit ............ ... ... .o iiiiinn... 633
Complete reCEIVET . .. ... it e Consumer
High speed 4-bit A/D CONVEMErS .............oiiiiiiiii i 749
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Device

J
J
J

J
J
J
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LF155
LF156
LF157

LF355
LF356
LF357

LM101A
LM105
LM108,A
LM111
LM117
LM118
LM119
LM124
LM135
LM137
LM138
LM139,A
LM146
LM148
LM158
LM193,A

LM301A
LM305
LM308,A
LM311
LM317
LM318
LM319
LM324
LM334
LM335,A
LM336,A
LM337
LM338
LM339,A
LM346
LMm348
LM358
LM393.A

CHIPS ALPHANUMERICAL INDEX

Function Page
Monolithic J-FET input single operational amplifier .......................... 77
Monolithic J-FET input single operational amplifier .......................... 771
Monolithic J-FET input single operational amplifier .......................... 77
Monolithic J-FET input single operational amplifier .......................... 77

Monolithic J-FET input single operational amplifier .......................... 771

Monolithic J-FET input single operational amplifier .......................... 771
Single operational amplifier .......... ... . 773
Adjustable positive voltage regulator .............. .. ... ... il 821
Precision single operational amplifiers ................ . ... ... o il 775
Single voltage comparator ................. ittt i 811
Adjustable positive voltage regulator ........... ... ... .. i 823
Single operational amplifier ......... ... ... 777
High speed dual comparator ...............oiiiiiiiiiiiiiii i 813
Low power quad operational amplifier ............... .. ... ol 779
Precision temperature SENSOT . ... ...ttt unn ittt 853
Adjustable negative voltage regulator ............... ..o i, 825
BA adjustable voltage regulator ............ ... ... il 827
Low power low offset voltage quad comparators .................... ... ..... 815
Programmable quad operational amplifier ............. ... ... ... ... 781
Differential input quad operational amplifier .............. ... ... ... .. ... ... 783
Low power dual operational amplifier ............. .. ... ... oL 785
Low power low offset voltage dual comparators ............................ 817
Single operational amplifier ........ ... .. ... 773
Adijustable positive voltage regulator ................. ... .. i 821
Precision single operational amplifiers ............ ... ... o i il 775
Single voltage comparator ................iuiiiiii i 811
Adjustable positive voltage regulator ................. ... o il 823
Single operational amplifier ......... ... ... o 777
High speed dual comparator .................. ... 813
Low power quad operational amplifier ............ ... ... . il 779
Adjustable CUITENt SOUICE ... .. ...ttt ittt 855
Precision temperature SENSOTS .. ... ......iituitmmn ettt 853
2.5V voltage reference diode ... 857
Adjustable negative voltage regulator ............... .. ... .. i 825
5A adjustable voltage regulator ........... .. ... el 827
Low power low offset voltage quad comparators ..................covuunn... 815
Programmable quad operational amplifier ................ ... .o oL 781
Differential input quad operational amplifier ..................... ... ... ... ... 783
Low power dual operational amplifier ............... ... .. ..ol 785
Low power low offset voltage dual comparators ............................ 817
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Device

J LM1458

J LM1558

J MC3403

J MC3503

J MC4558
J NE555

J NE556

J SE555

J SE556

J TDA0161
J TDAO0162
J TDE0160
J TDE1607
J TDE1647
J TDE1737

J TLO61
J TLO62
J TLO64
J TLO81
J TLO082
J TLO84

J UA723
J UA741
J UA776

J UA7805
J UA7812
J UA7815

J UA7905
J UA7912
J UA7915

J UCA4532
J UCA4632

CHIPS ALPHANUMERICAL INDEX

Function Page
Dual operational amplifier ............. ... . .. 787
Dual operational amplifier ........... ... ... .. . . ... . 787
Low power differential input quad operational amplifier ...................... 789
Low power differential input quad operational amplifier ...................... 789
Wideband dual operational amplifier ............... ... ... . . . . .. 791
TiMer CirCUIt ... 859
Dual timer ... 861
Timer Circuit .. ... 859
Dual timer .. ... 861
Proximity detector .......... ... ... .. 847
Proximity detector ............... ... 847
Proximiti/ detector ... ... 849
Relay and lamp driver ........... . . . 841
Relay and lamp driver .......... . . 841
Relay and lamp driver ... ... . . . . 843
Low power J-FET input single operational amplifier ......................... . 793
Low power J-FET input dual operational amplifier ....................... ... . 795
Low power J-FET input quad operational amplifier ...................... e 797
J-FET input single operational amplifier .............. ... .. ... .. ... .. ... ... 799
J-FET input dual operational amplifier .................... ... .. ........... 801
J-FET input quad operational amplifier .............. ... ... ... .. .......... 803
Precision adjustable voltage regulator ............. ... ... .. ... .. ... 829
General-purpose single operational amplifier ................................ 805
Programmable single operational amplifier .................................. 807
Fixed positive voltage regulator . ............ ... ... ... .0, 831
Fixed positive voltage regulator ............. ... ... ... .. . . . . . 831
Fixed positive voltage regulator ............... . ... ... .. .. ... .. . . . 831
Fixed negative voltage regulator ........... ... ... ... ... . ... ... .. ... e 835
Fixed negative voltage regulator ............ ... ... ... ... .. . . ... 835
Fixed negative voltage regulator ............ ... ... ... ... . . . .. i 835
Thermal printhead driver ........... ... .. i 863
Diode armays .. ... 867
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INTERNAL COMPENSATION

SINGLE BIPOLAR OP-AMPs

. Low power Single Adjustable Bandwidth Other
Part number Function <1mA supply offset >2 MHz charac. Page
LML11/LM11L Precision [J ® - 4
LM118/LM218/LM318  Ultra fast [ J Ultra fast 87
TDB2022 Wide band [ ] 95 MHz 175
TDB7910 Power [ ] [ 10>500 mA 185
UA741 General purpose @ 1B <500 mA 271
UA776 Programmable [ ] [ ] 287
(Tamb = +25°C)
LM11 LM118
CHARACTERISTIC SYMBOL UNIT LM11L LM218 TDB2022 TDB7910 UA741 UA776
LM318
Supply +
voltage VCC(max) \" +20 +20 +18 +18 +18 +18
Input
offset voltage VI0(max) mV 0.6 10 5 6 6 6
Input
otant current 11O(max) nA 0.010 200 1.000 200 200 25
Input i 10° 0.05 5
impedance Ri{min) MQ typ. 0.5 typ. 03 03 typ.
Input
e rrant l1B(max) nA 0.1 500 3000 500 500 50
Slew 50
rate SVO(typ) V/us — min. 50 — 0.5 0.8
Supply voltage :
rejection ratio SVR (min) dB 100 65 50 76 76 76
Gain 150
x bandwidth CWRityp)  MHz - 15 {—10dB) - - -
Short-circuit
current ISC(typ) mA — — 1000 25 12
Z;Eage AVD(min)  V/mV 100 25 0.9 20 20 50
Input voltage . VT +2 _
range VIM(min) v vE o +11.5 +12 +£12 £10
PACKAGE SUFFIX
Plastic
o8 ) FP ° ° ®
Plastic
Plast [ DP ° ° ° °
Batwing m
DIL 16 ' opP b
Cerdip
DIL 8 @ H DG ° °
Chip
carrier @ GC L4 b L
Metal can 2
Metal ,?} H ° ° c™m ° °
Page 49 87 175 185 2N 287
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EXTERNAL COMPENSATION

SINGLE BIPOLAR OP-AMPs

Part number

Low power Single Adjustable Bandwidth Other

Function <1mA supply offset >2MHz charac. 29
LM101A/LM201A/LM301A General purpose ® iB<100 nA 63
LM108,A/LM208,A/LM308,A Precision ® High gain 73
TAA761/TAA762/ TAA765 Open collector 165
UA748 General purpose I <500 nA 279
(Tamb = +25°C)

LM101A LM108A TAA761
CHARACTERISTIC SYMBOL UNIT L:\\ﬂngg}ﬁ t'I:Inlz:iggA ;AAﬂsig UA748
L A AA7
Suppl
vo|$:g\é VeSimax) v +18 +18 +18 +18
Input
offset voltage Vio(max) mv 7.5 75 6 6
Input
offset current ll0(max) nA 50 1 300 200
Input . 0.2
impedance Ri(min) MQ 0.5 10 typ. 0.3
Input
bias current IIB(max) nA 250 7 1000 500
Slew
rate SvO(typ) V/,'fi, 0.5 - 9 0.5
Supply voltage i
rejection ratio SVR (min) d8 0 80 74 76
Short-circuit _ _
current IsCityp) mA B 25
\/gltaaa o - A
gair;usv AvD(min) V/mV 25 25 12 20
Input voltage . + + + +
range ViM(min) v +12 £14 12 12
PACKAGE SUFFIX
Plastic *‘ FP ® [ ] [ ]
SO0 8
Plastic - a DP ®
DIL 6/8 '
Cerdip
o @ DG ° ° °
Chip ° ®
carrier @ Gc g
N

Metal can
T0-99 &’ H b b hd
6-pin H Y
metal can
Page 63 73 165 279
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DUAL BIPOLAR OP-AMPs

. Low power Single Adjustable Bandwidth Other

Part number Function <1mA  supply offset >2 MHz charac. Page
LM158/LM258/LM358/LM 2904 Low power [ ] [ ] <100 nA 131
LM1458/LM1558 General purpose llIg<500 nA 143
MCA4558 Wide band [ J lIg<500 nA 159
TE.1033 Active filter design [J (] )< 100 nA 189
(Tamb = +25°C)

LM158 LM1458
CHARACTERISTIC SYMBOL UNIT LM258 LMi1558 LM2904 MC4558 TE.1033

LM358
Supply +16 +13
voltage VCC(max) \" or 32 +18 or 26 +18 +18
Input
offset voltage Vio(max) mv 7 6 +7 6 3
Input
offset current 110(max) nA +50 200 +50 200 50
Input 5 _ _ 0.5
impedance Ri(min) ma 0.2 03 typ.
Input
bias current HB(max) nA 250 500 250 500 200
Slew 0.8 1 1
rate Svo Vius B typ. B min. typ.
Supply voltage SVR (min) dB 65 76 50 76 86
rejection ratio
Gain
x bandwidth GWRityp) MMz - - - 2 5
Voltage
gain g AVD(min) V/mv 25 20 - 20 20
Input voltage Vv v 0to +12 0 to +12 +10
range M vVt -15 (min) vVt -15 (min) (min)
PACKAGE SUFFIX
Plastic
SO 8 . FP L ° ° ° °
Rlastic
o8 @« DP ° ° ° ° ®
Cerdip
DL s @ i DG [ ] [ J [ ]
Chip
carrier @ GC ° L L
Metal can &
TO-99 f:ﬁf H hd hd ¢
Page 131 143 131 159 189
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QUAD BIPOLAR OP-AMPs

. Low power Single Adjustable Bandwidth Other

Part number Function <1 mA supply offset >2 MHz charac. Page
LM124/LM224/LM324,A/LM2902 Low power o [ ] hg<100 nA 99
LM146/1LM246/LM346 Programmable ® 111
LM148/LM248/1L M348 Differential input [ ] <100 nA 123
LM149/LM249/LM349 Differential input ® @ G>5 123
MC3303/MC3403/MC3503 Differential input ) l&;\a’)rti on 151
(Tamb = +25°C)

LM124 LM146 LM148 LM149 MC3303
CHARACTERISTIC SYMBOL UNIT LM224 LM246 LM248 LM249 LM2902 MC3403

LM324,A LM346 LM348 LM349 MC3503
Supply +16 +13
voltage VCCimax) \Y or 32 +18 +18 +18 or 26 +18
Input
offset voltage Vio(max) mv 7 6 6 6 7 10
Input
offset current l10(max) nA 50 100 50 50 50 70
Input . — 1 —
impedance Ri(min) MQ typ. 0.8 0.8 0.3
Input
bias current 1B(max) nA 250 250 200 200 250 500
Slew
rate SvO(typ) V/us — 0.5 0.5 2 — 0.6
Supply voltage . B
rejection ratio SVR (min) dB 65 74 77 77 76
Gain 0.4 1 4 1
x bandwidth GWRityp) ~ MHz - min. typ. typ. - typ.
Short-circuit mA 60 30 25 25 60 45
current Isc max. max. typ. typ. max. max.
;’;’i'r:age AVD(min)  V/mV 2% 50 2 2% - 20
Input voltage 0 to +13.6 +12 +12 0 to +13
range Vim v vF-15  (min (minh (min) VF-15 to Vi
PACKAGE SUFFIX
Plastic ) 3 .
e @ * FP 14 16 14 14 14 14
Plastic af : o
Plastic 16 « w oP 14 16 14 14 “ 14
Cerdip w
DIL 14-16 ™1 w DG 14 16 14 14 14
Chip
carrier @ Ge o g e *
Page 99 m 123 123 99 151
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SINGLE OP-AMPs

J-FET INPUT OP-AMPs

. Low power Single Adjustable Bandwidth Other

Part number Function <1mA supply offset >2 MHz charac. Page
LF155,A/LF255,A/LF355,A General purpose [ J 2.5 MHz typ 13 <200 pA 35
LF156,A/LF256,A/LF356,A General purpose [ ] 5 MHz typ 1) <200 pA 35
LF157,A/LF257,A/LF357,A General purpose o 20 MHz typ 1| <200 pA 35
TLO61/TLO61A/TL061B Low power [ J [ J lcc<250 uA 193
TLO71/TLO71A/TLO071B Low noise o 217
TLO81/TLO81A/TLO81B General purpose [ J 243
(Tamb = +25°C)

LF155,A LF156,A LF157,A TLO61 TLO71 TLO81
CHARACTERISTIC SYMBOL UNIT LF255,A LF256,A LF257 A TLO61A TLO71A TLO81A

LF355,A LF356,A LF357,A TLO61B TLO71B TLO81B
Suppl
v;f:g‘é VeCimax) Vv +18 +£18 +18 +18 +18 +18
Input
offset voltage - ViO(max) mV 10 10 10 15 10 15
Input
offset current ll0(max) nA 0.05 0.05 0.05 0.2 0.05 0.2
Input 6
impedance Ri(typ) 108 M@ 1 1 1 1 1 1
Input
b urrent 11B(max) nA 0.2 0.2 0.2 0.4 0.2 0.4
Slew
rate SvO(typ) V/us 5 12 50 35 13 13
Supply voltage "
rejection ratio SVR(min) dB 80 80 80 70 70 70
Gain
% bandwidth GWR(typ)  MHz 25 45 20 1 3 3
Voltage
gain 9 AvD(min)  V/mV 25 25 25 3 25 25
| t voltage
rggge" ag ViM(min) v +£10 +10 +10 10 ES +£10
PACKAGE SUFFIX
Plastic
SO 8 ) FP ° ) °
Plastic
s - DP ° ° ° ° ° °
Chip *
carrier @ GC g g g g
Metal can »fﬁ H PY ° ° PY Py PY
TO-99 =
Page 35 35 35 193 217 243
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DUAL OP-AMPs

J-FET INPUT OP-AMPs

par numbor Funcion Lo pouer Single” Adjusate Sardldh OB page
TLO62/TLO62A/TL062B Low power [ J lcc<250 pA* 201

TL072/TLO72A/TLO72B Low noise [ ] 225

TLO82/TLOB2A/TL082B General purpose o 251

QUAD OP-AMPS

TLO64/TLOB4A/TLOG4B Low power [ lcc<250 pA* 209

TLO74/TLO74A/TLO74B Low noise (] 233

TLO84/TLOB4A/TLO84B General purpose o 261

* Each amplifier

(Tamb = +25°C)

CHARACTERISTIC SYMBOL UNIT
Suppl
vol?a:)gz; VcCimax) v
Input
offset voltage ViO(max) mV 15 10 15 15 10 15
Input
ofant current I10(max) nA 0.2 0.05 0.2 0.2 0.05 0.2
Input S
impedance Ri(typ) 10° M@ 1 1 1 1 1 1
Input
bias current liB(max) nA 0.4 0.2 0.4 0.4 0.2 0.4
Slew
rate SvO(typ) V/us 35 13 13 3.5 13 13
Supply voltage .
rejection ratio SVR(min) dB 70 70 70 70 70 70
_Gain
% bandwidth GWRi(typ) MHz 1 3 3 1 3 3
;’;’i';age AVD(min) V/mv 3 2% 2 3 2% 25
Input voltage N
range VIM(min) v +10 £11 +10 +10 11 +10
PACKAGE SUFFIX
Plastic Y
SO 8-14 * Q FP 8 8 8 14 14 14
Plastic p
o 8aa % « DP 8 8 8 14 14 14
Cerdip i
DIL 14 m DG i ® d
20-pin
chip carrier @ GC 4 hd
Metal can
T0-99 % H d b g
Page 201 225 251 209 233 261
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THOMSON
SEMICONDUCTORS

LF155,A/156,A/157,A
LF255/256/257
LF355,A/356,A/357,A

J-FET INPUT SINGLE OPERATIONAL AMPLIFIERS

These circuits are monolithic J-FET input operational amplifiers incorporating
well matched high voltage J-FETs on the same chip with standard bipolar
transistors. :

These amplifiers feature low input bias and offset currents, low input offset
voltage and input offset voltage drift, coupled with offset adjust which does
not degrade drift or common-mode rejection.

The devices are also designed for high slew rate, wide bandwidth, extremely
fast settling time, low voltage and current noise and a low |/ noise corner.

® Replace hybrid and module FET op amps. Rugged JFETSs allow blow-out free
handling compared with MOSFET input devices.

® Excellent for low noise applications using either high or low source impe-
dance very low I/ corner.

® Offset voltage adjust does not degrade drift or common-mode rejection as
in most monolithic amplifiers.

® New output stage allows use of large capacitive loads (10 000 pF) without
stability problems.

® |nternal compensation and large differential input voltage capability.

Typical applications :

® Precision high speed integrators.

® Fast D/A and-A/D converters.

® High impedance buffers.

® Wideband, low noise, low drift amplifiers.

® | ogarithmic amplifiers.

® Photocell amplifiers.

® Sample and hold circuits.

ORDERING INFORMATION

Hi-Rel versions available - See chapter 14

PART NUMBER | TEMPERATURE PACKAGE
RANGE H | DP | GC
t%;:’ LF356.A | goc o + 70°C| ® .
il LF256 ~25°C to + 85°C| ®
L A/LFISEA | _ggoc 1o +125°C| ® .
Examples : LF355ADP, LF155H

g

J-FET INPUT SINGLE
OPERATIONAL AMPLIFIERS

CASES
CcB-11 CB-98
H SUFFIX DP SUFFIX
METAL CAN PLASTIC PACKAGE

CB-705

o

GC SUFFIX
TRICECOP (LCC)

PIN ASSIGNMENTS

(Top v‘ia—ws'i'

CB-98 CB-705
1 E \'l : 8 PV VT .V VN
2] 7
3] 16
T
4 15 910111213
1 - Offset null 5 - Offset null 1-NC 6- NC 11-NC 16 - NC
2 - Inverting input 6 - Output 2 - Offset null 7 - Non-inverting input 12 - Offset null 17 - Vé’c
3 - Non-inverting input 7 - Véc 3-NC 8-NC 13- NC 18 - NC
4-Vee 8- NC 4-NC 9-NC 14 - NC 19 - NC
5 - Inverting input 10 - Vee 15 - Output 20 - NC
THOMSON SEMICONDUCTORS
Sales headquarters ' ‘ THOMSON

45, av. de I'Europe - 78140 VELIZY - FRANCE
Tel. : (3) 946 97 19 / Telex : 204780 F

@ COMPONENTS

Réf. 00330



LF155,A/156,A /157, A®*LF255/256/257*LF355,A /356,A /367 A

MAXIMUM RATINGS

LF355,A LF255 LF155,A
Rating Symbol LF356,A LF256 LF156,A Unit
LF357,A LF257 LF157,A
Supply voltage Vee +18 +22 +22 v
Differential input voltage Vip +30 +40 +40 \
Input voltage (Note 2) \ +16 +20 +20 \
Output short-circuit duration - Continuous Continuous Continuous -
Power dissipation Ptot 500 570 670 mw
Operating free-air temperature range Toper Oto+ 70| —25to + 85| —55t0 +125 °C
Storage temperature range Tstg —65to +150 | —65to +150 | —65 to +150 °C
SCHEMATIC DIAGRAM
+
1] vé
[0})
.
.
T [/
Offset null c2 1\02 ]:02
10 pF
] a
[ Q3
CL
Qs 2R IX .
5
J8 Yo! Output
J7
Non-inverting 11102 -
input v v -r——{Js D3
I
Inverting rd Nos ‘?‘J"
input m
Q7 Q8 A
Vv +
NI
Q Q " so
Q10
Q14
Q12 }— ,{015 Q11
Cc1 N
10 pF Q13 D5 R7
= RS Yos R8
R4 5 kQ | kS Jso Q
1kQ R6 ¥Yos
5k
m
L [ | l | l ve
) ’ ’ cc
" Non-
Offset | Inverting | . : — +
CASE null input m;:ne‘:‘l:\g Vee Vée Output N.C.
CB-11
CB-98 1, 56 2 3 4 7 6 8
CB-705 2,12 5 7 10 17 15 *
* CB-705 : Other pins are not connected.
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LF155,A/156,A /157, A®LF255/256/257°LF355,A/356,A/357 A

ELECTRICAL CHARACTERISTICS
LF155, LF156, LF157

LF255, LF256, LF257
(Unless otherwise specified)

: —B5°CK Tamp < +125°C, +15 V< Vo< 220 V (Note 3)
LF155A, LF156A, LF157A : —55°C< Tamb < +125°C, +15 V<Vee< 20 V (Note 3)
1 —25°C< Tamb< + 85°C, +15 V< Vo< £20 V (Note 3)

D
LF155, LF156, LF157
’ ‘ LF155A/156A/157A
Characteristic Symbol LF255, LF256, LF257 Unit
Min | Typ | Max | Min Typ | Max
Input offset voltage (Rg =50 Q) Vio mV
Tamb= +25°C - 3 5 - 1 2
Trnin< Tamb< Tmax LF155, LF156, LF157 - - 7 - — 25
LF265, LF256, LF257 - - 6.5 — - -
input offset current (Note 5) ho
Tj=+25°C - 3 20 — 3 10 pPA
Tj<Tmax LF155, LF156, LF157 - - 20 — — 10 nA
LF255, LF256, LF257 - - 1 - — -
input bias current (Note 5) IT:3
Tj=+25°C - 30 100 - 30 50 pA
Ti<Tmax LF155, LF156, LF157 - - 50 - - 25 nA
LF255, LF256, LF257 - - 5 — - -
Large signal voltage gain.(Voc = £ 15V, Vopp= 110V, R| =2kQ) AvD V/mv
Tamb= +25°C 50 200 — | 50 200 -
Tmin< Tamb < Tmax 25 - - 25 - -
Supply voltage rejection ratio (Note 6) SVR 85 100 — 85 100 — dB
Supply current (Voo= 115V, Tagmp = +25°C) Icc mA
LF155, LF255 - 2 4 - 2 4
LF156, LF256 - 5 7 — 5 7
LF157, LF257 - 5 7 - 5 7
Temperature coefficient of input offset voltage (Rg =50 Q) - Note 4 aVip - 5 - — 3 5 uVv/ec
Change in average temperature coefficient with V|g adjust aVio/Vio pVv/ec
Rg=50Q - 0.5 - - 0.5 - per mV
Input voltage range (Voc= +15 V) \ w11 | B Lqq | T8 \
-12 -12
Common-mode rejection ratio CMR 85 100 — 85 100 — dB
Output voltage swing (Voo =115 V) Vopp \
R =10 kQ +12 | £13 - +12 ) £13 -
RL= 2kQ +10 | %12 - +10 | £12 -
Gain-bandwidth product (Voc= +15 V, Tamp = +25°C) GBp, MHz
LF155, LF255 - 25 - — 25 —
LF156, LF256 . 5 — 4 4.5 -
LF157, LF257 — 20 - 15 20 —
Slew rate (Vo= +15V, Tapp= +25°C) Svo V/us
Ay=1 LF155, LF255 — 5 - 3 5 -
LF156, LF256 75 12 - 10 12 -
Ay=5 ' LF157, LF257 30 50 — 40 50 -
Input resistance (Tj= +25°C) R — 102 - — 10" - Q
Input capacitance (Voc= 15V, Tamp = +25°C) C — 3 - — 3 - pF
Equivalent input noise voltage (Vcc= £15 V, Tamp = +25°C, Vn nV/VHz
Rg =100 Q)
f=1000 Hz LF155 - 25 - — 20 -
LF255 - 20 - — — -
LF156, LF157 - 12 - — 15 —
LF256, LF257 - 15 - — — -
f=100 Hz LF155 - 20 - — 25 -
LF255 - 25 - - —
LF156, LF157 — 12 - - 15 —
LF256, LF257 — 15 - — _ _
Equivalent input noise current In pA/VHz
(Veec=115V, Tamp= +25°C, f=100 Hz or f=1000 Hz) - 0.01 - - 0.01 -
Settling time (Voo = 215V, Tamp= +25°C) - Note 7 tg us
LF155, LF255 — 4 - — 4 —
LF156, LF256
LF157, LF257 i IR A A I B
3/13
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LF155,A/156,A/157,A*LF255/256/257*LF355,A/356,A/357 A

ELECTRICAL CHARACTERISTICS
LF355, LF356, LF357

1 0°C<Tagmps +70°C, Veg= 15V

LF355A, LF356A, LF357A : 0°C< Tamb< +70°C, 15 V< Vo< 18 V (Note 3)

(Unless otherwise specified)

LF355, LF356, LF357 | LF355A/356A/357A
Characteristic Symbol Unit
Min Typ Max | Min Typ Max
Input offset voltage (Rg =50 Q) Vio mv
Tamb= +25°C - 3 10 - 1 2
Tmin< Tamb < Tmax - - 13 - = 23
Input offset current (Note 5) o
Tj= +25°C - 3 50 — 3 10 pA
Tj< +70°C - - 2 - - 1 nA
Input bias current (Note 5) IT:}
i=+26°C — 30 200 - 30 50 pA
Tj< +70°C - — 8 - — 5 nA
Large signal voltage gain (Vo= £15V, Vopp= 10V, R =2 k@) Avp V/mv
Tamb = +25°C ) 25 200 - 50 200 -
Tmin< Tamb < Tmax 15 - - 25 - -
Supply voltage rejection ratio (Note 6) SVR 80 100 - 85 100 — dB
Supply current (Voo = %156V, Tamp = +25°C) Icc mA
LF355 - 2 4 - 2 4
LF356, LF357 - 5 10 - 5 10
Temperature coefficient of input offset voltage (Rg =50 Q) - Note 4 aVio - 5 - - 3 A7
Change in average temperature coefficient with Vi adjust aVio/Vio pv/ec
Rg=50Q = 0.5 - — 0.5 — | per mV
Input voltage range (Vcc=115V) V) +10 |+ 15.1 _ T 15.1 _ \
-12 -12
Common-mode rejection ratio CMR 85 100 - 85 100 - dB
Output voltage swing (Vcc= 115 V) Vorp \
Ry =10 k@ +12 | £13 - +12 | +13 —
RL= 2k +10 | £12 - +10 | +12 —
Gain-bandwidth product (Voc=+£15V, Tamp= +25°C) GBp MHz
LF355 - 25 - - 25 —
LF356 - 5 — 4 45 -
LF357 - 20 - 15 20 -
Slew rate (Vgoc= 215V, Tamp = +25°C) Svo V/ps
Ay=1 LF355 - 5 - 3 5 —
LF356 - 12 - 10 12 —
Ay=5 LF357 — 50 — 40 50 —
Input resistance (Tj= +25°C) R| - 10?2 | — — |10 — Q
Input capacitance (Vgc= 115V, Tamp= +25°C) Cy — 3 B — 3 - pF
Equivalent input noise voltage (Vcc= 215V, Tamp +25°C, Vn nV/VHz
Rg=100 Q)
f=1000 Hz LF355 - 20 - — 20 —
LF356, LF357 - 12 — — 12 -
f=100 Hz LF355 - 25 - - 25 -
LF356, LF357 - 15 - — 15 —
Equivalent input noise current In pA/VHz
(Vee = £15 V, Tamp = +25°C, =100 Hz or f=1000 Hz) - o0 | - — o001 | —
Settling time (Vo= 15V, Tamp = +25°C) - Note 7 tg us
LF355 - 4 - - 4 -
LF356, LF357 - ‘1.5 - 1.5

Note 1 : The CB package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W juntion to case ; for the

DIP package, the device must be derated based on thermal resistance of 175°C/W junction to ambient.
Note 2 : Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

4/13
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LF155,A/156,A /157, A°LF255/256/257°LF355,A/356,A /357, A

Note 3 :

Note 4 :

Note 5 :

Note 6 :

Note 7 :

These specifications apply for £ 16 V< Vo< £20V, -55°C < Tamp < +125°C and Thigh = + 125°C unless otherwise stated for the
LF155A, LF156A, LF157A and the LF155, LF156, LF157.

For the LF355, LF356, LF357 these specifications apply for 15V Vo< 20V, -25°C< Tamp < +85°C and Thigh = +85°C unless
otherwise stated.

For the LF255, LF256, LF257 these specifications apply for £15V<Vee< £20 ¥, 0°C< Tamp < +70°C and Thigh = +70°C, and for
the LF355, LF366, LF357 these applications apply for Vo= 15 V and 0°C< Tamp < +70°C.

Vio. lig and lgg are mesured at V| =0.

The temperature coefficient of the adjusted input offset voltage changes only a small amount (0.5 uV/°C typically) for each mV of
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment.

The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature
T;. Due to limited production test time, the input bias current measured is correlated to junction temperature.

In normai operation the junction temperature rises above the ambient temperature as a result of internal power dissipation,
Ptot- Tj=Tamb + Rth(j—a) X Ptot where Rth(j - a) is the thermal resistance from junction to ambient. Use of a heatsink is recommen-
ded if input currents are to be kept to a minimum.

Supply voltage rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common
practice.
Settling time is defined here, for a unity gain inverter connection using 2 kQ resistors for the LF155, LF156 series. It is the time required

for the error voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time
a 10 V step input is applied to the inverter. For the LF157 series Ay = —5, the feedback resistor from output to input is 2 kQ and the

output step is 10 V.

APPLICATION HINTS

The LF155, LF156, LF157 series are op amps with J-FET input
devices. These JFETs have large reverse breakdown voltages
from gate to source or drain eliminating the need of clamps
across the inputs. Therefore large differential input voltages
can easily be accommodated without a large increase of input
currents. The maximum differential input voltage is indepen-
dent of the supply voltage. However, neither of the negative
input voltages should be allowed to exceed the negative supply
as this will cause large currents to flow which can result in
a destroyed unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force the
amplifier output to the corresponding high or low state. Excee-
ding the negative common-mode limit on both inputs will force
the amplifier output to a high state. In neither case does a
latch occur since raising the input back within the common-
mode range again puts the input stage and thus the amplifier
in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output however, if both inputs
exceed the limit, the output of the amplifier will be forced to
a high state.

These amplifiers will operate with the common-mode input
voltage equal to the positive supply. In fact, the common-
mode voltage can exceed the positive supply by approxima-
tely 100 mV independent of supply voltage and over the full
operating temperature range. The positive supply can there-
fore be used as a reference on an input as, for example, in
a supply current monitor and/or limiter.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently metalled backwards in a
socket as an unlimited current surge through the resulting for-
ward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET input
op amps they do not require special handling.

All of the bias currents in these amplifiers are set by FET cur-
rent sources. The drain currents for the amplifiers are there-
fore essentially independent of supply voltages.

As with most amplifiers, care should be taken with lead dress,
components placement and supply decoupling in order to
ensure stability. For example, resistors from the output to an
input should be placed with the body close to the input to
minimize “‘pickup’* and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

.A feedback pole is created when the feedback around any
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amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to
ac ground set the frequency of the pole. In many instances
the frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently there
is negligible effect on stability margin. However, if the feed-
back pole is less than approximately six times the expected
3 dB frequency a lead capacitor should be placed from the
output to the input of the op amp. The value of that added
capacitor should be such that the RC time constant of this
capacitor and the resistance it parallels is greater than or equal
to the original feedback pole time constant.




LF155,A/156,A /157, A®LF255/256/257°LF355,A/356,A/357,A

TYPICAL CIRCUITS

Vio ADJUSTMENT DRIVING CAPACITIVE LOADS

R* =5 kQ LF155, LF156

R*=1.25 kQ LF157
V|0 is adjusted with a 25 kQ potentiometer. The poten-
tiometer wiper is connected to VCC

Due to a unique output stage design these amplifiers
* CB-11, CB-98 pin configuration have the ability to drive large capacitive loads and still
. maintain stability.

CL(max) =0.01 uF

Overshoot< 20%

Settling time (tg) =5 us

LARGE POWER BW AMPLIFIER SETTLING TIME TEST CIRCUIT

2 kQ

2N 4416

e
100 o

o oF || 3Ka

For distortion<1% and a 20 Vp, Vg swing, power Settling time is tested with the LF155, LF156 connec-
bandwidth is : 500 kHz. ted as unity gain converter Rj=2 kQ and LF157 con-
nected for Ay= -5, R|=0.4 kQ.
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LF155,A/156,A/157, A®LF255/256/257°LF355,A/356,A /357, A

INPUT BIAS CURRENT (pA) INPUT BIAS CURRENT (pA)

SUPPLY CURRENT (mA)

INPUT BIAS CURRENT

100 k
10k
Tk V, +20V
cc=*2
Vee = £15V T~
100 | Vg = £ 10V TS
Vee= +5V
10
1
LF155
0.1 L
-656 —-25 5 35 65 95 125
CASE TEMPERATURE (°C)
INPUT BIAS CURRENT
80
Vee = 15V
70 Tamb = +25°C
60 }RL = 50kQ A
Lo V
50 | LF156, LF157
Free-air
40 LF156, LF157
With heatsink ;/
30 LF155 4
2 Free air )‘ ,/
10 \
1 y . N .
o LF 155 with heatsink
-10 -5 0 5 10
COMMON-MODE VOLTAGE (V)
SUPPLY CURRENT
4
3
_55°C
T case e
2 T case
/ - +‘2500
= | Tcase
1 LF155
1 I
0 5 10 15 20 25

SUPPLY VOLTAGE (1 V)

INPUT BIAS CURRENT (pA)

PEAK-TO-PEAK OUTPUT SWING (V)

SUPPLY CURRENT (mA)

THOMSON SEMICONDUCTORS
Py

INPUT BIAS CURRENT

100 k
10k
1k} Vec=+20V
Veo= £ 15V
Veg= 10V
100 [ yee= 45V Z
2,
10
1
LF156, LF157
0.1 1 1
—55 -25 5 35 65 95 125
CASE TEMPERATURE (°C)
VOLTAGE SWING
40 T T T
RL = 2ka
Tomb = +25°C
30
20 /
v
10 //
0
0 5 10 15 20
SUPPLY VOLTAGE (V)
SUPPLY CURRENT
7
s
6 //T
/\c?r’l Xjﬁ
yaiil 7z
5 / < c,'a"?’
<
4 '/ ,\qf)o
/ X
3 Padi Gl l J
7 LI
LF156, LF157
2 |
0 5 10 15 20 25

SUPPLY VOLTAGE (1 V)




LF155,A/156,A/157,A®LF255/256 /2571 F355,A/356,A /357, A

NEGATIVE OUTPUT VOLTAGE SWING (V)

: COMMON-MODE
INPUT VOLTAGE LIMIT (V)

POSITIVE

OPEN LOOP VOLTAGE GAIN (V)

MAXIMUM NEGATIVE CURRENT

-15

T —T
Vee=+15V
\‘:Q\\ %
\ \ a
<,
—10 ")6
A A\
<,
2 | N\
- 5, 4
o X
3 B3
-5 i &
+
=
B
>
o
0 I
0 5 10 15 20 256 30 35

OUTPUT SINK CURRENT (mA)

MAXIMUM POSITIVE COMMON-MODE
INPUT VOLTAGE

20

T

T T

T
—55°C <T mb

< +125°C

7

/

/

-

Ve

=)
‘\

/

5 10

15

20

POSITIVE SUPPLY VOLTAGE (V)

OPEN LOOP VOLTAGE GAIN

; Oy
R T 2k0 ——
: —
Rg = 50— —
Tamp =~55°C ]
108
7 ———
7= Tamp =+25°C
Vs 1 I I
5 1 1 |
10 T o = +125°C]
10?
5 10 15 20

SUPPLY VOLTAGE (1 V)

NEGATIVE COMMON-MODE POSITIVE OUTPUT VOLTAGE SWING (V)

INPUT VOLTAGE LIMIT (V)

PEAK-TO-PEAK OUTPUT SWING (V)

MAXIMUM POSITIVE CURRENT

o]

Vee=15V
-— |
\ ‘\
—
o
3
T
o T K
31 °_J
T o
I e
+ o
-4 1 O
N (g]
3]
°
o \
0O 5 10 15 20 25 30 35 40

OUTPUT SOURCE CURRENT (mA)

MAXIMUM NEGATIVE COMMON-MODE

INPUT VOLTAGE

-20

Tomp = —55°C I ]
Tamb = +f5°c

T O
I Tomp = +125°C_|

-5
NEGATIVE SUPPLY VOLTAGE (V)

28

-10 -15

OUTPUT VOLTAGE SWING

24

20

Vee
Tamb

1

S
N
. Yol

s
~
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LF155,A/156,A /157, A®LF255/256/257°LF355,A/356,A/357 A

OQUTPUT VOLTAGE SWING (50 mV/DIV) OUTPUT VOLTAGE SWING (50 mV/DIV)

OUTPUT VOLTAGE SWING (50 mV/DIV)

SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE

OUTPUT VOLTAGE SWING (5 V/DIV)

TIME (0.5 us/DIV) TIME (1 ps/DIV)

SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE

OUTPUT VOLTAGE SWING (5 V/DIV)

TIME (0.5 ps/DIV) TIME (1 ps/DIV)

SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE

OUTPUT VOLTAGE SWING (5 V/DIV)

TIME (0.1 us/DIV) \, TIME (0.5 ps/DIV)
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LF155,A/156,A/157,A®LF255/256/257*LF355,A/356,A /357 A

GAIN BANDWIDTH PRODUCT (MHz)

NORMALIZED SLEW RATE (V/us)

OUTPUT VOLTAGE SWING

FROM O V (V)

GAIN BANDWIDTH PRODUCT

T
LF155

|

I T—vee=t10V ]
| -~ Vcg=%15V _|
Voe=120V

2
1 | ]
-85 15 25 656 105
AMBIENT TEMPERATURE (°C)
NORMALIZED SLEW RATE
1.8
L[]
- N Vo1V
L N Vee=
1.4 \LF156 LF157
1.2 f -
0.8
06
0.4
0.2
o |
-85 15 25 65 105
TEMPERATURE (°C)
INVERTER SETTLING TIME
10 T TTTT
Vee = 15V /
Tamp = +25°C |
5 Ll p.
[ TTH
A
10 mvr Y1 mv
| ||LF156, Ay = -1
o ; [LF157, Ay = -5
10mV\ mVv
-5
\
-10 \
107" 10° 10

SETTLING TIME (us)

UNITY GAIN BANDWIDTH PRODUCT (MHz)
FROM O V (V)

OUTPUT VOLTAGE SWING

OPEN LOOP VOLTAGE GAIN (dB)
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GAIN BANDWIDTH PRODUCT

ST T T T
T T 11T

'\ LF157 curves identical but x 4

7
N
6 \\
5 { £10 V]
Vee=$20V 4 vee {1V
' 1
—55 —-156 25 65 105

AMBIENT TEMPERATURE (°C)

INVERTER SETTLING TIME

* Tamb = +25°C } YH
V, = +15V Y
5 £ uu# / il
10mv//
(17
0| LF1s5
AN
e AN
10 mAN\my
HERNN
0 05 10° 5 10

SETTLING TIME (us)

OPEN LOOP FREQUENCY RESPONSE
110

T
Vee = 15V
20 LN\
\\i\
70 N\ LF157
NN
50 N\ LF156
LF155 NN
30 N\
NN
10 NN
0 DN
%
~10
10" 102 10 10* 10® 10® 107

FREQUENCY (Hz)




LF155,A/156,A/157, A®LF255/256/257°LF355,A/356,A /357, A

GAIN (dB)

GAIN (dB)

GAIN (dB)

BODE PLOT
T o T
5 \ - LF155 H 75
0 S ! Vee=115V [l 54
e Galnq 2
—10 0
-15 \ —25
k2
-20—200 \ —-50
—25 ¢ -75
30 1 Ly \ 100
-35 | I l ”JL —125
100 10! 102
FREQUENCY (MHz)
BODE PLOT
15 —T 125
R R
5 - Phase Vee= 15V 75
0 hy 50
-5 Gain 25
-10 l i 0
-15 -+ —-25
ke
~20 50 o —50
—25 }— —75
—30 —1 —100
—35 }— 1 —-125
aol L 1111 ~150
100 10" 102
FREQUENCY (MHz)
BODE PLOT
35 100
Y —— [irs7 I}
N Vcc= 15V
25 N E T 50
20 | Gain 25
Phase ||
15 WA 0
10 25
5 e C -850
0 ] N\ -75
—5H— 49 N\ ‘ —100
—10 — | \ -125
—15 + —-150
g EEaii
10° 10! 102

FREQUENCY (MHz)

(seeiB6p) ISVHd

{seeiBep) 3SVYHdI

(seeibep) ISVHA
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POWER SUPPLY REJECTION RATIO (dB) POWER SUPPLY REJECTION RATIO (dB)

COMMON-MODE REJECTION RATIO (dB)

POWER SUPPLY REJECTION RATIO
100

Tamb = +25°C
5 \ \Vcc =+15V
N

\\ Positive supply
60 e

40 }—— Negative supply \

20 N
LF155

0 |

10" 102 10®  10* 105 108

FREQUENCY (Hz)

POWER SUPPLY REJECTION RATIO

120
Tamb = +25°C
V =+16V
100 PN \\ cc
N
80 NN \_ Positive supply|
NN\
60 N N W
| LF157 2 N LFi57 |
N
40
LF156 \‘ \\
Negative supply N
20
I NN\
0 l l \
102 108 10" 10° 10® 107

FREQUENCY (Hz)

COMMON-MODE REJECTION RATIO

100 T T
Vee = 215V

~ Q\\ TRL = 2kQ ]
amb = +25°C

6 NN

N LF155 \\\\LFI155

40 LF156 A W N\
NN

2 ANEAN

0 N

2 4 5

10° 10% 10
FREQUENCY (Hz)

10" 10 108 107




LF155,A/156,A/157,A®LF255/256/257*LF355,A/356,A/357,A

EQUIVALENT INPUT NOISE VOLTAGE (n V/VYHz)  EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz)

PEAK TO PEAK OUTPUT VOLTAGE SWING (V)

' EQUIVALENT INPUT NOISE VOLTAGE
(EXPANDED SCALE )

100
Tamb = +25°C
Vee = 215V
80
“ Iy
K A\\\\ LF155
20 \ N
N
o LF186, LF157
10" 102 103 10% 100k

FREQUENCY (Hz)

EQUIVALENT INPUT NOISE VOLTAGE

140 HH M Tamp = +25°C
Ve = £15V
120 A
100
80
60 Y
|— LF186'\J.\ LF1®
40 1
[ | LF1s7 J!N
20 -+
0
100 10! 102 10° g0t

FREQUENCY (Hz)

UNDISTORTED OUTPUT VOLTAGE SWING
28

o Voo = 15V
24 RL = 2kQ
\ - Jamo = +25°C
i Av =
16 b <1% Dist []]
TN 111
12— LFs \ FHH
LF157 1]
8 Ay =5 H
4 S
N
0
10* 10° 108 107

FREQUENCY (Hz)
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OUTPUT IMPEDANCE (Q) OUTPUT IMPEDANCE (Q)

OUTPUT IMPEDANCE (Q)
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Tamb = +25°C
Vee = £15V

\RSS

v =100

1T
1

9

[T LF156 L
T I T E  EE
10 10t 10 108 10
FREQUENCY (Hz)
OUTPUT IMPEDANCE
102
Tamb = +25°C 415}
Vee = 15V
10’ =
=H Ay =1
109 Ay =10
107! {
102 LA i §
108 10? 10° 105 10

FREQUENCY (Hz)

OUTPUT IMPEDANCE
3
103 . —=
E Tamb = +25°C
r Vee =t
F Vee 15V
107 E §
T Av=100
.10
S Av=134
T
1 Tt
100 Ay =10
A
LF155
10" 11 ]
10° 10? 10° 108 10
FREQUENCY (Hz)
OUTPUT IMPEDANCE
102

7




LF155,A/156,A /157, A*LF255/256/257°LF355,A/356,A /357 A

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.
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072
- 074
hat'] 114
'
~. 2851
39
Pin
420 1.27 mox_
469
Datum t (1) Nominal dimension (!)gi?
79 = o350 (2) True geometrical position
o< 1
° 1
(LI ] TI:
! e 10max. L ,
B pins 8 oins
DIN ' DIN
A50D Fnea| cs-98 G C-23| 10-99 F 101 CB-11
a5
CEl DATA JEDEC SITELESC SEMICONDUCTORS *ean DATA JEDEC SITELESC ssmas
CB-98 CB-11
(TO-99)
DP SUFFIX
PLASTIC PACKAGE H SUFFIX
METAL CAN
mm
[oe g,;“, - ,.4‘ 1,86 mox
| |
! |
, ¥
J
cf [ W%
£=127 e fedefely L%«
. 20 ;s
DIN '
T
MS004 CB TMS004 CB CB-705
CcEl DATA JEDEC SITELESC SEMICONDUCTORS
CB-705
@ GC SUFFIX
TRICECOP (LCC)
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THOMSON
SEMICONDUCTORS

LM11M
LM11C
LM11LC

PRECISION SINGLE OP-AMPs / BUFFERS

The LM11 is a precision dc amplifier combining the best features of existing
bipolar and FET op amps. It is similar to the LM108A, except that input cur-
rents have been reduced by more than a factor of ten. Offset voltage and drift
have also been improved.

PRECISION SINGLE
OPERATIONAL
AMPLIFIERS / BUFFERS

Compared to FETs, the device provides inherently lower offset voltage and offset
voltage drift, along with at least an order of magnitude better long-term stabi-
lity. Low frequency noise is also somewhat reduced. Bias current is significantly
lower even under laboratory conditions, and its low drift makes compensation
practical. Offset current is almost unmeasureable. Although not as fast as FETs,
it does have a much lower power drain. This low dissipation has the added
advantage of eliminating warm up time in critical applications.

Typical characteristics for 25°C (~55°C to +125°C) are :
® Offset voltage : 100 xV (200 pV)

® Bias current : 25 pA (65 pA)

® Offset current : 0.5 pA (3 pA)

® Temperature drift : 1 uV/°C

® | ong-term stability : 10 uV/year.

The LM11 is internally compensated, but external compensation can be added
for improved frequency stability, particularly with capacitive loads. Offset vol-
tage balancing is also provided, with the balance range determined by a low
resistance potentiometer.

Otherwise, the device is the electrical equivalent of the LM108A, except that
the negative common-mode limit is 0.6 V less, performance is specified down
to £2.5 V and the guaranteed output drive has been increased to £2 mA.
The input noise is somewhat higher, but amplifier noise is obscured by resistor
noise with higher source resistances.

This monolithic IC has obvious applications as electrometer amplifiers, charge
integrators, analog memories, low frequency active filters or for frequency sha-
ping in slow servo loops. It can be substituted for existing circuits to provide
improved performance or eliminate trimming operations.

The greater precision can also be used to extend the dynamic range of loga-
rithmic amplifiers, light meters and solid-state particle detectors.

The LM11 is manufactured with standard bipolar processing using super-gain

CASES

CB-11 (TO-99)

CB-98

H SUFFIX
METAL CAN

DP SUFFIX
PLASTIC PACKAGE

transistors. CB-705
ORDERING INFORMATION
Hi-Rel versions available - See chapter 14
PART NUMBER TEMPERATURE PACKAGE @
RANGE DP H GC
LM11M —55°C to +125°C A . GC SUFFIX
LM11C 0°C to + 70°C| ® i TRICECOP (LCC) .
LM11LC” 0°Cto + 70°C| * 4
Examples : LM11MH, LM11CDP

PIN CONFIGURATIONS
(Top views)

CB-98 CB-705
. 1-NC 11-NC
- Balance 2 - Balance 12 - Compensation
2 - Inverting input g~ pe 3-NC 13- NC
3 - Non-inverting input 4 -NC 14 - NC
q- VCSL N 2 E ] 7 5 - Inverting input 15 - Output
5 - Compensation 3 E ] 6 6-NC 16 - NC
5 - Output 7 - Non-inverting input 17 - V+C =
7- Ve 4[] 5 8- NC 18- NG s
7-Vee o 8
8 - Balance 9-NC 19-NC
10- Ve 20 - Balance %
4
THOMSON SEMICONDUCTORS
Sales headquarters ’ ‘ THOMSON
45, av. de I'Europe - 78140 VELIZY - FRANCE

P @ COMPONENTS

Tel. :(3) 946 97 19/ Telex : 204780 F



LM11M e LM11C ¢ LM11LC

MAXIMUM RATINGS

Unit i

Rating’ Symbol Value

Total supply voltage Vee 40 Vo
Input current (Note 1) hh +10 mA
Power dissipation (Note 2) Piot 500 mwW
Output short-circuit duration (Note 3) - Indefinite —
Lead temperature (soldering, 10 seconds) Tiead 300 °C
Operating free-air, temperature range Tj °C

LM11M, -55to +1256

LM11C, LM11LC Oto + 70
Storage temperature range Tstg —65to +150 °C

Note 1 : The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a dif-
ferential input voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. In addition,
a 2 kQ? minimum resistance in each input is advised to avoid possible latch up initiated by supply reversals.

Note 2 : The maximum operating-junction temperature is + 150°C for the LM11M and 85°C for the LM11C, LC. Devices must be
derated based on package thermal resistance (see physical dimensions).

Note 3 : Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continucus
overloads, package dissipation must be taken into account and heat sinking provided when necessary.

SCHEMATIC DIAGRAM

Balance
[P L_l"' [7] compensation
+
O v
Q9 R8
7.5k_["a18
R4 RS R6 7
23k 23k 6.5k o1
D1
a7 a8 ®
C1 R7
30 4’ Q28
i Q27 |R18
s |.-r4 I cs 2 %2
Q25 Q26 R19
R16 R17 Q29 251 R20
7k 50
"‘1‘k5 1k ‘a3
= 4 R21
_}
Inverting input DT Q1 R3 120
%03 80k Q16 Output
Q30 Q33
Non-inverting input D J/02
I} s
R1 R2
2k 2k
Q15
Q1 Q19 .
R9
1.5k Q21
Q20 A13
10 =
C:I—"—{[:sz:
Q22 Q23
R10 R11 R12 R14
QG.Zk 1.2k 50k Umo _
{J vee
CASE Inverting | Non-inverting out Va, v Bal c . N Cj
input input utput cc éc- alance | Compensation .C.
CB-98
Pt 2 3 6 4 7 18 5 -
CB-705 5 7 15 10 17 2,20 12 *
* CB-705 : Other pins are not connected
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LM11M e LM11C ¢ LM11LC

ELECTRICAL CHARACTERISTICS

Tj= +25°C, (VG + 2VISVeM<(Vde — 1V) and £2.5 V<Ve< £20V
Trmin<Tj<Tmax : (VEc + 25 VISVEM<(VEe — TV) and £25V<Vee<S 20V

(Unless otherwise specified)

o LM11M LM11C LM11LC
Characteristic Symbol Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input offset voltage Vio mV
Tj=+25°C - 10103} — 02|06} — |05} 5
TminS Tj< Tmax — — |06} — - 08| — — 6
Input offset current ho pA
Tj= +25°C — |05 10| — 1 10 — 4 25
___QrTminSTngmax - - | 30 - - 20 - - 50
Input bias current is pA
Tj=+25°C - | 25| 850 | — | 40 | 100 — 70 | 200
Tmin S Tj< Tmax - | — |10} — | — 180 | — | — | 300
Input resistance R| — (10" — | = {10 — | — 10" — Q
Offset voltage drift (Tmjn<Tj< Tmax! aVio - 1 3 - 2 5 — 3 wv/eC
Offset current drift (Tmi"sTngmax) aljo - |2 | — - 10 - - 50 — | pA/°C
Bias current drift (Tmin < Tj< Tmax! ol - 05|15} — | 08 3 - 1.4 | — | pA/°C
Large signal voltage gain (Vcc= £15 V) Ay V/mV
Tj=+26°C, Vo=%12V, lg= 2 mA 100 | 300 — | 100 | 300 | — 25 | 300 | —
lo=+0.5 mA 250 | 1200 — | 250 | 1200| — 650 | 800 | —
Tmin<Tj<Tmax- Vo,+12V lop=+0.5 mA 100 | — — | 100 — — 30 - —
Vo=1116V, Ig=+2 mA 5 | — — | 80 | — — 15 | — —
Common-mode rejection ratio (Vcc = £15 V) CMR dB
Tj=+25°C, ~13VSVem< +14V 110 [ 130 | — | 110 | 130 | — 9% | 110 | —
Tmin<Tj<Tmax. —12.5 VSVem< +14V 100 | — — | 100 | — — 9 | — —
Supply voltage rejection (£2.5<Voe< £20 V) SVR dB
Tj= +25°C 100 | 118 | — | 100 [ 118 | — 84 | 100 | —
Tmin< Tj< Tmax % | —| — | 9% | — — | 8| — _
Supply current Icc mA
Tj= +25°C —|03|06| —|03|08| — |[03]08
Tmin< Tj< Tmax - — | 08| — - 1 - - 1
- Output short-circuit current (Tj= +150°C) los — | = | 215] — | — - — - — mA

APPLICATION HINTS

When working with circuitry capable of resolving pico-ampere
level signals, leakage currents in circuitry external to the op
amp can significantly degrade performance. High quality insu-
lation is a must (Kel-F and Teflon rate high). Proper cleaning
of all insulating surfaces to remove fluxes and other residues
is also required. This includes the IC package as well as soc-
kets and printed circuit boards. When operating in high humi-
dity environments or near 0°C, some form of surface coa-
ting may be necessary to provide a moisture barrier.

The effects of board leakage can be minimized by encircling
the input circuitry with a conductive guard ring operated at
a potential close to that of the inputs. For critical applications,
dual-in-line packages are available that include input guard
pins. With the ceramic package, the floating metal lid is best
connected to the guard. This might be accomplished with a
dab of conductive paint.

Electrostatic shielding of high impedance circuitry is advisable.

Error voltages can also be generated in the external circuitry.
Thermocouples formed between dissimilar metals can cause
hundreds of microvolts of error in the presence of tempera-
ture gradients. The most troublesome thermocouples are the
junction of the IC package and the printed circuit board
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(35 uV/°C for copper-kovar) and internal resistor connections.
Problems can be avoiled by keeping low level circuitry away
from heat generating elements. Mounting the IC directly to
the PC board while keeping package leads short and the input
leads close together also help.

With the LM11 there is a temptation to remove the bias-
current-compensation resistor normally used on the non-
inverting input of a summing amplifier. Direct connection of
the inputs to ground or a low-impedance voltage source is
not recommended with supply voltages greater than about
3 V. The potential problem involves reversal of one supply
which can cause excessive current in the second supply. Des-
truction of the IC could results if the output current of the
second supply is not limited to about 100 mA or if there is
much more than 1 uF bypass on the supply buss.

Just disconnecting one supply will generally involve reversal
because of loading to the other supply both within the IC and
in external circuitry. Although difficulties can be largely avoi-
ded by installing clamp diodes across the supply lines on every
PC board, a conservative design would include enough resis-
tance in the input lead to limit current to 10 mA if the input
lead is pulled to either supply by internal currents. This pre-
caution is by no means limited to the LM11.




LM11M e LM11C ¢ LM11LC

INPUT BIAS CURRENT (pA)

Hz)

NOISE VOLTAGE (nV.

OFFSET VOLTAGE DRIFT (UV/°C)

150

100

50

-50

1k
500

200
100
50

20
10

INPUT BIAS CURRENT

TYPICAL CHARACTERISTICS

—LM11C LM11LC

-50

0 50 100
TEMPERATURE (°C)

150

DRIFT : SINGLE SOURCE RESISTOR

(Unbalanced)

T(min) < Tj < Timax)

e jome TYPICAL -

MAXIMUM /{7{
/

T //
/

w7,
7,

/
a4

7
LM11M

P

I,

185

108 107 108
SOURCE RESISTANCE {2}

INPUT NOISE

108

T =

+26°C

Nl CURRENT
T

VOLTAGE

I

100 1k 10k
FREQUENCY (Hz)

100k

100

50

29

(zHA/WU) INIHYND 3SION
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INPUT OFFSET CURRENT

_ +2.6<Vee<£20V
<
2
-4
a
©
= /
>
(3]
I
‘0 2
i /
2 N /
2 N LM11M
2
. |
-50 0 50 100 150
TEMPERATURE (°C)
OFFSET : SINGLE SOURCE RESISTOR
{Unbalanced)
100
= +25°C
S 50 fo - -
E | == MAXIMUM /
o 20 | === TYPICAL A
2 /s
] LM11LC /
5
g //'/
= 4
w2
£ 10 limire A/
o // /7
= 05 L
> //
a
Z g2 IMIIM_j ==
L —
01
108 106 10’ 108 109
SOURCE RESISTANCE (£2)
INPUT NOISE
20
fimax) = 1 Hz
Rg = 100 k@
Tj = +25°C

i, MW\M W”f:*

0 100 200 300 400

TIME (s)




LM11M e LM11C ® LM11LC

VOLTAGE GAIN (dB) COMMON-MODE LIMIT (V]

SUPPLY REJECTION (dB)

140

130

120

110

100

120

100

80

60

40

20

-20

COMMON-MODE LIMITS

COMMON-MODE REJECTION

T Nor 1T 140 T T
‘ M m = +15
CC_POSITIVE @ — Vee
; { 3 120 "‘\‘ oy 0
b+ 5 XAVCM(max)
R TR = N
| R R \
+25V < Vog € £20V 2 CMRR AVos < 100 pv
< Vee < w . !
AVos < 10pV g 80 3
| i 1 1 w Y
*’\“\i 1 o 60
+ I TNJ\;\ g
S U SO 2 40 S 01
| T : 5] \
; NEGATIVE H
| — g 2 \
T Vee T 3
T Aradi G i o 0 .0
50 0 50 100 150 1 10 100 1k 10k 100k 1M

TEMPERATURE (°C)

LARGE SIGNAL VOLTAGE GAIN

FREQUENCY (Hz)

QUTPUT SATURATION THRESHOLD

(ddp) .I.IWI"I M3TS IGON-NOWWOD

0
£<0.1 Hz Ve = -t 125°C]
Veat>15 V - +26°C
RL>2 Vee ko) N | === -55°C
g N-~_
I ] g
~55°C 15 i !
<] ' []
1 C— 4 Ai\/2.5Vg1(;/c\/cg115v 3
z 0s = 10w
’; +25°C pad O 7 lAvps = 204V (+12800)
7V ‘l Pe < | | -t
/ -~ < Pt — . =
[4 ,r" o E 1 — - —
o7+ 1125 c < ;i =
< | I o | s Vee
0 4 8 12 16 0 1 2 3 4
SUPPLY VOLTAGE (V) LOAD CURRENT (+ mA)
SUPPLY REJECTION SUPPLY CURRENT
400 = T
q - 1250C I
N L ot . D500 i
- wonn oo e — 55O
. ‘ 3 C
N | NEGATIVE bt
*\ SUPPLY s P35
AN w -t
N £ Eadi
N £ 300 2
| POSITIVE \ 3 A7
SUPPLY > t
AN :
s Il
-, w
200
10 190 1k 10k 100k IM 10M 1 10 100

FREQUENCY (Hz)
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ERROR VOLTAGE (mV) VOLTAGE GAIN (dB)

OVERSHOOT FACTOR

OPEN LOOP RESPONSE

120
o 1
100 '\ l
NN GAIN
NN
80 NN
\‘\\
60 N PHASE
. \;\ " l[
a0 2N
!\\
20
AN \\
0 e C = 0 N, N
e e wmm Cc = 1000 pF
-20 A
0.1 1 10 100 1k 10k 100k 1M
FREQUENCY (Hz)
INVERTER FINAL SETTLING TIME
100
SLEW DELAY :
X — POSITIVE STEP : 70 us
A ¥ ~— NEGATIVE STEP : 50 us
T\vo =20V
0 L [Rs = R = 20k
Vee = 15V
1
X
01
0 2 4 6 8 10
TIME (us)

180

w
@

m
(=]
PHASE LAG (°)

o
o

STABILITY WITH OVER-COMPENSATION

2.0 10
~3mA <. <3mA -
Ay = +1J l l /
1.8 =T ” r
7000ij, 0 71
1.6 3
4
/ —
, 100 pF, 4.7 k
1.4
Jy A N
12 4 - N 1
V2REE
0.01 uF, 1500 pF//22 k +—
0 A
10710 199 408 40-7 406 495

CAPACITIVE LOAD (F)

RELATIVE RINGING (Cy)

ERROR VOLTAGE (mV)

SLEW RATE (V/us)

OUTPUT IMPEDANCE (Q)

THOMSON SEMICONDUCTORS
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FOLLOWER FINAL SETTLING TIME

100
SLEW DELAY :
POSITIVE STEP : 70 s
NEGATIVE STEP : 60 s
AVQ = 20V
w B Rg = Ry = 20k
X Vee = 15V
X
! =
AN
01 D
0 10 20 30 4 50
TIME (us)
SLEW RATE
1
T
1
}
~ 4 |
01 F2 N
SEL
3 -
=0 5 \
- CC \
oo LLLLEMW
10 100 i 10k
EXTERNAL COMPENSATION
CAPACITOR (pF)
CLOSED LOOP OUTPUT IMPEDANCE
1k
o= t1mA |
o
100 -7 '
7" Ay = 1000
V4
’/
10
/
/ Ay =1
k 4
0.1 //
0.00

10 100

Tk 10k 100k 1M 10M

FREQUENCY (Hz)
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Input guarding

Input guarding can drastically reduce surface leakage.
Layout for metal can is shown here. Guarding both sides
of board is required. Bulk leakage reduction is less and
depends on guard ring width.

<

cc \
Qutput 7 1
oy,

Compensation g 5
4

/

Vee

Guard
Bottom view

Guard ring is connected to low impedance point at same
potential as sensitive input leads. Connections for various
op amp configurations are shown here.

R1 R2
input %} { Y
ILZ
6
LM 1 —— Output
3
4
R3
~2
LM 11 6 — Qutput
Input 3 4+
R1 R2
F“———:}———
a2
6
— Qutput

LM 11
Input 3 /

THOMSON SEMICONDUCTORS
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Input protection

Current is limited by R2 even when input is connected to
voltage source outside common-mode range. If one supply
reverses, current is controlled by R1. These resistors do not
affect normal operation.

Output

Input resistor controls current when input exceeds supply
voltages, when power for op amp is turned off or when
output is shorted.

R1
Output

10k
Input ey

Balancing and over-compensation

Over-compensation will improve stability with capacitive
loading (see curves). Offset voltage adjustment range is
determined by balance potentiometer resistance as in-
dicated in the table.

cit
J_l Tsee stability wi!?’;
- over-compensation curve

min. adj R
range

+t5mV 100 k2
+2 10k
+1 3k
+08 3k
+04 1k
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Resistance multiplication

Equivalent feedback resistance is 10 GS2, but only stan-
dard resistors are used. Even though the offset voltage is
multiplied by 100, output offset is actually reduced be-
cause error is dependent on offset current rather than
bias current. Voltage on summing junction is less than
5mV.

R2 R4*
100M 9.9k
1% 1%

Vi R3
Rf = R2 (1+.m)

R2>>R3//R4
R1 *gain trim
100M
1%

Follower input resistance is 1G2. With the input open,
offset voltage is multiplied by 100, but the added error
'is not great because the op amp offset is low.

This circuit multiplies RC time constant to 1000 seconds
and provides low output impedance.

Input

RIC
7= —(R2+
m( R

AVo -%(lam,vm)

THOMSON SEMICONDUCTORS
56

A high-input-impedance ac amplifier for a piezoelectric
transducer. Input resistance of 880 M and gain of 10 is
obtained.

Output

- R2, , _R2+R3+R4
Ri=R1(1+ §3) A, = BZER3L

Cable bootstrapping

Bootstrapping input shield for a follower reduces cable
capacitance, leakage and spurious voltages from cable
flexing. Instability can be avoided with small capacitor
on input.

Output

With summing amplifier, summing node is at virtual
ground so input shield is best grounded. Small feedback
capacitor insures stability.

8/14
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Differential amplifiers

This differential amplifier handles high input voltages. Two op-amp instrumentation amplifier has poor ac common-
Resistor mismatches and stray capacitors should be mode rejection. This can be improved at the expense of dif-
balanced out for best common-mode rejection. ferential bandwidth with C2.
C1 R5*
SIFEF 2.2k
R1 1%
VCM (max) = ~~;VO(maxb 1T R1t e e R4
R3 R3 w [ R2 R3 Ra
4.99M 1% |10k 10k
1%
1 6
3 LM 1 — Output
1 t.
Vg = +15V _:pu_ s
T trim for dc CMRR B e dc CMRR
< ¥ trim for ac CMRR fo = 10 Hz

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compen-
sation. Differential bandwidth is reduced by C1 which also makes common-mode rejection less dependent on matching
of input amplifiers.

R13 R15

10k 100k

1% 1%
T

Inputs

TT current zero
% voltage balance
* gain

T+ o—34+ - 1 dcCMRR

*% ac CMRR

For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry,
but A3 must also have low drift.

R1 R2

R1 =R3;R2=R4

R2
RT

Inputs

Ay =

T trim for dc CMRR
1 set for ac CMRR

9/14
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Bias current compensation

Precise bias current compensation for use with unregu- This circuit shows how bias current compensation can be
lated supplies. Reference voltage is available for other used on a voltage follower.
circuitry.

R1
100M 2
A1l 6
3 LM 11 C Output
Input +

Voitmeter

High inputimpedance millivoltmeter. Input current is proportional to input voltage’,about 10 pA at full scale.

Reference couid be used to make direct reading iinear ohmmeter.

+
Vce
R16
1.2k
}' B1
D1 2N2907 4 9V
Lm3s52 a1 < ON/OFF
1.2v
8.2k H

Batteries
20K
R18

1 8.2k Q3 T B2
7 2N2222 § 9V
R19 .
1.2k
rj:’)ﬂ: Vee
Inputs
- 3
3 SCALE
D2 r—g o
8.17, R8 R9 R10
1% 75 750 1NasT ?;ﬁ
1% 1% Y..x ++ ||R1adjrist
o1 15k |}1.25k
. 1N457] 100
* 1 x scale calibrate HA
3 x scale calibrate .
T includes reversing switch Tmv 10mV 100mV 1V
10/14
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Ammeter

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 uV at iower ranges rising to 3 mV at
3 mA. Buffers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM.

+
Vce
[ Q2
2N2219
gf 23 SCALE
1
et % 0%
R10%
6.65k
2N2905
= R11?t D2 | p3
Vee 2.8k 1N457_1N457
y #+Y¥ X
1 x scale calibrate 1
* 3 x scale calibrate 00 uA
1 includes reversing switch

Current source

Precision current source has 10 uA to 10 mA ranges with output compliance of 30 V to —5 V. Output current is fully
adjustable on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation.

ON/OFF

—0/ REVERSE
[og
R1  BATTERY 5 Battery ‘l'*"'*
b

Test Output

D
1N457

6 a2t
AT
~ cl | M1y a3t
4 l_‘o'OFfJ 2N2219

BT
9V
> 54v)L

* Calibrate range
10nA T select for Icgo < 100 pA

11/14
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Fast amplifiers

These inverters have bias current and offset voltage of LM 11 Follower has 10 us setting to 1 mV, but signal repetition fre-
along with speed of the FET op amps. Open loop gain is about quency should not exceed 10 kHz if the FET ampilifier is ac
140 dB and settling time to 1 mV about 8 us. Overload- coupled to input. The circuit does not behave well if common-
recovery delay can be eliminated by direct coupling the FET mode range is exceeded.

amplifier to summing node.

R2
10k
R1 —
10k
Input .4 2 = input —g
A1l
LM 11
+
ci_l [Irs
- R5 C2
T P Y T
b u
2 1 0.02 uF™
R4 AN 6
Gu\n LF 351 Output
d 5 yo
1N457 R3
R6 m™
47k VC’C

Leakage isolation

Switch leakage in this sample and hold does not reach storage capacitor.

+
vée 1ok
Input ai [+¥] [J ~—
3N163 3N163{ 2 *polystyrene or Teflon
o Al 6] outpur T required if protected-
Sample 3 LM1IM P gate switch is used
| | pit R2t t
1N457 —=c1*

10k
I

A peak detector designgd for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed
before reaching storage capacitor.

D1 c2
1 —
N914 =150 pr LR2

6

A2
M11M Output

ai
1 3n1e3
1

| w N
+ -

ca trequired if Q1 has gate-
1000 pF protection diode
* polystyrene or Teflon

300 us min single pulse
200 us min repetitive pulse
300 Hz max sine wave error < 5m V

12/14
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Reset is provided for this integrater and switch leakage
is isolated from the summing junction. Greater preci-
sion can be provided if bias-current compensation is
included.

c1
i
i
Rs |2
Input L3
A1 6
mM1IM p— Output
+
R1
2k ar Ot
L4, 3N163 1&57
M g
R2t
10k
+ | R3
10k +
Vce
Q2
* polystyrene or Teflon 3N163
. L— RESET

T required if protected-gate

switch is used '| l_

Logarithmic amplifiers

Standard-cell buffer

Battery powered buffer amplifier for standard cell has
negligible loading and disconnects cell for low supply
voltage or overload on output. Indicator diode extingui-
shes as disconnect circuitry is activated.

!
ON/OFF,
7| &

"—Standard Output
+ CELL
T aiar
A 2N3609
Te1 R
i 9V

Jl

*cannot have gate protection diode ; VTH > Vo

Unusual frequency compensation gives this logarithmic converter a 100 us time constant from 1 mA down to 100 uA,
increasing from 200 us to 200 ms from 10 nA to 10 pA. Optional bias current compensation can give 10 pA resolution
from —55°C to 100°C. Scale factor is 1V/decade and temperature compensated.

THOMSON SEMICONDUCTORS
61

- 15V
1%

a. Set R11 for Vg =0 at ;=100 nA
b. Set R8 for Vo= +3 V at || =100 pA
c. Set R3 for Vo= -4V at ||=10 pA

T 3300 ppM/°C.

13/14
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mm
=2.54 ) 85 max
[t i B G S
1 +— 1 0.tm
| 4.57 .
5,08 max E T H e e
\ ] [I] [ S| A (-
R / \
3 2038 02 \
<0508 03 ™ i
762 5
LZLW"* .ﬁ.i'-ﬂ':‘ﬁ_x @
oo e
Datum (1) Nominal dimension
o 9**'**"'" —635(1) (2) True geometrical position
o
[LI I
L’J 10max. 4
-]
8 oins 8 oins
DIN '
case : C-23| 1O-99 TO-99 F 101 CB-1 A50D Fnea| cs-98
Base THOMSON
CEl DATA JEDEC SITELESC SEMICONDUCTORS. CEl DATA. JEDEC SITELESC SEMICONDUCTORS

CB-705
GC SUFFIX
TRICECOP (LCC)

These specifications are subject to bhange without notice.

CB-98

CB-11
(TO-99) W DP SUFFIX
L b i PLASTIC PACKAGE
H SUFFIX {
METAL CAN
mm
6 max.
. e - ,%(7544 S— ,“ e lg 8O0 max.
1 \ ,
1 T
8.74
9.04
i 20 pins
DIN '
MS004 CB TMS004 CB CB-705
CEI DATA JEDEC SITELESC semns

Please inquire with our sales offices about the availability of the different packages.
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THOMSON LM101A

LM201A

SEMICONDUCTORS LM301A

SINGLE OPERATIONAL AMPLIFIERS h
The LM101A is a general-purpose operational amplifier. This amplifier offers
many features : supply voltages from +5V to +20V, low current drain, over- SINGLE
load protection on the input and output, no latch-up when the common mode OPERATIONAL AMPLIFIERS

range is exceeded, freedom from oscillations and compensation with a single
30 pF capacitor. It has advantages over internally compensated amplifiers in
that the compensation can be tailored to the particular application : slew rates
of 10,V/us and bandwidths of 3.5 MHz can be easily achieved. In addition,
the circuit can be used as a comparator with differential inputs up to £30 V.
The output can be clamped at any desired level to make it compatible with
logic circuits. CASES

CB-11 CB-705

LM301A (TO-99)

LM101A
LM201A

¢ Input offset voltage 0.7 mV 2 mV
e Input bias current 30 nA 70 nA
¢ Input offset current 1.5 nA 3 nA
e Slew rate as inverting amplifier 10 V/pus 10 V/pus
H SUFFIX GC SUFFIX
METAL CAN TRICECOP (LCC)
ORDERING INFORMATION
TN ) Lo e s CB-98 CB-342
Hi-Kel versions avallable - See chapier 14
PART NUMBER | TEMPERATURE PACKAGE
RANGE H |op|DG|GC| FP Q
LM101A —-55°Cto +125°C | @ LA
LM201A -25°Cto + 85°C | @ | @ | @
LM301A 0°Cto + 70°C | @ | @ | @ L4 DP SUFFIX
PLASTIC PACKAGE P SUFFIX
DG SUFFIX PLASTIC
Examples : LM101AH, LM201ADP CERDIP PACKAGE MICROPACKAGE

PIN ASSIGNMENTS

(Top views)

CB-98
CB-11 CB-342 CB-705
1-NC
! E ~ :l 8 2 cB:rI::z:sation 1
: E:D\j : 3N
3[] 16 4-NC
4 E 5 5 - Inverting input
6 - NC
B 7 - Non-inverting input
1 - Balance compensation 1 5 - Balance 8-NC
2 - Inverting input 6 - Output 9-NC 13- NC 17 - VEC
3 - Non-inverting input 7- VéC 10- Ve 14 - NC 18- NC
4-Vee 8 - Compensation 2 11-NC 15 - Output 19-NC
12 - Balance 16 - NC 20 - Compensation 2
T s MIGONDUCTORS THOMSON
45, av. de I'Europe - 78140 VELIZY - FRANCE € COMPONENTS

Tei.:(3) 946 97 19 / Telex : 204780 F 63

Réf. 00335
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MAXIMUM RATINGS

Value
Rating Symbol Unit
LM101A LM201A LM301A
Supply voltage Vee +22 +22 +18 \%
Differential input voltage Vip +30 +30 +30 v
Input voltage \ +15 +15 +15 \%
Output short-circuit duration — Indefinite for Tamp = +70°C Indefinite foor —
amb= +55°C
Power dissipation Ptot 500 500 500 mv
LM101AGC 665 - —
LM301AFP - - 300
Operating free-air temperature range Toper -55t0 +125| ~25to + .85 0to + 70 °C
Storage temperature range Tstg 65to +150 | —65to +150 | —65 to + 150 °C

SCHEMATIC DIAGRAM

THOMSON SEMICONDUCTORS
64

+
VCC
Balance/Compensation 1 I | D Compensation 2
Inverting input Q1 Q2
Non-inverting D
input
Qa3 Q4
R14
15kQ g
— 65 Q2
R16 Q12
a7 120 @ R12 13
Balance Q9 620 2 Qi
Q10 [ry
QrSARE’D N ?g 1%9) B0 K¢
40 k2
Q18 ﬁ
Q19
R13
M50 §
R8
650 $2)
Q20
R3
10 k2
Vee
case |Belance/ | inverting |, GO |\ vée | Output | Baiance | Comp. 2
Comp. 1 input input 9 cc cc P P-
CB-11 1 2 3 4 7 6 5 8
CB-98/CB-342 1 2 3 4 7 6 5 8
CB-705* 2 1 5 7 10 17 15 12 20
* CB-705 : Other pins not connected.
2/10
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ELECTRICAL CHARACTERISTICS

LM101A : —55°C<Tamp< +125°C, +5VEVee< £20V, C1=30 pF
LM201A : —25°C<Tamp< + 85°C, £5V<VeC< 20 V, C1=30 pF
LM301A :  0°C<Tamp< + 70°C, +5V<Vec< 15V, C1=30 pF
{Unless otherwise specified)

LM101A/LM201A LM301A
Characteristic Symbol = Unit
Min | Typ | Max | Min | Typ | Max
input offset voltage (Rg =50 k@) Vio mV

Tmax< Tamb < Tmin - - 3 - - 10

Tamb = +25°C : - | 07 2 - 2 7.5
Input offset current o - — 20 - - 70 nA

Tamb= +25°C - |15 | 10 - 3 50
Input bias current nA

Tmin< Tamb < Tmax [} - - 100 - = 300

Tamb = +25°C - 30 75 - 70 250
Large signal voltage gain (Voc=£15V, R =2 k@, Vo=110 V) AvDp V/mV

Tmax< Tamb< Tmin 25 = - 15 — -

Tamb= +25°C 50 160 - 25 160 -

Supply voltage rejection ratio (Rg =50 k) SVR 80 96 - 70 96 - dB
Supply current 1&e Ic mA
Vee=+20 V, Tamb=Tmax el _ 12| 25| - - - :

Vee= 420V, Tamp = +25°C - | 18 3 - - -

Vee= +15V, Tamp= +25°C - i - - 1.8 3
Temperature coefficient of input offset voltage aVio - 3 15 - 6 30 | wv/°C
Average temperature coefficient of input offset current s alio nA/°C

+25°C< Tamb < Tmax — | o001 ]| 01 - - -

Tmin< Tamb< +126°C - 002 | 02 - - -

+25°C< Tamp < +70°C - - - - 0.03 | 03

0°C< Tamp< +25°C - - - — | 002 06
Input voltage range (Vcc =VCC(max)) : Vi 15 | — - +12 - - \Y
Common mode rejection ratio (Rg <50 k) CMR 80 96 — 70 90 — dB
Output voltage swing (Vo= £15 V) Vorp v

RL= 2k +10 | +13 - +10 | *13 -

RpL=10 k2 +12 | +14 - £12 | 14 -

Slew rate (Tgmp = +25°C) - Note 1 Svo - o5 | — - 05 | — | V/gs
input impedance (Tgmp = +25°C) Zj 1.5 4 - 0.5 2 - MQ

Note 1 : May be improved up to 10 V/pus in inverting amplifier conﬁghration (see basic diagrams).
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INPUT VOLTAGE RANGE (Note 2) OUTPUT SWING (Note 2)
20 20
S
o6 - A
w - : 5 V.,
> ) SR S
T 12 & g RS /
o 3 £ .
w oA H 10 ©
Q 1 » B
g 8 e 5 L <
a A/ 2 S
> V 5 5 s
E 4 ’ o Ad I
g 1 |
Y B o | |
5 10 15 20 5 10 15 20
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
VOLTAGE GAIN (Note 2) SUPPLY CURRENT (Note 2)
120 25 T
— | ]
) - 2 T o =-58°C
110 | _550C — < am
P TW E
] E— ” — e 50C
= T _p=+25°C 5 s o, =*7
E A am! g lam l
S 100 b i = -
S : 3 1 —4125°C |
) " | Tymp =+1250C > Tamo™
: 90 el — .,,+,,,T & .
0.5
SR S | 2 |
NI I
5 10 15 20 5 10 .15 20
SUPPLY VOLTAGE (£V) SUPPLY VOLTAGE (1 V)
INPUT NOISE VOLTAGE CURRENT LIMITING
& 10" 77 T ’ 15 —_—
2 ,_} T ET - Vee =+16V
] L TN
<] + N R
> O
w N
7] P s Tamb= +125°C S %,
oN H 10 1 Sac
2T S + Z
o
2s N | z
S ey i c%
g ~~-. 5 5
4 41l 4L o
g Tamb= +25°C 5
" el )
1018 ‘ : L 0
10 100 1k 10k 100k 0 5 10 15 20 25 30
FREQUENCY (Hz) OUTPUT CURRENT (+mA)
Note 2 : LMI01A : —55°C< T, < +125°C, +5V< Voo <*20V
LM201A : —25°C< T, < + 85°C, +5V< Voo <+20V

LM301A © 0°C< T, < + 70°C, *5V< Vo <£15V

4/10
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OUTPUT SWING (V) VOLTAGE GAIN (dB)

VOLTAGE SWING (V)

SINGLE POLE COMPENSATION

OPEN LOOP FREQUENCY RESPONSE

120 I [
100 L t—+——Vee=115V {995
Tamb = +25°C 3
80F—+ +—rt 180 >
| 1 &
60| C1=3pF 135 5
[~]
40° %0 ©
-3
20 5 3
3
C1=30 pF" N\ L
0 P 0
LI LN

1

10 100

1k 10k 100k 1M 10M

FREQUENCY (Hz)

LARGE SIGNAL FREQUENCY RESPONSE

16 RULRBRALL
= H— Vec=115V
. Tamb = +25°C
N
o \ C1=3 pF
’ C1-30 pF N
LI (T

1

10k

100k ™ oM

FREQUENCY (Hz)

VOLTAGE FOLLOWER PULSE RESPONSE

10
8
B
ﬂ r-
4 =
2 Input -| I
0 | [/
Output
-2
[
4 i
e o = T
—6
s Tamb= +25°C
IVCC =5V
—10b— L1 1

0 10 20 30 40 50 60 70 80

TIME (us)
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VOLTAGE GAIN (dB)

OUTPUT SWING (£V)

VOLTAGE SWING (V)

FEED FORWARD COMPENSATION

OPEN LOOP FREQUENCY RESPONSE

120

100

80

60

40

20

Tamb= +25°C
—
— \\ Vec=115V | 225
[
\ l 180
\ Phase
\\ k /—1 135
aY
N >
Gain \ 5
N 0
10 100 1k 10k 100k 1M 10M 100M

FREQUENCY (Hz)

LARGE SIGNAL FREQUENCY RESPONSE

16

Tamb= +25°C
Vee=115V
12
8 \
N
) \
N
0 [~
100k ™ 10M
FREQUENCY (Hz)
INVERTER PULSE RESPONSE
10 T
8 Outputi ]
6
D s s 7 -+ ’
2 Input ’
o |
-2
-4
- [ .
-6 ’-,
_8 Tamb = +25°C|
VCC =t15V
—-10

0

1

2

THOMSON SEMICONDUCTORS
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3 4.5 6 7 89
TIME (us)

(sees6eqQ) DY ISVHd
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LM101A

INPUT CURRENTS

- |
-
I
40! s E
< 30 ia:
g S CUrrgny e~ =
- 20 o
Z 10 &
= 5]
E 0 z
-3
3 b w
= 4 g
2 3 3
2 2 OffSer cury, (7]
= i SR =
1 <
w
0 =
—75/-60-25 0 25 50 75 100 125
TEMPERATURE (°C)
LM201A
INPUT CURRENTS
50
40 E
T 30 8i, o
g S Cltrgp £
w»w 20 E
i
Z 19 W
e 3
g °<> > z
o 4 w
5 <
4 B
g ° 0 g
F frse
= 2 1\t Cllrre"t :
' 3
0 I g
~75-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
LM301A
INPUT CURRENTS
100 .
80
—— g
z Bias canm &
£ - 3
40
2 2 ]
s °
£ o -
<
©
2 s - :
E 6 3
2 @
z 4 Offset current z
2 | T T 5
o | 1 2
0 20 40 60 80

TEMPERATURE (°C)
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(A?/Hz)

(A?/Hz)

(A?/Hz)

INPUT NOISE CURRENT

1024
A
_HK
1629
Tamb = +25°C
10-26 InTananusli
10 100 1k 10K 100k
FREQUENCY (Hz)
INPUT NOISE CURRENT
10-24
10-25
Tamb = +25°C
jo-26 Ll 11l 1 11) |
10 100 1k 10k 100 k
FREQUENCY (Hz)
INPUT NOISE CURRENT
10-2
N
1025 N
N
]
Tamb= +25°C
1026 0 o
10 100 1k 10k 100k

THOMSON SEMICONDUCTORS

FREQUENCY (Hz)




LM101AeLM201AeLM301A

BASIC DIAGRAMS

BALANCING CIRCUIT

R3 R4
s5Mq 5.1MQ

L l
¢l ke
30 pF-r'

* CB-11 - CB-98 - CB-342 pin-configuration

SINGLE POLE COMPENSATION

Output
R3
R4 RS
] | c2
P R2 - Test point
LM 1
Input O {712
R1
c1
R2
—i b
R1 c2 ™~
Input O B LM
101A_>——=———0O Output

%
R1Cg
— C2=
H3E CS —
R1 g

Input

Inputs
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ALTERNATE BALANCING CIRCUIT

FEEDFORWARD COMPENSATION

PROTECTING AGAINST GROSS FAULT
CONDITIONS

R1 : protects input
R4 : protects output
R5 : protects output. Not needed when R4 is used

COMPENSATING FOR STRAY INPUT
CAPACITANCES OR LARGE FEEDBACK
RESISTOR

ISOLATING LARGE CAPACITIVE LOADS

VOLTAGE COMPARATOR FOR DRIVING RTL
LOGIC OR HIGH CURRENT DRIVER




LM101AeLM201A*LM301A

SIMULATED INDUCTOR

C2

TYPICAL APPLICATIONS

FAST INVERTING AMPLIFIER WITH
HIGH INPUT IMPEDANCE

Input
300 pF i
R4
L >R1R2C1 10k
Rg=R2 M
S= 1% &3
Rp=R1 a2 !

SINE WAVE OSCILLATOR

Sine output

FAST AC/DC CONVERTER
C2 3y g 10uF

R6

20 k2 1%
1%

Cosine output R1

20k
1%
Input

fosc =10 kHz

P

INSTRUMENTATION AMPLIFIER

LOW FREQUENCY SQUARE WAVE GEN

R2 20k

Less than 1% error to 100 kHz

’

—O
Output

O

VARIABLE CAPACITANCE MULTIPLIER

ERATOR

| —p» Low impedance output

FAST HALF WAVE RECTIFIER

c2
3 pF

I R1
ci
]
R4
R3 5 k2
10MQ
: —

R2 1MQ

LM
101A

Clamped output R1
20 k2
1%
6.2V Input Oo——3-
6.2V

R4
15 k2
3
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c1
150 pF

T}
1%

%ok i

al

Output
————

D1
1N4148

D2
1N4148




LM101AeLM201AeLM301A

CB-11
(TO-99)

H SUFFIX
. METAL CAN
Bmm
e C-23| 70-99 10 -99 F 101 CB-1
B:
T DATA JEDEC SITELESC SEMICONDUCTORS
-
| " o - = ‘9,"“”9‘*
' |
T
i 13
CB-705
216
o Y @
\\ Datum
e=127 ey e e ey \eu gg:
GC SUFFIX
TRICECOP (LCC)
'(— 20 oins
DIN '
MS004 CB TMS004 CB CB-705
CEl DATA JEDEC SITELESC Skmﬁs
Lo N
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LM101AeLM201AeL M301A

.
e=2.54
CB-98
02
03
1.27max. g
it S
.
Datum {1) Nominal dimension
0'<29, - —1—635(1) (2) True geometrical position
o DP SUFFIX
TITITITE PLASTIC PACKAGE
| L o 1| DG SUFFIX
8 oine CERDIP PACKAGE
DIN '
A50D Fuea| CB-98
CEl DATA JEDEC SITELESC SEMICONDUCTORS
o

e=1.27 .T.LTQ%’. g:;ig
U] T
et z
— | ™
T #] A A ﬁ ; LL CB-342

0.45 "
| FP SUFFIX
e 475 175 mox. | PLASTIC
4.95 MICROPACKAGE

85

DIN Sos8 \
CB-342

cEl DATA JEDEC SITELESC SEM,CENDU!C,DRS

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.
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LM108,A
LM208,A

THOMSON
SEMICONDUCTORS

LM308,A

PRECISION SINGLE OP-AMPs

PRECISION SINGLE
OPERATIONAL AMPLIFIERS

The LM108, A is a precision operational amplifier having specifications a factor
ten better than FET amplifiers over a —55°C to + 125°C temperature range.
Selected units are available with offset voltages less than 1 mV and drifts less
than 5uV/°C. This makes it possible to eliminate offset adjustments, in most
cases.

The device operates with supply voltages from +2 V to +20 V (LM308 :
+2 V to +15 V) and has sufficient supply rejection to use unregulated sup-

plies. Although the circuit is interchangeable with and uses the same compen- CASES
sation as the LM101A, an alternate compensation scheme can be used to make CB-11 CB-705
it particularly insensitive to power supply noise and to make supply bypass capa- (TO-99)

citors unnecessary.

Outstanding characteristics of LM108A :

°‘Input offset voltage : 0.5 mV maximum

® Input bias current : 3 nA maximum over full temperature range

® |nput offset current : 0.4 nA maximum over full temperature range
® Power supply current : 600 pA maximum

® Guaranteed drift characteristics

® Slew rate of 10 V/us as inverting amplifier.

5 - Inverting input

H SUFFIX GC SUFFIX
METAL CAN TRICECOP (LCC)
ORDERING INFORMATION
CB-98 CB-342
Hi-Rel versions available - See chapter 14
PART NUMBER TEMPERATURE PACKAGE
RANGE H [pG[oP|Gc| FP %
LM108,A —565°C to +126°C| ® | @ o
LM208,A —-25°C to + 85°C| @
LM308,A 0°Cto + 70°C| @ | @ | ® * DP SUFFIX FP SUFFIX
E ) LMV10BH, LM10BAH. LM308DG PLASTIC PACKAGE PLASTIC
xamples : , )
DG SUFFIX MICROPACKAGE
CERDIP PACKAGE
CB-11 CcB.g8 PIN ASSIG-NMENTS CB-705
CB-342 {Top views)
10 N 8 1-NC
2 E :] 7 2 - Frequency compensation
3[] 1 3-NC
4] D 5 4-NC

6- NC 11-NC 16 - NC
'1 - Frequency compensation 5 - NC 7 - Non-inverting input 12 - NC 17 - Vé’c
2 - Inverting input 6 - Output 8- NC 13- NC 18- NC
3 - Non-inverting input 7-Vic 9-NC 14 - NC 19-NC
4- VEC 8 - Frequency compensation 10 - Vee 15 - Output 20 - Frequency compensation
2T HICONDUCTORS ¢ \ THOMSON
B e s TR VSR Fane n ® COMPONENTS

Réf. 00230



LM108,A*LM208, AL M308,A

MAXIMUM RATINGS

Rating Symbol LM108,A LM208,A LM308,A Unit
Supply voltage Vee +20 +20 +18 \'
Input voltage (Note 2) \ +15 +15 +15 \
Input offset current (Note 1) ho +10 +10 +10 mA
Power dissipation Piot 500 500 500 mwW

LM108GC, LM108AGC 665 — -

Output short-circuit duration - Indefinite Indefinite Indefinite —
Operating free-air temperature range Toper -55t0 +125| —-25t0 +85 Oto + 70 °C
Storage temperature range Tstg —-65t0 +150 | ~65t0 +150 | —55t0 +125 °C

Note 1 : The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a dif-
ferential input voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used.
Note 2 : For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage.

SCHEMATIC DIAGRAM

Compensation

]

Compensation

] ,

1 —] vé
R9
2k§2
Q18
R10
90 §2
Q17 Output
Q15|
Rii
Q16 j.' 240Q
) 1\019
Inverting
input —
Q23
Q25
R14
9402
Non-inverting G —<Q20
input R13
20k$2
4 R12)
] 820
Q
' ] vee
cAse |frequency| Inverting in\'r\:aurtni-n V& v, Output | N.C
Compens.| input » 9 cc cc utpu .C.
input
CB-11
CB-98 1,8 2 3 4 7 6 5
CB-342
CB-705 2,20 5 7 10 17 15 *
* CB705 : Other pins are not connected. )
2/14
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LM108,A*LM208,A*LM308,A

ELECTRICAL CHARACTERISTICS

LM108A : —55°C< Tampb < + 125°C, +5 V<Voe< £20 V
LM208A : —25°C< Tamp< + 85°C, +5 V<Vee< 20V
LM308A :  0°C<Tamp< + 70°C, 5 VKVeoe< £15 V
(Unless otherwise specified)

75

THOMSON SEMICONDUCTORS

LM108A - LM208A LM308A
Characteristic Symb Unit
L Min | Typ | Max | Min Typ | Max
Input offset voltage Vio mvV
Tamb = +25°C — 0.3 0.5 - 0.3 0.5 .
Trmin< Tamb< Tmax - - 1 - - | om
Input offset current o nA
Tamb= +25°C — 0.06 | 0.2 — 0.2 1
Tmin< Tamb < Tmax - - 0.4 - 1.5
Input bias current IT: nA
Tamb = +25°C — 0.8 2 - 1.5 7
Tmin< Tamb < Tmax - - 3 - - 10
Large signal voltage gain (Voo =15V, R 210 k2, Vo= £10 V) Ayvp V/mvV
Tamb= +25°C 80 300 - 80 300 -
Trmin< Tamb < Tmax 40 - - 60 - -
Supply voltage rejection ratio SVR 96 110 - 96 110 — dB
Supply current ide Ice mA
Tamb= +25°C - 0.3 0.6 - 0.3 0.8
Tamb = Tmax — 0.15 | 0.4 — — -
Temperature coefficient of input offset voltage aVip - 1 5 — 1 5 puV/eC
Temperature coefficient of input offset current alp - 05 25 — 2 10 pA/°C
Input voltage range (V= +15 V) Vi +135( — - +14 — — \%
Common-mode rejection ratio CMR 96 110 — 96 110 — dB
Output voltage swing (Ve = £15 V, R =10 k) Vopp +13 | £14 — +13 | £14 — \
Input resistance (Tamp = +25°C) R 30 70 - 10 40 — MQ
3/14




LM108,A*LM208, A*LM308,A

LM108 : —55°C< Tamp < +125°C,
LM208 : —25°C< Tamb< + 85°C,
LM308:  0°C<Tamp< + 70°C,

{Unless otherwise specified)

£5V<Vees 220V
+5V<Vee< 20V
+5VVee<£15V

THOMSON SEMICONDUCTORS
76

LM108 - LM208 LM308
Characteristic Symbol Unit
Min Typ | Max | Min Typ | Max
Input offset voltage Vio mV
Tamb= +256°C — 0.7 2 — 2 7.5
Tmin<S Tamb < Tmax - - 3 - - 10
Input offset current ho nA
Tamb = +25°C — | o005 | 02 - 0.2 1
Tmin<Tamb< Tmax - - 0.4 - - 1.5
Input bias current B nA
Tamb = +25°C - 0.8 2 - 15 7
Tmin < Tamb < Tmax - - 3 = - 10
Large signal voltage gain (Vo= 115V, R 210 kQ, Vo= £10 V) Avp V/mv
Tamb = +25°C 50 300 - 25 300 —
Tmin< Tamb< Tmax 25 - - 15 - =
Supply voltage rejection ratio SVR 80 96 - 80 96 — dB
Supply current ide Ice mA
Tamb= +25°C - 03 0.6 - 0.3 0.8
Tamb = Tmax 1 - 0.15 0.4 - - —
Temperature coefficient of input offset voltage aVio - 3 15 - 6 30 uv/oc
Temperature coefficient of input offset current alig - 0.5 25 - 2 10 pA/°C
Input voltage range (Vcc=115V) Vi +135| - - +14 - - \
Common-mode rejection ratio CMR 85 100 - 100 - dB
Output voltage swing (Vcc= 115V, R =10 k@) Vorp +13 | £14 - +13 | £14 - v
input resistance (Tamp = +25°C) Ry 30 70 - 10 40 — MQ
4/14




LM108,A°LM208,A*LM308,A

INPUT CURRENT (nA)

MEAN SQUARE NOISE VOLTAGE (nV/VHz)

SUPPLY VOLTAGE REJECTION RATIO (dB)

INPUT CURRENTS (Note 3}

HERE
1.5
Bias current
1.0 ™~
™~
05 1 LM108 1
LM208
o >
3
0.15
0.10
\\ Offset current
0.05 - I
!

120

100

80

60

40

20

0

-20

0
_55-35—-155 25 45 65 85 105 125

TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIO

~—f— A — Ay =1

N
T = +25°C
\ \\ K amb ;

Vec=115V

Positive
supply ___

N
Negative /"\," N,
supply " LN
S 2
e C¢ = 30 pF \ ]
== =C,=100pF A
1 1
100 1k 10k 100k ™ nom
FREQUENCY (Hz)
INPUT NOISE VOLTAGE
Ittt R = 1 M
e
i T
-t r =100 k
parugreg:y L S
e | Rg =011
10 100 1k 10k 100k

FREQUENCY (Hz)

INPUT CURRENTS

4 T T T
3 ’ L1
< 2 Bias current
P——
£ ——
z LM308
< 0 T
z |
3 0.25
5 o.20 ‘ - Offset current
& I P~
2 0.5 l '\N
I
i L
0.10 1 i [
o | I
0 10 20 30 40 50 60 70 80
TEMPERATURE (°C)
OPEN LOOP FREQUENCY RESPONSE
120
.
__ 100 | \L,f:;;pr—fl_ P
o
s ANANA /)
= 80 NG = 100 pF 135
§ o0 AN \ o~
w XLl 90
2 w0 b3
g A NN = 30 oF
Q g f Gain —— \\ 45
| Phase == e= =
0 Cy =100 pF
chfzzo PP R0
-20
110 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
VOLTAGE FOLLOWER PULSE RESPONSE
10
8
s 6
o 4[] T
E R Input
32T\
w 0 -
2 Output
-2 L
-
a I
> \ Veg=+15V
-6 C¢=30 pF
-8 Tamb = +25°C]
—10 L1

Note3: LM108A : —55°C< Tamp< +125°C,
LM208A ; —25°C< Tamb< + 85°C,
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0 20 40 60 80 100120140160
TIME (us)

+5VVoeS £20 V.
+5VEVoe< £20 V.

(sea1bop) 14IHS ISVHd




LM108,A*LM208,A*LM308 A

SUPPLY CURRENT (nA) SUPPLY CURRENT (pA)

SUPPLY CURRENT (pAl

SUPPLY CURRENT

600
500
Tamb=~ %°C )
400 | I
Tamb= +25°C
300 amb |
=" Tamp = +85°C
200
"
100
0
5 10 15 20
SUPPLY VOLTAGE (+V)
SUPPLY CURRENT
600
500 |— -
o
Tamb=~ 5°C
400 —
A L
V" Tamb=1 &%
300 i
" Tamb= +125°C
200
"1
100
o J | |
5 10 15 20
SUPPLY VOLTAGE (V)
SUPPLY CURRENT
400 T
350 Tamb=0°C
200 =T Tamb= + 25°C
— Tamp= +70°C
250 / ami
1
200 =]
150
100
50
0
5 10 15 20

SUPPLY VOLTAGE (1V)

LM108A

OUTPUT SWING (V)

LM208A

OUTPUT SWING (+V)

LM308A

OUTPUT SWING (V)
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OUTPUT SWING

N“ Vec=*15V
o
AR P
It o _| 13 |
+ [ ?;
= +
8 O
o 2 &
i e
0 2 4 6 8
OUTPUT CURRENT (1 mA)
OUTPUT CURRENT
Vee = 216V
N
.l — ]
o ® ™
3
& NI B
" I 1
+
g_| 1% |y
o Tt
O (e) S
1
0 2 4 6 8
OUTPUT CURRENT (1t mA)
OUTPUT SWING
\") T4
Cc =*15V
Nl (CC
\\
T
1]
T
Tamb = +25°C
T
REREVSEE B
Tamb=0°C
Tamb = +70°C
[ 1 1 1
0 2 4 6 8

OUTPUT CURRENT (+mA)




LM108,A°LM208,A*LM308 A

VOLTAGE GAIN (dB)

OUTPUT SWING (V)

VOLTAGE GAIN

VOLTAGE GAIN

120 T T 120 T
LM108A LM208A
i 1 e
I ] T
Tamb = +25°C s Tamb = +25°C
110 Z 110
. -25°C z =-55°C
Tamb= "7 I Tod 777
/I,J—-—éf o /L,.J——-r—
oC 8 = +125°C
Tamb= +85 ] /1 Tamb
100 j 2 100 / T
-
/ g
>
Cs=0 Ci=0
f =100 Hz f =100 Hz
90 g 10 15 20 05 10 15 20

LARGE SIGNAL FREQUENCY RESPONSE

16

N

SUPPLY VOLTAGE (V)

VOLTAGE GAIN (dB)

SUPPLY VOLTAGE (1 V)

VOLTAGE GAIN

120 T T
LM308A
P
Tamb=0°C ="
110 == -
Tamb = - 25°C
Tamp=+70°C " |
100
Cs=0
f =100 Hz
90

5 10 15 20

SUPPLY VOLTAGE (1 V)

CLOSED LOOP OUTPUT IMPEDANCE

S
= 3
T 10
[Vcc =t15V ] A
Tamb = +25°C i, ;
L W 2 10 17
. a /
) :,TsopF Cr=3pF s \/\ A\ |
5 10 N7 T
- 4+ & \J ) Ay=1, C; =30 pF
| 3 10° Ay= 1000, C; =0 pF
3 / Ay= 1000, C; = 30 pF
4 ' '
2 10! / o =*1mA {
o g ~ Vec =£15V
— 4080
N o | 9 102 Tamb= +25°C
o
1k 10k 100k ™M 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

THOMSON SEMICONDUCTORS
7

FREQUENCY (Hz)
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LM108,A°LM208,A*LM308,A

EQUIVALENT INPUT OFFSET VOLTAGE (mV) EQUIVALENT INPUT OFFSET VOLTAGE (mV)

EQUIVALENT INPUT OFFSET VOLTAGE (mV)

INPUT OFFSET VOLTAGE

LM108A

DRIFT ERROR

&
= £ 10° EErmmE—rrE
E Tamb = +25°C 354 o E —55°C< Tamb < +125°C
os
e
w
a o
£ og 10? E =
i ¥ W T
i £3
Maximum
E: Maximum
RARL [ 3m
- Typical a? 10"
H S
EE Typical H
82 !
I 22 o[ Il
100k ™ 10M 100M 2 100k ™ 10M 100M
INPUT RESISTANCE (0) INPUT RESISTANCE ()
LM108
INPUT OFFSET VOLTAGE s DRIFT ERROR
= 10°
~55°C< Tamp < + 125°C 2s —55°C< Tamb < + 125°C
AN}l we
1 i o
m E2
/ SQw l
0 102
Wi H
£g
sk »
[ A
@ 4o
it 10 P
6
e
83
i 22 o
i « 10 i
100k ™ 10M 100M ] 100k ™ oM 100M
INPUT RESISTANCE (2) INPUT RESISTANCE (Q)
LM208
INPUT OFFSET VOLTAGE % DRIFT ERROR
F E=ss: 5_ 10° —F
F Tamb = +25°C 3314 39 —25°C< Tamp < +85°C
<
B3
w
Y oy p
32 102 === = 2
RS H x5 H FH +HH
Maximum .:_> g T
el < Maximum
i £k
ical
YPic %E 10" = =
= et Typical
wo
wa T
a2
Il g2 oL LI
w
100k ™ 10M 100M <>t 100k ™ 10M 100M

INPUT RESISTANCE (Q)

INPUT RESISTANCE (Q)
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LM108,A*LM208,A°LM308 A

EQUIVALENT INPUT OFFSET VOLTAGE (mV)

EQUIVALENT INPUT OFFSET VOLTAGE (mV)

LM208A
INPUT OFFSET VOLTAGE w DRIFT ERROR
102 - ° -
—25°C < Tymp < +85°C = ~25°C < Tamp = +85°C
m wo §
o3 1
B2 t
w
w
0 = 8 g 102 =2 =c==:
. W ¥
@« 1
50 T
T >
<y
0 Sw 1
10 = “-E 10 ﬁ
g6
- ~ i
wo
. I L)
10 c= 10
100k ™ 10M 100M S 100k ™ 10M 100M
<
INPUT RESISTANCE () INPUT RESISTANCE ()
LVi308
INPUT OFFSET VOLTAGE |6 DRIFT ERROR
10° = - E_ e
T T 89 fiinmm it
8 HH 235 < <+7 T
Tamb = +25°C i i g2 | S embst 7 T
| 3|u | | j
e ===3 === 0g 10? ==
E . 1 g5 Maximum H-
1 HEH T e 53 7
£> L
» é = i e
1 w .
10! T § a.l &, 10" Typical L
S
=as w O
Typical il : 5
(C-%
z
100 THH g2 o
100k m™m 10M 100M g 100k ™ 10M 100M
4
INPUT RESISTANCE (Q) INPUT RESISTANCE (Q)
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LM108,A°LM208,A*LM308,A

STANDARD COMPENSATION CIRCUIT

BASIC DIAGRAMS

ALTERNATE FREQUENCY COMPENSATION*

R1 R2 R1 R3
—e —e
R3 €0 R2 €0
+ep O—{1 b *e
CS
R1 C, 100 pF
> anz g
c _ * Improves rejection of
f Co = 30pF power supply noise. A
TYPICAL APPLICATIONS
FEEDFORWARD COMPENSATION
FOR DECOUPLING LOAD CAPACITANCE
STANDARD FEEDFORWARD OPEN LOOP VOLTAGE GAIN " R2
120 Rs>10 k2 100 k2
Input O—{C_—1—4 - N — 180
R1 __ 100}y Feedforward T
10 k2 o <\ compensation] 135 2
> 80, N T >
3 60 KNI ,Phcse_‘ 4
LM108A o - 90 &
w 40 = >y, AN 2]
Output ] b e -
R3 < 20} Standard ~NET%5 &
3k S | compensation 3 Q
goo pF c3 > { Jl "T[ ~No
10 pF -20 10 pF 10 0.01 uF
1 10 100 1k 10k 100k 1M 10M 5x 10 R
\ \ FREQUENCY (Hz) R Pa \

SAMPLE AND HOLD*

+
Vee
R1
- 1MQ
Input V—D—I——-1
a1 t ~ Output
Q2 R —O
Sample
1o

Cc2
30 pF

*

Worst case drift less than 2.5 mV/sec.

** Teflon, polyethylene or polycarbonate dielectric

capacitor.

Power bandwith: 250 kHz

Small signal bandwidth: 3.6 MHz R¢
Slew rate: 10 V/us —{ }+—¢
Rs
input O—{—J—+¢ i
R1 Cc1 Cc2
C4 wmbem
‘50"”0 120F 12 nF =y 150 pF
LM208A

FAST SUMMING AMPLIFIER

__”i

In addition to increasing speed the LM201A raises high and
low frequency gain and eliminates thermal feedback.

10/14
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LM108,A*LM208,A°LM308,A

TYPICAL APPLICATIONS (continued)

B (Top view) R1 R2
L Input O——}- p—
METAL CAN
compansaton L1068
P LM208
/ AN + LM308
Qe | 4o
4
1 8 7 >
QOutput
& cmmm— utpu R3*
. % 1F
Guard ! 3
Vee
Pin 4 connected to case ' INVERTING AMPLIFIER
R2
. —
{1
LM108
R3* LM208
R3* LM308
LM108
LM208 b 8——O Output
LM308
»——OO0utput R1
——+
N\
Input
FOLLOWER AMPLIFIER NON-INVERTING AMPLIFIER

* Used to compensate for large source resistances.
L

INPUT GUARDING

Leakage currents are on the verge of causing trouble at +125°C.
The standard pin configuration of most IC op amps has the input pins
adjacent to pins wich are the supply potentials. Therefore, it is advi-
sable to employ guarding to reduce the voltage difference between
the inputs and adjacent metal runs. A ten-lead pin circle is used, and
the leads of the IC are formed so that the holes adjacent to the inputs
are vacant when it is inserted in the board. The guard, which is a
conductive ring surrounding the inputs, is connected to a low impe-
dance point that is at the same potential as the inputs.
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LM108,A*LM208,A*LM308,A

TYPICAL APPLICATION DIAGRAMS

FAST SAMPLE AND HOLD FAST SUMMING AMPLIFIER WITH LOW INPUT
CURRENT
2N 4391 and 1N 4148 can be replaced ,___I '_—_1 Input
by SF.T 7004 analog gate 10°0F
p
Rs
5 k2
L »
Input
LM308 1 1\50 ks
2N 4391 X
100kQ2
e
Output
Output 30 pF
ocn ——
1N 4148 — -1 nF
-‘IO pF .
Sample w
D/A CONVERTER USING LADDER NETWORK
5 pF
il
Bl
R
()
5 kQ2 5 kQ 5 k(¥
————— — o — ° P
N LM308 »——— Output
10 kQ 10 kQ2 10 k§2| +

[RET

* Optional : reduces settling time.

5 kS1 T
Vee
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LM108,A*LM208,A°LM308 A

072
0.86
ya 4
«/u-’ \\,/’117
\
N\ cB-11
@ 851
939
Pin
4.20 1.27 mox
FY T
1
!
|
¥
| o2
| o1
127 min H SUFFIX
| METAL CAN
: v Y B
0.407
]
DIN \
cse: C-23| TO-99 T0-99 F 101 CB-1
Base CEl DATA JEDEC SITELESC SEMICONDUCTORS
-l e i:BOmox.
v
CB-705
L2106 ‘
!
N\ Datum \ 8.74
9.04
GC SUFFIX
TRICECOP {LCC)
’F_Nv; 20 5
DIN \
MS004 CB i i CB-705
CE! j DATA ; JEDEC SITELESC SEMICONDUCTORS
S S

THOMSON SEMICONDUCTORS
85
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LM108,A°LM208,A*LM308 A

Datum i (1) Nominal dimension
o ,} 031 (2) True geometrical position
° L]
[EpEpEpEE
10mox ‘
- -
3
8o
DIN \
A50D FN6A | CB-98
. THomsON
el DATA JEDEC SITELESC SEMICONDUCTORS
mm
e 127 fe e e
1T
| ! H
e e 063
! | ™ mox
AAAR
G 1
59 39
6 40
Wi
JHHH
Datum _/ le 0.35
" 0.45
Lo 4.75 |
495 .
2
o 8o
oIN sO8 \J
CB-342
CEl DATA JEDEC SITELESC | semiconpuCTORS

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.

THOMSON SEMICONDUCTORS
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*
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MICROPACKAGE




THOMSON

SEMICONDUCTORS

SINGLE OPERATIONAL AMPLIFIERS

The LM118, LM218 and LM318 are precision high speed operational amplifiers
designed for applications requiring wide bandwidth and high slew rate. They
feature internal frequency compensation and a factor of ten increase in speed
over general purpose devices.

Although, no external frequency compensation components are needed for ope-
ration, feedforward compensation may be used to further increase the speed.
For inverting applications, feedforward compensation will boost the siew rate
to over 150 V/us and almost double the bandwidth. However, for non-inverting
or differential applications feedforward cannot be used.

The high speed and fast settling time of these op amps make them useful in
A/D converters, oscillators, active filters, sample and hold circuits, or general
purpose amplifiers.

® jnput offset voltage : 4 mV max. (military range)
10 mV max. {industrial range)
® |nput bias current : 250 nA max. (military range)
500 nA max. (industrial range)
® |nput offset current : 50 nA max. {military range)
200 nA max (industrial range)
Guaranteed over the operating temperature range
® Slew rate of 50 V/us as inverting amplifier.

ORDERING INFORMATION

Hi-Rel versions available - See chapter 14

PART NUMBER TEMPERATURE PACKAGE
Al T
RANGE H |DP|DG|GC| FP
LM118 —55°C to +125°C| ® L
LM218 —25°C to + 85°C| ®
LM318 0°Cto + 70°C| ® | @ .
Example : LM118DG, LM218H

SINGLE
OPERATIONAL
AMPLIFIERS

CASES
CB-11

CB-705

H SUFFIX GC SUFFIX
METAL CAN TRICECOP (LCC)
CB-98 CB-342
DP SUFFIX FP SUFFIX
PLASTIC PACKAGE PLASTIC
DG SUFFIX MICROPACKAGE

CERDIP PACKAGE

PIN ASSIGNMENTS

CB-98
CB-11 CB-342 (Top views) CB-705
1 J 8 10-Vee
2 E : 7 11-NC
3 E:b\j 6 12 - Balance /
4 E :] 5 Compensation 3
13- NC
14 - NC
15 - Output
1 - Balance / 5 - Balance / 1-NC 5 - Inverting input 16 - NC
Compensation 1 Compensation 3 2 - Balance / 6- NC 17 ‘- VEC
2 - Inverting input 6 - Output Compensdtion 1 7 - Non-inverting input 18 - NC
3 - Non-inverting input 7 - VEC 3-NC 8- NC 19 - NC
4- VCC 8 - Compensation 2 4 - NC 9-NC 20 - Compensation 2
THOMSON SEMICONDUCTORS

Sales headquarters
45, av. de I'Europe - 78140 VELIZY - FRANCE
Tai (2) Q4R @7 19 / Talax : 204780 F 87

¢ \ THOMSON
@ COMPONENTS

Réf. 00235



LM118eLM218eLM318

MAXIMUM RATINGS

L Rating Symbol LM118 LM218 LM318 Unit
Supply voltage Vee +20 +20 +20 \%
Input voltage (Note 1) Vi +15 +15 +15 \
Differential input current (Note 2) ip +10 +10 +10 mA

B Output short-circuit duration - Indefinite Indefinite | Indefinite —
Power dissipation LM318FP Ptot - - 300 mwW
All other versions 500 500 500
Opera;ing free-air temperature range (Note 3) Toper -55t0 +1256 ~f§10 + 85 Oto + 70 °C
Storage temperature range Tstg —65to +150 | ~65to +150 | —65 to + 150 °C

Note 1 : For supply voltage less than + 15 V, the absolute maximum input voltage is equal to the supply voltage.
Note 2 : The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential
input voltage in excess of 1V is applied betwegn the inputs unless some limiting resistance is used.

Note 3 : Tjimax) = +150°C for all categories.
Devices bonded on a 6 cm x 3 cm x 0.15 cm glass-epoxy substrate with 30 mm? of 35 um thick copper.

SCHEMATIC DIAGRAM

Balance
Compensation Compensation

O
’ ‘JQZS

N
Ve [
R12
2K82

c1
‘OOOFT Q4
Bal L__, o Q16
alance <
. Q17
Compensation D’ :1]!3

R1S
Bk R16
6k

Inverting 3 . 2 Py —
input Q3 1k 1k Q4
H Q26
- c2
Q36 6pF Q27
R6
Q34 5092

R7 H
Q37 1.7k62 c3 R20
as Q6 28pF 5k j028 Output
Qas) ' RS r
Q32

4k

Non-inverting +
: - a3
input D .
Q30
Q20
Q21 R23[
3092

Q23 e T
argt4—fQ19 b
L Q22 y 04
R17
1.2k R18 24
!‘Zku? 300!
e - vee
| Non-
Balance Inverting | . . — + .
CASE Compensation input m;/:‘::rg Vee Vée Output | Compensation
CB-11/CB-98/CB-342 1.5 2 3 4 7 6 8
CB-705 2,12 5 ¢ 7 10 17 15 20
* CB-705 : Other pins are not connected.
2/12
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LM118¢LM218eLM318

ELECTRICAL CHARACTERISTICS

LM118 : —-55°C<Tgmp< +125°C, +5VVee<£20V
LM218 : —-25°C<Tymb< + 85°C, 5 VLV +20V
LM318 : 0°C<Tagmb< + 70°C, £5 VL Vo< £20V
(Unless otherwise specified)

L Lm118 LM218 LM318
Characteristic Symbol T - Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input offset voltage Vio mV
Tamb= +25°C . - 2 4 - 2 4 - 4 10
Trmin< Tamb < Tmax — - 6 — 6 — = 15
Input offset current o nA
Tamb = +25°C - 6 50 - 6 50 — 30 200
Trmin< Tamb < Tmax — — 100 - - 100 - — 300
Input bias current B nA
Tamb= *+25°C - 120 250 - 120 250 - 150 500
Trmin< Tamb < Tmax — - 500 - - 500 — - 750
Large signal voltage gain AvD V/mV
(Vec=*15V, RL22kQ, Vo= £10 V)
Tamb = +25°C 50 200 - 50 200 — 25 200 —
Tmin< Tamb < Tmax 25 — - 25 - - 20 — -
Supply voltage rejection ratio SVR 70 80 — 70 80 — 65 80 — dB
Supply current 'SC' Icc mA
Tamb = +25°C - 5 8 - 5 8 — 5 10
Tamb = Trmax - 45 7 - - 8 - - -
Input voltage range (Vgc = +15 V) 4 +11.5( — - +11.51 — - +11.5 — — \%
Common-mode rejection ratio CMR 80 100 — 80 100 — 70 100 — dB
Output voltage swing Vopp A,
(Vee=+15V, R =2 kQ) +12 | +£13 - +12 | £13 - +12 | +13 —
Small signal bandwidth GWR MHz
(Vee=215V, Tamp = +25°C) - 15 - - 15 - - 15 —
Slew rate (Note 4) Svo V/us
(Vee= 215V, Tamp = +25°C, Ay=1) 50 70 — 50 70 - 50 70 -
Input impedance (Tamp = +25°C) Z) 1 3 - 1 3 - 0.5 3 - MQ

Note 4 : May be improved up to 150 V/us in inverting amplifier configuration (see typical application).

3/12
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LM118eLM218eLM318

INPUT CURRENT (mA)

UNITY GAIN BANDWIDTH (MHz)

SUPPLY REJECTION (dB)

200
150
100

50

o N & O ® O O

LM118 - LM218 - LM318

INPUT CURRENT (Note 5)

| Bias current
—~
Vee=115V
Offset current
———

-5656—-35-15 5 25 45 65 85 105 126

TEMPERATURE (°C)

UNITY GAIN BANDWIDTH (GAIN : 1) (Note 5)

24
22

20

8

|

C=t20V

(=]

<~
~h Veeg= 15V +—
I~ Vee= 10V
NN
g
o~

Vee=15V

—~55-35-16 5 25 45 65 85 105125

100

80

60

40

20

-20

TEMPERATURE (°C)

POWER SUPPLY REJECTION

T T
l Tamb = +25°C

— l |

'

\ Positive supply

X
A

Negative supply \«

\;

100 1k 10k 100k ™ 10M

FREQUENCY (Hz)

VOLTAGE FOLLOWER SLEW RATE (Note 5)

130
120
— 110
(]
2
N
2 100
=
g 90
<
E 80
—
7

70

60

Positive slew

P—
1 \\

Negative slew

Vee=115V I

b Rg=R¢=10 k —

C1=5pF
Y

—55-35-15 5 25 45 65 85 105125

120

100

80

60

COMMON MODE REJECTION (dB)

1

3000

1000

300

100

30

NOISE (nV/VHz)

TEMPERATURE (°C)

COMMON MODE REJECTION

i
Rg =2 kO

™

Tamb= +25°C |

N

AN

N\

00 1k 10k 100k ™ 10M
FREQUENCY (Hz)
. INPUT NOISE VOLTAGE
f Tamp =+25°C
Vi =+15V |
= cC
i
Ml Rs = 100 ko
- 1T -
T 1]
*:"1; N t
:'F}.S = 10052, RS =1k
-
£ H
7
1T
10 100 1k 10k 100k

FREQUENCY (Hz)

Note 5: LM118 : —55°C<Tymp< +125°C, +5V<Vees+20V
LM218 : —-25°C<Tgmp< + 85°C,
LM318: 0°C<Tagmp< + 70°C,
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LM118eLM218¢LM318

VOLTAGE GAIN (dB)

VOLTAGE GAIN (dB)

VOLTAGE GAIN (dB)

LmM118
VOLTAGE GAIN CURRENT LIMITING
115 14
1 Vee=116V
1
| 12
I ) A
110 Tamh=755°C ' S 10
— Tamb= +25°C H
o~ I 6 8
| 2 o o
105 + Tamb= +1250Cc — H o §
i 6 —4 o |
1 (7] — o~
- + +
‘I 2 4 it I _J
100 T S £ ‘é
P © ©
Limit of LM118 1 o 2 - =
[ | !
95 1 0
5 10 15 18 20 0 5 10 15 20 25
SUPPLY VOLTAGE (V) OUTPUT CURRENT (mA)
LMm218
VOLTAGE GAIN CURRENT LIMITING
115 v 14 T T
| Vee=115V
] 12
Tomb= —25°C 1 s
110 f—_amb >
— Tamb= +25°C C H 10
!
T o
* P— E 8 (OJ (5) —4
105 | Tamp = +85°C H 8 i
[ @ 6 + + —
' I
=Y 1l [
Qo o
100 ! E o £ €
T 2 = [
Limit of LM218 s o
L[] '
95 L 0
5 10 15 20 0 5 10 15 20 25
SUPPLY VOLTAGE (V) OUTPUT CURRENT (mA)
LM318
VOLTAGE GAIN CURRENT LIMITING
110 ’ T 14 T T
Vee=+5V
T oo l 12 <
\\a_'f‘b = 0°C i s
| > 10
. d
Tamb = +70°C |y ER g
105 : i N H N S
Tamb = +25°C ! n 6 S mms
: " - o o
{ | 2 4 sl 5]
+ + S - -
Limit of LM318 -1 o
|
100 I | l ! 0
5 10 15 18 20 0 5 10 15 20 25
SUPPLY VOLTAGE (V) OUTPUT CURRENT (mA)
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LM118¢LM218¢LM318

SUPPLY CURRENT (mA)

SUPPLY CURRENT (mA)

SUPPLY CURRENT (mA)

5.6

4.5

5.5

4.5

55

AN

»
o

SUPPLY CURRENT

/7

Limit of LM118

1
i
|
]
Tamb=+125°C | =]
|
i
I
i
|
1

10 15 18 20
SUPPLY VOLTAGE (V)

SUPPLY CURRENT

Tamb= _25:C’-—"‘"" |

Limit of LM218 —
1

1 — 1

5 10 15 20
SUPPLY VOLTAGE (V)

SUPPLY CURRENT

5°C

_+2
/Tamb/
et Tamb = +70°C

1 T
Limit of LM318 ~

| [

5 10 15 18 20

e

SUPPLY VOLTAGE (V)

LM118

Lm218

LM318

6/12

INPUT CURRENT (nA) INPUT CURRENT (nA)

INPUT CURRENT (nA)

600

INPUT CURRENT

400

T T T
Tamb= +25°C

T

200

-200

-400

—600

—0.8

-0.4

0

0.4 0.8

DIFFERENTIAL INPUT (V)

INPUT CURRENT

600

T

400

LI
Tamb = +25°C

200

[=]

~200

-400

—600

-0.8

-0.4

0

0.4 0.8

DIFFERENTIAL INPUT (V)

INPUT CURRENT

@
o
o

»
o
o

T
Tamb = +25°C

N}
o
[}

-200

-400

~600

l

-0.8

-0.4

0

0.4 0.8

DIFFERENTIAL INPUT (V)
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LM118eLM218eLM318

OUTPUT SWING (+V)

VOLTAGE GAIN (dB)

VOLTAGE SWING (V)

LARGE SIGNAL FREQUENCY RESPONSE

T T 71T
~ Vee=115V
12 \ Tamb= +25°C ]
10
8
Hit-N
4 A\
\
) N
N
0
0.5M ™M 2M 5M 10M 20M 50M

FREQUENCY (Hz)

OPEN LOOP FREQUENCY RESPONSE

136

920

45

120 ST I
'—\\ Vee=%16V
100 \ Tamb= +25°C 1
80 \ !
\\ Phase/
60 N Y
X
40 \
20 N
Gak
0
-20
10 100 1k 10k 100k 1M 10M 100M

FREQUENCY (Hz)

VOLTAGE FOLLOWER PULSE RESPONSE

1.8

20
16
12
8
Input | = I--—Output
4 T
0
-2
-8
-12 Vee=+15V
-16 Tamb = +25°C j
—20 | N T
-02 02 06 1 1.4
TIME (us)

* With feedforward compensation

LARGE SIGNAL FREQUENCY RESPONSE*

14

12

X T TTTIT
Vee=£15V

Tamb = +25°C ]

QUTPUT SWING (V)
(o2

3mM

10M 30M

FREQUENCY (Hz)

100mM

OPEN LOOP FREQUENCY RESPONSE*

120 T T
Vee= 115V
k)
2 8 100 Tamp - +26°C 1225
R Z 80 \\ i 180
5 2
3 S 60 \ﬁ Phasey—| 135
= ] a/
a < 40 === 90
a = N
3 o N
8 9 N
e > 2 \ 45
0 N o
GaTn‘
10 100 1k 10k 100k 1M 10M 100M
FREQUENCY (Hz)
INVERTER PULSE RESPONSE*
20
16
2’ 12 - - - \
g s
= t
S Input -4 = Outpu
E
0
¢ \
g
-
o -8 \
> b - o b
-2 Veg- 15V ]
~16 Tamp = +25°C
-20 S S |
01 01 03 05 07 09
TIME (us)
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LM118eLM218¢LM318

OUTPUT IMPEDANCE ()

CLOSED LOOP QUTPUT IMPEDANCE

Vec=115V
Tamb = +25°C

AV = 100&/

™ /

Av z/

N\

A

L~

100 1k 10k 100k 1M

FREQUENCY (Hz)

8/12

OUTPUT VOLTAGE (V)

THOMSON SEMICONDUCTORS

INVERTER SETTLING TIME

16 rrrrTT T

Tamb = +25°C

10 mVv

1 mVi—

1
5

Vo= +15V
Rg =5 kQ
Ri=5 ko

|
o

1 mvV-—

C1=10 pF
_15 lcB.CT=0.14F

0,03 0.1
TIME (us)




LM118eLM2180LM318

BASIC DIAGRAMS

FEEDFORWARD COMPENSATION FOR COMPENSATION FOR MINIMUM SETTLING
GREATER INVERTING SLEW RATE* TIME*
5 k2
—t
3 k&2 0.1 uF
10 k§2
5K LM318
5 k2
27 k2
1%
\
2.5 k§2
Balance * Slew and settling time to 0.1% for

X a 10 V step change is 800 ns
* Slew rate typically 150 V/us

ISOLATING LARGE CAPACITIVE LOADS

R2
10 pF 100 2
9 I - Output

Input O—{1—=¢ -

OFFSET BALANCING OVERCOMPENSATION

200 ks

O VCC

LM318 Output

10 pF 5 k§2

9/12
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LM118eLM218eLM318

TYPICAL APPLICATION DIAGRAMS

FAST SAMPLE AND HOLD FAST S
CURRE
il
2N 4391 and 1N4148 can be replaced by 1L
SF. T 7004 analog gate 10 pF
R
5 ke
¢ 3 Ry
i
Input 2.2nF
LM318 b [],50 k@ hooka LM318
2N 4391 + +
A 5k
1nF
v
Output 30 pF
1N4148 }; - :,EI nF
10 pF

LM308

+

(e}
Sample N 3
D/A CONVERTER USING LADDER NETWORK -
5 pF
1L
1
R
S i e
5 k2 5 k2 5k
£
-
LM318
10 k2 10 k2 10 k82| +
Fr
5k O
* Optional : reduces settling time -
D VCC
10/12

UMMING AMPLIFIER WITH LOW INPUT
NT

THOMSON SEMICONDUCTORS
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LM118¢LM218¢LM318

CB-11
(TO-99)

‘ H SUFFIX
4 i METAL CAN
) 8 pies
| 20407
0.508
DIN v
cae : C-23| 1O-99 TO-99 F 101 CB-1
Base THOMSON
CEl DATA JEDEC SITELESC SEMICONDUCTORS
m
[ 874 *.1‘ 1.86 mox.
CB-705
GC SUFFIX
TRICECOP (LCC)
: 20 yins
DIN '
MS004 CB TMS004 CB CB-705
CEl DATA JEDEC SITELESC SEMICONDUCTORS
11/12
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LM118eLM218eLM318

wom
ex2.54 e e e 85 mox.
(2)
R Y 0,51 min.
1 7| 4.57 mox.
5.08max. | i i
/ ' \
J / \ CB-98
=2 el 85t ol
o 262 15
1.27max. e ,r‘.LZ_<L 2
n W N B !
Datum (1) Nominal dimension
m{}***v***' —635(1) (2) True geometrical position
o DP SUFFIX
agmympn PLASTIC PACKAGE
10mox DG SUFFIX
8 oins CERDIP PACKAGE
DIN '
A50D Fnea | CB-98
THOMSON
CEl DATA JEDEC SITELESC SEMICONDUCTORS
m
e=127 e le Le |4 |@0:185
I 0.265
HE 4_ 0.63
I } ‘ 1 max "
0 B T CB-342
59 39 0.
6.2 4.0 02
J : 4
4
Datum 0.35 min.
0.45
J FP SUFFIX
4.75 o 1.75 mox. } PLASTIC
| 495 MICROPACKAGE
B o
DIN sO8 \
CB-342
CEl DATA. JEDEC SITELESC SEMICONDUCTORS

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.

THOMSON SEMICONDUCTORS
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LM124
LM224
LM324,A
LM2902

THOMSON
SEMICONDUCTORS

LOW POWER QUAD OPERATIONAL AMPLIFIERS

LOW POWER
QUAD
OPERATIONAL
These circuits consist of four independent, high gain, internally frequency com- AMPLIFIERS
pensated operational amplifiers which were designed specifically for automo-
tive and industrial control systems. They operate from a single power supply
over a wide range of voltages. Operation from split power supplies is also pos-
sible and the low power supply current drain is independent of the magnitude -
of the power supply voltage.
¢ Large voltage gain : 100 dB. CASES
® Very low supply current drain : 800 uA.
e Low input bias current : 45 nA. CB-2 CB-511

e Low input offset voltage : 2 mV.
e Low input offset current : 5 nA.

Wide power supply range :

 Single supply : +3 V to +30 V.

e Dual supplies for LM124: £15V to +15 V.
 Single supply for LM2902 : +3 V to +26 V.

ORDERING INFORMATION

DP SUFFIX FP SUFFIX
PLASTIC PACKAGE PLASTIC
Hi-Rel versions available - See chapter 14 DG SUFFIX MICROPACKAGE

CERDIP PACKAGE

PART NUMBER TEMPERATURE PACKAGE
RANGE opP | DG| ac| FP CB-705
LM124 —55°C to +125°C ] ]
Lm224 —25°Cto + 85°C| o | ® @
LM324, A 0°Cto + 70°C| e o °
LM2902 —40°C 10 + 85°C| o .
. GC SUFFIX
Examples : LM124DG, LM124GC, LM224DP TRICECOP (LCC)

PIN ASSIGNMENTS

CB-2 (Top views)
CB-511
1 ] 14
2': ] 13
3 E ] 12
4[] 0" .
5[] 110 - 1-NC 11-NC
6 E 9 2 - Qutput 1 12 - Output 3
70 8 3 - Inverting input 1

13 - Inverting input 3

4 - Non-inverting input 1 14 - Non-inverting input 3

5-NC 15 - NC
1- Output 1 8 - Output 3 6-Vdc 16 - Ve
2 - Inverting input 1 9 - Inverting input 3 R
3- Nan-invening input 1 10 - Non-inverting input 3 7-NC . 17-NC
4-Vee 1M -Vee . 8 - Non-inverting input 2 18 - Non-inverting input 4
5 - Non-inverting input 2 12 - Non-inverting input 4 . .
6 - Inverting input 2 13 - Inverting input 4 9 - Inverting input 2 19 - Inverting input 4
7 - Output 2 14 - Output 4 10 - Output 2 20 - Output 4

THOMSON SEMICONDUC
Sales headquarters

45, av. de I'Europe - 78140 VELIZY -
Tel. : (3) 946 97 19 / Telex : 204780

TORS

FRANCE
F 99

\ THOMSON
@ COMPONENTS

Réf. 00305



LM124eLM224e1.M324, AeL M2902

MAXIMUM RATINGS ,

Rating Symbol LM124 LM224 LM324,A LM2902 Unit
Supply voltage Vee +16 or 32 +16 or 32 +16 or 32 +13 or 26 \"
Differential input voltage Vip 32 32 32 26 \%
Input voltage (Note 7) \7 -03to +32 | —-03to +32 | -0.3to +32 | —0.3to +26 \
Output short circuit duration b ) —
(Vec=%15V, Indefinite for all amplifiers
Tamb= +25°C)
Power dissipation (Note 1) Piot 500 500 500 500 mw
LM124GC 665 — - -
LM324FP, AFP/LM2902FP - — 400 400
g‘:\;’:“"g free-air temperature Toper —B5t0 +125| —2510 + 85| Oto+ 70| —40t0 + 85| °C
Storage temperature range Tstg —-65to +150 | —65to +150 | —65 to +150 | —65 to + 150 °C

Input current for Vi< —0.3,Vg| : 50 mA

See notes page 4
Devices bonded on a 6 cm x 3 cm x 0.15 cm glass epoxy substrate with 30 mm? of 35 um thick copper.

SCHEMATIC DIAGRAM

Non-inverting input

Inverting input

! {1 véc

Qs
Q6
R2
20 kQ
a7
Q27
R3 R4
-
= 12 o : 1' | Output
Q22 [] I 12(” Q16}4{017]
R6

0;;{ Pgm e
a8 J¢{ a9 a9 1 Q13

a1 N

Qz8
{] vee
. Non-
Inverting | . : - +
CASE . inverting V V, Outputs N.C.
inputs inputs cc cc
CB-2/CB-511 |2,6, 9,13|3,5,10,12 1" 4 1,7,814
CB-705 3,9,13,19(4,8,14,18 16 6 1,2,12,20 *

* CB-705 : Other pins are not connected.

212
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LM124eLM224 0L V1324, AeL V12902

ELECTRICAL CHARACTERISTICS
Vdc=+5V, Vgc=GND

LM124 : —55°C<Tamp< +125°C
LM224 : -25°C<Tamp< + 85°C
LM324,A: 0°C<Tgmp< + 70°C
LM2902 : —40°C<Tamp< + 85°C
(Unless otherwise specified)

LM124, LM224 LM324,A/LM2902
Characteristic Symbol Unit
Min Typ Max Min Typ Max
Input offset voltage Vio mV
Rg=0Q, Tymp= +25°C - (Note 4) - 2 5 - 2 7
LM324A — - - - 2 3
Rg=0 @ - (Note 4) - - 7 - - 9
LM324A — — — — — 5
LM2902 - - - - - 10
Input offset current o nA
Tamb= +25°C - 3 30 — 5 50
LM324A - - — - 5 30
Trmih < Tamb < Tmax - - 100 = - 150
LM324A — - - - - 75
LM2902 - - — — - 200
Input bias current iB nA
Tamb= +25°C - (Note 3) - 45 100 - 45 250
LM324A - - — - 45 100
Trmin< Tamb < Tmax — 40 300 - 40 500
LM324A - - ~ - 40 200
Large signal voltage gain (Vcc=+15V) Avp V/mV
Tamb= +25°C 50 100 - 25 100 —
LM2902 - - - - 100 —
Tmin< Tamb<Tmax . RL=2 k@ 25 -~ - 15 - -
Supply voltage rejection ratio (Tamp = +25°C) SVR 65 100 - 65 100 - dB
LM2902 - - - - 100 -
Supply current (R = oo for all amplifiers) IC+ZC' Icc mA
Tamb= +25°C - .7 1.2 - 0.8 1.2
Vic=+30V - | 15 3 - .5 3
Trmin< Tamb < Tmax - .8 1.2 - 0.8 1.2
Vé’c= +30 V (except for LM2902) - 1.5 3 — 1.5 3
Temperature coefficient of input offset voltage (Rg =0 Q) aVig — 7 - - -_ uv/ec
LM324A — — — 30
Temperature coefficient of input offset cufrent alip - 10 - - 10 — pA/°C
LM324A — ~ - - 10 300
Input voltage range (VEC: +30 V*) - Note 5 \7] \%
Tamb = +25°C 0 - |V&c-15 o0 - |vdc-15
TminS Tamb < Tmax 0 - | vdc-2 0 - védc-2
Common-mode rejection ratio CMR 70 85 - 65 70 —_ dB
LM324A - - - 65 85 -
LM2902 — — - 50 70 -
Output short-circuit current (Tgmp = +256°C) los - 40 60 - 40 60 mA
Output current (Vde=+15V, ViT=+1V, V[ =0 V) o mA
Tamb= +25°C 20 40 - 20 40 —
Trmin< Tamb < Tmax 10 20 — 10 20 —
Output current sink (V|+=0 V, V| =+1V) 10(sink) mA
Vdc=+15V, Tamb= +25°C 10 20 - 10 20 -
Vo= +200 mV, Tamp= +25°C 0.012 | 0.05 - 0.012 | 0.05 —
Vdc=+15V, Tmin<Tamb< Tmax 5 8 - 5 8 -
Output voltage swing Vopp \]
Vde=+5V, Tamp= +25°C, R >2 k@
CcC + lamb » ALZ — via =1, _ +
(RL>10 k for LM2902) 0 S Vec 18
High level output voltage (Véc: +30 V)* VoH v
RL=2kQ 26 - - 26 — —
LM2902 - - - 22 — —
RL=10 k@ 27 28 - 27 28 —
LM2902 - - - 23 24 —
Low level output voltage (R <10 k@) VoL - 5 20 - 5 20 mV
LM2902 - - - - 5 100
Amplifier to amplifier coupling - dB
1 kHz< <20 kHz, Tgmp = +25°C - (Note 6) - -120 - - -120 —
* Vdc=+26 V for LM2902 3/12
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LM124eLM2241.M324,AeL.M2902

Note 1:

Note 2 :

Note 3 :

Note 4 :
Note 5 :

ANote 6:

Note 7 :

Rth(j—a)=175°C/W, Tj max = +125°C (LM324) for Tcage = +25°C
Tj max = -+150°C (LM124, 224, 2902) for Tease= +50°C

* Rth(j—a) =250°C/W, Tj max = +125°C (LM324FP, LM2902FP) for Tcage = +25°C
The dissipation is the total of all four amplifiers.

Short-circuits from the output to Vé’c can cause excessive heating and eventual destruction. The maximum output current is approxi-
mately 40 mA independent of the magnitude of VSCA At values of supply voltage in excess of + 15 V, continuous short-circuits can
exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on
all amplifiers.

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

Vo=+14V, Rg=00, +5 VLVI<+30V, Vie=Ground, 0< Vi< (Vde — 1.5 V).
The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper
end of the common-mode voltage range is Vo — 1.5V, but either or both inputs can go to +32 V without damage.

Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts.
This typically can be detected as this type of capacitive coupling increases at higher frequencies.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction
of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there
is also fateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to
gototheV, + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is noj destruc-
tive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than —0.3 Vpc.

412
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INPUT VOLTAGE (V) INPUT CURRENT (mA)

VOLTAGE GAIN (dB)

90
80
70
60
50
40
30
20

INPUT CURRENT (Note 8)

T T T

L vi=0V A

Vic=+30v

-1 ;

SR

t +

i+
Vdc=+15V

Vde=+5V
FI

L 1]

0
55 35 -15 5 25 45 65 85 105 125

160

120

40

TEMPERATURE (°C)

INPUT VOLTAGE RANGE

v

Negative
Positive
7/
5 10 15

POWER SUPPLY VOLTAGE (V)

VOLTAGE GAIN

10 20 30 40
POWER SUPPLY VOLTAGE (V)

Note 8 : LM124

INPUT CURRENT (mA)

SUPPLY CURRENT (mA)

COMMON-MODE REJECTION RATIO (dB)

80
70
60
50
a0
30
20

CURRENT LIMITING (Note 8)

—
-

~55 -35-15 § 25 45 65 85 105125

TEMPERATURE (°C)

SUPPLY CURRENT

- I
i mA $D
i

-
Vée

Tymp =0°C to +125°C
L
o -—
T oty = —55°C
] |
10 20 30

POWER SUPPLY VOLTAGE (V)

COMMON-MODE REJECTION RATIO

120
100 |3
80 ,
‘ . T
LY ¥ 1Y) |
60 100 k2
1000[ i
40 |
e é—hoon pe 0
I 700 .
2 ki +1.5V
o i |
100 1 10k 100k ™
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VOLTAGE GAIN (dB)

OUTPUT VOLTAGE (mV)

INPUT VOLTAGE (V) - OUTPUT VOLTAGE (V)

OPEN LOOP FREQUENCY RESPONSE

140 10MQ

120
e0

100 AN 3:5_—‘

80 AN Ve2°

\ Vdc=+30V &
60 < 55°C< Tampb < +125°C
40
NN\

2 Vdc=+10t0 +15V &

—B5°C< Tamb < +125°C \
L1 1

1.0 10 100 1.0k 10k 100k 1.0M 10M

FREQUENCY (Hz)

VOLTAGE FOLLOWER PULSE RESPONSE

4 ] T T
RL=2kQ
3 Vie=+15V
N I7AREAN
! {
0
— P
3
2
1
a—
0 10 20 30 40

TIME (us)

VOLTAGE FOLLOWER PULSE RESPONSE
(SMALL SIGNAL)

500 T T
450 “ eo
!
0 50 pF
a00 a By
bd I \v
= Input
350
\ Output
A\
300 g Tomp= +25°C
Vde=+30V
cc
250

0 1 2 3 4 5 6 7 8

TIME (us)

LARGE SIGNAL FREQUENCY RESPONSE

20
15—+
o
[ =
2
o
2 10
2 |
7]
5 5
2
E 5 T
2 |
° N f
I S
0 !
1k 10k 100k ™
FREQUENCY (Hz)
OUTPUT CHARACTERISTICS
(CURRENT SINKING)
10 " 53
Vde=+5V = H
C S 4
vq‘csnsv:Qé HH
s Vo= +30V =g [ T]]
o 1 LU L
Q = Ht
< T
par| + v
e vid? cc
5 Y
2 o [
E 7 LaC
=} Vo
4 = = +
Y T = +25C
0.01 / ( amb N

0.001 o0.01 01 1 10 100

2

1
0

OUTPUT VOLTAGE REFERENCED TO VEC (]
o>
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OUTPUT SINK CURRENT (mA)

OUTPUT CHARACTERISTICS
(CURRENT SOURCING)

%]

‘.
L vid2 | vo I

- H

'o

dependent of Vo

hy = +25°C
RRHARE

.001  0.01 0.1 1 10 100

OUTPUT SOURCE CURRENT (mA)
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iINPUT CURRENT (nA)

INPUT CURRENT VOLTAGE GAIN
100 160 ‘ l
R_=20kQ
75 _ 120
g
il > R, =2k
=
50 2 g w
)
- _
T = +26°C <
=
25 =1 Tamb 5w
>
0 10 20 30 0 10 20 30
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
712
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TYPICAL SINGLE - SUPPLY APPLICATIONS

_ R2
Ay =1+gT
Ay = ;_R (As shown Ay = —10) (As shown A, = 11)
1 L
R1
100 k2
c R
| 10ke
— | €0
R
Rg L 10 ke2
6.2 k2
'@
vit. R2 R3
CC 100k | 100 k$2 k
o—{1—4 A
A\
€l wdm hA
10 uF = ZoN\2Vg,
AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER
Ay =1 + 2 V1 100 ks2
Rq
(As shown Ay = 101)
10 k$2 o
o———] 0 45y
—O ‘__.______.____.._.-
——0 Vo
R2 e 100 k2 l
) 1 Mg 100 kg2
- €3 100 ks2
s .
5 3
7]
R1 100 k2
10 k2 4 _-—
ep=e1 + e2 —e3 — eq
\N €4 100 kS where (e1 + eg)>(e3 + eyg)
e (mV) o—{—}— to keep eg=0 V
NON-INVERTING DC GAIN DC SUMMING AMPLIFIER
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued)

HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER

R1
100 k2
00 k& If Ry =Rj and Rz~ R4 = Rg= Ry
—1 R3 R4 eo=( 1+ 20 (e2 ~ eq)
e 100 k2 100 k&2 R2

As shown eg =101 (ep — e1)

LOW DRIFT PEAK DETECTOR

R7
100 k2

+e 0
a
[
ACTIVE BANDPASS FILTER
* R1
100 k2
c1
330 pF

input current
compensation

€

* Polycarbonate or polyethylene

R3
100 ko2

R7

100k
fo = 1kHz T Ve
Q=50 RS c3 kb

10 uF
Ay = 100 (40 dB) 100 ke . l-
\ \
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TYPICAL SINGLE - SUPPLY APPLICATIONS (continued)

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R2 R4
100 k2 100 k2
R1 - -

100 k2

For ﬂ = _:_4 (CMRR depends on this resistor ratio match)
2 3

eo:<1+%>(32—51)

As shown eqg=2 (ep — eq)

R3

+eq 100 k$2

€0

+e2 O-

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT
CURRENT (GENERAL CONCEPT)

1/4

LM324 O¢0
vor /
[}

1 2N 929 -_— 0,001 o

Aux. amplifier for
input current compensation

10,12
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mm

cB-2

" 8
i I I I e O e O o B

Datum 1) (1) Nominal dimension
Or<:° (2) True geometrical position . DP SUFFIX
7 - PLASTIC PACKAGE
[ gy iy H
C ‘”v_l T DG SUFFIX
' [ SR A 2,11 TE— "(“35 CERDIP PACKAGE
) 14 s
DIN ]
A508 10-116 TO-116 F 105 CB-2
CEl DATA JEDEC SITELESC SEMICONDUCTORS
mm

es127 i e geqe e e ye 0.185
Ao pepepepepets
0.63
‘ max o4
8

w

A

ke
o

IS
o
3
o

JjﬂilJHEFHHl:V ljt

Datum
] 0.45 win PLASTIC MICROPACKAGE
8,55 1.75 max
8.75 )
1 14 pins
DIN SO14 v
CB-511
THOMSON
CEl DATA JEDEC SITELESC | semiconpucTors

10012
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CB-705

i

GC SUFFIX
TRICECOP (LCC)

874 1,86 max.
127 9.04 |
7 | 18 ’
T I !
w;fwnj"\ 1
IO P |
. i
l
’ |
8! 0 a i “‘Y‘
=127 Jlefete el Datum. L_LST
‘ 20 oins
DIN '
MS004 CB TMS004 CB CB-705
cel DATA JEDEC STELESC | o HOMSON

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages
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PROGRAMMABLE QUAD OPERATIONAL AMPLIFIERS

The LM346 consists of four independent, high gain, internally compensated,
low power programmable amplifiers. Two external resistors (Rget) allow the
user to program the gain-bandwith product, slew rate, supply current, input
bias current, input offset current and input noise. For example the user can
trade-off supply current for bandwidth or optimize noise figure for a given source
resistance. In a similar way other amplifier characteristics can be tailored to
the application.
Except for the two programming pins at the end of the package the LM346
pin out is the same as the LM324 and LM348.
PROGRAMMING EQUATIONS :
Total supply current=1.4 mA (Iggt=10 pA)
Gain-bandwith product=1 MHz {lggt=10 pA}
Slew rate =0.4 V/pus (Iget= 10 pA)
Input bias current=50 nA (Iget=10 pA)
Iset = current into pin 8 and pin 9 (see schematic diagram)
vde - Vg - 08V
Rset
* Programmable electrical characteristics.
o Battery powered operation.
e Low supply current (350 uA/amplifier).
® Gain-bandwidth product : 1 MHz.
e Large dc voltage gain : 120 dB.
* Low noise voltage : 28 nV/VHz.
* Wide power supply range : 1.5V to 22 V.
® Classe AB output stage. No cross-over distortion.
* Overload protection for inputs and outputs.

ORDERING INFORMATION
Hi-Rel versions available - See chapter 14

Iset =

PROGRAMMABLE
QUAD
OPERATIONAL AMPLIFIERS

PART NUMBER TEMPERATURE PACKAGE
RANGE DP | DG| FP| GC
LM146 —55°C to +125°C ° °
LM246 ~25°Cto + 85°C| @ o
LM346 0°C to + 70°C| e o °

Examples : LM146DG, LM246DP

CASES
CB-359
DP SUFFIX FP SUFFIX
PLASTIC PACKAGE PLASTIC
DG SUFFIX MICROPACKAGE

CERDIP PACKAGE

CB-705

T

GC SUFFIX
TRICECOP (LCC)

PIN ASSIGNMENTS

(Top views)

CB-79 and CB-359

1 - Output 1
2 - Inverting input 1
! E ]16 3- N%n-invening input 1
2[] M1s  4-Vec.
5 - Non-inverting input 2
3 14 6 - Inverting input 2
7 - Output 2
4] 113 g ser
12 9 - Set
50 gis 10 - Output 3
6 E N J” 11 - Inverting input 3
12 - Non-inverting input 3
70 00 13-y,
8 E :I 9 14 - Non-inverting input 4
15 - Inverting input 4

16 - Output 4

CB-705

1-NC
2 - Output 1
3 - Inverting input 1
4 - Non-inverting input 1
5- Ve
6-NC
7 - Non-inverting input 2
8 - Inverting input 2
9 - Output 2
10-Set1,2 4
11-NC
12 - Set 3
13 - Output 3
14 - Inverting input 3
15 - Non-inverting input 3
16 - NC
17-Vee
18 - Non-inverting input 4
19 - Inverting input 4
20 - Output 4

Réf. 00220

THOMSON SEMICONDUCTORS

Sales headquarters

45, av. de I'Europe - 78140 VELIZY - FRANCE

Tel.:(3) 946 97 19 / Telex : 204780 F m

\ THOMSON
’ @ COMPONENTS



LM146¢LM246¢L.M346

MAXIMUM RATINGS

Rating Symbol LM146 LM246 LM346 Unit

Supply voltage Vee +22 +18 +18 \%
Input voltage (Note 1) Vi +15 +15 +15 A%
Differential input voltage Vip +30 +30 +30 \%
Output short-circuit duration (Note 2) - Indefinite Indefinite Indefinite —
Power dissipation Ptot — 500 500 mwW

GC suffix 665 — — -

DG suffix 900 - 900
Operating free-air temperature range Toper -55t0 +126| —25to + 85 Oto + 70 °C
Storage temperature range Tstg —65to0 +150 | —65to +150 | —65 to +150 °C

Note 1 : For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage.

Note 2 : Any of the amplifier outputs can be shorted to ground indefinitly ; however more than one should not be simultaneously
shorted as the maximum junction temperature will be exceeded.

SCHEMATIC DIAGRAM (1/4 LM146)

L ) a1 5L, e

Q16
R1
Inverting 30 2
input Q12
Non-
a Q2 | _{inverting Q14 Output
input
c Qi
C
T e | b
vy 1t A ra
VeeVee 'T N
(06 To other op amps
—~————
> s !
Q17 Q5 !
.—(;os !
Q3 Q4 1
Q7 Q18 .|<
Q21 '
d
V& _
cc or 1 Vée
. Non-
1 . - —
CASE “Ix:':;:g inverting Vee VEC Outputs SET N.C.
inputs
CB-79/CB-359| 3,5, 12, 14 2,6,11,15 13 4 1,7,10, 16 8, 9 -
CB-705 3,8 14,19 4,7,15,18 17 5 2,9, 13,20 10, 12 [ *

* CB-705 : Other pins are not connected.
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LM146eLM246LM346

ELECTRICAL CHARACTERISTICS

LM146 : —55°C< Tamb< +125°C, Voc = £15 V, lger=10pA
LM246 : — 0°C<Tamb< + 70°C, Voo = £15 V, lger=10pA
LM346 : —25°C< Tamb< + 85°C, Vg = +15 V, lger= 10pA

(Unless otherwise specified)

L LM146 LM246, LM346
Characteristic Symbol Unit
Min Typ Max Min Typ Max
Input offset voltage (Rg<50 Q) Vio mV

Tamb= +25°C — 05 5 — 0.5 6

Trmin< Tamb < Tmax — 0.5 6 - 0.5 75
Input offset current o nA

Tamb= +25°C — 2 20 — 2 100

Tmin< Tamb< Tmax - 2 25 — 2 100
Input bias current B nA

Tamb= +25°C 50 100 — 50 250

Tmin< Tamb S Tmax 50 100 - 50 250
Large signal voltage gain (AVg= +10 V, R_=10 kQ) Avp V/mV

Tamb= +25°C 100 | 1000 - 50 1000 —

Tmin< Tamb < Tmax 50 1000 - 25 1000 —

Supply voltage rejection ratio SVR dB

Rg<10 k2, Tamp = +25°C 80 100 - 74 100 —

Rg<50 €, Tmin< Tamb< Tmax 76 | 100 | — 74 100 -

Supply current Icc mA

Tamb = +25°C - 2 - 1.4 25

Tmin< Tamb < Tmax - 2 — 15 | 25
Input voltage range Vi v

Tamb = +25°C £135| £14 | — | +135| 14 | —

Trmin< Tamb < Tmax +135| £14 | — |+135] +14 —
Common-mode rejection ratio CMR dB

Rg<10 k@, Tamp = +25°C 80 100 - 70 100 —

Rg<50 Q, Tmin< Tamb< Tmax 70 100 - 70 100 —

Output short-circuit current (Tampp = +25°C) los 5 20 30 5 20 30 mA
Output voltage swing (R >10 k@) Vopp vV

Tamb= +25°C +12 | +14 - +12 | +£14 —

Tmin< Tamb < Tmax £12 | 14| — | #12 | +14 | -
Gain-bandwidth product (Tgmp = +26°C) GBp 0.8 1.2 - 0.5 1.2 - MHz
Slew rate (Tamp = +25°C) Svo 0.4 - — 0.4 - V/us
Equivalent input noise voltage (f=1 kHz, Tamp= +25°C) Vi - 28 - — 28 — | nV/VHz
Input resistance (Tamp = +25°C) Ry - 1 — — 1 — MQ
Input capacitance (Tgmp = +25°C) C . 2 — — 2 — pF
Channel separation (AVg=0V to +12 V, R >10 k@, Vo1/Voz dB

Tamb = +25°C) - 120 - — 120 -

Phase margin (C =100 pF, Tamp = +25°C) oM - 60 — - 60 — Degree

3
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OPEN LOOP VOLTAGE GAIN (dB)

INPUT BIAS CURRENT (nA)

INPUT BIAS CURRENT vs Iggq

10°
8{ Vcc=t15V
6! Tamb = +25°C
2
"4
102 /
8 A
6 /
"4
4 /,/
2} //
10! /
8
6 //
a L/ .
2 L
100
2 4 68 68 2 68
10" 10° 10 102
SET CURRENT (uA)
OPEN LOOP VOLTAGE GAIN vs Iget
200
VCC =115V
180 | Tamb = +25°C
160
140
120
I~
100
80
60
40
20
0
2 4 68 2 4 68 2 4 68
10" 100 10 102

SET CURRENT (pA)

THOMSON SEMICONDUCTORS

SUPPLY CURRENT vs Iggq

10’
8| Vee=x15V
6| Tomp = +25°C 7
4 //
/|
2
z /
£ 10°
8 Yy
E 2 7
w
< a /
o«
] /
o /l
> 2 T
g 4
& 10
2 s ‘
6 " T
. // | | 1
N T
10° | |
1 2 4 68 2 4 68 2 4 68
10° 10° 10° 102
SET CURRENT (A)
SLEW RATE vs lgg¢
10! Y
s|Vec=#15V
Tamp = +25°C
2 4
10° pd
4
5 ,/
7 1
3 2 A
> vV
w 101 /
= 4
g /
o 5 /
2 /
- 2
w
102 //
5 74‘
2
103
2 468 2 4 68 2 468
10" 10° 10 102

SET CURRENT (nA)
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LM 146 6L M246 L M346

GAIN BANDWIDTH PRODUCT (Hz)

INPUT OFFSET VOLTAGE (mV)

GAIN BANDWIDTH PRODUCT vs Iget PHASE MARGIN vs lgg;
10’ T 100 TT
s |Vec=215V Vee=%15V
Toamb = +25°C Tamb = +25°C
2 //’ 8
5 / ¢ 0 ——
10 pg S~ ]
5 ,4 - ~
o
° N
/ g 60 ™
2 / - § \\
| § z N\
° 1 2 40
<
2 s \
w
2
4
100 ¢ £ 20
5 4
2
0
2 4 68 2 4 68 2 4 68 10_1 2 4681002 4681012 4682
10°! 10° 10’ 102 10
SET CURRENT (1A) SET CURRENT (4A)
INPUT OFFSET VOLTAGE vs Iget COMMON-MODE REJECTION RATIO vs Igg¢
1 : 120
Vec=11V
Tamb = +25°C a
& — |
0.8 2 100
2 Vee=+15V N
< Tamb = +25°C
2
0.6 ve ] 80
g P &
/ w
- d "]
(-4
0.4 w 60
o
2
]
0.2 s 40
s
[=}
o
0 I 20"
2 4 68 2 4 68 2 4 68 . 1 2 4 68 2 4 68 2 4 68
10" 10° 10' 107 107 10 102 103
SET CURRENT (4A) SET CURRENT (uA)
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POWER SUPPLY REJECTION RATIO (dB)

INPUT VOLTAGE RANGE (+V)

POWER SUPPLY REJECTION RATIO vs lgg¢ OUTPUT VOLTAGE SWING
16
120 Vee=%15V
Tamb = +25°C Tamp = +25°C
lset=10 pA //
100 - _ RL=10 k@ /
S 12
. P /
z /
2
80 ® 4
8 /
< 8
5 4
o
60 > /
5 /
1 5 4 /
)
40 //
- ) va
20 0
2 4 68 2 4 68 2 4 68
10" 10 10' 102 0 4 8 12 16
SET CURRENT (xA) SUPPLY VOLTAGE (V)
INPUT VOLTAGE RANGE INPUT BIAS CURRENT
16
Tamb= +25°C 102 | I |
lsot=10 wA I T 1]
/] UL
Z
12 / _
// E I
= 1 I
/ E 10 set=1,a | |
. o
/ 5
8 o
7 w
/ 3
@ -
/ f 3 10 -
4ty 2 1 3
/ Vee=+15V ]
Tamb = +25°C
/
0 107
0 4 8 12 16 -5 -10 -5 0 5 10 15
SUPPLY VOLTAGE (+V) COMMON-MODE INPUT VOLTAGE (V)
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LM146¢LM246L M 346

SUPPLY CURRENT (mA)

INPUT BIAS CURRENT (nA)

INPUT BIAS CURRENT vs TEMPERATURE

INPUT OFFSET CURRENT vs TEMPERATURE

100 10
Vee= 115V Vee=t16V T ‘l 1
b A — ‘L,_H
80 8 | S
| |
z g S S S
£ | | i
= | . I
60 E 6 ,,AT,,, — ;,fﬁ ,‘r. — — T .».g‘fffffv
Iset=10 pA %: 1 ’ R *4‘"'
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GAIN BANDWIDTH PRODUCT (Hz)

INPUT NOISE VOLTAGE (nV/VHz)

GAIN BANDWIDTH PRODUCT vs TEMPERATURE
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SLEW RATE (V/pus)

INPUT NOISE CURRENT (pA/VHz)

SLEW RATE vs TEMPERATURE
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POWER SUPPLY REJECTION RATIO (dB)

OUTPUT (mV)

INPUT (mV)

POWER SUPPLY ' REJECTION RATIO

VOLTAGE FOLLOWER PULSE RESPONSE

120 T LN 28
Tamb = +25°C 5?;2 = T;;AV
Iset . =10 :LA Tamb = +2s0C
100 [ 1 f 20 ™
\ Positive supply ] %
80 ™ s 12 |
\ p _
2 L_ Input
N N : .
! w
A : ll \\
Negative supply \ :
. Output
40 AN S 4 B
L L
20 —-12
o] -20
10° 10" 102 10 10° 10° 0P 0 100 200 300
FREQUENCY (Hz) TIME (us)

VOLTAGE FOLLOWER TRANSIENT RESPONSE

‘ T
50
7
/ TRANSIENT RESPONSE TEST CIRCUIT
’ [ \
—50 \\
A 7 G
50 logt = 10 uA
Voo =215V
0 amb = +25°C '
c,  =100pF
R, =10ka
- 171

TIME (us)
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CB-79

DP SUFFIX
PLASTIC PACKAGE
DG SUFFIX
CERDIP PACKAGE

CB-359

FP SUFFIX
PLASTIC MICROPACKAGE
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CB-705

i

GC SUFFIX
TRICECOP (LCC)

e =
R -
T
i
1
L 874
9.04
— ..
DIN '
MS004 CB TMS004 CB CB-705
{. CEl DATA JEDEC SITELESC SEmRS

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages

1"/
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THOMSON

SEMICONDUCTORS

LM148/248/348
LM149/249/349

DIFFERENTIAL INPUT QUAD OP-AMPs

The LM148 consists of four independent, high gain internally compensated,
low power operational amplifiers which have been designed to provide func-
tional characteristics identical to those of the familiar UA741 operational ampli-
fier. In addition the total supply current for all four amplifiers is comparable
to the supply current of a single UA741 type op amp. Other features include
input offset currents and input bias current which are much less than those
of a standard UA741. Also, excellent isolation between amplifiers has been achie-
ved by independently biasing each amplifier and usmg layout techniques which
minimize thermal coupling.

The LM149 series has the same features as the LM148 plus a gain bandwidth
product of 4 MHz at a gain of 5 or greater.

The LM148 can be used anywhere muitiple UA741 type amplifiers are being
used and in applications where amplifier matching or high packing density is
required.

® Low supply current : 0.6 mA/amplifier.

¢ Class AB output stage : no crossover distortion.
* Pin compatible with LM124.

* Low input offset voltage : 1 mV.

* Low input offset current : 4 nA.

* Low input bias current : 30 nA.

® Gain bandwidth product : 1 MHz.

* High degree of isolation between amplifiers :
¢ Overload protection for inputs and outputs.

120 dB.

ORDERING INFORMATION
Hi-Rel versions available - See chapter 14

PART NUMBER TEMPERATURE PACKAGE
RANGE DP | DG | GC | FP
LM148 —55°C to +125°C . i
Li248 —25°C to + 85°C| ® L4
LM348 0°Cto 70°C | ® L4 L4
LM149 —55°C to +125°C, * e
LM249 —25°C to + 85°C| @ .
LM349 0°C to + 70°C| @ Ld 4

Examples : LM148DG, LM349FP

DIFFERENTIAL INPUT
QUAD OPERATIONAL
AMPLIFIERS

CASES

CB-2
(TO-116)

CB-511

DP SUFFIX
PLASTIC PACKAGE PLASTIC MICROPACKAGE
DG SUFFIX
CERDIP PACKAGE

FP SUFFIX

CB-705

T

GC SUFFIX
TRICECOP (LCC)

PIN ASSIGNMENTS

{Top views)
CB-2 CB-511
1 - Output 1
2 - Inverting input 1

10 J 114 3- Ngn»invening input 1

4-V,

cC

2 E%{, &j 13 5 - Non-inverting input 2
30 112 6 - Inverting input 2

7 - Output 2
4D ]” 8 - Output 3

9 - Inverting input 3

1

5 E G L n 0 10 - Non-inverting input 3
6 [ 1o 11-vee
7 E ] 8 12 - Non-inverting input 4

13 - Inverting input 4
14 - Output 4

1-NC
2 - Output 1
3 - Inverting input 1
4 - Non-inverting input 1
5- Ngr
6- Ve
7-NC
8 - Non-inverting input 2
9 - Inverting input 2
10 - Output 2
11-NC
12 - Output 3
13 - Inverting input 3
14 - Non-inverting input 3
15 - NC
16 - VCC
17 -NC
18 - Non-inverting input 4
19 - Inverting input 4
20 - Output 4

THOMSON SEMICONDUCTORS
Sales headquarters
45, av. de I'Europe - 78140 VELIZY - FRANCE
Y‘el (31946 97 19 . Talex : 204780 F 123

¢ \ THOMSON
@ COMPONENTS
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LM148/248/348°L.M149/249/349

MAXIMUM RATINGS

[ Rating Symbol  |LM148, LM149]LM248, LM249 LM348, LM349]  Unit
Supply voltage Vee +22 +18 +18 \
Differential input voltage Vip +44 +36 +36 \
Input voltage \ +22 +18 +18 \%
Power dissipation (Note 1) - Prot 500 500 500 mw
Output short-circuit duration (Note 2) - Indefinite Indefinite Indefinite —
Operating free-air temperature range Toper -55t0 +125| —25to + 85 Oto + 70 °C
Storage temperature range Tstg -65t0 +150 | —55t0 +150 | —55 to + 150 °C

Note 1 : For supply voltage less than maximum value, the absolute maximum input voltage is equal to the supply voltage.

Note 2 : Any of the amplifier outputs can be shorted to ground indefinitely ; however, more than one should not be simultaneously
shorted as the maximum junction temperature will be exceeded.

SCHEMATIC DIAGRAM

- ° +
J T v
4 ¢
25 Q
lnvening!!
input q
Non- L—{ 50 k2
inverting '
input ’ ] output
250 kQ
6 pF
C
_IC [] 25
8 |—4
vée ko
— |
[
I)Véc 1ka e
80 k2
80 k0 340
Vee
. Non-
CASE Outputs | "TVeING | inverting vie Ve N.C.
inputs
CB-2, CB-511| 1,7, 8 14 2,6, 913 3, 5,10, 12 4 1 -
CB-705 1,212, 20 3,9 13 19 4,8, 14,18 6 16 *
® CB-705 : Other pins are not connected
2/8
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LM148/248/348°L.M149/249/349

ELECTRICAL CHARACTERISTICS

LM148/LM149 : —55°C< Tamb < +125°C, Voo = 15 V
LM348/LM349 :  0°C<Tamb< + 70°C, Voo = £15V
LM248/LM249 : —25°C< Tamp< + 85°C, Vog= +15 V

(Unless otherwise specified)

THOMSON SEMICONDUCTORS
125

LM248 - LM249
LM148 - LM149
Characteristic Symbol LM348 - LM349 Unit
Min | Typ | Max | Min Typ Max
Input offset voltage (Rg< 10 k@) Vio mv
Tamb = +25°C - 1 5 - 1 6
Tmin< Tamb < Tmax - - 6 - - 75
Input offset current o nA
Tamb = +25°C - 4 25 - 4 50
Tmin< Tamb < Tmax — = 75 - - 100
Input bias current hB nA
Tamb = +25°C - 0 | 100 | — 30 | 200
| Tmin<Tamb < Tmax - - 325 - - 400
Large signal voltage gain (Vo= 110V, R >2 kQ) Avp V/mW
Tamb = +25°C 50 | 160 | — 25 | 160 | —
Tmin< Tamb< Tmax 25 - - 15 - | -
Supply current (4 amplifiers) - (Tamp = +25°C) lcc - 24 3.6 — 2.4 45 mA
Input voltage range Vi +12 - - +12 - — \%
Short-circuit output current los - 25 - —_ 25 - mA
Supply voltage rejection ratio (Rg< 10 kQ) SVR 77 96 — 77 96 — dB
Common-mode rejection ratio (Rg< 10 k) CMR 70 ] - 70 — dB
Input resistance (Tamp = +25°C) R| 0.8 25 - 0.8 25 - MQ
Output voltage swing Voprp \Y
RL=2 k2 +10 | $12 - +10 | £12 —
RL =10 k@ +12 | +13 - +12 | +13 —
Slew rate (Tgmp = +25°C) Svo V/us
Ay =1 LM148 - 05 - - 0.5 —
Ay=5 LM149 — 2 - - 2 -
Chanel separation (1 Hz<f<20 kHz, Tampp = +25°C) Vo1/Vo2| - -120 - — -120 — dB
Gain-bandwidth product (Tgmp = +25°C) GBp MHz
Ay=1 LM148 - 1 - - 1 -
Ay=5 LM149 - 4 - - 4 -
Phase margin (Tamp = +25°C) oM Degrees
Ay=1 LM148 - 60 - - 60 -
Ay=5 LM149 - 60 - - 60 -
3/8
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SUPPLY CURRENT (mA)

POSITIVE OUTPUT VOLTAGE SWING (V)

PEAK TO PEAK
OUTPUT VOLTAGE SWING (V)
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COMMON MODE REJECTION RATIO (dB)

GAIN (dB)

GAIN (dB)

COMMON-MODE REJECTION RATIO
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100 N Tamb= +25°C
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GAIN BANDWIDTH (MHz) VOLTAGE (mV)

VOLTAGE (V)

SMALL SIGNAL PULSE RESPONSE (LM148)
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SMALL SIGNAL PULSE RESPONSE (LM149)
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MEAN NOISE VOLTAGE (nV/VHz)
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